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Table S1. Plasmids used in this study

Plasmid Characteristics Source or reference

p7z6 ColE1 Amp', lox71-Zeo-lox66 (1)
ColE1 Amp", RepF Em" Pspac-cre, E. coli-B. subtilis

pTSC b TP o (1)
shuttle vector

pHTO1 ColE1 Ampr, Cm, E. coli-B. subtilis shuttle vector (2)
ColE1 Amp',RepB Tet", E. coli-B. subtilis shuttle

pSTOP1622 (3)
vector
ColE1 Amp', RepB Km', E. coli-B. subtilis shuttle

pP43-GNA1 (4)
vector, GNA1 expressed from P43
ColE1 Amp', RepB Km', E. coli-B. subtilis shuttle

pP43-egfp (5)
vector, egfp expressed from P43
pMB1 Spec’, Cm" xylR-PxylA-dCas9 integrant

pLCx-dCas9 . y (6)
expression at lacA locus of B. subtilis
pMB1 Spec', Zeo" Pveg-sgRNA integrant expression ®)

sga
Psd at amyE locus of B. subtilis
psga-GFP psga derivate, contain sgRNA targeting to GFP (6)

psga-zwf1-pfkA2-gimM2

pHTa0
pHTaga
pHTave
pHTavg1
pHTavg2
pHTavg3
pHTavg4
pHTavg5
pHTavg6
pHTavg7
pHTarg
pHTalg
pHTavg
pHTasg
pHTasg1
pHTasg2
pHTasg3
pHTcvg6

psga derivate, contain sgRNAs targeting to front of
zwf, middle of pfkA, and middle of gimM

pHTO1 derivate, APgyrac::egfp
pHTaO0 derivate, Pgama-egfp
pHTaO0 derivate, P eg-egfp
pHTaO0 derivate, P.g1-egfp
pHTaO0 derivate, P.g2-egfp
pHTaO0 derivate, P.g3-egfp
pHTaO0 derivate, P.g4-egfp
pHTaO0 derivate, P.gs-egfp
pHTaO0 derivate, P.gs-egfp
pHTaO0 derivate, P.47-egfp
pHTaO0 derivate, Pg-egfp
pHTaO0 derivate, Pig;-egfp
pHTaO0 derivate, P.g-egfp
pHTaO0 derivate, Psg-egfp
pHTaO0 derivate, Psg1-egfp
pHTaO0 derivate, Psg2-egfp
pHTaO0 derivate, Psg3-egfp
pHTavg6 derivate, gamR-P 4s-egfp

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
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pHTcga pHTaga derivate, gamR-Pgama-egfp This study
pHTcsg2 pHTasg2 derivate, gamR-Psgo-egfp This study
pHTdsg2 pHTcsg2 derivate, xyIR-Pxya-gamR This study
pHTcsg2m pHTcsg2 derivate, Psg-mcherry This study
pLCv-dCas9 pLCx-dCas9 derivate, AxyIR-Pxya::gamR-Pgs This study
pLCg-dCas9 pLCx-dCas9 derivate, AxyIR-Pxyia::gamR-Pgama This study
pLCs-dCas9 pLCx-dCas9 derivate, AxylIR-Pxya::gamR-Psg2 This study
pSTv-GNA1 pSTOP1622 derivate, AxylIR-Pyyia::Pvge-GNAT This study
pSTg-GNA1 pSTOP1622 derivate, AxyIR-Pxyia::Pgama-GNA1 This study
pSTs-GNA1 pSTOP1622 derivate, AxylIR-Pyyia::Psg>-GNA1 This study

psga derivate, contain sgRNAs targeting to site1 of This study
psga-alsS1

alsS

psga derivate, contain sgRNAs targeting to site2 of This study
psga-alsS2

alsS

psga derivate, contain sgRNAs targeting to site3 of This study
psga-alsS3

alsS

psga derivate, contain sgRNAs targeting to site4 of This study
psga-alsS4

alsS

psga derivate, contain sgRNAs targeting to site5 of This study
psga-alsS5

alsS
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Table S2. Primers used in this study

