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RERZEMRE BYL-7 805 1E & PERE AL

ZRR Iaat RED NEER FRE xR BLE' 2E' A4S
THA

1 BRI TE XA S AR E FE Y o AL R T S m g % RV — R B R 2= b HoR B
BRI KRIK 163319

2 demt i RAMRL A B E SR SRR ST dEst 100081

1 E: (FF)] mAaYDERARERLLAERAESGRIARFFEmELXE. (B8] Fid
BRAREGRER, T LGB EFREAHAA. [Fk] B0 RE -5 4 EF H4E 55 (potato
dextrose agar, PDA)Fe KA -F 4k 5 ik & 2R ZTEM AR, AR 2B & 55k Zom B @ X3 %t 3
AT HRAL, [4R] BAS —HRGBEARZEMEA BYL-7, EREFZFIN0WmF A
Trametes versicolor. ¥ B F XIiEH 44 pH. BEFBEIF EAEBAR EZILZ 0 AT, oA &R
W R SRR R LA A s pH 6.7, IBE 25°C, AT E 8%. HEHT, bR RE%
fEE A 36.5%, HLAMALTTIRE 54.0%; KBRARKE. FHEEFRAERTERENAH 32.8%.
21.5%. 13.2%, H¥ KRR EEME L RAAATIRS 36.1%; RBEMHAS 6 REAZ|EE 120.0 UL,
PEAMRALTTIR & 25.0%; AR ETENMHBBERAES 6 REAF|ME(E 1 343.8 U/L, lLAMRIAIIRZ
36.0%; 4hit B EEE MRS 5 RIA AL 463.8 UL, ARMALITIRS 31.7%. [#] AR
RARRFEOTEBRET RIFOAN TR, FRNEABERREGARRER T AL,

X KEAE, KA, ik, BERAHEL
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Screening of lignin degrading strain BYL-7 and optimization of
degradation conditions

LI Ling-Ling' WANG Jing-Hong' ZHAO Duo' LIU Jia-Le' SHEN Gui-Nan'
YUAN Yuan' GAO Ya-Mei' YAN Lei' WEI Dan> WANG Wei-Dong''

1 Heilongjiang Provincial Key Laboratory of Environmental Microbiology and Recycling of Argo-Waste in Cold
Region, College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing,
Heilongjiang 163319, China

2 Institute of Plant Nutrition and Resources, Beijing Academy of Agriculture and Forestry Sciences,

Beijing 100081, China
Abstract: [Background] Microbial degradation lignin has attracted more attention due to its
characteristics of high degradation efficiency and environmental protection. [Objective] Screening highly
efficient lignin degradation fungi and optimizing their degradation conditions. [Methods] High efficiency
lignin degradation strains were screened by guaiacol-PDA and aniline blue plate methods, and the culture
conditions were optimized by single-factor screening and response surface experiment. [Results] An
efficient lignin degradation strain BYL-7 was screened and initially identified as Trametes versicolor by
morphological and multi-sequence analysis. The single factor test proved that the initial pH, temperature
and inoculum amount were the significant influencing factors for lignin degradation, and the response
surface test determined that the optimal conditions for degradation lignin were initial pH 6.7, temperature

25 °C, and inoculum amount 8%. Under these conditions, the alkaline lignin degradation rate was 36.5%,

which was 54.0% higher than before; the degradation rates of rice straw lignin, hemicellulose, and

cellulose were 32.8%, 21.5%, and 13.2%, respectively. Among them, the lignin degradation rate was
enhanced by 36.1% compared with before. Laccase activity peaked at 120.0 U/L in the 6th day, which was

25.0% higher than before; the lignin peroxidase activity reached a peak of 1 343.8 U/L in the 6th day,

which was 36.0% higher than before; the manganese peroxidase activity peaked at 463.8 U/L in the 5th

day, which was 31.7% higher than before. [Conclusion] The experimental results provided a useful fugus
resource for lignin degradation, but also accumulated relevant data for subsequent research on lignin.

Keywords: Trametes versicolor, Lignin, Screening, Degradation condition optimization
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ARJZ S R N Be SE AT A R By &2 &9, HL
AR R E A 2R b, B H AT A AR MERF R 2
etk bz —12 0 RIS AR YIRS R0 3 2L
Iy —, R ML 4 R EY R B LE ST A
KT RSP, A5 BAEYRTEN
15%-30%") . FREFAERF =T 8121, H
30%AE AR b ek A 5, BRIR 9% TR, X
i A E A R T e (HR AR R R K i
AR SR AR B BRI A, SRS TRl AR ) TR
ARACA ST R AR A P I i, T S ERE FE4 fA P
TEALFIF®, I, AR R WL i At A F et
YA S UL A R RS AR B LE K

