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lignocellulosic substrates by the addition of accessory enzymes such as xylanase: is it an additive
or synergistic effect? Biotechnol. Biofuels 4, 36.
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MandelsEhakA9EMAIT (gL-1) :
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[FHFZ: CGMCC 3.15539 oo }T(/I%S'O 0
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Sk 0.0075 FeSO,7H,0,

0.0025 MnSO,-H.0,

e 0.0036 ZnSO,-7H,0,
EFRRER 0.0037  CoCl,-6H,0
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Table 1
Chemical composition of delignified lignocellulosic substrates.

i i

i/ UL Wl ,‘ \ c
[ | ) XA s
e SR

Pennisetum sinese EfT& Triarrhena lutarioripariavarZTi%k

Substrates Cellulose (%) Hemicellulose (%) Lignin (%)

Corn stover 45.96 = 0.55 23.09 = 0.40 9.93 + 1.16 : .

Pennisetum sinese 52.89 = 1.61 25.01 = 0.79 9.10 %= 0.17 Miscanthus T8
Triarrhena lutarioriparia 49.62 + 1.79 22.06 = 0.94 14.57 = 0.69

Miscanthus 49.64 *= 0.46 26.46 = 0.36 8.10 = 0.91

Wheat straw 45.59 + 1.26 26.65 + 0.50 9.22 + 0.75

Values shown are the mean of three replicates.
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EEHeRIG, AR N E R Cellulose hydrolysis Hemicellulose hydrolysis ATHEERG (10.1%)

WERE I IE M TR, Rk 6K = Proteases/Peptidases Lipid metabolism EEBERIKES (8.1%)
W EIE AT 4 W A B i = Chitin degradation » Oxidases/Reductases RS (2.29%)
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Fig. 1. Functional classification of proteins secreted by Penicillium chrysogenum P33. ?fé*)/} Igéﬁﬁ (20 % )
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Table 2
Cellulose-degrading proteins identified in the secretome of P. chrysogenum P33.

Accession No.” Family” Predicted Protein® AAs° emPAI* Mw* pl’ SignalP®
B6HE71 GH7 CBM1 Cellobiohydrolase 529 4.09 57,071 4.7 Y
B6HSF7 GH6 Cellobiohydrolase ZF4E_#E/KfREE 391 1.26 41,392 4.74 Y
B6HC69 GH7 Cellobiohydrolase 455 0.29 49,165 4.31 Y
B6HI44 CBM-X2 Endoglucanase WiEEERs 574 0.85 61,817 4.6 N
B6HVQ6 GH1 CBM1 Endo-1,4-pB-glucanase 483 0.91 51,902 4.67 Y
B6HCI5 GH5 Endo-1,4-p-glucanase 332 1 36,455 4.5 1
B6HEG68 CBM1 Endoglucanase 402 0.34 43,279 5 Y
B6HSI9 GH12 Endoglucanase 238 1.64 25,883 4.54 Y
B6HCL5 GH3 B-glucosidase 865 2.82 94,665 4.83 Y
B6HVAS GH3 [3-glucosidase B-EJiELTTE 781 2.81 85,490 4.88 Y
B6HFL8 GH3 B-glucosidase 736 0.92 77,891 4.78 b'4
B6GWV4 GH3 -glucosidase 869 0.57 94,062 528 Y

@ Accession numbers and predicted proteins were obtained from the NCBI database (https://www.ncbi.nlm.nih.gov/).
" Family information was obtained from the carbohydrate-active enzyme database (CAZy: http://www.cazy.org/).
¢ Number of amino acids.

4 Exponentially modified protein abundance index. %EP chr, ysogenum P33 El/‘] éj\ %IZ‘ EI QH EFI L I‘_E T
:‘ Molecule.ar we‘ight. 'i_';*'% E]/‘J Q$ Qﬁ%‘z/ » ﬁﬁ E% é}ﬁ
lsoelectric point. | s TR BERE (GH1, GH5RIGH123%)

& Prediction of signal peptides was performed by SignalP (http://www.cbs.dtu.dk/services/SignalP/).

=R YE —HE KRS (GHBAIGHT)
JUFPB-FHEE B (GH3)
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Table 3

Hemicellulose-degrading proteins identified in the secretome of P. chrysogenum P33.