Primer Sequence

Fluorescence plasmids construction

pHTO1-li-F AACTGTACAAATAACTGCAGGTCGACGTCCCCGGGGC

PHTO1-i-R TTTTCTCGAGGGTACCGCTATCACTTGGATCCGTACCAAGCTAATTCCGGTGGAAA
CG

egfo-pHTO1-F lﬁ(é?GGTACCCTCGAGAAAAGGAGGAAAAAAAATGGGTAAGGGAGAAGAACTTTT

egfp-pHTO01-R CTGCAGTTATTTGTACAGTTCATCCATGCCATGTGTAATCC

AATTAGCTTGGTACGGATCCTTTTGTCAAAATAATTTTATTGACAACGTCTTATTAAC
G

CTCCTTTTCTCGAGGGTACCCGACATTTATTGTACAACACGAGCCCATT

AATTAGCTTGGTACGGATCCCTTTTATAACAAATTTTCAGAAATTAATATTGACAGTT
T

PgamA-pHTa0-R CTCCTTTTCTCGAGGGTACCGAGATAGACAAGCACCATATTTGTT

Pveg-pHTa0-F

Pveg-pHTa0-R

PgamA-pHTa0-F

TAAATGTCGTAAATTGGTCATAACAAGGTACCCTCGAGAAAAGGAGGAAAAAAAAT

vgTOvg1-F G

vgTOvg1-R TCGAGGGTACCTTGTTATGACCAATTTACGACATTTATTGTACAACACGAGCCC

vgTOvg1-VF AATGTCGTAAATTGGTCATAACAAGGTACC

vgTOvg2 GTATTGTTATGACCAATTTATGTCAAATAAAATTTAAATTATATCAACGTTAATAAGA
C

vgTOvg2-F TTTGACATAAATTGGTCATAACAATACAATAAATGTCGGGTACCCTC

vgTOvg2-VF ATTTTATTTGACATAAATTGGTCATAACAATACAA

vgTOvg3-F GTTGATAAATTGGTCATAACAATTGACAAAAATGGGCTCGTG

vgTOVg3R CCCATTTTTGTCAATTGTTATGACCAATTTATCAACGTTAATAAGACGTTGTCAATAA
A

vgTOvg3-VF CGTTGATAAATTGGTCATAACAATTGAC

vg1TOvg4-F TTTATTTGACATAAATTGGTCATAACAATACAATAAATGTCGTAAATTGGTCATAACA

vg1TOvgaR GTATTGTTATGACCAATTTATGTCAAATAAAATTTAAATTATATCAACGTTAATAAGA

vg1TOvg4-VF

C
TATTTGACATAAATTGGTCATAACAATACAATAAA

vg1TOvg5-F AACGTTGATAAATTGGTCATAACAATTGACAAAAATGGGCTCGTG

vg1TOvg5-R TTTTGTCAATTGTTATGACCAATTTATCAACGTTAATAAGACGTTGTCAATAA
vg1TOvg5-VF CGTTGATAAATTGGTCATAACAATTGAC

vg2TOvg6-F GTTGATAAATTGGTCATAACAATTGACATAAATTGGTCATAACAATACAATAAATG
vg2TOvg6-R CCAATTTATGTCAATTGTTATGACCAATTTATCAACGTTAATAAGACGTTGTCAATAA

vg2TOvg6-VF

A
CGTTGATAAATTGGTCATAACAATTGACATA
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vgeTOvg7-F
vg6TOvg7-R
vg6TOvg7-VF
pHTaga-lin-F
pHTaga-lin-R
PlepA-pHTaga-F

PlepA-pHTaga-R

PrelA-pHTaga-F
PrelA-pHTaga-R
PsrfA-pHTaga-F

PsrfA-pHTaga-R

Pveg-pHTaga-F
Pveg-pHTaga-R
pHTa-pHTc-liF
pHTa-pHTc-liR

gamR-pHTc-F

gamR-pHTc-R
pHTc-pHTd-liF
pHTc-pHTd-IiR
Pxyl-pHTd-F

Pxyl-pHTd-R

pHTcm-liF
pHTcm-liR
mcherry-pHTc-F
mcherry-pHTc-R

AATGTCGTAAATTGGTCATAACAAGGTACCCTCGAGAAAAGGAG
GAGGGTACCTTGTTATGACCAATTTACGACATTTATTGTATTGTTATGACCAATTT
AATGTCGTAAATTGGTCATAACAAGGTA
TAAATTCGTAATGACAAGTATCATAAATTGGTCATAACAAATATGG
GGATCCGTACCAAGCTAATTCCGG
AATTAGCTTGGTACGGATCCTCAATATGTTTTCAAAAGCCGGAAAAGCG

TACTTGTCATTACGAATTTATACACTAGCTTAGATTATATCAATAGGATTGTAAAGAT
TCAATGTAA

AATTAGCTTGGTACGGATCCCGAGCTTTCTTACCTTGACGGC
TACTTGTCATTACGAATTTACAAGAAAAAAACGAAAGATGTAAAGAGCAGAAGT
AATTAGCTTGGTACGGATCCAATGTTTAGTGGAAATGATTGCGGCAT

TACTTGTCATTACGAATTTAAATGAAAAAAATGTTTTTGTCAACGAAAAATGGGTGA
AAAGTTTCA

AATTAGCTTGGTACGGATCCTTTTGTCAAAATAATTTTATTGACAACGTCT
TACTTGTCATTACGAATTTACAACACGAGCCCATTTTTG
GGAATTAGCTTGGTACGGATCC

GGCACTAGTATAAAAAACGCCC

ATCCGTACCAAGCTAATTCCATTTCTGAAAATTTGTTATAAAAGAAGGATACAAATC
TT

GCGTTTTTTATACTAGTGCCTTATGAATGATATGACTGTTCTACGGTG
GGAATTAGCTTGGTACGGATCC
ATGACAGCTTTATATTCTGTTATCAAGTT
ACAGAATATAAAGCTGTCATGGATCCCATTTCCCCCTTTGATTTTT

