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Abstract: Trichoderma reesei Rut-C30 is widely used in industrial cellulase production, and development of cellulase
hyper-producer is of great importance for economic lignocellulosic biorefinery. In this study, T. reesei Rut-C30 was
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engineered with an artificial zinc finger proteins (AZFPs) library. Two mutants T. reesei M1 and M2 with improved cellulase
production were obtained. Compared to the parent strain, the filter paper activity (FPase) of T. reesei M1 and M2 increased
100% and 53%, respectively. In addition, the total amount of extracellular protein from the M1 mutant increased 69%, whereas
the endo-B-glucanase (CMCase) activity of the M2 mutant is 64% higher compared to the parental strain. Furthermore,
RT-gPCR analysis showed that the major cellulase genes exhibited significantly increased expression in both mutants, but
different patterns were observed in the two mutants. On the other hand, the cellulase transcriptional repressor acel was
down-regulated in both mutants, but the transcription level of the activator xyr1 was only up-regulated in the strain M1. These
results demonstrated that different AZFPs exert diverse regulatory mechanisms on cellulase production in T. reesei. Analysis of
the target genes of AZFPs from T. reesei M1 and M2 will not only benefit further exploration of the regulatory mechanisms of
cellulase biosynthesisin T. reesei, but also enable development of cellulase hyper-producing strains by metabolic engineering.
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Table 1 Primers for the RT-qPCR analysis used in
this study

Genes Primer Sequence (5'-3)
Azfp-M1 Azfp-M1-F TAAGTACTGCGACCGCTCCT
AzZfp-M1-R GGCACTGGAGTCAGAGAAGG
AzZfp-M2 Azfp-M2-F TGTGAAGAATGTGGCAAGG
ATGTGTAGTAAGGTGTGAGGA

Azfp-M2-R cTG
75235 75235-F ATCCCGACACTGGAGGAAAT
75235-R GGGATGCTCAAACACCTCAT
35757 35757-F CCCTTCAGCGACCATCTATC
35757-R GCACGGTAGAAGGCTGAAAC
10530 10530-F GGGTCAAAGTCGGTGTGTG
10530-R TCAACCAAAAGCCAAAGGAG

124264 124264-F GGCTTCATCTTCCTGCTTGT
124264-R CCTTCCAGTTCACCGCTAA
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M 2 G AR RRET Yt 22 BRI AR 5331 R 2.5 FPU/mL F1I
1.9 FPU/mL, % & # Rut-C30 ) 1.24 FPU/mL
Iy RS T 100% F1 53%. K EE4: 8 K Rut-C30
FEEEE AN, 5 M1 M2 258545/ N YIBETS TE
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Fig. 1 Map of the binary vector pCB303-Lib-Zfps (A) and cellulase production by the T. reesei Rut-C30 mutants (B).
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Fig. 2 Comparison of cellulase activities, secreted protein and biomass for T. reesei Rut-C30 and the mutants. (A—C)
FPase, CM Case and xylanase activities, respectively. (D) Total extracellular protein content. (E) Biomass determination
represented by OD ¢, value of genomic DNA of the strains (* P<0.05; **P<0.01). (F) Transparent zone observations of T.
reesei strains grown on cellulose plates for 5 d.
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Fig. 3 Alignment of the amino acid sequences of the AZFP-binding domains from the T. reesei U3, M1 and M2 mutants.
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Fig. 4 Tail-PCR analysis of the Azfp insertion site in the two mutants. (A) Gel electrophoresis analysis for products of
three TAIL-PCR reactions from the genomes of the M1 and M2 mutants. (B) Sequence analysis of the T-DNA
integration site in the two mutants. Lane 1-3 represented the products of three TAIL-PCR reactions, respectively.
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Fig. 5 Comparison of transcription levels of the key genes encoding cellulolytic enzymes (A), transcription factors (B), as well as the
predictive target genes (C—D) in the M1 and M2 mutants comparing with that of the control strain. * P<0.05; ** P<0.01.
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