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WA ERGE  HOGE? ERE FR XAg? RR R Xl

(1. IR AER S 5 TR, KV 410082; 2. FMEAY) S #E T E S L= (WmRa) , K> 410082)

. 8% 8% [ Penicillium simplicissimum ( Oudem. ) Thom BGA ] ﬁEﬁﬁﬁﬁfﬁé??ﬁ?ﬁ%fﬁ@%,ﬁﬁpﬂéé%?ﬁ??ﬁﬁ\ LAY ER RKEE
T ALY | s ST R R T P R R TG 40 1) g 146. 82 Tu-g ™' 2.78 U-g™'  47.97 U-g™' [ 34.56 U-g ' #17.94 U-g".
SCHCEE SN SPSS GLit Ay MM, A B OR A 4 E BRI R ) 5 AR LA F IS5 F A AR R I 5 R X R B AR 4 9
AT AR JURIOR BT 2F 4 R B Z M PEE A 45 R 76 30 d MRS EREh PA R R SR SRR E R E ML (r= -0.946,
P<0.01) , 4R 5K FENEMEAE B FFFE(r= -0.818, P<0.05). ABEE i E YBT3 A Ak Yy B 7E A B
F Y[R BXT 2 27 4k 3 RN 2F 2 AT UM FI R A, SR AR IR B PR AR 0T 22 A Il . AR BT B AL | B e il S 4F 4 R i
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HR S TR EE AL
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Biodegradation of Lignocellulose by Penicillium simplicissimum and Characters

of Lignocellulolytic Enzymes

SHEN Ying'?, HU Tian-jue'”, ZENG Guang-ming'>, HUANG Dan-lian'*, YIN Lu"?, LIU Yang'?’, WU Juan-
juan"? | LIU Hui'?

(1. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China; 2. Key Laboratory of
Environmental Biology and Pollution Control ( Hunan University) , Ministry of Education, Changsha 410082, China)

Abstract; Penicillium simplicissimum ( Oudem. ) Thom BGA can secrete lignocellulolytic enzymes, among these enzymes the highest
activities of hemicellulase, cellulase, lignin peroxidase ( Lip), manganese peroxidase( Mnp) and laccase are 146.82 Iu-g~', 2.78
U-g™',47.97 U-g™",34.56 U-g~" and 17.94 U-g™" respectively. According to the results and the statistical analysis of SPSS, the
ability of secreting lignocellulolytic enzymes by Penicillium simplicissimum significantly correlated with the structure of lignocellulose,
and the biodegradation of lignocellulose was probably a kind of synergistic effect of several lignocellulolytic enzymes. In the solid-state
fermentation of 30 days, the hemicellulose content has a significantly negative correlation with the fermentation days(r= -0.946, P <
0.01), there was also a significantly negative correlation between the cellulose-biodegradation and the lignin-biodegradation (r =
-0.818, P<0.05). As unselected enzymes, Lip and Mnp can degrade hemicellulose and cellulose corporately when biodegrades
lignin. The significant correlation is showed between Lip, Mnp and cellulose ( correlation parameters are r =0.922, P <0.01; r =
0.807, P <0.05 respectively). In addition, the biosorption is found to have a very important effect in the removal of liquid alkali
lignin by Penicillium simplicissimum.

Key words : Penicillium simplicissimum ; lignocellulolytic enzymes; biodegradation; biosorption; synergistic effect
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1 #MBEFZE

L1 LR

i # 8 P. simplicissimum ( Oudem. ) Thom BGA
H i RF AR 5 TR 2= B 863 PR 77 4H 4
@\:(10' .

1.2 555t

PFPOR B HG 77 3 (PDA 3R 58 ) . K B
200 g, 258 20 g, Bl 16 g, ZE18 /K 1000 mL,
121. 3°C KB 20 min.

1285 e e R IR L AR ILZ 2 em KR HE T RE 5L
30 g 71 000 mL #EJEHH,121. 3°C K 20 min.