ATCCGTACCAAGCTAATTCCCGTGAAAAAAGCCCGCTCATTAGGCGGGCTGAACG
TCCCGGGGAGCTC

TGGACGAGCTGTACAAGTAACTGCAGGTCGACGTCCCC
CCAGTAGATTTCATAAACATTTTTTTTCCTCCTTTTCTCGAGGGTACC
ATGTTTATGAAATCTACTGGTATTGTACGTATGGTGAGCAAGGGCGAG
TTACTTGTACAGCTCGTCCATGCC

Gene knockout and overexpression

nagB-L-F

nagB-L-R
nagB-R-F
nagB-R-R
nagB-Z-F

nagB-Z-R
gamA-L-F

ATATCCACGGCGGCTATG
GCCATGGCATGATCTGGTCAGCCTCCTTG
TCGACCTGCAGAAGGAACATGCTGACTTATGAATATCAA
TTATTTTGAATGTAACGTATATACCAATGAAGAG
GCTGACCAGATCATGCCATGGCATGAGATTCT
GCATGTTCCTTCTGCAGGTCGACGATTTACC
TGGCGGACATGGAATAAATCAC
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gamA-L-R
gamA-R-F
gamA-R-R
gamA-Z-F
gamA-Z-R
gamR-L-F
gamR-L-R
gamR-R-F
gamR-R-R
gamR-Z-F
gamR-Z-R
alsSD-L-F

alsSD-L-R

alsSD-R-F
alsSD-R-R
alsSD-Z-F
alsSD-Z-R
ptsG-L-F
ptsG-L-R
ptsG-R-F
ptsG-R-R

ptsG-C-F

ptsG-C-R

ptsG-P43-F
ptsG-P43-R
pgi-L-F
pgi-L-R
pgi-R-F
pgi-R-R
pgi-Z-F
pgi-Z-R
pgi-P43-F
pgi-P43-R

TAGAGGATCCCCGCACAATAAAAGGAGACTGTCATGTTTAAAAAG
CGACCTGCAGTGACACCCCCTCAAAGAG
TCCCCACAGCACTTTTCCAT
TCCTTTTATTGTGCGGGGATCCTCTAGAGATTGT
GGGGTGTCACTGCAGGTCGACGATTCTACC
AATTCCTCCGCCTGAGAACG
GATCCCCGGGTACCATGTTTAAAAAGGCATTTCAAATTCTGCAG
TCGACCTGCAGAGCAATGTGTTTTAAGAAGGGAATGGT
AGCACGATCATAAATGTATAGCTCCTGG
CCTTTTTAAACATGGTACCCGGGGATCCTCT
AAACACATTGCTCTGCAGGTCGACGATTCTACC
TCTTTGCGGTAAGCGATAACCCAT

CTCGAATTCGTAACACCCTCACTCCTTATTATGCATTTTAAACGTAAAATTTTAAATA
T

GCACTGGCCGTCAAGAAAAAAAGAAAGCCCCTTTTAGCAGG
TATTGTCGTATGCTGTGTCGAAACCTTACA
GGAGTGAGGGTGTTACGAATTCGAGCTCGGTACC
TICTTTTTTTCTTGACGGCCAGTGCCA

GAGCTGAGGATCGTGAATGG
CTTCGTATAATGTATGCTATACGAACGGTAAAGAATTGACCTCCTCTTTTTACTAGT
CGGTACCATTATAGGTAAGAGAGGAATGTACACATGTTTAAAGCATTATTCGGCGT
GGACTGGAGCAACGAATAAGAA

AATTCTTTACCGTTCGTATAGCATACATTATACGAAGTTATGCCATAGTGACTGGCG
AT

ATACCGTTCGTATAATGTATGCTATACGAAGTTATTTATTGGTATGACTGGTTTTAA
GC

AATAACTTCGTATAGCATACATTATACGAACGGTATGATAGGTGGTATGTTTTCGC
GTGTACATTCCTCTCTTACCTATAATGG

GCGGAGGCAGTGTGATTGA
CGGTATCTCTAGAGGATCCCCGGTGCTTGTCCCTCCATAACG
CGGTACCATTATAGGTAAGAGAGGAATGTACACATGACGCATGTACGCTTT
GTTCAAGCCGTCAAGATCGTTA