AWk B IR AR 5 R T HAT IR BEAE MR A
U SR 25 52 G TE , FLRE i B A W e 2
Tl AR J5 2R Vi 1 2%, 168 o T 2R 2 () 1 B ) A T fip
AR BRI T HIAR TR RGNy 11
BB B E Y, IR 78 3458 CO,
i H0P %, R 22 5 HAT AR 32 AR e 1 T e 24
BE 2L 7R W AV 1 AR P g , A D RO PR BE T R
R A AR A A T
TR TR R L X AR o 3R R R AR A B, LT
s P BRI 9 A 5 2 A BE ) e o L A 1A T L
AR R WA, CO, Al HoO, HHIAK - f
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f—2&, FUA SRR R RAE 1, sk
A A5 o TR R A R BT 2R 2B R o HL BB 8 7 AR 14
it e 3t A 20 Zhu U SE A1 A
RN, AR ERE YRR & 20 £, AR
ZREMRRIET] 34.8%. Erden 21Nl AL AS (6 14
P R BERS ], pH . BREAE40F, BB AL A 1L
PGS PR AR i, [ R 0T 2R R A et 2 4
o CA AR AR R AR MR F2 2
PR AN S AL ) 2 PR e s 20,
A2 T 77 R BT 2R 1l S AL Y il 1) i e B2 X T
WORIAR 2 rh A i K [ O BIF o 43 e P

AHIF 5 07 356 4 15 v A8 R A R B 2R R A8 B A% T
VAR , 3835 o0 W2 FOR A2 A i Ho o3 2 b
7, I3 18 B DR 22 R i/ T 25 A B O LR TR
PRIYIEFRZ5AT, DA AR R B2, NN 5
2 1 0 B9 24 0 A

1 MBS b
1.1 ##)
1.1.1 #H&EKIE

it B BURE 7 R A R I VLA PR TR X
M7 (48.32°N, 129.29°E) R MHLE T 2-5 cm b+
e, w4 mEE, KSR RIS =, 4 °C
UKFAIRAE 2
1.1.2 ExEE

PDA $557H(g/L): 552 Hh4% 75 200.0, % b
20.0, KH,PO43.0, MgSO,47H,0 1.5, Zifl§ 15.0;
PDA Wifk¥:3:3E. PDA REFRILATINENE; @)
KEr-PDA B35 PDA RiFRIEEHINA 0.4%[H X
BIARMY ; Fi R SRR (g/L): 5% 200.0,
FEEERY 15.0, B 5.0, #i49HE 10.0, &b 5.0,
R 0.1, BAR 15.05 KRR IR (g/L):
B PE A2 2.0, KH,PO, 1.0, MgSO,-7H,0 1.0,
EAW 1.0; BEEERFRIL: BOLEG 1K F
FEAF 2 B 25, 39K 1.0-2.0 cm [R/NB, 80 °C 4t
T, W Ab B K RS FEFT 6.0 g %6 A 250 mL (14
T, DL 1:10 FURHE L InACE SRR ST . ESR

#i(g/L): KH,PO, 1.0, MgSO,7H,0 1.0, EHE
1.0. LI EFrA B FRIEET 1x10° Pa K 30 min J5
B
1.1.3  EZERLFNE

WEWE . BRSO, R & T
BHEA R AR AAQIARE | SEARR, gL
AR AT IRA R R, Kt TR
FATIRA A

M pH 11, Horiba A F]; #iE TA/ES, Jbat
FRIRIG IR AR TS A PR |l 5 AMPHWLETT,
B b b il R AR A PR A | R AL,
Eppendorf A w5 fHIRIRZ®F . RS, IR
ETARREFRATFREARAF; AR EL,
Velp AH]; HEfHEE, HIAH,
1.2 A%
121 KERZEMEBEHKITFE

BURA 14 1.0 g, BT 100 mL KEZEIHK
FIHETEI Y, 30 °C. 200 r/min $2RE 75 1 h, HE
30 min, WEHC b5 R AR B A Ak, B
FAEER B 1| mL Y50 T @A KE-PDA 155+
F, 30 °C IEIRREFE 3 d, HREBUREMA KL G S
R O™ BRI, REXL S8 RSN
A5 Al 5% 77 TRAR SR SR R 43 ) s R TE A BR
M -PDA FRIE @GR b, FERRAE R S d A,
FH R AR A B -PDA 553535 7R S H bk
TEEER, REERFRE ERTE LRI R
EiE AR EAE, 3 WERETCEYIE, ik
IR L Mo e bl B S %) TR R R 2 FH
1.2.2 HHETE

(1) BRI

KA R BOWER T  B kk BYL-7 (9 B 0%
Ao BESHTACPES IR ahatee P )5, L PDA
Kigidt [ 30 °C K592 S A W22, BT 2.5%M)K—
i [ 5E R 4 °C 17% 5 0.2 mol/L i8R 2% il
(pH 7.2)E%E 3 ¥, 10 min/iK; F 30%. 50%. 70% .
90% . 100% ZEEHEATRE BEIAK , 16 BE B K
2 K, BIK 15 min; SERAOPRRE SRR B
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100%Z. 5 2 mL JCBE EP 45, 3WIREE, %EWT
FH B4 RS B A e 5 A7 B 2w HEA T FL R

