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Progress in the production of lignocellulolytic enzyme systems
using Penicillium species

Guodong Liu, Liwei Gao, and Yinbo Qu

State Key Laboratory of Microbial Technology, National Glycoengineering Research Center, Shandong University, Qingdao 266237,
Shandong, China

Abstract: The efficient production of lignocellulolytic enzyme systems is an important support for large-scale biorefinery of
plant biomass. On-site production of lignocellulolytic enzymes could increase the economic benefits of the process by
lowering the cost of enzyme usage. Penicillium species are commonly found lignocellulose-degrading fungi in nature, and
have been used for industrial production of cellulase preparations due to their abilities to secrete complete and well-balanced
lignocellulolytic enzyme systems. Here, we introduce the reported Penicillium species for cellulase production, summarize the
characteristics of their enzymes, and describe the strategies of strain engineering for improving the production and
performance of lignocellulolytic enzymes. We also review the progress in fermentation process optimization regarding the
on-site production of lignocellulolytic enzymes using Penicillium species, and suggest prospect of future work from the

perspective of building a “sugar platform” for the biorefinery of lignocellulosic biomass.
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Fig. 1 The major research work for the production of lignocellulolytic enzyme systems using Penicillium species.
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Fig. 2 Schematic diagram of enzymatic degradation of cellulose (A) and xylan (B). CBH: cellobiohydrolase; EG:
endo-B-1,4-glucanase; LPMO: lytic polysaccharide monooxygenase; BGL: B-glucosidases; XYN: endo-B-1,4-xylanase;
BXL: B-xylosidase; ABF: a-L-arabinofuranosidase; AGU: a-glucuronidase; AGA: a-galactosidase; AXE: acetyl xylan
esterase; FAE: feruloyl esterase; Xyl: xylose residue; Ara: arabinose residue; MeGIcA: 4-O-methy-glucuronic acid
residue; Gal: galactose residue; Ac: acetyl group; FA: ferulic acid group.
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Table 1 Strategies for improving the production levels of lignocellulolytic enzymes in Penicillium species

Parent strain Engineering strategy Effects References
P. funiculosum  Truncation of migl (creA orthologue) Two-fold increase in cellulase production (up [54]
NCIM1228 to 4.7 FPU/mL)

P. canescens Multi-copy expression of xInR 2.2- to 4.2-fold increase in specific activity [61]

PCA-10 of xylanase

P. oxalicum Expression of chimeric transactivator 7.3-fold increase in cellulase production [58]

114-2 CX®-s

P. oxalicum Expression of araRA™tY 54.1- and 7.4-fold increases in [57]

CcX°© a-L-arabinofuranosidase and a-galactosidase
production, respectively

P. oxalicum Deletion of creA and bgl2; overexpression  27- and 10-fold increases in cellulase and [60]

114-2 of cIrB xylanase production, respectively

P. oxalicum Deletion of creA and overexpression of 10.2- and 30.6-fold increases in cellulase and [56]

M12 clrB; expression of xInR*®*, cbhl and egl  xylanase production, respectively

P. oxalicum Sequential expression of homologous or 5.1- and 20-fold increases in cellulase and [62]

M12 heterologous xInR-cbh1-egl cassettes xylanase production, respectively
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Table 2 Submerged fermentation for lignocellulolytic enzyme production using Penicillium species

Strain Strategy Carbon source Temperature and pH  Production level References
P. echinulatum  Fed-batch Initial: cellulose 10 g/L, sucrose 28 °C, pH 6.0 8.3 FPU/mL at [71]
S1M29 59/L 144 h
Fed: cellulose 30 g/L in total
P. verruculosum Fed-batch Initial: cellulose 40 g/L, wheat bran 28 °C, pH 4.5-5.0 47.0 g/L of [22]

P442-12 10 g/L proteins at 144 h
Fed: glucose (concentration not
reported)
P. occitanis Pol6 Fed-batch Initial: esparto grass pulp 30 g/L 28 °C, pH not reported 23 FPU/mL at [20]
Fed: cellulose 20 g/L every 20 h 216 h
P. pinophilum Batch Cellulose 30 g/L, hammer-milled 35 °C, pH not 9.8 FPU/mL at [21]
NTG I11/6 barley straw 30 g/L controlled 72 h
P. funiculosum Batch Cellulose 24 g/L, wheat bran 28 °C, initial pH 5.0  3.41 FPU/mL and [75]
Mig1% 21.4 g/L 14.8 g/L of
proteins at 120 h
P. oxalicum Repeated  Delignified corn cob residue 30 °C, pH not 11 FPU/mL, [72]
RE-10 fed-batch 20 g/L, cellulose 6 g/L, wheat bran  controlled 158.38 FPU/(L-h)
(4 cycles) 45.58 g/L
P. oxalicum Fed-batch Initial: delignified corn cob residue 20 30 °C, pH not 17.66 FPU/mL at [74]
RE-10 g/L, cellulose 6 g/L, wheat bran 46.5 controlled 144 h
g/L

Fed: spent ammonium sulphite liquor

% : 010-64807509
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