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Table S1 The plasmids applied and constructed in this study
	Plasmids
	Description (Origin, Antibiotic marker, Promotors and Operons)
	References

	pPe4F
	p15A, Chl, PT7, PeTS-4-EcFPPS
	[1]

	pRE57I-GNAc
	ColE1, Amp, Ptet, GNAc
	[2]

	pTet-tns
	 ColA, Kan, Ptet, TnsABC
	[2]

	pTetQcas
	ColDF13, SmR, Ptet, TniQ, Cas678
	Lab stored

	pRSFDuet-1
	RSF, Kan, PT7
	Lab stored

	pCDFDuet-1
	ColDF13, SmR, PT7
	Lab stored

	pACYCDuet-1
	p15A, Chl, PT7
	Lab stored

	pRSFparaBAD
	RSF, Kan, ParaBAD, GBD
	Lab stored

	pACYCDuetTrc
	p15A, Chl, PTrc, T5αOH-CPR
	Lab stored

	pACYCDuetT5
	p15A, Chl, PT5, T5αOH-CPR
	Lab stored

	pCWori+
	f1, Amp, PTac, T5αOH-CPR
	Lab stored

	pACYCDuetTrc-DI
	p15A, Chl, PTrc, Dxs-Idi
	This study

	pRE57I-DI
	ColE1, Amp, PTrc, Dxs-RBS-Idi
	This study

	pRSFparaBAD-TI
	RSF, Kan, ParaBAD, PeTS-ispA
	This study

	pCWori+-TI
	f1, Amp, PTac, PeTS-ispA
	This study

	pTet-TI
	ColA, Kan, Ptet, PeTS-ispA
	This study

	pRSFDuet-TI
	RSF, Chl, PTrc, PeTS-ispA
	This study

	pCDFDuet-YI
	ColDF13, SmR, PTrc, PeTS-ispA
	This study

	pRSF-TI
	RSF, Kan, PTrc, PeTS-ispA
	This study

	pCDF-TI
	ColDF13, SmR, PTrc, PeTS-ispA
	This study

	pACYC-TI-1
	p15A, Chl, ParaBAD, PeTS-ispA
	This study

	pACYC-TI-2
	p15A, Chl, Ptet, PeTS-ispA
	This study

	pACYC-TI-3
	p15A, Chl, PTrc, PeTS-ispA
	This study

	pACYC-TI-4
	p15A, Chl, PT5, PeTS-ispA
	This study

	pACYC-TI-5
	p15A, Chl, PTac, PeTS-ispA
	This study

	pACYC-TI-6
	p15A, Chl, PJ23117, PeTS-ispA
	This study

	pACYC-TI-7
	p15A, Chl, PJ23105, PeTS-ispA
	This study

	pACYC-TI-8
	p15A, Chl, PJ23111, PeTS-ispA
	This study

	pACYC-TI-9
	p15A, Chl, PJ23119, PeTS-ispA
	This study

	pACYC-TI-12
	p15A, Chl, PTrc, RBS1-PeTS-ispA
	This study

	pACYC-TI-13
	p15A, Chl, PTrc, RBS2-PeTS-ispA
	This study

	pACYC-TI-14
	p15A, Chl, PTrc, RBS3-PeTS-ispA
	This study

	pACYC-TI-15
	p15A, Chl, PTrc, RBS4-PeTS-ispA
	This study

	pACYC-TI-16
	p15A, Chl, PTrc, RBS5-PeTS-ispA
	This study

	pACYC-TI-17
	p15A, Chl, PTrc, RBS6-PeTS-ispA
	This study

	pACYC-TI-18
	p15A, Chl, PTrc, RBS7-PeTS-ispA
	This study

	pACYC-TI-19
	p15A, Chl, PTrc, RBS8-PeTS-ispA
	This study

	pACYC-TI-20
	p15A, Chl, PTrc, RBS9-PeTS-ispA
	This study

	pACYC-TI-21
	p15A, Chl, PTrc, RBS9-PeTSLinker1ispA
	This study

	pACYC-TI-22
	p15A, Chl, PTrc, RBS9-PeTSLinker2ispA
	This study

	pACYC-TI-23
	p15A, Chl, PTrc, RBS9-PeTSLinker3ispA
	This study

	pACYC-TI-24
	p15A, Chl, PTrc, RBS9-PeTSLinker4ispA
	This study

	pACYC-TI-25
	p15A, Chl, PTrc, RBS9-PeTSLinker5ispA
	This study

	pACYC-TI-26
	p15A, Chl, PTrc, RBS9-PeTSLinker6ispA
	This study

	pACYC-TI-27
	p15A, Chl, PTrc, RBS9-PeTSLinker7ispA
	This study

	pACYC-TI-28
	p15A, Chl, PTrc, RBS9-PeTSLinker8ispA
	This study

	pACYC-TI-29
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA
	This study

	pACYC-TIZG-30
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA-Zwf-Gnd
	This study