(2) 7 FY%E

2 Zhu 252V 7 BRI bR BYL-7 (3
2 DNA , 22 NanoDrop il , 2854 /X F 10 ng/uL .
BEKT 500 ng. ODagonzo KT 1. ODasonso 7
1.8-2.2 [A] 4 DNA. % FEH @@ A5G4 1TS1
(5'-TCCGTAGGTGAACCTGCGG-3")fl ITS4 (5'-TC
CTCCGCTTATTGATATGC-3")ifk 1} PCR #1412
PCR # 3 7= 11248 1.0%E5 i bl FeL kARG AN 44k )
F b TR R AR v 5 DR B A B A W] 58 BT o Iy 25
JAE NCBI H 4T BLAST Hoxt, #8513 MEGA
6.0 FRAFH IR G F M, 30T 4325 TR 4SS A o
123 HIERER

PR BYL-7 76 PDA 53: 55 | 30 °C #5355
5d, FFTILESECEAE 8 mm () BYL-7 [H7% 3 B
T 100 mL PDA ARG F7 3619 250 mL #EE
30 °C. 120 r/min #&K$55E 3 d Ja, RAPFARITEL
PRACSEE VAR, MR A E] 1x10" CFU/mL ff
WAL 58 Ao LA SERNVERFBR UL RN, HF it
(BRI E N 1x10" CFU/mL, Fif AR Y
250 mL, R 100 mL, HEREHR 3%,
124 KREEBENZE

T T A [ 3 B2 Rl A B 2K, M5 ODigo
{5, FEHRIEA R R ih &™), 15 m
Y=7.272 2X+0.019 4, R*=0.999 2.,

VP B 3% R A 100 mL R &R
R b SR LT, 30 °C. 120 t/min 5555,
T3P 24 h BORE—IK, ERS 3> 2 mL JCI EP &,
PSR FRSLR , AR 1 mL AT 2 mL JEH
EP 4, 12 000 r/min 0> 10 min, B L3, ¥ g
VPR RS i, B VR AN 5 B A o 3R A3 AR I
RIEMEFE RO BORRE 30 1%, E ODago fH,
3IRER, B ODygo (HACA BT 2 T m it
AR J5T F R A2 (LATT S0 T R J5T 3R B A S AN ARk
P ESE R TR NI

G -30xC,

AR 2R B AR (Yo)= 100
1

Horr, € FOR R IA AT ZR R 15 77 rh it AR ot
REPUPE AR s Gy (B B3R IR 5 fe rh iy B 22
T X) AN TR A P AR S 2 R
1.2.5 E# BYL-7 MBAREZZFHFHNEERRRE

(1) fwdEwls pH

W TR R 3%l i B2 A 5 A R R R 1
FREPHEE S, RIS pH 43518 4.0, 5.0,
6.0, 7.0, 8.0, 9.0, 7£ 30 °C., 120 r/min 54T
Wit 5 d IR MEAR TR R, 3 IREE, e K
i pH,

(2) FiERG AR

TR 3% e Pl 2 A 75 A R i R Wi 1
FRAEEHOE S, R pH o 7.0, ERESRE
518 10.20.30.40, 50, 60 °C, 7E 120 r/min
MR S d JEME R R EAE AR, 3 IRER,
T R ol B SRR B

(3) Fid ik

TR 3% e Pl f 2 A 75 A R i R Wi 1
FEHEMHIEIR S, MWL pH 24 7.0, 7E 30 °C
FEE 4 5)k 100, 120, 140, 160, 180, 200 r/min
KT HFR S d, MERFTRIEMAR, 3 REL,
1) A A e

(4) BRI

W TR I 3% . 6%, 9%, 12%. 15%.
18% 42 P i 12 A 3 A K Joit 2= 8 ik 1 5 L ) HE R O
H, ARG pH A 7.0, 7E 30 °C . 120 r/min £51F
THFE S d IEME AR RERE, 3IRER, fid
BT E UL 2/ UL

(5) FrcidE e A T Rk

TR A JoT 2R A i 3% 7 B AR Jo 3R MR JEE 4 )
J1. 20 3. 4. 5. 6 gL, BREBIRIE 3% EME
A RIEFREMHIE T, AR pH R
7.0, £ 30 °C. 120 r/min 5 FE3% 5 d J5IE
RIFRMEMR, 3 REL, Mot AR )RR

N
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1.2.6 Btk BYL-7 KBS K AL (2) ANJSUER R figt 5 10
(1) Plackett-Burman i3 15 31 KRR FE IR PR 1.2.7(0) 20, G 1 d