R B A R WG SR b vk Bl 1 x 10°
AL R 10 mL, X BRI Bk BRR S d
M RS FR R T ORI E AR R | 1 2F 4 R N4 4
R &t [FAFH 10 g FERCRH, A A 45 2 1%
I, IR  ME R AR ZR | 2 2F 4 R N4 4
ENibia

WA KEESE SR BRI E 1 g, MgSO, - 7H,0
0.5 g,K,HPO, 1.0 g, NaH,PO, 0.2 g, MnSO, 0. 04
g. CuS0,+5H,0 0.007 g. FeSO, -7H,0 0.007 g, 7%
187K1 000 ml. 121. 3°C K 20 min.

PR K BERG IR 3534 T 250 mL HEIR G, &
RN 50 mL VA & BERE SRR 1 mL W E Ry 10°
AL, 08 20 AR FE 6 AN I B K
TR AS K B RE F5 JAE hy xo) BEZL. YR K IR 48 R BE 37
18 d, &R 3 d PR O, R i 3 ORI BT R
WeBs  BOF Y ME.

1.3 EE AR

Azure-B | 2,2'-Azino-bis( 3-ethylbenzthiazoline-6-
sulphonate ) diammonium salt ( ABTS ), 3, 4Dim-
ethoxybenzyl alcohol ,96% ( ZZ i) ¥JIE) B F Sigma
ALDRICH A #]; ## A i & ( TOKYO CHE-MICAL
INDUSTRY CO. LTD) ; 54h-n] Wt ottt ( H
ALy H A F), UV2550) 5 % 24 B il B8 ( OLYMPUS
BX61) ; 0 A FRAZ HIL ( Pengu-in 600CL, Pixera o
A)) 3 PEEAH L (FEL Q-uanta 200).

1.4 ik
1.4.1 JHFEIRWAHI &

P B A A Y R IR K KR e BT
T IR JC TR AT A 7 1R A 5 R L
HHORE B 26 Sk B A v A 6 AR JC R K
SI4THL, B A TR 454 BER TR R B st
BT, 2R Sk 30% B ) F6L - VA 6T R B
10° 4~-L7".

1.4.2 KRG &

[ 285 T R T+ AT 285 A i B 3 B rh B 2
2.00 g+0.05 g o RIAAE SR AU FE 5 2 AR
K& AHIE ) 250 mL HEIEHT, A NA 20 mL 2%
WK FEVEIR )5, OA 150 remin ™' $E R T R % 12
P21 h IS 5E L7410 000 r-min ~ B T B0 10
min, I F T AT & 1R B 25 46 AL, T 1
TG I

VRS R TR R T AR« o TR A R I B R B 25 7P
W7 60 s FURARTUE S , 42 H1 T M AR o 20k
JE 0 2
1.4.3  [iE0E

AR T2 S A i O

FE—" (AT RS LB FR2) T 310 nm
DN = Bl S A A B 1) % B AR k. O AR R
AL FEZE (10 mmol -L™") . H,0, (10 mmol -L7") |
0. 1 mol-L ™" A RZE & (pH 3. 0) FIKLEGIR. & X
fd 1 wmol - min ™" (A RE o B AU Th B 1 A T 75 1) ik o
K —AEEG JIHAL(U) .

Frk =L (T RS KB IR ) T 650 nm
Azure-B(10 mmol-L™") | H,0, (10 mmol-L"") | 0.1
mol - L™ 47 R 2% vh i (pH 3. 0) FIHL B, & %
f£ 1 wmol * min ' i Azure-B FIr i BY i o — BTG
JIA(U).

ek A A g - T 240 nm M Mn®* g E ALK
Mn** [ 5% % B AR Ak, N R R AL HE MnSO, (15
mmol-L™") , H,0,(10 mmol-L"") , 0.05 mol-L ' 3%
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FARR 2% vh W (pH 4.5) F0 M BE . =& X7k
1 wmol *min ' fY) Mn®* JI7 75 i 15 SRy — > W 0% 1 A7
(U).

