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Fig. S1 Validation and directed modification of signal peptides
(A) Shaking flask fermentation validation of signal peptide screening library. Strains 1-18 represent eighteen B. subtilis WB600 variants that produce invertase with different signal peptides; WBSAI is a control strain. (B) Correlation analysis between signal peptide N-domain and extracellular invertase activity. (C) Directed modification of signal peptide N-terminal domains.
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Fig. S2 Effect of SppA analogues co-expression on invertase activity
SppABl: SppA form B. subtilis; SppABl, SppABa, SppABm, and SppAMt are SppABl analogs derived from Bacillus licheniformis, Bacillus amyloliquefaciens, Bacillus megaterium, and Microbacterium trichothecenolyticum, respectively.













Tables
Table S1 Strains and plasmids used in this study.
	Strains or Plasmids
	Properties
	Source

	Strains

	B. subtilis WB600
	B. subtilis 168 derivative, △nprE, △aprE, △epr, △bpr, △mpr, △nprB
	[1]

	Escherichia coli JM109
	endA1, recA1, thi, gyrA96, supE44, hsdR17 Δ (lac-proAB)/F′ [traD36, lacIq, lacZΔM15, proAB+]
	Takara

	Microbacterium trichothecenolyticum
	isolated from Antarctic sediment soil (S 62◦8′7.8′′, W 58◦58′50.03′′)
	[2]

	B. subtilis WB600v
	B. subtilis WB600 derivative, △vpr
	This work

	B. subtilis WB600w
	B. subtilis WB600 derivative, △wprA
	This work

	B. subtilis WB600vw
	B. subtilis WB600 derivative, △vpr, △wprA
	This work

	WBVYI
	B. subtilis WB600/pBHVYI
	This work

	WBvVYI
	B. subtilis WB600v/pBHVYI
	This work

	WBwVYI
	B. subtilis WB600w/pBHVYI
	This work

	WBvwVYI
	B. subtilis WB600vw/pBHVYI
	This work

	WB43SI
	B. subtilis WB600/pBH43SI
	This work

	WBSS142I
	B. subtilis WB600/pBHSS142I
	This work

	WBVSI
	B. subtilis WB600/pBHVSI
	This work

	WBYSI
	B. subtilis WB600/pBHYSI
	This work

	WBSAI
	B. subtilis WB600/pBE-SPAprE-invDz13
	This work

	WBSS142I1
	B. subtilis WB600/pBHSS142I1
	This work

	WBSS142I2
	B. subtilis WB600/pBHSS142I2
	This work

	WBSS142I3
	B. subtilis WB600/pBHSS142I3
	This work

	WBSS142I4
	B. subtilis WB600/pBHSS142I4
	This work

	WBSS142I5
	B. subtilis WB600/pBHSS142I5
	This work

	WBSS142I6
	B. subtilis WB600/pBHSS142I6
	This work

	WBSS142I7
	B. subtilis WB600/pBHSS142I7
	This work

	WBSS142I8
	B. subtilis WB600/pBHSS142I8
	This work

	WBSS142I9
	B. subtilis WB600/pBHSS142I9
	This work

	WBSS142I41
	B. subtilis WB600/pBHSS142I41
	This work

	WBSS142I42
	B. subtilis WB600/pBHSS142I42
	This work

	WBSS142I43
	B. subtilis WB600/pBHSS142I43
	This work

	WBSS142I44
	B. subtilis WB600/pBHSS142I44
	This work

	WBSS142I45
	B. subtilis WB600/pBHSS142I45
	This work

	WBSS142I46
	B. subtilis WB600/pBHSS142I46
	This work

	WBSS142I4PS
	B. subtilis WB600/pBHSS142I4PS
	This work

	WBSS142I4GS
	B. subtilis WB600/pBHSS142I4GS
	This work

	WBSS142I4DJ
	B. subtilis WB600/pBHSS142I4DJ
	This work

	WBSS142I4SS
	B. subtilis WB600/pBHSS142I4SS
	This work

	WBSS142I4ST
	B. subtilis WB600/pBHSS142I4ST
	This work

	WBSS142I4PA
	B. subtilis WB600/pBHSS142I4PA
	This work


Table S1 (continued)
	Strains or Plasmids
	Properties
	Source

	WBSS142I4TA
	B. subtilis WB600/pBHSS142I4TA
	This work

	WBSS142I4SA
	B. subtilis WB600/pBHSS142I4SA
	This work

	WBSS142I4SY
	B. subtilis WB600/pBHSS142I4SY
	This work

	Plasmids
	
	