TE AR RIS A9 54, Al A Plackett-Burman
e ] DR H MBI 46 pH (6.0, 8.0). IREE(20,
30 °C). % (120, 160 r/min). (6%, 9%)
FBIEA TR W2, 4 g/L) 5 4K &K ik i)
PPk BYL-7 FEf#AR BT R i A LA &

(2) Box-Behnken &4 1% 11

PA Plackett-Burman 256 i 176 X A 5t 2% [ 5
Wi R ZR . WG pH (4). H5FRIRBE(B) . A
(ORI ZE, KA Design-Expert 8.0 #&i1it

AT 3 IEE 3 K, N=17 RiRE:, DUIARRER
i 2Ry W 7 (L 855 75 2 AR A AL, W0 S B RS R
SR

127 BRESAERR

(1) KRIFRLF4E XA E

KA R, 4K itk BYL-7 76
DA BT (@R 3%, pH 7.0, 30 °C)FBHM: AR %=
FEFRDLALIG 2500 T R AASA R E 53R 10 d.
30 2 d BURE—K (0.5 g/IR), S MRTE FReF 4 K il g
WM, FIH FIWE 3/6 254 200 2 1300 2 /K R s 1
HORREF4E R PR3, A 3 K,

HUFE—K (0.5 g/ik), JMATCHZK, 12 000 r/min 25
2> 10 min BCETE,  BIERBVERE . RA ABTS
PTG R T 2 T R AR
AR ZE L E AP P s 208 Kuwahara 4281 gy
T A E AR L R 3 AR,
J BOE 31
2 HERG500
2.1 AKRRZEMEEERRFIE

He 1 AT, BT e 1) 8 RRAC TR 2 Mt oA 24 A
FEAREEAL AR . o, BRAR BYL-7 FER
BIARE-PDA iRt I B AR KN 2.00 cm, [f
IR B 3 7R A AR B B Ko 2.10 em, M HE
FoM MR 2 5 B 2, UE B PR il Ao SR Ak Y T e
T8, AR JE S Ak
2.2 HEHBYL-7T¥EHER
2.2.1 E#k BYL-7 75 M5

Wtk BYL-7 MR 224 KRG, TR KR
F 50 pm, LK. kP aE BE2A 08, BT
S 2B I B T, TR KITE,

#1 JBEKREDEIAE-PDA Z5xE AR EGEMAERREREFE EHAMGREE

Table 1 Coloration circle formed on guaiacol-PDA medium and decolorization circle formed on aniline blue medium by

each strain

[ 78 TN NERES 7 BAR AR LR HAR fIREN e NERES 7 BAR JId £ P S o A

Strain Coloration circle  Colony Coloration circle actual Decolorization circle Colony Decolorization circle
diameter diameter diameter diameter diameter actual diameter
(dy, cm) (da, cm) (di—d>, cm) (d3, cm) (ds, cm) (ds—ds, cm)

BYL-1 5.00 4.80 0.20 7.00 6.80 0.20

BYL-2 4.70 4.50 0.20 6.70 6.50 0.20

BYL-3 4.80 4.20 0.60 6.70 6.20 0.50

BYL-4 4.50 4.50 0.00 6.50 6.40 0.10

BYL-5 4.10 4.10 0.00 6.10 6.00 0.10

BYL-6 4.90 4.50 0.40 6.90 6.50 0.40

BYL-7 5.10 3.10 2.00 7.10 5.00 2.10

BYL-8 4.50 3.40 1.10 6.40 5.30 1.10

e di: WAIKE-PDA K375k Ltk B AR B dr: MOIKE-PDA ¥i3i5k FRVE HAZ; ds: KRR ESRIE b s bRIB o e AR 5

dy: RIMEREFRIE B B

Note: d;: Diameter of strain coloration circle on guaiacol-PDA medium; d,: Diameter of colony on guaiacol-PDA medium; ds: Diameter
of strain decolorization circle on aniline blue medium; ds: Diameter of colony on aniline blue medium.
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KANK(2-3)x(3-5) um (B 1), P8 (EREE
ETFM ) PR, WA YR ER R
14y JL TR ARAIE
2.2.2 H#k BYL-7 Rk B RHAE

22 FEAS I T bk BYL-7 B4 ITS ¥ 414 580 bp,
£ NCBI H A9 GenBank %{ % JE & F 5 K
MN947224, £ NCBI F#47 BLAST X, Frik
13 AR AR 5 1y 81 2 I8 A% €A% TR (Trametes

10 pm

versicolor), H—EMEI KT 96%, Z5EHASE:
fiE, VI E Wbk BYL-7 N7 @M 1 (Trametes
versicolor), 44 "N Trametes versicolor BYL-7, {i#i
AT MEGA 6.0 ¥ BYL-7 5 16 BRiE 1T
Neighbor-Joining R4k EWAIHIE, LK 2.
23 AERZEBRBEFHHREERABRER

24 pH 4b T 4.0-9.0 JEFE NI, TPk BYL-7 #8
RERS I A KO IR R R BT R AYBE /15 24 pH 1E

Bl 1 =E#k BYL-7 AR#BIRE TR E LB FRS

Figure 1 Mycelium and spore morphology of strain BYL-7 under SEM

W A IEEWIREMNE2; B: ¥ C: W FR=10 um.