CCGGGGATCCTCTAGAGA

CATACCACCTATCAGTCGACGATTTACCGTTCG
GGTAAATCGTCGACTGATAGGTGGTATGTTTTCGCT
GTGTACATTCCTCTCTTACCTATAATGG

CRISPRI
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pLCx-dCas9-liF

pLCx-dCas9-liR

Biosen-dCas9-F

Biosen-dCas9-R
sg-MF
sg-alsS1-R

alsS1-VF
sg-alsS2-R

sg-alsS2-VF
sg-alsS3-R

sg-alsS3-VF
sg-alsS4-R

sg-alsS4-VF
sg-alsS5-R

sg-alsS5-VF

thrC-sgRNA-LF
thrC-sgRNA-LR
thrC-sgRNA-RF
thrC-sgRNA-RR
thrC-sgRNA-ZF
thrC-sgRNA-ZR

GAGAAAAGGAGGATGTACACATGGATAAGAAATACTCAATAGGCTTAGCTATCGG

TCCGCTATCCTGCCAATCTGGCAATATAGCGGATTTCTGTTCTGAATTAACGGAATT
CCGTACCGTT

CAGATTGGCAGGATAGCGGATTTTTCTTTTTCTACCTTATGCTTCAGAACGCTCGGT
TG

GTGTACATCCTCCTTTTCTCGAGGGTACCG
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTC

TTCTAGCTCTAAAACTTGTGAAAAACAGAGGGGCGACATTTATTGTACAACACGAG
CCC

ATGTCGCCCCTCTGTTTTTCACAA

TTCTAGCTCTAAAACCTTTTGTGAGCTTTCCGCAAACATTTATTGTACAACACGAGC
CcC

AAATGTTTGCGGAAAGCTCACAAAAG

TTCTAGCTCTAAAACGATCTTGAATTGATCGGTGAACATTTATTGTACAACACGAGC
CcC

AATGTTCACCGATCAATTCAAGATC

TTCTAGCTCTAAAACGGAGAAAAAGTGGTTTCTGTACATTTATTGTACAACACGAGC
CC

AAATGTACAGAAACCACTTTTTCTCC

TTCTAGCTCTAAAACAAAGAATTCGGGGAACTCATACATTTATTGTACAACACGAGC
CC

ATGTATGAGTTCCCCGAATTCTTT
GCTTCCTGACCATCATCCGC
CCATGGCATGGACCGGGATCGCTAAAACAT
CATGGATGAGCCGGAAATGCTGGAAACATCAC
ACGACTACGTCAATGTCAGCATTCG
ATCCCGGTCCATGCCATGGCATGAGATTCTACC
CAGCATTTCCGGCTCATCCATGTCGACGGAATTCA

GNA1 expression plasmids

pSTOP1622-li-F
pSTOP1622-1i-R
Pbiosen-pST-F
PgamA-pST-R
Psg2-pST-R
PgamA-pST-R
GNA1-pST-F
GNA1-pST-R

TTCACCGGTCCAAGAATTGG

TTAAGTGAACGCAAAGGTTAGCA
TAACCTTTGCGTTCACTTAAGGAATTAGCTTGGTACGGATCCCT
ATAATGGTACCGCTATCACTGAGATAGACAAGCACCATATTTGTT
ATAATGGTACCGCTATCACTGAGATAGACAAGCACCATATTTGTTATG
ATAATGGTACCGCTATCACTCGACATTTATTGTATTGTTATGACCAATTT
AGTGATAGCGGTACCATTATAGG
CCAATTCTTGGACCGGTGAATTAAAAGCGCTGGGTCATAAAATTACAGTCA




Supplementary materials

RT-qPCR
GNA1(gPCR)-F  CGATTTGAGGCGATGAGAACA
GNA1(gPCR)-R  TCAACACGACCCCTTGATCC
zwf(qPCR)-F CAATGGAGCCGCCTATCAAA
zwf(GPCR)-R CAGGAACCGGTACACCGTCA
pfkA(QPCR)-F  ACGCGGCAAGAAGCACAGTA
pfkA(QPCR)-R ~ GGTCAGCAGCACTCGGAGAA
gmM(GPCR)-F ~ TCATCCTTGGCGACACACCT
gmM(gPCR)-R  CCGAGATCCGCGTTTTTCTC
rpsi(QPCR)-F ACAAATACAAAGATTCTCGTGAGC
rpsJ(QPCR)-R ~ CTAATCGCATAAGAGCATCAACAG

Underlined letters represent homologous sequences for fusion PCR, inverse PCR or Seamless Cloning.
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Table S3. Sequences of genetic parts used in this study.

