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Effects of lignin on Trichoderma reesei producing cellulase
and xylanase in Miscanthus substrates

Yongbo Kang' * Ao Li' ™ Yanjie Pei' * Yuanyuan Tu' > Shiguang Zhou' ~*
Xiaoyang Wei' > Qing Li' >* Bo Hao' >’ Tao Xia'®>’ Liangcai Peng'
( Huazhong Agricultural University 1. National Key Laboratory of Crop Genetic Improvement and
National Centre of Plant Gene Research; 2. Biomass and Bioenergy Research Centre; 3. College of Plant

Science and Technology; 4. College of Science; 5. College of Life Science and Technology Wuhan 430070 China)

Abstract  Objective The influence of lignin on Trichoderma reesei producing cellulase and xylanase in Miscanthus sub—
strates. Methods Two pairs of Miscanthus were selected with distinct lignin levels and their biomass residues were incubated
with three Trichoderma reesei strains ( Wild type: QM6a; Mutants: QM9414 and RutC30) for cellulase and xylanase produc—
tion. Results The Mfl40 sample at Pair [ showed a lower lignin level than that of Msa02 by 36% at p <0.01 level (n=3)
but it resulted in three Trichoderma reesei strains producing much higher holocellulase ( cellulase and xylanase) activities 1.2 —
1.8 at p<0.05 and p <0.01 levels( n=3) respectively compared with the Msa02. Meanwhile the MfI37 in the Pair I also
exhibited much higher holocellulase activities by 1.2 =3.3 at p <0.05 and p <0.01 levels( n =3) respectively than those of
Mlul3 sample due to its relatively lower lignin level by 48% . Conclusion The cellulase and xylanase productions released by
three Trichoderma reesei strains were negatively affected by lignin levels of Miscanthus.

Keywords: Trichoderma reesei Miscanthus lignin lellulase xylanase enzymatic hydrolysis
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1.1.1
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. 50 °C .
Mf140 Msa02
21 .

. T. reesei RutC30 ( CICC 40358) . T. reesei
QM9414( CICC 40359)
o T. reesei QM6a( ACCC30590)

1.1.2
( NH,) ,S0, - NaCl. KH, PO, - MgSO, * 7H, O+ Fe—
S0, * 7H,0.MnSO, « H,0. CaCl, *« H,0.CoCl,
B.470 Tween80.H, SO, HCI. . (
) N (
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( Avicel ) ( ) ; Whatman No. 1
( / /
)i \
) ( Sigma ACS ) .
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1.1.3
( AOY120) : (
HOQLI50B) ; ( TDZ5 -
WwS) ; ( Mapada V —1100D) ;
( SHZ-D ).

1.1.4

© :3.1 g/L (NH,),S0, 1.5 g/L
NaCl 1.2 ¢/I. KH, PO, 0.3 g/L MgSO, * 7H, O
0.005 ¢/L FeSO, « 7H,0 0.075 g/I. MnSO, * H,0
0.03 g/L CaCl, » H,0 0.002 g/L CoCl, 0.1 g/L
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1.5 g/L (CMC) .
®) :3.1 g/L (NH,),S0, 1.5 ¢/L

NaCl 1.2 g/L. KH, PO, 0.3 g/L MgSO, = 7H, O
0.005 ¢/I. FeSO, « 7H,0 0.075 g/L. MnSO, « H,0
0.03 g/L CaCl, « H,0 0.002 g/L CoCl, 0.1 g/L

B 470 d/L Tween80 0.75 g/L 0.3 g/L
1.2
1.2.1
) N Peng L. C
22
o 0.5 mol/L (pH7)
0.5 mol/L (pH7) .