Accession No." Family” Predicted Protein” AAs emPAI Mw" pl' SignalP*
[ B6GYT7 GH11 Endo-1,4-p-xylanase 216 3.2 23,361 7.75 Y )
B6HDC7 GH10 Endo-1,4-p-xylanase 331 7.36 35,578 4.9 Y
\___ B6HPJ6 GH10 CBM1 Endo-1,4-f-xylanase 396 3.86 42,655 6.22 Y y
[ B6HIR6 GH3 B-xylosidase 791 3.19 85,638 4.75 N )
B6GWO09 GH43 B-xylosidase 325 1.86 35,991 4.51 Y
B6HI38 GH43 B-xylosidase 512 0.08 57,892 5 N
—TBT7YS GHIZ Xyloglicanase 235 317 26,515 7.66 Y
B6HDEO GH12 Xyloglucanase 334 0.12 36,301 4.37 Y
B6HIL7 GH27 a-galactosidase 436 1.37 48,889 4.71 N
B6HKN2 GH36 a-galactosidase 746 1.41 81,911 5.13 N
B6GWO04 GH35 B-galactosidase 1011 0.08 111,873 5.01 Y
f B6HW29 GH54 CBM42 a-L-arabinofuranosidase 506 2.88 52,914 5.8 Y \
B6HDCS GH62 a-L-arabinofuranosidase 329 2.25 35,599 5.04 Y
B6GXJ3 GH51 a-L-arabinofuranosidase 635 3.05 69,441 4.72 Y
B6HCVO GH43 Arabinosidase 333 0.59 36,287 4.45 Y
B6H102 GH43 Endo-1,5-a-L-arabinosidase 325 1.26 36,060 6.19 Y
B6GZL3 GH43 Endo-1,5-a-L-arabinosidase 320 0.27 34,658 4.29 Y
B6H2Z7 GH43 Endo-1,5-a-L-arabinosidase 320 0.28 34,331 5.53 Y
>_a§.mm GH127 R-L-arabinofuranosidase 627 214 70192 496 Y J
B6GXM2 GH1 Endo-1,4-f-mannosidase 368 0.68 40,599 4.34 Y )
B6HHJ3 GH1 Endo-1,4-f-mannosidase 405 0.77 44,453 5.4 N
B6H7F7 GH2 pB-mannosidase 845 0.04 96,674 5.18 N
B6HNS9 GH1 Endo-1,4-f-mannosidase 425 1.07 46,256 4.57 N
\__Bo6HU84 GH76 a-116-mannosidase 464 0.09 51,299 4.92 Y J
B6HGO03 CE1l Carboxylesterase 267 1.85 27,925 5.55 Y
B6HJT6 CE10 Carboxylesterase 537 0.66 58,414 5.88 N
B6HPHO CE10 Carboxylesterase 557 0.62 61,163 6.5 Y
B6HRNS Carboxylesterase 388 0.35 42,353 2l g Y
B6H2RS5 CE10 Carboxylesterase 553 0.07 61,101 5.22 Y
B6HCX0 CE10 Carboxylesterase 672 0.06 74,489 5.19 Y
B6GWP9 CE10 Carboxylesterase 540 0.07 59,242 4.57 Y
B6GXZ9 Carboxylesterase 527 1.56 58,435 5.44 Y
B6HADO CES5 Carboxylesterase 235 1 24,150 5.23 Y
B6H2HO Carboxylesterase 367 0.11 40,377 5.91 Y
B6HGL6 CE3 Carboxylesterase 229 2.25 24,851 4.75 Y
B6H271 CE2 Carboxylesterase 379 0.1 43,303 5.81 Y

# Accession numbers and predicted proteins were obtained from the NCBI database (https://www.ncbi.nlm.nih.gov/).
" Family information was obtained from the carbohydrate-active enzyme database (CAZy: http://www.cazy.org/).

¢ Numbers of amino acids.

4 Exponentially modified protein abundance index.
¢ Molecular weight.

f Isoelectric point.