	pHTCpfd
	pHT43 derivative, Cpf1, crRNA
	Our laboratory

	pBHPS
	pHT43 derivative containing the promoter P43-PspoVG
	Our laboratory

	pBHSS4
	pHT43 derivative containing the promoter PspoVG-PspoVG142
	Our laboratory

	pBHZ-VS
	pBHYCO6 derivative containing the promoter Pveg-PspoVG
	Our laboratory

	pBHZ-VY
	pBHYCO6 derivative containing the promoter Pveg-PylB
	Our laboratory

	pBHZ-YS
	pBHYCO6 derivative containing the promoter PylB-PspoVG
	Our laboratory

	pBE-S DNA
	Ampr (E. coli), Kanr (B. subtilis), PaprE, SPaprE
	Takara

	pHTCpf1VN23
	[bookmark: OLE_LINK1]pHTCpfd derivative containing a crRNA-N23 corresponding to the vpr
	This work

	pHTCpf1V
	pHTCpf1VN23 derivative containing vpr homology repair template
	This work

	pHTCpf1WN23
	pHTCpfd derivative containing a crRNA-N23 corresponding to the wprA
	This work

	pHTCpf1W
	pHTCpf1WN23 derivative containing wprA homology repair template
	This work

	pBHVYI
	pBHZ-VY derivative containing invDz13
	This work

	pBH43SI
	pBHVYI derivative containing P43-PspoVG
	This work

	pBHSS142I
	pBHVYI derivative containing PspoVG-PspoVG142
	This work

	pBHVSI
	pBHVYI derivative containing Pveg-PspoVG
	This work

	pBHYSI
	pBHVYI derivative containing Pylb-PspoVG
	This work

	pBE-SPAprE-invDz13
	pBE-S DNA derivative containing
	This work

	pBHSS142I1
	pBHSS142I derivative containing SPYvcE
	This work

	pBHSS142I2
	pBHSS142I derivative containing SPYbdG
	This work

	pBHSS142I3
	pBHSS142I derivative containing SPYddT
	This work

	pBHSS142I4
	pBHSS142I derivative containing SPYomL
	This work

	pBHSS142I5
	pBHSS142I derivative containing SPYoaW
	This work

	pBHSS142I6
	pBHSS142I derivative containing SPPeL
	This work

	pBHSS142I7
	pBHSS142I derivative containing SPYncM
	This work

	pBHSS142I8
	pBHSS142I derivative containing SPYdjM
	This work

	pBHSS142I9
	pBHSS142I derivative containing SPFliZ
	This work

	pBHSS142I41
	pBHSS142I derivative containing SPYomL mutant with N-domain sequence “MRRKR”
	This work


Table S1 (continued)
	Strains or Plasmids
	Properties
	Source

	pBHSS142I42
	pBHSS142I derivative containing SPYomL mutant with N-domain sequence “MRRRR”
	This work

	pBHSS142I43
	pBHSS142I derivative containing SPYomL mutant with N-domain sequence “MRRKKR”
	This work

	pBHSS142I44
	pBHSS142I derivative containing SPYomL mutant with N-domain sequence “MRRRKKR”
	This work

	pBHSS142I45
	pBHSS142I derivative containing SPYomL mutant with N-domain sequence “MRRRRKKR”
	This work

	pBHSS142I46
	pBHSS142I derivative containing SPYomL mutant with N-domain sequence “MRRRRRKKR”
	This work