/ (1:1 V/V) .DMSO/H,0(9:1 V/V) .
0.5%

4 mol /L. KOH
150 r/min 1h

N S o

(1 mg/mL NaHB,)

4 mol/L KOH
c6 C5 o
4mL 72% ( W/W) 1h
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2
2.1
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( 1) t —test
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(p<0.01 n=3) N 36% 48%
S N | o
1
Table 1 Cell wall composition in Miscanthus samples
Cell wall composition ( % Dry matter)
Pair Sample
Cellulose Hemicelluloses Lignin
Mfl40 30.66 +0.55 X 22.31 £0.16 21.99 +0.30**
I -7%® 16% -36%
Msa02 32.96 £2.52 19.28 £0.46 29.95 £0.63
Mf137 35.99 £1.00 26.12 £1.58 20.62 +0.35**
| -11% -11% -48%
Mlul3 39.84 £1.45 28.97 £1.41 30.45 £0.14

* % A significant difference at pair by ¢ —test at p <0.01 (n = 3); @ Percentage of the increased or decreased level at pair: subtraction of two

samples divided by low value.

2.2 I ( 14) Mf140 Msa02
3 ( QM6a. 36% 3
OM9414  RutC30) Msa02  (p<0.01 n=3) Msa02 1.4
1o 1.5.1.8 . o0 ( 1B) Mf137
Mlul3 48% 3
Mlul3 (p<0.01 n=3) Mlul3
1.6.1.7.3.3
3 ( QM6a.
QM9414  RutC30)
2. 1 2A) Mf40
Msa02 36% 3
Msa02 (p <0. 05 p <
0.01 n=3) 1.2,1.3.1.3 . o
2B) MfI37 Mlul3 48% 3
Mlul3 (p
<0.05 p<0.01 n=3) 1.2.1.2.1.5

o

2.3
3 (
QM6a- QM9414 RutC30)
3. 1 ( 3A) Mf40
Msa02 36% 3
1 (QM6a.QM9414
RutC30) Msa02 1.9.1.6.1.5 (p<
(A) T ;(B) T ;E(Mf40):Mfl40 0.01 n=3), 1 ( 3B) Mf137
Mlul3 48% 3
Figure | Cellulase activity of the enzyme solution by T. reesei Mlul3 2.8.2.0.1.6 ( < 0.01 n=
(QM6a QM9414 RutC30) grown on two pairs of 3)

Miscanthus samples
(‘A) Pair [ ; (B) Pair Il ; E( Mfl40) : The enzyme solution by T. reesei
grown on Mfl40.
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o 3
( QOM6a. QM9414  RutC30)
3 ( QM62a.QM9414
RutC30)
(A) T ;(B) I ;E(Mfl40): Mfl40
Figure 3 Protein content of the enzyme solution by T. reesei
(QM6a QM9414 RutC30) grown on two pairs
2 (QM6a.QMO414, of Miscanthus samples
Rut€30) (A) Pair [ ; (B)Pairll; E(Mfl40) : The enzyme solution by T. ree—

(A) 1 (B I 5 E(ME40) - Mil0 sei grown on MfI40.

Figure 2 Xylanase activity of the enzyme solution by T. reesei 3 (
(QM6a QM9414 RutC30) grown on two pairs
of Miscanthus samples QM6a. QM9414  RutC30)
( A) Pair [ ; ( B) Pair II ; E( Mfl40) : The enzyme solution by T. reesei . B -
grown on M{I40. ( 2)
I Mfl40 3
2.4 3 Msa02 (p <0.05
p<0.01 n=3): I Mf137 3
3 ( QM6a. 3 Mlul3
QOM9414  RutC30) (p<0.05 p<0.01 n=3),
4. 1T ( 4A) Mfl40 .
Msa02 36% 3 2.5
. I ( 4B) Mfl37
Mlul3  48% 3
. ( QM6a- QM9414
o RutC30) 4 4% NaOH
3
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4 (QM6a.QM9414 . RutC30)
(A) I ;(B) I ;E(Mf40):Mfl40 o
Figure 4 Cellulase activity of the enzyme solution by T. reesei( QM6a QM9414 RutC30) grown on two pairs of Miscanthus samples
(‘A) Pair I ; (B) Pairll; E( Mfl40) : The enzyme solution by T. reesei grown on Mfl40.