Note: A: The mycelium being broken; B: Spore; C: Mycelium. Bar=10 um.

46
34

BYL-7 (MN947224)

Trametes versicolor 427 (MH320563.1)
—— Trametes versicolor (AB811868.1)
99— Trametes versicolor (AB811867.1)

Trametes ljubarskii (JQ806418.1)

80
— 30
7

Trametes hirsuta BAU-1 (KX056103.1)

Trametes junipericola (KC017758.1)

— &l

~

Trametes cingulata DMC814 (KC589133.1)

r— Trametes sanguinea (F1478098.1)
9L Trametes trogii (EU918696.1)
Trametes cystidiata (KC017759.1)
36 Trametes suaveolens (FJ478094.1)

12

Trametes elegans CRMS52 (JIN164986.1)

Trametes hirsuta ALPO1 (AY972129.1)

Trametes ochracea 921011 (EU162063.1)

0.5

9 4‘—,7 Trametes globospora MCA3414 (KC017760.1)
44
93 Trametes polyzona DMC370 (KC589125.1)

2 ETEH BYL-7 RIEXE rDNA ITS FHIEE SFEEMEZNRERE M
Figure 2 The phylogenetic tree based on rDNA ITS sequences of strain BYL-7 and other related strains, constructed by

neighbor-joining method

TE: 2 5HXFIIH GenBank #5354 THE 5 5 3 SO0 A EUT #R Bootstrap SCRFEE; R RUT/RI LN 0.5 BT IR B 5.
Note: The GenBank accession numbers of aligned sequences are shown in the brackets; The numbers in each branch points denote the
percentages supported by bootstrap; Bar 0.5 means the nucleotide substitution rate of 0.5.
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6.0-8.0 Z[AEf, AKRETRFFEMFIIK S, pH A 7.0 B G BRRR BYL-7 A T R A B I
AR BRI, N 22.6% (8 3A), I, (K 30). M#EFEAIIN, KRREREHREBL
Pt pH H 6.0-8.0 X — X [A] 1 T J5 LR 5 WIS BN 120-160 t/min B, K

B IR ETE 10-60 °C Z A BB #k BYL-7 XFAK PRI fRRR . L, ¥EFEFEE 120-160 r/min
R E RIS 2ZE IR K. 7E 2040 °C ZJA], K  X—XE#HTEER5% .

PR R RS, JUHGRTE 30 °C IR PR TR AR BYL-7 R AR A S5 2 1 5 i 00
(8 3B), I, RN 20-30 °C X—IX[Al#E &l 3D, MEEREN 6%, ARBTREMRRK,
(NI ES - H 26.9%. Z ) BEAEBER R RN, AR TR AR
A_ 24y B 25
S 23t S —
g 2} 8 20
8 2lr 5 15t
g 20} s
g 191 g 10 F
g 18f / g
g 17 £ 5t
& 16t &
s T e = T
3.0 40 50 60 7.0 80 9.0 10.0 0 10 20 30 40 50 60 70
pH Temperature (°C)
C_ D 29
S SIY
g 22 / |
M AN
= S 251
g 20 %; ol —4
219t g3y
£ 13 T s 22¢
& °f & 21}
'_] l7 1 1 1 1 1 1 ] '_] 20 1 1 1 1 1 1 ]
80 100 120 140 160 180 200 220 0 3 6 9 12 15 18 21
Rotating speed (r/min) Inculum amount (%)
B 30r
S
&é 25+ I~
=)
2 20t
E
S 15t
3
81
s

0 1 2 3 4 5 6 7
Alkaline lignin concentration (g/L)
E 3 %1% pH (A). REMB). ¥iE(C). EMED)MEMERRRREE) N KREEBREHZIT

Figure 3 Effect of initial pH (A), temperature (B), rotating speed (C), inoculum amount (D) and alkaline lignin
concentration (E) on lignin degradation rate
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A N 4R EN 6%—9%M), AFRME
fiff AR R i LG B 28 5%, IRIIL, Medfdfh i
6%—9%iX — X [ 1 7 J5 225

JEEIBEAE A T 2 VR X Rk BYL-7 R A5
KRR R (K 3E). fE—ETLFIN(1-3 g/L),
PRI X JEC B AR T 25 %) o4 236 i 4 I 40 Wk B 1)
B Fh s (HSIRYIRE ML 3 /L i, B
XA TR (AR RE 1A T T e Mo AR R ik
FEHN 3 g/L i, RETERFBEMRRA, N 252%; B
PER R MREETE 24 /L I, AR & MR i B
ZRARE, HIL, EREMMEARERE 24 g/L
X — XA T )5 221 .

