Altered sterol composition mediates multiple tolerance of Kluyveromyces marxianus for xylitol production
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Table S1 Plasmids and strains used in this study
	Plasmids or strains
	Relevant genotype
	Reference

	Plasmids
	
	

	p414-TEF1p-Cas9-CYC1t
	Amp, TEF1p-Cas9-CYC1t
	Addgene 43802

	pMD18T-ΔScURA3
	AMP, nonfunctional ScURA3
	15[]


	pZB043
	Amp, pZB023-KmErg6
	
 ADDIN EN.CITE 
[19]


	pZB061
	Amp, pUC19-ΔKmKu70
	
 ADDIN EN.CITE 
[18]


	pZB074
	Amp, pZB043-ΔKmErg6
	This study


	pZB075
	Amp, pUC19-ScUra3
	14[]


	pZB080
	Amp, pZB023-KmErg3
	
 ADDIN EN.CITE 
[19]


	PZB082
	Amp, pZB080-ΔKmErg3
	This study

	pZB089
	Amp, pUC19-Snr52p
	
 ADDIN EN.CITE 
[18]


	pZB090
	Amp, pUC19-gRNA.CAN1.Y-SUP4t-CYC1t
	
 ADDIN EN.CITE 
[18]


	pZB094
	Amp, pZB023-KmErg2
	
 ADDIN EN.CITE 
[19]


	pZB095
	Amp, pZB023-KmErg4
	
 ADDIN EN.CITE 
[19]


	pZB097
	Amp, pZB094-ΔKmErg2
	This study

	pZB099
	Amp, pZB095-ΔKmErg4
	This study

	pZB104
	Amp, pZB023-KmErg5
	
 ADDIN EN.CITE 
[19]


	pZB107
	Amp, pZB104-ΔKmErg5
	This study

	Strains
	
	

	K. marxianus NBRC1777
	Wild type, from NBRC
	NBRC

	YZB040
	NBRC1777, ΔUra3
	
 ADDIN EN.CITE 
[18]


	YZB100
	YZB040, ΔKu70::Ura3
	
 ADDIN EN.CITE 
[18]


	YZB101
	YZB100, ΔUra3
	
 ADDIN EN.CITE 
[18]


	YZJ074
	NBRC1777, ΔXyl2::ScTrp1, Overexpressed 4 copies of NcXyl1 and CiGxf1
	15[]


	YZJ080
	YZJ074, ΔUra3
	15[]


	YZB152
	YZJ080, ΔKu70
	14[]


	YZB156
	YZB101, ΔErg6
	This study

	YZB190
	YZB101, ΔErg3
	This study

	YZB207
	YZB101, ΔErg2
	This study

	YZB208
	YZB101, ΔErg4
	This study

	YZB226
	YZB101, ΔErg5
	This study

	YZB229
	YZB152, ΔUra3
	14[]


	YZB244
	YZB101, ΔXyl2:: Erg4-Ura3 expression cassette
	
 ADDIN EN.CITE 
[19]


	YZB250
	YZB101, ΔXyl2:: Erg2-Ura3 expression cassette
	
 ADDIN EN.CITE 
[19]


	YZB251
	YZB101, ΔXyl2:: Erg3-Ura3 expression cassette
	
 ADDIN EN.CITE 
[19]


	YZB252
	YZB101, ΔXyl2:: Erg5-Ura3 expression cassette
	
 ADDIN EN.CITE 
[19]


	YZB253
	YZB101, ΔXyl2:: Erg6-Ura3 expression cassette
	
 ADDIN EN.CITE 
[19]


