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Abstract: [Background] Cellulose is one of the main raw materials for biotransformation to solve energy
problems. Furfural, existing in the cellulose hydrolysate, which seriously affects the growth inhibition of
strains, must be detoxified before it can be applied in fermentation. Therefore, improving the strain
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tolerance of furfural is the key to solve the practical production application of cellulose hydrolysate.
[Objective] Saccharomyces cerevisiae is a major industrial strain of cellulose hydrolysate fermentation,
but it could not tolerant high furfural, and the strain with high furfural tolerance was obtained by molecular
modification. [Methods] In this study, the furfural relevant transcription factors obtained from Candida
glycerinogenes, CgSTBS5, CgSEFI and CgCASS, were performed to modify S. cerevisiae to investigate
their effects on furfural tolerance and apply to the ethanol fermentation of undetoxified cellulose.
[Results] Expression of CgSTBS5 or CgSEFI could increase the furfural tolerance more than 25% in the
spot plate experiment. The furfural degradation performance was significantly improved. The growth
retardation period was shortened. The production efficiency of undetoxified cellulosic ethanol
fermentation with S. cerevisiae W303/p414-CgSTBS5 was increased by about 12.5%. [Conclusion] Both
CgSTBS5 and CgSEF1 could improve furfural tolerance in S. cerevisiae, which contribute to the improvement
of the fermentation performance of undetoxified cellulosic ethanol in S. cerevisiae.
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Table 1 Primers used in this study

Gk EA s 74 T A5,
Primers name Sequence (5'—3") Restriction site
CgCASS-F CTAAGTTTTCTAGAACTAGTGGATCC Catgatgtcatcttctcctce BamH 1
CgCASS5-R GGGCCCGACGTCCTTAAGCTATAGTTtgtaagtattttctctcggtate Sma 1
CgSTBS-F ttttctagaactagtggatcc ATGAGTCTCGTTCACGATCAACAC BamH 1
CgSTBS-R atcgaattectgecageccgggCTAAAACTCTAGTGAGTGTAGATATTCGATG Sma 1
CgSEF1-F ttttctagaactagtggatccATGTCTTTGAATATCACAAACAAGAGAA BamH 1
CgSEF1-R atcgaattcctgcageccggg TCAATTCCAGCTCAAGGACTGTAG Sma 1
RT-ScREX4-F GCCTCCGAAAGCAATCCTACCTC

RT-ScREX4-R TTCGAGGGGCATATTGGGTTGTAC

RT-ScDIPS-F TGGCTTGGCGTACATGAATGTGTC

RT-ScDIP5-R TTGAGCACGGCAGGCTTTATCG

RT-ScGSH1-F CTTGACAGCATCCATCAGGACCAG

RT-ScGSHI1-R AGCCAGTTTCGCCTCTTTGTCTTC

RT-ScOLE1-F CTACTACGCTGTCGGTGGTGTTTC

RT-ScOLE1-R CCATTTAGCGGACCCTTCAACGG
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NaCl 10.0. %'~ % R Ptk P AR & & ohusm
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6.700, JRMEENE 0.020, FREERS 0.020, BRAZFRS)
HAth 2 HE PR 0.076.

YPD 53R (g/L): WERERY 10.0, &% 20.0,
IR 20.0,
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Figure 1 The recombinant plasmids of p414-CASS, p414-STBS5 and p414-SEF1
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Figure 2 Agarose gel electrophoresis of genetic modification
{4 : M: DNA Marker 2503, A: H¥Jr Bt PCR ¥4 : 1: CgSTBS
FMY R By 2 CgSEFI ZFMP R BE; 3. CgCASSs 3
KA 8 B B: p4l4 B SR Y RSUDIRAIE : 1. 4 BvkL
p414-STB5 (BamH +Sma 1); 2: BBk p414-CAS5 (BamH
I+Smal); 3: HUFK: p414-SEF1 (BamH I+Sma I)

Note: M: DNA Marker 2503. A: Target PCR products: 1: PCR
product of CgSTBS5 fragment; 2: PCR product of CgSEFI
fragment; 3: PCR product of CgCASS5 fragment. B: Restriction
analysis of plasmid p414: 1: Plasmid p414-STBS5 (BamH I+Sma 1);
2: Plasmid p414-CAS5 (BamH 1+Sma 1); 3: Plasmid p414-SEF1
(BamH 1+Sma 1)
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Figure 3 Agarose gel electrophoresis of RT-qPCR fragment
of CgSTBS and CgSEF1

7. M: DNA Marker 2503, A: 1: Bt CgSTB5; 2: XJHE,
B: 1. F B CgSEFI; 2: X}

Note: M: DNA Marker 2503. A: 1: CgSTB5 fragment; 2: Control.
B: 1: CgSEF1 fragment; 2: Control
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Figure 4 The tolerance assay of recombinant S. cerevisiae
to 2 g/L furfural
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Figure 5 Growth curves (A, B) and furfural degradation (C, D) of recombinant strains under furfural stress

d: AL C: 1.5 g/LA#E; B, D: 2.0 g/L Bl
Note: A, C: 1.5 g/L furfural; B, D: 2.0 g/L furfural
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Figure 6 Expression levels of furfural stress-related
genes in the S. cerevisiae mutants
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Figure 7 [Ethanol fermentation by undetoxified lignocellulosic hydrolysate
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Note: A: Growth curve; B: Ethanol accumulation
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