2.4 Plackett-Burman 7% 8 F &iX 10

M 2 A[A1, R* M 97.88%, iWwWILh pH. i
BE | FEEE BERR | R BT R Mk B X R K BYL-7
R A R R S 2, B 2 A SC MR, AR5
i) R/ IMRURHE R Ry« W) pH=1k B2 >4 > >
BPEARR R . I PIEA, PG pH. IR,
Fofr gt SR e B 25 R ) PR 26 (P<0.01)

2.5 MMz EAL IR EE
2.5.1 Box-Behnken {3545 R

H2HE Plackett-Burman i38558, EEENT
FIRR BYL-7 S A R A Ry 3 MR & .
Whh pH (6.0, 7.0, 8.0) (4). W20, 25, 30°C)
(B). HEFE(6%. 7.5%. 9%) (C)NHAZH, R
Box-Behnken 56 15 11 X% B Al A o 2 1) A B2 8% 3%
R A, B 17 MR, SRR AKEERE
ZE R 500 DL 3. I Design Expert 8.0 A4k
(RACIVEE RS Y N e 5 AT E sy P N 915
2(%)=35.43-3.064—1.73B+0.73C—1.224B+0.694C—
0.81BC-5.144>-8.07B-6.01C",

P RS A ] S 7 BB O 25 Ay B AT AL, %R A
P<0.001, RKUPZENAFFRIERINEE, BRBK
P FAE R 6.45 (F>0.05), RHZITFERIUA R
%, ULBIPT BRI A R L. WE R R
Ay 0.987 2 FI 4 5 Z B R g M 0.970 6 FaA
AT, 2 BB ] 5 R A S PE AR AR 4o BRIk,

% 2 Plackett-Burman i3t 54 R

Table 2 Design and results of Plackett-Burman
experiment
Fe  BEEKF AT 3R S %
No.  Factor level Lignin
X X5 X3 X, Xs degradation
rate (%)
1 -1 1 1 1 =1 26.4
2 1 1 1 -1 =1l 28.0
3 ! ! -1 -1 =il 23.6
4 1 1 -1 1 1 28.8
5 1 1 -1 -1 =1l 26.7
6 ! ! -1 1 =il 24.8
7 =il =il 1 -1 1 24.7
8 1 =1 1 1 1 27.9
9 ! 1 1 -1 1 26.2

10 1 =1 1 1 -1 27.1

11 1 =1 -1 -1 1 26.0

12 =1 1 -1 1 1 26.1

BN 2.096 7 1.366 7 0.763 3 0.990 0 0.513 3

Effect

ZH 1.04830.68330.381 70.49500.256 7

Coef

T 12.28 8.01 447 580 3.01

B 0.000 0.000 0.004 0.001 0.024

R 09788

T X1 (=1, 1): ¥4 pH (6.0, 8.0); Xa (1. 1): TEE(20. 30 °C);
X (=1, 1): %3120, 160 r/min); Xi(~1. 1): JEFE(6%.
9%); Xs(—1, 1): WMHARBRREEQR. 4g/L).

Note: X; (-1, 1): Initial pH (6.0, 8.0); X>(—1, 1): Temperature (20,
30 °C); X3 (-1, 1): Rotating speed (120, 160 r/min); X4 (=1, 1):
Inoculum amount (6%, 9%); Xs (=1, 1): Alkaline lignin
concentration (2, 4 g/L).

Box-Behnken 3 1E AT HE 1Y, 124581 0] 58 43 iy F
T BYL-7 FEAR AT 2 A BEIS F . AR A — VR I A4
B X W) W B A JBT 3R A i 256 11 52 il 3.8 3 A b 2 7K
(P<0.01), —¥KI C S M Lo (A S5 2 B A 2R 5 i AN
L (P>0.05); S HIF AB. AC. BC Xif i W AEA 5
2R R AN 35 (P>0.05); “Fr I 42, B2, C°
Xof ) 1o B AR BT 2R R i 23 5 ) Gk 2 AR S 2 K F
(P<0.01); 3 AR ZE XA T 2 B 232 A9 5 il R/ MR
WH: A>B>C, Rl pH>IREE>HR & .
2.5.2 MRz E 494