	pBHSS142I4PS
	pBHSS142I4 derivative co-expressing prsA
	This work

	pBHSS142I4GS
	pBHSS142I4 derivative co-expressing groE operons
	This work

	pBHSS142I4DJ
	pBHSS142I4 derivative co-expressing dnak operons
	This work

	pBHSS142I4SS
	pBHSS142I4 derivative co-expressing sipS
	This work

	pBHSS142I4ST
	pBHSS142I4 derivative co-expressing sipT
	This work

	pBHSS142I4PA
	pBHSS142I4 derivative co-expressing sppA
	This work

	pBHSS142I4TA
	pBHSS142I4 derivative co-expressing tepA
	This work

	pBHSS142I4SA
	pBHSS142I4 derivative co-expressing secA
	This work

	pBHSS142I4SY
	pBHSS142I4 derivative co-expressing secYEG
	This work

	pUC-sppABl
	pUC19 derivative containing sppABl
	Our laboratory

	pUC-sppABa
	pUC19 derivative containing sppABa
	Our laboratory

	pUC-sppABm
	pUC19 derivative containing sppABm
	Our laboratory

	pUC-sppAMt
	pUC19 derivative containing sppAMt
	Our laboratory

	pBHSS142I4PABl
	pBHSS142I4PA derivative containing
	This work

	pBHSS142I4PABa
	pBHSS142I4PA derivative containing sppABa
	This work

	pBHSS142I4PABm
	pBHSS142I4PA derivative containing sppABm
	This work

	pBHSS142I4PAMt
	pBHSS142I4PA derivative containing sppAMt
	This work














Table S2 Primers used in this study.
	Primer
	Sequence (5′-3′)