	pACYC-TIEE-31
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA-Edd-Eda
	This study

	pACYC-TII-32
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA-Icd
	This study

	pACYC-TIM-33
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA-meaA
	This study

	pACYC-TIP-34
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA-pntAB
	This study

	pACYC-TIU-35
	p15A, Chl, PTrc, RBS9-PeTSLinker9ispA-udhA
	This study

	pACYC-TIZG-36
	p15A, Chl, PTrc, RBS9-L352F/E207PLinker9ispA-Zwf-Gnd
	This study


Amp, Ampicillin; Kan, kanamycin; Chl, chloramphenicol; SmR, Streptomycin.

Table S2 The strains applied and constructed in this study
	Strains
	Genotype Description

	M0-1
	E. coli K-12 MG1655, pACYC-TI-1

	M0-2
	E. coli K-12 MG1655, pACYC-TI-2

	M0-3
	E. coli K-12 MG1655, pACYC-TI-3

	M0-4
	E. coli K-12 MG1655, pACYC-TI-4

	M0-5
	E. coli K-12 MG1655, pACYC-TI-5

	M0-6
	E. coli K-12 MG1655, pACYC-TI-6

	M0-7
	E. coli K-12 MG1655, pACYC-TI-7

	M0-8
	E. coli K-12 MG1655, pACYC-TI-8

	M0-9
	E. coli K-12 MG1655, pACYC-TI-9

	M2-1
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-1

	M2-2
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-2

	M2-3
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-3

	M2-4
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-4

	M2-5
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-5

	M2-6
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-6

	M2-7
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-7

	M2-8
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-8

	M2-9
	E. coli K-12 MG1655(Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi), pACYC-TI-9

	M4-1
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-1

	M4-2
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-2

	M4-3
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-3

	M4-4
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-4

	M4-5
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-5

	M4-6
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-6

	M4-7
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-7

	M4-8
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-8

	M4-9
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi), pACYC-TI-9

	M6-1
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-1

	M6-2
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-2

	M6-3
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-3

	M6-4
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-4

	M6-5
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-5

	M6-6
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-6

	M6-7
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-7

	M6-8
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-8

	M6-9
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-9

	M7-1
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-1

	M7-2
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-2

	M7-3
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-3

	M7-4
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-4

	M7-5
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-5

	M7-6
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-6

	M7-7
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-7

	M7-8
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-8

	M7-9
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-9

	M6-10
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pCDF-TI

	M6-11
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pRSF-TI

	M6-12
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-12

	M6-13
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-13

	M6-14
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-14

	M6-15
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-15

	M6-16
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-16

	M6-17
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-17

	M6-18
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-18

	M6-19
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-19

	M6-20
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-20

	M6-21
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-21

	M6-22
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-22

	M6-23
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-23

	M6-24
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-24

	M6-25
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-25

	M6-26
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-26

	M6-27
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-27

	M6-28
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-28

	M6-29
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TI-29

	M6-30
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TIZG-30

	M6-31
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TIEE-31

	M6-32
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TII-32

	M6-33
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TIM-33

	M6-34
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TIP-34

	M6-35
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TIU-35

	M6-36
	E. coli K-12 MG1655(Site1::Trc-Dxs-Idi, Site3::Trc-Dxs-Idi, Site4::Trc-Dxs-Idi, Site5::Trc-Dxs-Idi, Site6::Trc-Dxs-Idi, Site7::Trc-Dxs-Idi, Site8::Trc-Dxs-Idi,), pACYC-TIZG-36


Site1, rpnC-panC locus (spacer sequence: GCCTGGCTTGGCGATGCTCGCCTGATCGACAA); Site2, tktB-ypfG locus (spacer sequence: GAGAATATTGTGGCAAAAGCGCATAAGGTGCT); Site3, aroG-gpmA locus (spacer sequence: GTCAGAGTGGCGTATCCGATGAATCACCACAG); Site4, yghA-exbD locus (spacer sequence: GCAGAAGTGCACGGCGTGTGCGGCGGCGAGCA); Site5, ompW-yciE locus (spacer sequence: TCGATCCGTGGGTGTTTATGTTCTCAGCAGGA); Site6, hokA-cspA locus (spacer sequence: TTACTTACGGCGTTGCGCATTCTCATTGCACC); Site7, purT-eda locus (spacer sequence: GCATTACTAAGCTGGCGCGTGAAGCTGTAGAA); Site8 rluF-yjbD locus (spacer sequence: GGGGCGTAAAAAGAAGGGGCGCTGATTAACGC)