K Design-Expert 8.0 A XHALR A5 SR 1w
o7 T P 2 o, 30 e O T T UL 43T 45 R 26 e A
T B Z A8 ELAE R 1o (L 2] o ] 4 2 H g
7 (LR D] 2 ) 118 45 v 4 Pl AR == i 7 T €]
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Table 3 Design results and analysis of Box-Behnken experiment
Py EEREKRF ENDENGS (S Ji 2R 5 il Fl H Wiz  Fvalue prF gtk
No. Factor level Lignin degradation ~ Source Sum of Free degree = Mean Significant
A B C rate (%) mean square square
1 -1 0 1 26.3 A 74.97 1 74.97 56.72 0.000 1
2 -1 -1 0 27.1 B 24.05 1 24.05 18.19 0.003 7
3 1 1 20.1 C 4.29 1 4.29 3.25 0.114 5
4 0 0 34.5 AB 5.95 1 5.95 4.50 0.0715
5 1 0 1 23.3 AC 1.89 1 1.89 1.43 0.270 6
6 =il 0 25.3 BC 2.64 1 2.64 2.00 0.200 4
7 0 -1 1 24.4 A 111.05 1 111.05 84.01 <0.000 1
8 0 1 -1 199 B’ 274.24 1 274.24  207.47 <0.000 1
9 0 0 35.6 c 151.98 1 151.98 114.98  <0.000 1
10 0 36.2 FEF Model 711.07 9 79.01 59.77 <0.000 1
11 0 -1 -1 209 %7 Residual 9.25 7 1.32
12 1 -1 0 216 AU Lack of fit 7.67 3 2.56 6.45 0.051 7
13 1 1 14.9 4l 7% Pure error 1.58 4 0.40
14 0 0 35.2 A Total 720.32 16
15 0 0 0 357 R 0.987 2
16 -1 0 -1 266 Ragi 0.970 6
17 1 0 -1 209

I 4A. B ATH1, M=t fE 0 KPR,
pH AR SR RIRTE , RU] pH A1 EE 1Y)
& H AR IR AR TR B R s A 3 [ pH
AR, AR BT 3R ARl 23 B o U %) T S R ik
I, TRBEETE 22-24 °C Z[R) B AT KRR IR K

H & 4C. D AJH1, 4 BEAEHITE 0 ZKF-HF, pH
R SRR RUIRTE , 3R] pH AR
AR IR R BRI N B2 [ b
wOEE, RERMEMGRE pH TS e KE
W/, pH TE 6.5-7.0 Z [BIHF A T R FEAf e di K o

& 4E. F /AL, 24 pH & HI7E 0 AKFI), i
JEE R Y A5 e 0 (L B | 28 I B 2 o
(128 AR R A J3T 2% ik 38 S T AN S 25 5 [ Ui
FER AR, AR o1 3= Wik 2R W A e i 0 T i S B K
JE BN, ERM AR 7.2%—7.8%2 [A] I A Jit 2 P 2
5
26 AEBEZFHMMBEEREIELSLR

W Design-Expert 8.0 #K{FXFFir &7 82

PR UEAT e Ak or b, f3H pH 6.72 . TR
24.56 °C, FEFhit 7.58% Mok, TR
WA BYL-7 XTARBTR MFEA#ZA 36.0%. TE
L F TR, G ES 3k, HHE
I B SRRSO, LA B IE - pH 6.7
JERE 25 °C, BEfhaE 8%, ARIFEMMRN 36.5%,
FEARAL T (23.7%) e 54.0%, -5 FU{ELAH L AH
X R 224/, 1k BH i 7 T P A ) A o 3R ik 2
HA S, 7E— @R FAAAESCPr b A A
27 REHESEABRKRIEIESER

I AR Ak B B A J5T 2R ok i 1) e 1 2% 1
TIKTERERT Ao, 450 4. KMHALE, Bk
BYL-7 XJ/KFEREFF ARG R . GF4E R . LAgERRE
RSN K 32.8%. 21.5%., 13.2%, Hh KRR ZERKE
AR (24.1%) 35 36.1%; FifFRER
N 47.0%, HARIIEET(30.8%)48 1 52.6%. Hitk
BYL-7 XARGE . SR AL g R MR
AT A i s, o R BT R B R 48 & LR i
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Figure 4 Effects of pH, temperature and inoculum amount on lignin degradation rate
TE: AFIB, CHID, EFF /330K pH FLREE . pH FIERh . IR R RN X A B 38 WA 2 1 52 )

H] .
Note: A and B, C and D, and E and F respectively indicate the effect of pH and temperature, pH and inoculum amount, and temperature
and inoculum amount on lignin degradation rate.