Part
name

Type

Sequence

P43

PgamA

Pveg

Pvg1

P vg2

P vg3

P vg4

P vg5

P vg6

Pvg7

Psg1

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

promoter

TGATAGGTGGTATGTTTTCGCTTGAACTTTTAAATACAGCCATTGAACATACGGTTGATTTAATAACTGA
CAAACATCACCCTCTTGCTAAAGCGGCCAAGGACGCTGCCGCCGGGGCTGTTTGCGTTTTTGCCGTG
ATTTCGTGTATCATTGGTTTACTTATTTTTTTGCCAAAGCTGTAATGGCTGAAAATTCTTACATTTATTTT
ACATTTTTAGAAATGGGCGTGAAAAAAAGCGCGCGATTATGTAAAATATAA

CTTTTATAACAAATTTTCAGAAATTAATATTGACAGTTTGATAAGGGCGGTGCTAAATTCGTAATGACA
AGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATATAATTTAAATTTTATITGACAAAAATG
GGCTCGTGTTGTACAATAAATGT

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATATAATTTAAATTTTATITGACAAAAATG
GGCTCGTGTTGTACAATAAATGTCGTAAATTGGTCATAACAA

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATATAATTTAAATTTTATITGACATAAATT
GGTCATAACAATACAATAAATGT

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATAAATTGGTCATAACAATTGACAAAAA
TGGGCTCGTGTTGTACAATAAATGT

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATATAATTTAAATTTTATTITGACATAAATT
GGTCATAACAATACAATAAATGTCGTAAATTGGTCATAACAA

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATAAATTGGTCATAACAATTGACAAAAA
TGGGCTCGTGTTGTACAATAAATGTCGTAAATTGGTCATAACAA

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATAAATTGGTCATAACAATTGACATAAA
TTGGTCATAACAATACAATAAATGT

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATAAATTGGTCATAACAATTGACATAAA
TTGGTCATAACAATACAATAAATGTCGTAAATTGGTCATAACAA

CGAGCTTTCTTACCTTGACGGCAGAAATAAGCTCGAAGATTACGACATCTTAACATTGATGAAATACTA

AGGATAACCGCATAACGAAAAAGCACTCCATGTCAGGGTGCTTTTTTCCTATTGTTTTGCATTTATTTTA
TATAATATTTGGCTATTTGAACTTCTGCTCTITACATCTTTCGTTTTTTTCTTGTAAATTCGTAATGACAA
GTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

TCAATATGTTTTCAAAAGCCGGAAAAGCGCTTTCGGACACCGTAACCAATACTGCCCAGTCAATGTATG
AATGGATACGGGATATGAATCAATAAGTACGTGAAAGAGAAAAGCAACCCAGATATGATAGGGAACTT
TTCTCTTTCTTGTTITACATTGAATCTTTACAATCCTATTGATATAATCTAAGCTAGTGTATAAATTCGTA
ATGACAAGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

TTTTGTCAAAATAATTTTATTGACAACGTCTTATTAACGTTGATATAATTTAAATTTTATITGACAAAAATG
GGCTCGTGTTGTAAATTCGTAATGACAAGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTAT
CTC

AATGTTTAGTGGAAATGATTGCGGCATCCCGCAAAAAATATTGCTGTAAATAAACTGGAATCTTTCGGC
ATCCCGCATGAAACTTTTCACCCATTTTTCGITGACAAAAACATTTTTTTCATTIAAATTCGTAATGACA
AGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

AATGTTTAGTGGAAATGATTGCGGCATCCCGCAAAAAATATTGCTGTAAATAAACTGGAATCTTTCGGC
ATCCCGCATGAAACTTTTCACCCATTTTTCGITGACATAAATTGGTCATAACAATAAATTCGTAATGAC
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Psg2

Psg3

SgRNAZWf1

SgRNApka
o
SgRNAg/mM

2

Sg F\)NAalss1

Sg RNAalssZ

Sg RNAaIsin

Sg RNAaIss4

Sg RNAaIssS

dCas9

promoter

promoter

sgRNA

array

sgRNA

sgRNA

sgRNA

sgRNA

sgRNA

gene

AAGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

AATGTTTAGTGGAAATGATTGCGGCATCCCGCAAAAAATATTGCTGTAAATAAACTGGAATCTTTCGGC
ATCCCGCATGAAACTTTTCACCCATTTTTCGTAAATTGGTCATAACAATTGACAAAAACATTTTTTTCAT
TTAAATTCGTAATGACAAGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

AATGTTTAGTGGAAATGATTGCGGCATCCCGCAAAAAATATTGCTGTAAATAAACTGGAATCTTTCGGC
ATCCCGCATGAAACTTTTCACCCATTTTTCGTAAATTGGTCATAACAATTGACATAAATTGGTCATAAC
AATAAATTCGTAATGACAAGTATCATAAATTGGTCATAACAAATATGGTGCTTGTCTATCTC

CGAAGATCCTCATTAGACCAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA
CTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAATTCCGCCACCGTCGACCTGCAGGCTTATTAA
CGTTGATATAATTTAAATTTTATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGTCCGATTGTAAAA
TCAGTGCCGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTG
GCACCGAGTCGGTGCTTTTTT

CGCCCCTCTGTTTTTCACAAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA
CTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT

TTGCGGAAAGCTCACAAAAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA
CTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT

TCACCGATCAATTCAAGATCGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA
CTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT

ACAGAAACCACTTTTTCTCCGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA
CTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT

ATGAGTTCCCCGAATTCTTTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAA
CTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT

ATGGATAAGAAATACTCAATAGGCTTAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGA
TGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAA
TCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTC
GTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGA
AAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAAC
GTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATCT
GCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATAT
GATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTA
TTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGAT
GCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCC
GGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAAT
CAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAA
TTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATT
TTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAAC
GCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGT
ATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGAGCTAGCCAAG
AAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATTGGTGAAACT
AAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTT
GGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAA

10
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gamR

gene

GATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTT
GCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGG
TGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTA
CCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTG
AAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAA
CAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGT
TGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATT
AAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCT
TATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGA
TGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTA
GGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTAT
GCAGCTGATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAG
GCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGA
CTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAA
TGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAA
GAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAAT
GAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAAT
CGTTTAAGTGATTATGATGTCGATGCCATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATA
AGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAA
AGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAAC
GAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAA
CTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATG
ATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTT
CCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGT
TGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTAT
GATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTAC
TCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTA
ATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAA
AGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGG
AGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAAT
ATGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAA
TCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAA
AATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTA
AATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAA
GGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTATGAAAAGTTGA
AGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGCATAAGCATTATTTAGATGAGA
TTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAG
TGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTG
ACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTA
CAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTT
GAGTCAGCTAGGAGGTGACTAA

ATGACAGCTTTATATTCTGTTATCAAGTTTAAAATCATTGAGTTAATTAAATCGGGCAAATATCAGGCGA
ATGATCAGCTGCCGACGGAGAGTGAGTTTTGCGAACAATATGATGTCAGCAGAACAACTGTGAGACTG
GCTCTGCAGCAGCTAGAGCTTGAGGGATATATTAAAAGAATTCAAGGAAAAGGGACATTTGTATCGGC
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GGCCAAAATACAAACGCCGATTCCGCATAAGATTACGAGCTTTGCAGAACAAATGAGAGGACTTCGTT
CTGAATCAAAAGTGCTTGAGCTTGTGGTGATTCCTGCCGATCATTCCATCGCCGAGCTTTTGAAAATGA
AAGAGAATGAACCTGTCAACAAGCTTGTCAGAGTCAGATACGCCGAGGGGGAACCTTTGCAGTATCAT
ACCTCATATATTCCCTGGAAGGCGGCACCGGGGCTGGCGCAGGAGGAATGCACCGGCTCGCTGTTT
GAATTGTTAAGGACAAAATACAATATTGAAATCAGCAGGGGCACGGAATCGATCGAACCGATTTTAAC
GGATGAAACGATCAGCGGACACTTATTAACCAATGTCGGAGCGCCTGCGTTTTTATCAGAATCCCTTA
CCTATGATAAAAATGAAGAAGTGGTGGAATATGCGCAAATTATTACACGGGGAGACCGAACGAAATTC
ACCGTAGAACAGTCATATCATTCATAA

ATGGGTAAGGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAAT
GGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATT
TATTTGCACTACTGGAAAGCTGCCTGTTCCTTGGCCAACACTTGTCACTACTCTTACTTATGGTGTTCA
ATGCTTTTCAAGATACCCAGATCATATGAAGCGGCACGACTTCTTCAAGAGCGCCATGCCTGAGGGAT
ACGTGCAGGAGAGGACCATCTTCTTCAAGGACGACGGGAACTACAAGACACGTGCTGAAGTCAAGTT
egfp gene TGAGGGAGACACCCTCGTCAACAGAATCGAGCTTAAGGGAATCGATTTCAAGGAGGACGGAAACATC
CTCGGCCACAAGTTGGAATACAACTACAACTCCCACAACGTATACATCATGGCAGACAAACAAAAGAA
TGGAATCAAAGTTAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTCAACTAGCAGACCATTA
TCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCACACAATC
TGCCCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTG
GGATTACACATGGCATGGATGAACTGTACAAATAA