Table S3 The primers synthesized and applied in this study
	Primer
	Sequence (5’-3’)

	pACYCDuetTrc-DI-g1f
	ATGAGTTTTGATATTGCCAAATACCCGAC

	pACYCDuetTrc-DI-g1r
	ATGTATATCTCCTTCTTATGCCAGCCAGGCCTTGATTTTG

	pACYCDuetTrc-DI-g2f
	GAAGGAGATATACATATGCAAACGGAACACGTCATTTTATTGAATG

	pACYCDuetTrc-DI-g2r
	TTATTTAAGCTGGGTAAATGCAGATAATCGTTTTCTG

	pACYCDuetTrc-DI-vf
	ACCCAGCTTAAATAACATCATCATCATCATCATTGAGTTTAAAC

	pACYCDuetTrc-DI-vr
	AATATCAAAACTCATGGTTTATTCCTCCTTATTTAATCGATAC

	pRE57I-DI-gf
	TTGACAATTAATCATCCGGCTCGTATAATGTG

	pRE57I-DI-gr
	AAAAGGCCATCCGTCAGGATGG

	pRE57I-DI-vf
	GACGGATGGCCTTTTTGCCGTGAAAAAATTATTATTCGCAATTCCAAG

	pRE57I-DI-vr
	ATGATTAATTGTCAACAGCTCATTTCAATTTCGCGGGATC

	pRSFparaBAD-TI-g1f
	ATGGCTCAACAAATGTCACCCG

	pRSFparaBAD-TI-g1r
	ATGTATATCTCCTTCTTAAGCCTTGTAGTCGCTAACACGATG

	pRSFparaBAD-TI-g2f
	GAAGGAGATATACATATGGACTTTCCGCAGCAACTCG

	pRSFparaBAD-TI-g2r
	TTATTTATTACGCTGGATGATGTAGTCCGC

	pRSFparaBAD-TI-vf
	CAGCGTAATAAATAACTGAAACCTCAGGCATTTGAGAAGC

	pRSFparaBAD-TI-vr
	ACATTTGTTGAGCCATGGTATATCTCCTTCTTAAAGTTAAAC

	pCWori+-TI-gf
	ATGGCTCAACAAATGTCACCCG

	pCWori+-TI-gr
	TTATTTATTACGCTGGATGATGTAGTCCGC

	pCWori+-TI-vf
	CAGCGTAATAAATAATCAAACATGAGCAGATCTGAGC

	pCWori+-TI-vr
	CATTTGTTGAGCCATATGACCTCCTAAGCATCGAT

	pTet-TI-gf
	ATGGCTCAACAAATGTCACCCG

	pTet-TI-gr
	TTATTTATTACGCTGGATGATGTAGTCCGC

	pTet-TI-vf
	CAGCGTAATAAATAACGAAGTTGACATCGGGCGAT

	pTet-TI-vr
	CATTTGTTGAGCCATGGTATATCTCCTTATTAAAGTTAAACAAAATTATTTCTAC

	pACYC-TI-3-gf
	ATGGCTCAACAAATGTCACCCG

	pACYC-TI-3-gr
	TTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TI-3-vf
	CAGCGTAATAAATAACATCATCATCATCATCATTGAGTTTAAACG

	pACYC-TI-3-vr
	CATTTGTTGAGCCATGGTTTATTCCTCCTTATTTAATCGATACAT

	pRSF-TI-gf
	TTGACAATTAATCATCCGGCTCGTATAATG

	pRSF-TI-gr
	AAAAGGCCATCCGTCAGGATGG

	pRSF-TI-vf
	GACGGATGGCCTTTTCTGAAACCTCAGGCATTTGAGAAGC

	pRSF-TI-vr
	ATGATTAATTGTCAACAGCTCATTTCAGAATATTTGCCAGAACC

	pCDF-TI-gf
	TTGACAATTAATCATCCGGCTCGTATAATG

	pCDF-TI-gr
	AAAAGGCCATCCGTCAGGATGG

	pCDF-TI-vf
	GACGGATGGCCTTTTCTGAAACCTCAGGCATTTGAGAAG

	pCDF-TI-vr
	ATGATTAATTGTCAAATTAAAGTTAAACAAAATTATTTCTACAGGGG

	pACYC-TI-1-gf
	CCTGCATTAGGAAATTTATGACAACTTGACGGCTACATCATTCACT

	pACYC-TI-1-gr
	ATGATGATGATGATGTTATTTATTACGCTGGATGATGTAGTCCGCTAG

	pACYC-TI-1-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TI-1-vr
	ATTTCCTAATGCAGGAGTCGCATAAGG