	F1
	GTTTGTCGGTGAACGCTCTGTTATCCACAGGCATTACGGGCGTTC

	R1
	ACAAAATTTGCGCTGATGGATCCTGAGCGGCAGCTGAGTCGCACCG

	F2
	GACAGTTCAAAACGCTCAATGAATACGCCGTCACTTTCGGCT

	R2
	GGAAAAACAAATCGAGTTGGTTCCTTCATAGGTGCCAGCTTTTG

	F3
	CGGTGCGACTCAGCTGCCGCTCAATGAAATTTCAAATAAAACGAAAGGCTCAGT

	R3
	TTCATTGAGCGGCAGCTGAGTCGCACCGATCTACAACAGTAGAAATTACATTT

	F4
	TAGTGCGGTAGTTTATCACAGTTAAATT

	R4
	ACGCGTCCCTCTCCTTTTG

	F5
	GTTTGTCGGTGAACGCTCTGCTTATTTTTGCACTGATTTTCAGCC

	R5
	ACAAAATTTGCGCTGATGGATCCTTCGATTGCGCGCTTGCAGAAAAG

	F6
	GACAGTTCAAAAGCGCGCAATCGAAAAAAGACATATCTAATGTGAAA

	R6
	GGAAAAACAAATCGAGTTGCAACATATCCTCAACTTCTGTTCT

	F7
	AGGGCTTTTCTGCAAGCGCGCAATCGAAATTTCAAATAAAACGAAAGGCTCAGT

	R7
	AGGGCTTTTCTGCAAGCGCGCAATCGAAATCTACAACAGTAGAAATTACATTTATTGTAC

	F8
	TAGTGCGGTAGTTTATCACAGTTAAATT

	R8
	ACGCGTCCCTCTCCTTTTG

	F9
	TCTAGAGTCGACGTCCCCGG

	R9
	GGATCCGGCATCCGCGAG

	F10
	GTCTCGCGGATGCCGGATCCGCACCGGTTGCCCCGGCT

	R10
	CCGGGGACGTCGACTCTAGATCACGGCAGCGGGGTAAC

	F11
	CTGCAGATTATAGGTAAGAGAGGAATG

	R11
	CTGCAGATTATAGGTAAGAGAGGAATG

	F12
	GATTCATCTATGGGTACCTGATAGGTGGTATGTTTTCGCTTG

	R12
	CTCTTACCTATAATCTGCAGCTATATAAAAGCATTAGTGTATCAATTCCAC

	F13
	CGGATTCATCTATGGGTACCTGCGGAAGTAAACGAAGTGTACG

	R13
	CTCTTACCTATAATCTGCAGCTATATAAAAGCATTAGTGTATCAATTCCAC

	F14
	GATTCATCTATGGGTACCAGGAGTTCTGAGAATTGGTATGCC

	R14
	CTCTTACCTATAATCTGCAGCTATATAAAAGCATTAGTGTATCAATTCCAC

	F15
	GATTCATCTATGGGTACCACTTCTCAAAGATCCCATGTGCTT

	R15
	CTCTTACCTATAATCTGCAGCTATATAAAAGCATTAGTGTATCAATTCCAC

	F16
	CGCGGATCCGCACCGGTTGCC

	R16
	CCCAAGCTTTCACGGCAGCGG

	F17
	CGCGTCCCTCTCCTTTTGCTTAAGTTCAGAGTAG

	R17
	GGCCGGTGCACATATGGCACCGGTTGCCCCGGCT

	F18
	GGATCCGCACCGGTTGCC

	R18
	TGATCCTTCCTCCTTTAATTGGG

	F19
	AATTAAAGGAGGAAGGATCAATGAGAAAGAGTTTAATTACACTTGGTTT

	R19
	GGGGCAACCGGTGCGGATCCCGCCGATGCAGTTTTACTTGT


Table S2 (continued)
	Primer
	Sequence (5′-3′)

	F20
	AATTAAAGGAGGAAGGATCAATGAAAACATTATGGAAAGTCCTCAA

	R20
	GGGGCAACCGGTGCGGATCCCGAGACGGATACAAGCAAAACC

	F21
	AATTAAAGGAGGAAGGATCAATGAGAAAGAAAAGAGTTATTACTTGTGTTA

	R21
	GGGGCAACCGGTGCGGATCCTGCAGAAGCGTAACCTGCAGG

	F22
	AATTAAAGGAGGAAGGATCAATGAGAAAGAAAAGAGTTATTACTTGTGTTA

	R22
	GGGGCAACCGGTGCGGATCCTGCAGTAGCGTAACCTGCAGG

	F23
	AATTAAAGGAGGAAGGATCAATGAAAAAGATGTTGATGTTAGCTTTT

	R23
	GGGGCAACCGGTGCGGATCCAGCCGAAGCTTCCCCTACAT

	F24
	AATTAAAGGAGGAAGGATCAATGAAAAAAGTGATGTTAGCTACGGC

	R24
	GGGGCAACCGGTGCGGATCCTGCGTTCGCGCCAGCTGG

	F25
	AATTAAAGGAGGAAGGATCAATGGCGAAACCACTATCAAAAGG

	R25
	GGGGCAACCGGTGCGGATCCAGCGTCTGCCGCGGGTAA

	F26
	AATTAAAGGAGGAAGGATCAATGTTGAAGAAAGTCATTTTAGCCG

	R26
	GGGGCAACCGGTGCGGATCCCGCACTGGCATCTGATGAAA

	F27
	AATTAAAGGAGGAAGGATCAATGAAAAAGAGTCAATATTTTATTGTTTTT

	R27
	GGGGCAACCGGTGCGGATCCTGCCGCGGCAGCAGCAAT

	DF1
	ATGAGAAGAAAAAGAGTTATTACTTGTGTTATGGCTGCATC

	DR1
	TCTTTTTCTTCTCATTGATCCTTCCTCCTTTAATT

	DF2
	ATGAGAAGAAGAAGAGTTATTACTTGTGTTATGGCTGCATC

	DR2
	TCTTCTTCTTCTCATTGATCCTTCCTCCTTTAATT

	DF3
	ATGAGAAGAAAGAAAAGAGTTATTACTTGTGTTATGGCTG

	DR3
	TCTTTTCTTTCTTCTCATTGATCCTTCCTCCTTTAATT

	DF4
	ATGAGAAGAAGAAAGAAAAGAGTTATTACTTGTGTTATGG

	DR4
	CTTTCTTCTTCTCATTGATCCTTCCTCCTTTAATT

	DF5
	ATGAGAAGAAGAAGAAAGAAAAGAGTTATTACTTGTG

	DR5
	CTTTCTTCTTCTTCTCATTGATCCTTCCTCCTTTAATT

	DF6
	ATGAGAAGAAGAAGAAGAAAGAAAAGAGTTATTACTTGTG

	DR6
	TCTTCTTCTTCTTCTCATTGATCCTTCCTCCTTTAATT

	PF1
	ACTAGTGTTCTTTTCTGTATGAAAATAGTTATTTCG

	PR1
	ACGCGTCCCTCTCCTTTTGCTTAAGTTC

	PF2
	TGCGGTAGTTTATCACAGTTAAATTGC

	PR2
	CACTTCAACGCACCTTTCAGCTTACTTGGAAGTGGTTGCCG

	PF3
	CTTAAGCAAAAGGAGAGGGACGCGTATGAAGAAAATCGCAATAGCAG

	PR3
	GCAATTTAACTGTGATAAACTACCGCATTATTTAGAATTGCTTGAAGATGAAGAAG

	PF4
	TTCCGGCAACCACTTCCAAGTAAGCTGAAAGGTGCGTTGAAGTGTTG

	PR4
	TTCATACAGAAAAGAACACTAGTCCTTCCACCCTTTCGATCAATTC

	F28
	CTTAAGCAAAAGGAGAGGGACGCGTATGTTAAAGCCATTAGGTGATCGCGTTG


Table S2 (continued)
	Primer
	Sequence (5′-3′)