	YZB414
	YZB229, ΔErg5
	This study

	YZB426
	YZB414, ΔUra3
	This study

	YZB440
	YZB426, ΔXyl2::Erg6-Ura3 expression cassette
	This study

	YZB447
	YZB226, ΔXyl2::Erg6-Ura3 expression cassette
	This study

	YZB452
	YZB440, Trp1
	This study

	YZB453
	YZB447, Trp1
	This study


Table S2 Primers used in this study*
	Primers
	Sequences

	XYL2-M13-F

	5′-ATGACCAACACTCAAAAAGCCGTTGTTTTGAAGAAGCAAGGAGAGATTGCTTTCGAAGAGAGGGTTTTCCCAGTCACGAC-3′

	XYL2-M13-R

	5′-TCATTCTGGACCATCAATGATAGTCTTGACAACTTCATTACCGTGATCTCTGTTGAAATTAGCGGATAACAATTTCACAC-3′

	XYL2-SNR52-R
	5′-GTCTTCTTGATGTGAACCTTGATCATTTATCTTTCACTGC-3′

	XYL2-CYC1-F
	5′-AAGGTTCACATCAAGAAGACGTTTTAGAGCTAGAAATAGC-3′

	M13-F
	5′-CGCCAGGGTTTTCCCAGTCACGAC-3′

	M13-R
	5′-AGCGGATAACAATTTCACACAGGA-3′

	SNR52P-SF
	5′-TCCCCCGGGTCTTTGAAAAGATAATGTATG-3′

	CYC1T-SR
	5′-TCCCCCGGGCAAATTAAAGCCTTCGAGC-3′

	XYL2-F
	5′-ATGACCAACACTCAAAAAGC-3′ 

	XYL2-R
	5′-TCATTCTGGACCATCAATG-3′

	ERG2-SAMI-F
	5′-TCCCCCGGGATGAAATTGCTGAAGTTAGG-3′

	ERG2-SAMI-R
	5′-TCCCCCGGGTCAGAACTTAGCGTTTTGAAC-3′

	ERG3-SAMI-F
	5′-TCCCCCGGGATGGATTTATTGCTAGAATAC-3′

	ERG3-SAMI-R
	5′-TCCCCCGGGTTAACAAGACTTGGTACTGAC-3′

	ERG4-SAMI-F
	5′-TCCCCCGGGATGTCGTCTAAACCTCAGCG-3′

	ERG4-SAMI-R
	5′-TCCCCCGGGTTAAAAAACGTATGGGATGAAC-3′

	ERG5-SAMI-F
	5′-TCCCCCGGGATGGAGAGTGTAGTCGTTTC-3′

	ERG5-SAMI-R
	5′-TCCCCCGGGTCAGGATTTAATTTCACCAG-3′

	ERG6-SMAI-F
	5′-TCCCCCGGGATGTCCGAAGACCAAGAATTG-3′

	ERG6-SMAI-R
	5′-TCCCCCGGGCTAGTTGGAAGAAGTTGGAG-3′

	ERG2-MF
	5′-TGGTAGTGCAGTGGGAACTG-3′

	ERG2-MR
	5′-AGAAGATCAAATACTCACTG-3′

	ERG3-MF
	5′-CTGCTTCATCATGTTTACCG-3′

	ERG3-MR
	5′-CACCTCAGTGGCAAGCTGGC-3′

	ERG4-MF
	5′-GTTTGAAGCAATACGAGGAC-3′

	ERG4-MR
	5′-CACCCAAGGTTAAAAAGTAC-3′

	ERG5-MF
	5′-TCACAAGACGCTTCTTCCTC-3′

	ERG5-MR
	5′-TTCATATTTGTTGTCCTTTG-3′

	ERG6-MF
	5′-AAGAAAACACATTCGACAAAG-3′

	ERG6-MR
	5′-CTTCATGAAGTCTCCCTTGAC-3′

	TRP1P-F
	5′-AAGCCAGGTACCGTCGCCTTG-3′

	TRP1T-R
	5′-GAAGCAAGTCAAGGTTCTTG-3′


* The sgRNA sequences are indicated shadowed, the restricted enzyme sites are indicated underlined.
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Fig. S1 Plasmids constructed in this study.
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Fig. S2 A schematic diagram showing the construction of the engineered strains from YZB101 (A) and YZJ074 (B). OE: Overexpression, RI: Re-integration.
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Fig. S3 YZB152, YZB414, YZB452, and YZB453 were fermented with flasks using YP medium containing 5 g/L glycerol and 12.5 g/L xylose at 46 oC, the OD (A), xylose (B), xylitol(C), and glycerol (D) concentrations during fermentation were determined. 
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Fig. S4 (A) YZB152 was fermented with a fermenter at 45 oC using YP medium containing 60 g/L glycerol and 150 g/L xylose. (B) YZB453 was fermented with a fermenter at 45 oC using YP medium containing 60 g/L glycerol and 150 g/L xylose. (C) YZB453 was fermented with a fermenter at 46 oC using YP medium containing 40 g/L glycerol and 100 g/L xylose.
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