BN T 420 nm M ABTS %% A AL 10O %5 i
Ak, RN AR 240 3%E ABTS (1.0 mmol-L™") , 100
mmol - L~ PG FR- AR R AN 28 M VR (pH 5. 0) FTHH
B . & XHE46T wmol -min ~' By ABTS FIF 5 Y i 12
K — AT FI AL (U).

LR R R FHUEARTS (GB/T 23881-2009) . 52
NXAE37°C,pH 5.5, J% 60 min IS1F R, A IE 4%
BEIL wmol - min 7 6 4 FIT 5 1) Ol — S IE AR ZF
e REEIEPE AL, DL U FoR.

o 2 Z G SR ] DNS B 52 2 4F 4k 2% il
W71, E XA wg-min = 4T ARBE T K R
JIT T AR ZREBERGRG LA Ty 20,

1.4.4 KRR Gz

K PRI | BRIMEVEIRTE RN 72 % MR 15k
T 12 R T R AR B b i P R DR R SR o i
MR RE ARRTEMARE G
1.4.5 WAFFRIEBATRSEAME

B 25 2 ML BB 280 nm ) H W ' B 728
PRAE, IR R 2 25 PRt o7 A vk
1.5 Hdnabig

AW A DCE R 3BT SPSS 13. 0 #1432k

7. K-S AE ARG 6 XF 45 21 B0 s R4 7 15 25 40 A A 56
KB, AR B IES AR, L Pearson A%
G325 L0 B A T AH OGS A

2 HRE5H

T T R [ 725 A TP 5 1 e 1 R A R 7 k1
I 7 7 ) [ 25 % M 5 9 3 P RS b A T I
it , AT RSt aok AR R K R £F 2 R BRI 7 = K
TR T2 2R ()RR A 155 D0 A S5t 2T 4 2R Tl =22 1) 1) I ] 1
FH. AR5 i FH 2 25 T T s e v AU T /K AR
FEFERNZEAR K A AATATT H 8 78 TR W) Bt 5l %7K
FERE AT HEATARADE R TAL 2R, AR 1 Py B
4T Pearson AT, AR A RELFE 2. A 1
FE 2 I R R 5 d CITFIR ™ 4 R s r 4
R nG , Ot B R i B G | 2T 4 K il A
AR BTEERE S d X SR AEAYE R | 4
AEZR AR BT R S50 A OC. i BB i (A 1 X HFudt
JCIE PG HM R B, KRR B h
FRRIY Si0, YIBT R EROIR , 27 4E R F 2 A e Bk
ARIYATER Z 0], 2 25 4 38 A7 Fef 75 1 3R J2 1 BT
JBE B AR RMATT R WA RBER S d 7R
AT ET 2 2R A Tl 32 R AL T R R JZ 2P 27 4
RMLTHER | R 2T 4 2R G 0 2T 4k 3R 6 1) o5 K
T 77 A T T 28 K T A0 S0 B B, Aot AR T il 1

2.1

F1 BESEBPARRAEREBRENSEREARFERERETS

Relative content changes of lignocellulose component and activities of lignocellulolytic enzymes

Table 1

REERE BRI AR KRFEFEMX  CEA4ERM SR ABFEHLE LA B il
/d T/ % T/ % T/ % /Tu-g™! /U-g™! L/ U-g ! /U-g™! /U-g™!
0 29. 98 26 19. 84 0 0 0 0 0
5 27.28 22.72 22.39 146. 82 2.78 36.78 34.56 0.7
10 27. 83 24.73 21.7 118.79 2.13 47.97 10. 95 1.22
15 21.75 24. 45 25. 88 101. 86 0.6 15.9 22.75 6.42
20 22.57 17.15 26.58 73. 69 0 11.08 0 17. 94
25 20. 41 31.55 16.73 64. 94 0 6.4 0 3.35
30 19. 6 24.39 25.37 68. 14 0 0 0 0.85