ATGTTTATGAAATCTACTGGTATTGTACGTATGGTGAGCAAGGGCGAGGAGGATAACATGGCCATCAT
CAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAG
GGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGG
CCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAG
CACCCCGCCGACATCCCCGACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGA
TGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCGAGTTCA
TCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGAAGACCAT
GGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGC
AGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGA
AGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGA
CTACACCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCT
GTACAAGTAA

mcherry gene

ATGAGCCATATCTTCGACGCATCTGTACTGGCTCCACATATTCCTAGTAACCTTCCTGATAATTTCAAG
GTGAGACCACTGGCAAAGGATGATTTTTCGAAGGGATATGTCGACCTGCTGTCACAATTGACGTCAGT
TGGAAACCTTGACCAAGAAGCATTTGAGAAACGATTTGAGGCGATGAGAACAAGCGTACCGAATTATC
ACATCGTAGTAATTGAGGATTCCAACAGCCAGAAAGTGGTGGCGTCTGCTAGTTTGGTTGTTGAAATG
AAATTCATTCATGGGGCCGGATCAAGGGGTCGTGTTGAAGATGTTGTCGTCGATACAGAAATGCGCC
GGCAAAAATTAGGTGCCGTGCTTTTAAAAACTTTGGTGTCACTTGGCAAATCTTTAGGCGTCTACAAAA
TAAGCCTCGAATGCGTCCCGGAATTACTCCCGTTCTATTCCCAATTTGGCTTTCAGGATGACTGTAATT
TTATGACCCAGCGCTTTTAA

GNA1 gene

Underlined letters represent -10 and -35 region, and bold letters represent GamR binding site.
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sgRNAs targeting sites on non-template strand of alsS:

TTGACAAAAGCAACAAAAGAACAAAAATCCCTTGTGAAAAACAGAGGGGCGGAGCTTGTTGTTGATTGCT
TAGTGGAGCAAGGTGTCACACATGTATTTGGCATTCCAGGTGCAAAAATTGATGCGGTATTTGACGCTTT
ACAAGATAAAGGACCTGAAATTATCGTTGCCCGGCACGAACAAAACGCAGCATTCATGGCCCAAGCAGT
CGGCCGTTTAACTGGAAAACCGGGAGTCGTGTTAGTCACATCAGGACCGGGTGCCTCTAACTTGGCAAC
AGGCCTGCTGACAGCGAACACTGAAGGAGACCCTGTCGTTGCGCTTGCTGGAAACGTGATCCGTGCAGA
TCGTTTAAAACGGACACATCAATCTTTGGATAATGCGGCGCTATTCCAGCCGATTACAAAATACAGTGTAG
AAGTTCAAGATGTAAAAAATATACCGGAAGCTGTTACAAATGCATTTAGGATAGCGTCAGCAGGGCAGGC
TGGGGCCGCTTTTGTGAGCTTTCCGCAAGATGTTGTGAATGAAGTCACAAATACGAAAAACGTGCGTGCT
GTTGCAGCGCCAAAACTCGGTCCTGCAGCAGATGATGCAATCAGTGCGGCCATAGCAAAAATCCAAACA
GCAAAACTTCCTGTCGTTTTGGTCGGCATGAAAGGCGGAAGACCGGAAGCAATTAAAGCGGTTCGCAAG
CTTTTGAAAAAGGTTCAGCTTCCATTTGTTGAAACATATCAAGCTGCCGGTACCCTTTCTAGAGATTTAGA
GGATCAATATTTTGGCCGTATCGGTTTGTTCCGCAACCAGCCTGGCGATTTACTGCTAGAGCAGGCAGAT
GTTGTTCTGACGATCGGCTATGACCCGATTGAATATGATCCGAAATTCTGGAATATCAATGGAGACCGGA
CAATTATCCATTTAGACGAGATTATCGCTGACATTGATCATGCTTACCAGCCTGATCTTGAATTGATCGGT
GACATTCCGTCCACGATCAATCATATCGAACACGATGCTGTGAAAGTGGAATTTGCAGAGCGTGAGCAGA
AAATCCTTTCTGATTTAAAACAATATATGCATGAAGGTGAGCAGGTGCCTGCAGATTGGAAATCAGACAGA
GCGCACCCTCTTGAAATCGTTAAAGAGTTGCGTAATGCAGTCGATGATCATGTTACAGTAACTTGCGATAT
CGGTTCGCACGCCATTTGGATGTCACGTTATTTCCGCAGCTACGAGCCGTTAACATTAATGATCAGTAAC
GGTATGCAAACACTCGGCGTTGCGCTTCCTTGGGCAATCGGCGCTTCATTGGTGAAACCGGGAGAAAAA
GTGGTTTCTGTCTCTGGTGACGGCGGTTTCTTATTCTCAGCAATGGAATTAGAGACAGCAGTTCGACTAA
AAGCACCAATTGTACACATTGTATGGAACGACAGCACATATGACATGGTTGCATTCCAGCAATTGAAAAAA
TATAACCGTACATCTGCGGTCGATTTCGGAAATATCGATATCGTGAAATATGCGGAAAGCTTCGGAGCAA
CTGGCTTGCGCGTAGAATCACCAGACCAGCTGGCAGATGTTCTGCGTCAAGGCATGAACGCTGAAGGTC
CTGTCATCATCGATGTCCCGGTTGACTACAGTGATAACATTAATTTAGCAAGTGACAAGCTTCCGAAAGAA
TTCGGGGAACTCATGAAAACGAAAGCTCTCTAG
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Supplementary method: protocal of B. subtilis transforming

Protocal:

1)

2 ml SPI culture were inoculated overnight from a fresh colony at 37 °C in a 14 mL disposable tube, with

220 rpm shaking.