R, GRS ORI/ o B TR A 5T
R SR AR R A Tl A D e e 1
S A T LS e A SR Wi A A AR A S L . 1
5l PUfb)m B . AR R o A i A
A A G A9 AR X B i LA 2o A A ) Wi T
WAL AL AT FE AT 1 d; DUIL)E MG ETESS 6 K

IRFNIEMH 120.0 U/L, FEARIEALET(96.0 U/L)EERE T
25.0%; PLAb)E AR R i AP BRE eSS 6 K
IKFIEAE 1343.8 U/L, HLAMLALHET(988.3 U/L)HE &
T 36.0%; HRSFEAYEREMAELS 5 RBHEH
463.8 U/L, HARMEALET(352.1 UL T 31.7%:;

o Y AH ) i PR A J5 3 o e 3 S P
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Table 4 Results of straw solid state fermentation before and after optimization

Wik RO itk

Strain  Unoptimized Optimized
RIFTRFEM R FYEREMR L REM R FHITRER  ARRREMRR SHRER R LAGEREMRR R RER
Lignin Cellulose Hemicellulose Straw Lignin Cellulose Hemicellulose  Straw
degradation = degradation  degradation rate  weight loss  degradation degradation  degradation rate weight loss
rate (%) rate (%) (%) rate (%) rate (%) rate (%) (%) rate (%)

BYL-7 24.1£2.1 12.0+1.9 17.942.2 30.8+1.3 32.8+2.1 13.2+1.9 21.5+2.2 47.0<1.6

T8 B 3 E S I (bl 2.

Note: The data is the mean + standard deviation of 3 replicates.

2800 --*-Unoptimized Lac —s—Optimized Lip
—a—Optimized Lac -4 Unoptimized Mnp
2400 | --e-Unoptimized Lip —¢— Optimized Mnp
2000 +
1600
1200 +

800 |

Enzyme activity (U/L)

400 -

El5 LAl BARREMEMEREEEEL
Figure 5 Changes of lignin degradation enzyme activity
before and after optimization

3 WikE4w

RppAECON s R Spl 7E 28 °C R E G
F%, HAEE 12 KEEHEEE L S 40 T I T 5 1 43
W)k 520 U/L #1500 U/L, 7E56 6 RARZRITA
W BB Fe 5 20 40 U/L, AP s Ar
FETETE 30 °C. 160 r/min 5514 FH;i 3%, HAEN 8 K
S B o 136.5 U/L, 1655 10 Kigit &by
it At 5 i A 781.6 U/Lo ASHIFSY 20185 i a2k ) T ik
BYL-7 AXEE™ A Bl A st S| AL Y, iR
A RS PE AR BT R L B A, AR 25 °C T
BR SR BRIERUR 0T R 1k A L W B REE Y TESE 6 Kk
FNIEME, 43514 120.0 U/L F1 1 343.8 U/L, 4%
IR PEAESS 5 KIRFIIE(E R 463.8 U/L. 5%
TEERIRE SR A AR LG, TRAR BYL-7 (B Al AT
Sy T G A ) 0 1L P PR B ) B 8 0 e, R VR T

FVER 2 A P RS LA, (ROR 5T 28 4 S (L P il
WG I 33 4 SRS g R A
PRIAK BYL-7 ¥l R 2ot 4A0 T S A 5 DA (T
i ) A, P 4 A ol A o AR P T O L
HAR, A5 R 2R A 7 — A TPk BYL-7
JITREAT () 85 0 MR o 3R 2o S AL g

ARSI BT R B AR B 2R g LT BYL-7 X 7K
Ve PR B AR T 2 R R SRR T R OK R A FF) ¥ 1A
B R e 1 . 2D AR R F2 AR
1 F10 KB 7 d XFKEEHEAR T 1 B0 08
32.3%7%129.5%, Ttk BYL-7 &£ 5 d XFhstEA
TR R EMRFEN 36.5%, HHA BT 13.0%HM
23.7%. Zhu TR (AR Tk AT 2 R A S T T
PR, AL IE SR 21 d, FEFFAR R B AR5l 34.8%,
MEE BYL-7 ¥igF 8 d XFREFF AR &R MR N
32.8%, HFSFEA TR FEAR A AR 6.0%, {H AT
3 B 4

UEAh, Bk BYL-7 Sa7 A i H A s kA
Fb, FEAEEA] | RAEREAY A T BE B B AR RS FEAC
JRE . MR AR R (o a R
RIZFUEE | WA 2 LA PR A F, 15 d RS AT
S ARIMH 18.65%. 17.83%. 17.03%., 27.71%,
KT E B RN 16.42% ., 4.41% ., 9.63% .
2.09%. XIFEPR RS QSH3-3 FIBTiHE
YSH3-3 WM EAFEFT, 15 d FEFFRERSHH
58%. 52%, ARBTRFEMAINN 16%. 26%. @
Pk BYL-7 FEARKAEREFT, 8 d AT R AR MA T X
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R R0 90 47% . 32.8%, 5 AHIFRERTST 45 A
P, FEAF O HE AR IR 0T 22 W A 3 v T LA o i
FHE#E . SXIFERIFEEERAT L, itk BYL-7 #5FT K%
FRBMTHERER QSH3-3 ME5EHF YSH3-3,
EA R ERE RN ST &,

ZE TR, AR BIHE R R BYL-7 B
FESRIAR TR R BEMAR ST, XTILEAT R B4R
1k, #1hh pH 6.7, W 25 °C. fEFhE 8%nT B .
PR R R %, 75— R LR AR i
FRAE TR YRR
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