*®2 ESEBRARAEZRBENSERERRFEZRFRmSHXES T

Table 2 Correlations of relative lignocellulose component and activities of lignocellulolytic enzymes during the solid fermentation process

RREXBC jaam mixtai daxbem CERmSPREEE oonems i
RAE AN AR -0.9467 %
2F A R AR 0. 095 -0.096
AR FEAR i 0.218 -0.283 -0.818*
O o F il -0.007 —0.041 -0.240 0.271
212 il -0.505 0.514 -0.136 -0.030 0.816"
P NGiE ULl -0.405 0.451 -0.174 0. 007 0.813" 0.922**
ik AL -0.443 0.264 -0.155 0.182 0.787 " 0.807* 0. 646
R il 0.297 -0.352 -0.658 0.529 0. 001 -0.346 -0.151 -0.213

1) * % 3RR P<0.01, = FT/R P<0.05 (2-tailed)



784 E

B i

KRG FA T 2 ) SR A T A0 55 — R TG 0 7= A A 5
5 d.S5GF2 AT, R E i AL G AR o E AR
iff 5524 £ 4k 2K Wl 2 1) 5L 2 IE ARG R (R R r
=0.813, P<0.05; r=0.787, P <0.05) , K £t
SEALBERN AT AL Y 2T 4k K )t 5L I
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Fig. 1 Activities of ligninolytic enzyme by P. simplicissimum

in solid cultivation
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Fig. 2 Activities of hemicellulase and cellulase by

P. simplicissimum in solid cultivation
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BN 2 4 25 21 2 2 W R R I A R TR A Rl X
AR R IEATREAR . A T2 27 4 R 5 A 5 2 1 A G
PE(r=0.283, P =0.539) , 4 K 5 KFEEE S
B4, DRI 2F 4k 22 (10 R A0 A B 25 ) R A MR B K

HIPE] 2 W], 7 4 SR A [ A R 2R 20 d A 7™ A
T HEE 3 A ERAER AR S A T B A
JOUER o ffp Mg ) 27 24 287 A — e R L I R i, 25 5
P 1 RIS B A e | o SR A I R R il
YR TG Z A AR SE R B (KK r=0.922, P <
0.01; r=0.807, P<0.05; r=—-0.346, P =0.447)
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B Sk i S0 2 SRARAF 20

33
- oo PLPRER
30 % - FHR
’ —— K&

27 |

24t

FRR AR/ %

21 ¢

5 10 15 20 25 30
td

B3 BESEBPARRAHFENEIETHHLE
Fig. 3 Relative content changes of lignocellulose components

during the solid fermentation process
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Table 3 Quality changes of lignocellulose components

before and after biodegradation

i H 0d/g 30 d/g [EfiR %/ %
LRV RY SN G2 2.049 2.312 -13.1
R S 2.630 1. 495 43.0
L% 3.743 3.139 16.1
VNI 1. 606 1. 447 9.9
TGy S 0.539 1.130 -11.0
1785 & e 5 B o i 10. 567 9.523 9.9
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microscope and an energy dispersive X-ray fluorescence spectrometer
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Table 4  Quality changes of lignin and activities of ligninolytic

enzymes during the liquid fermentation

REERE ABRERSE  ARFRIH @A Un S

/d /mg'L’l ’”ﬁ%ﬁ@/U'g’I /U'g’I /U-g’l
0 100. 000 0. 000 0. 000 0. 000
3 69. 095 0. 828 37.353 0. 286
6 64.245 0. 031 40. 642 0.301
9 64. 839 0.010 17. 141 0. 340
12 67.753 0.024 105. 019 0. 308
15 64.532 0. 049 74.926 0.392
18 64.571 0. 064 16. 043 0.218

1) BN 3 AT R

K5 BEEBPARZRETUREARE
PefREE = BAE X ST
Table 5 Correlations of lignin quality and activities of ligninolytic

enzymes during the liquid fermentation process
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