# Prediction of signal peptides was performed using SignalP (http://www.cbs.dtu.dk/services/SignalP/).
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Fig. 1. Functional classification of proteins secreted by Penicillium chrysogenum P33.
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=05 --6=--P] —e— (C5+P1
==&=-P2 —a—(C5+P2 ==¢=-P5
14 ——(C5+P5 =--3--P8 —8— (C5+P8

H P33 ESYIRINE=E i I

1mg/lg e smg/g

6.599mg/mL == 11.22mg/ mL

5.42mg/mL

214% ==  106.8%

Reducing sugars (mg/mL)

2.40mg/mL

AN NERRESEENEER
HEN: TEREZKARAIMIGERNER, RIS

I8 SPISEER AV HRIERE Hydraiysis thue: ()
9& , iZ{Ei&Té*Z&%EI’\JE Z?@J(ﬁ’i Fig. 2. Release of reducing sugars from delignified corn stover by P. chrysogenum P33

enzyme cocktail and a commercial cellulase. C5 = commercial cellulase at 5 mg/g sub-
strate; P1, P2, PS5 and P8 = P33 enzyme cocktail at 1, 2, 5 and 8 mg/g substrate. Values
are the mean of three replicates, and error bars indicate standard deviations from the
mean values.
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Table 4

Hydrolysis of delignified corn stover by commercial cellulase (C) and P. chrysogenum P33 enzyme cocktail (P).

Enzyme mixture

Reducing sugars (mg/mL)

24h 48h 72h 96h 120h

(C10 4.29 + 0.13 541 + 0.10 6.04 + 0.17 6.23 * 0.39 C6.28 + 0.11)
c8 3.86 + 0.04 4.95 + 0.11 5.67 + 0.01 5.77 + 0.09 594 = 0.04
@3 352 + 0.16 464 = 0.26 5.36 + 0.38 5.49 + 0.59 5.52 + 0.40
c5 2.88 + 0.01 3.87 = 0.11 5.06 + 0.28 5.26 + 0.07 542 + 0.12
c4 2.50 + 0.10 3.56 + 0.10 434 + 015 4.58 + 0.03 5.03 + 0.16
\C2 1.59 + 0.03 2.46 + 0.03 3.13 + 0.04 3.46_+ 0.14 3.83 + 0.08/
(P10 2.22 + 0.07 2.67 = 0.07 3.05 + 0.04 2.94 + 0.06 3.05 = 0.03)
P8 1.90 = 0.04 2.43 = 0.02 272 + 0.01 2.78 + 0.02 2.85 + 0.03
P6 1.63 = 0.10 2.08 + 0.11 2.43 + 0.11 2.44 + 0.15 2.55 + 0.10
PS5 1.50 = 0.06 1.83 + 0.08 2.20 + 0.14 2.30 + 0.17 2.40 + 0.20
P4 1.30 = 0.05 1.64 = 0.09 1.90 + 0.10 1.95 + 0.11 2.02 + 0.09
\P2 0.77 + 0.03 1.02 + 0.06 1.21 + 0.05 1.33 + 0.08 1.35 + 0.04/
(C8 + P2 5.28 + 0.13 6.30 + 0.18 6.81 + 0.18 7.10 * 0.19 7.11 + 0.03)
C6 + P4 5.63 + 0.14 6.52 + 0.14 7.04 + 0.12 7.55 + 0.29 7.61 + 0.21
C5 + P5 6.36 + 0.11 7.80 + 0.45 10.77 + 0.34 10.90 + 0.46 11.22 + 0.98D
C4 + P6 5.60 + 0.05 6.43 + 0.15 6.92 + 0.13 7.19 + 0.33 7.30 = 0.15
i 5.16 + 0.12 5.95 + 0.11 6.48 + 0.08 6.74 + 0.29 6.52 + 0.12

Values shown are the mean of three replicates.

C10 = C5+P5

78.6%
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Fig. 3. Conversion of glucan and xylan from delignified corn stover by a commercial cellulase and P. chrysogenum P33 enzyme cocktail. C = commercial cellulase; P = P. chrysogenum P33
enzyme cocktail. Values are the mean of three replicates, and error bars indicate standard deviations from the mean values. Statistical significance is indicated by different letters in
columns as assessed by ANOVA (p < 0.05).
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Fig. 4. Production of reducing sugars from different de-
lignified lignocellulosic substrates by P. chrysogenum P33
enzyme cocktail (5mg/g substrate) and commercial cellu-
lase (5mg/g substrate). C = commercial cellulase; P = P.
chrysogenum P33 enzyme cocktail; CP = mixture of com-
mercial cellulase and P. chrysogenum P33 enzyme cocktail.
a, Delignified Pennisetum sinese; b, Delignified Triarrhena
lutarioriparia; c, Delignified miscanthus; d, Delignified
wheat straw. Values are the mean of three replicates, and
error bars indicate standard deviations from the mean va-
lues.
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