2) The following morning, 40uL of the culture was diluted with 2 ml fresh SPI and continued incubation at
37 °C with 220 rpm shaking for 4-5 h.

3) 200 L of the culture was mixed with 2mL fresh SPIl with continued incubation at 37 °C for additional 1.5-
2h.

4) 20uL EGTA (10mM) was added into the culture, and the competent cells was obtained after additional 10
min shake cultivation.

5) 500uL of the competent cells was divided into 1.5 mL sterile tubes, and then incubated at 37 °C for 1.5-2
h after adding 0.5-2 yg DNA into every tube.

6) After centrifuged (4500g) for 2 min, the cell pellet was gently resuspended in 150-200 uL of the saved
supernatant and then plated onto LB agar plates with selective antibiotic(s).

Medias:

a) Every 2mL SPI contains 980 uL SPI-A, 980 uL SPI-B, 20 uL Glucose (50%), and 20 yL CAYE;

b) Every 2mL SPII contains 1960 pL SPI, 20 yL CaClz (5 mM), and 20 uL MgClz (250mM);

c) SPI-A contains 4 g/L (NH4)2S04, 28 g/L K2HPO4-3H20, 12 g/L KH2PO4, and 2 g/L sodium citrate;

d) SPI-Bwas 0.4 g/L Mg2S04-7H20;

e) CAYE contains 20 g/L casamino acid and 100 g/L yeast extract;

f)  SPI-A, SPI-B, 50% Glucose, CAYE, 5 mM CaClz, 250mM MgClz, and 10 mM EGTA (adjusting pH to 8.0

by NaOH) were sterilized at 121 °C for 15 min separately.

14



Supplementary materials

] ] ] §
e > > é
—_ —_ _ ¥
pamy — fam El
@ - @ 1 @ - :
L 5 L 4 L =
Q4 #- O @ s s Q3
£ = =
i i
Y T T T T T Er T ] 1 1
D GFP GFP
10° 2 0=
1 P2 f o
I
< < z
3 >
1 10° =
LR | L |
-IEI3 9 -1\]3 9
!‘ilﬂl;u":ln‘ m‘iﬂd o ]1U5 rl‘ilt;;m”;“””"lms o ”m‘iﬂA. ‘”m‘lm&l —I;‘D‘;I‘“"('llulmllms o .I"I‘iﬂdl ”I"HIWE'v 1 mM GIGN
FSC-A FSC-A 88C-A

Figure S1. Flow cytometry analysis of negtive sample (A) and single positive samples of GFP (B) and mCherry

(C). (D) The gates used in flow cytometry analysis to reduce false events.
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Figure S2. Expression properties of Pvgs, Pgama, Psg, and Psq2 over times.
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Figure S3. Intracellular GIcN6P concentration measured by LCMS. (A) Relationship between the

extracellular GIcN added into the media and the intracellular GIcN6P. (B) The variation tendency of intracellular

GIcNG6P in the engineered strains. All data were the average of three independent studies with standard

deviations.
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Figure S4. GIcN6P biosensors mediated transcription activation. (A) The dose-dependent property of the
GIcNGP biosensors to GIcN6P in strain BS02 (B. subtilis 168AnagBAgamA). (B) The dose-dependent property

of the GIcNG6P biosensors in minimal media. (C) Effects of GamR expression on the biosensor response. All

data were the average of three independent studies with standard deviations.
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Figure S5. Evaluation the toxicity of dCas9 in the repression cascade. (A) Effect of dCas9 expression on

cell growth. ODsoo was measured at 20h. Intracellular accumulation of GIcN6P is weakly toxic to the cell, but

there is no difference in growth between strain expressing dCas9 and a control without dCas9. (B) FSC-A/SSC-

A distribution of strain expressing dCas9 and a control without dCas9 were measured by flow cytometry. (C)

Microscopic images of strain expressing dCas9 and a control without dCas9. The scale bars are 2 ym.
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Figure S8. Relative transcription expression levels of the regulated genes to the reference gene rpsJ.

All data were the average of three independent studies with standard deviations.
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Figure S9. Dynamic regulation of GIcNAc synthesis by the GIcN6P biosensors. CK: control strain that only
possessed dCas9 without sgRNAs. ST: statically upregulating ptsG and pgi (The promoters of ptsG and pgi in
strain BNYO were both replaced with P43, and GNA1 was expressed by Py, Pygs, Pgama, and Psg2, respectively.)

All data were the average of three independent studies with standard deviations.
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Figure S10. Plasmid stability of cultures over time span in strains BNDR0O0O and BNDR022.
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