2 3 . B -
Table 2 Holocellulase( CBH EG and BG) activity of the enzyme solution by T. reesei( QM6a QM9414

RutC30) grown on two pairs of Miscanthus samples

Strain Pair Sample Avicelase( TU/ml) CMCase( IU /ml) Salicinase( IU/ml)
Mf140 0.21 £0.01** 0.21 £0.01" 0.11 £0.00**
I 75% © 11% 83%
Msa02 0.12 £0.01 0.19 £0.00 0.06 £0.00
QM6a
Mf137 0.25+0.01** 0.24 £0.01** 0.14 £0.00**
1 178% 50% 250%
Mlul3 0.09 +0.01 0.16 +0.00 0.04 £0.00
Mf140 0.27 +0.01" 0.27 +0.01" 0.13+0.00**
I 42% 13% 30%
Msa02 0.19 £0.01 0.24 +0.00 0.10 £0.00
QM9414
Mf137 0.34 +0.02" 0.27 +0.01° 0.16 £0.00* *
If 70% 17% 60%
Mlul3 0.20 £0.01 0.23 £0.00 0.10 £0.00
Mf140 0.43 +0.02** 0.31 +0.00** 0.08 +0.00"
| 43% 15% 33%
Msa02 0.30 +£0.01 0.27 +0.01 0.06 +0.00
RutC30
Mf137 0.51 +0.02** 0.27 +0.01" 0.10 +0.00"
II 76% 17% 43%
Mlul3 0.29 +0.01 0.23 £0.00 0.07 £0.00

* and % % A significant difference at pair by ¢ — test at p <0.05 and 0.01 (n = 3) ; @ Percentage of the increased or decreased level at pair: sub—

traction of two samples divided by low value.

3 4% NaOH

Table 3 Cell wall composition in Miscanthus samples after 4% NaOH pretreatment

Cell wall composition ( % Dry matter)

Pair Sample
Cellulose Hemicelluloses Lignin

Mfl40 44.21 +1.37 29.37 £0.23 11.98 £0.28

| -4%© 11% -43%
Msa02 45.91 +0.56 26.57 £0.64 17.08 £1.63
Mf137 50.85 +1.75 28.76 £0.18 12.05 £0.37

I -2% 5% -50%
Mlul3 51.97 £2.59 27.51 £0.16 18.10 £1.02

@ Percentage of the increased or decreased level at pair: subtraction of two samples divided by low value.

I 3 4 Msa02 1.4~2.5
(5) Mf40 (p <0.05 p<0.01 n=3)
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o ]:[ 3 4
( 6) MfI37
Mlul3  1.4~4.7 (p
<0.01 n=3) °
5 I (QM6a.QM9%414
RutC30) 6 I (QM6a \QM9414 .
( 4% NaOH ) RutC30)
(A) QM6a ; (B) QM9414 ; (C) RutC30 ° ( 4% NaOH )
.I —QMGa.‘ . I N QM6a o ' (A) QM6a ; (B) QM9414 ; (C) RutC30
Figure 5 Biomass digestibility after pretreatment with 4 % NaOH . - QM6a: I QM6a .

of two pairs Miscanthus samples using the enzyme solution by
T. reesei( QM6a QM9414 RutC30) grown on Pair |
Miscanthus samples
(A) The enzyme solution of T. reesei QM6a; ( B) The enzyme solu—
tion of 7. reeses QM9414; ( C). The enzyme solution of 7. reese
RutC30; I - QM6a: The enzyme solution by 7. reesec QM6a grown

on Pair [ .

Figure 6 Biomass digestibility after pretreatment with 4 % NaOH
of two pairs Miscanthus samples using the enzyme solution by
T. reeseil QM6a QM9414 RutC30) grown on Pair [[
Miscanthus samples
('A) The enzyme solution of T. reesei QM6a; ( B) The enzyme solution
of T. reesei QM9414( C) The enzyme solution of T. reesec RutC30; I
— QM6a: The enzyme solution by T. reesei QM6a grown on Pair [ .
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