	R28
	GCAATTTAACTGTGATAAACTACCGCATTACATCATTCCACCCATACCGCCCATG

	F29
	CTTAAGCAAAAGGAGAGGGACGCGTATGTCAGAAGAAAAACAAACCGTTG

	R29
	GCAATTTAACTGTGATAAACTACCGCATTAATCGCCTTTAAACGCGCGTTTTAC

	F30
	GCAAAAGGAGAGGGACGCGTTTGAAATCAGAAAATGTTTCGAAGA

	R30
	AACTGTGATAAACTACCGCACTAATTTGTTTTGCGCATTTCG

	F31
	GCAAAAGGAGAGGGACGCGTTTGACCGAGGAAAAAAATACGAA

	R31
	AACTGTGATAAACTACCGCATTATTTTGTTTGACGCATTTCGTT

	F32
	GCAAAAGGAGAGGGACGCGTATGAATGCAAAAAGATGGATTGC

	R32
	AACTGTGATAAACTACCGCACTACTTCGCATAGAGATACATCATTCTC

	F33
	GCAAAAGGAGAGGGACGCGTATGGATCATCGTATGGAAAACACA

	R33
	AACTGTGATAAACTACCGCATCATTGAATCATCCGTCCTTCTT

	F34
	GCAAAAGGAGAGGGACGCGTATGCTTGGAATTTTAAATAAAATGTTTG

	R34
	AACTGTGATAAACTACCGCACTATTCAGTACGGCCGCAGC

	F35
	GCAAAAGGAGAGGGACGCGTTTGTTTAAAACAATCTCCAACTTTATGC

	R35
	AACTGTGATAAACTACCGCACTATAGGATATAAGCAAGCGCAATCG

	F36
	TGCGGTAGTTTATCACAGTTAAATTG

	R36
	ACGCGTCCCTCTCCTTTTG

	F37
	GCAAAAGGAGAGGGACGCGTATGAATGCTAAAAGATGGATTGCA

	R37
	TGTGATAAACTACCGCACTATTTAGCATACAAGTACATTAATCTAGGTGC

	F38
	GCAAAAGGAGAGGGACGCGTATGAATGCTAAAAGATGGATAGCTTT

	R38
	TGTGATAAACTACCGCACTATTTCGCATATAAGTACATCATTCTTGG

	F39
	TGTGATAAACTACCGCACTATTTCGCATATAAGTACATCATTCTTGG

	R39
	TGTGATAAACTACCGCACTATTCAGCATATAAATACATTAATCTAGGAGAT

	F40
	GCAAAAGGAGAGGGACGCGTATGACTACTGAAAAATCTGCTCCCG

	R40
	TGTGATAAACTACCGCACTATTTACCACCACCTTCTGGTTCAG

	F41
	TAGTGCGGTAGTTTATCACAGTTAAATT

	R41
	ACGCGTCCCTCTCCTTTTG

	F42
	GGTTAATGCAAGCGGTGCAA

	R42
	AAAGGTGCCACGATGGCTAA

	F43
	CGACGCAGTCAAGCACATAAAGC

	R43
	AGTTCTCCCACATCGTTCTTCC

	F44
	ACAATTCCAGCCGGTGTAGA

	R44
	GCGTACATGGAACACGACAA

	F45
	GAAGGCCATGTTCAGCTTCC

	R45
	AGCATTTCCGCTATGGCAAG

	F46
	TCACTCGGCGTCATTATGGA

	F46
	CATCTCACGGGAAGGAGACA


Table S2 (continued)
	Primer
	Sequence (5′-3′)

	F47
	CATGGGAGATAACCGGCTGA

	R47
	CGATGTGCCGACAATTCGAT
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