	pACYC-TI-2-gf
	CCTGCATTAGGAAATTTAAGACCCACTTTCACATTTAAGTTGTTTTTCTAATCC

	pACYC-TI-2-gr
	ATGATGATGATGATGTTATTTATTACGCTGGATGATGTAGTCCGCTAG

	pACYC-TI-2-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TI-2-vr
	ATTTCCTAATGCAGGAGTCGCATAAGG

	pACYC-TI-4-gf
	ATGGCTCAACAAATGTCACCCG

	pACYC-TI-4-gr
	TTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TI-4-vf
	CAGCGTAATAAATAAGCAGATCTCAATTGGATATCGGC

	pACYC-TI-4-vr
	CATTTGTTGAGCCATAGTTAATTTCTCCTCTTTAATGAATTCTGTGT

	pACYC-TI-5-gf
	TTGACAATTAATCATCGGCTCGTATAATGTGTG

	pACYC-TI-5-gr
	ACTATGGTTGCTTTGACGCTAAGAAACCA

	pACYC-TI-5-vf
	CAAAGCAACCATAGTTGCGTTTCTACAAACTCTTATTTGAGAAGCACA

	pACYC-TI-5-vr
	ATGATTAATTGTCAACAGCTCATTTCAGAATATTTGCCAGAACCG

	pACYC-TI-6-gf
	CCTGCATTAGGAAATTTGACAGCTAGCTCAGTCCTAGGGATTGTACTAGTATGGCTCAACAAATGTCACCCGGA

	pACYC-TI-6-gr
	ATGATGATGATGATGGGTGCCACTTTTTCAAGTTGATAACGGACTAGTTATTTATTACGCTGGATGATGTAGTCCGCTAG

	pACYC-TI-6-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TI-6-vr
	ATTTCCTAATGCAGGAGTCGCATAAGG

	pACYC-TI-7-gf
	CCTGCATTAGGAAATTTTACGGCTAGCTCAGTCCTAGGTACTATACTAGTATGGCTCAACAAATGTCACCCGGA

	pACYC-TI-7-gr
	ATGATGATGATGATGGTGCCACTTTTTCAAGTTGATAACGGACTAGTTATTTATTACGCTGGATGATGTAGTCCGCTAG

	pACYC-TI-7-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TI-7-vr
	ATTTCCTAATGCAGGAGTCGCATAAGG

	pACYC-TI-8-gf
	CCTGCATTAGGAAATTTGACGGCTAGCTCAGTCCTAGGTATAGTACTAGTATGGCTCAACAAATGTCACCCGGA

	pACYC-TI-8-gr
	ATGATGATGATGATGGGTGCCACTTTTTCAAGTTGATAACGGACTAGTTATTTATTACGCTGGATGATGTAGTCCGCTAG

	pACYC-TI-8-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TI-8-vr
	ATTTCCTAATGCAGGAGTCGCATAAGG

	pACYC-TI-9-gf
	CCTGCATTAGGAAATTTGACAGCTAGCTCAGTCCTAGGTATAATACTAGTATGGCTCAACAAATGTCACCCGGA

	pACYC-TI-9-gr
	ATGATGATGATGATGGGTGCCACTTTTTCAAGTTGATAACGGACTAGTTATTTATTACGCTGGATGATGTAGTCCGCTAG

	pACYC-TI-9-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TI-9-vr
	ATTTCCTAATGCAGGAGTCGCATAAGG

	pACYC-TI-12-f
	TTCACACAGGAAACCTACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-12-r
	CTAGTAGGTTTCCTGTGTGAATTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-13-f
	GTCACACAGGAAAGTACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-13-r
	CTAGTACTTTCCTGTGTGACTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-14-f
	AAAGAGGAGAAATACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-14-r
	CTAGTATTTCTCCTCTTTTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-15-f
	TCACACAGGACTACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-15-r
	CTAGTAGTCCTGTGTGATTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-16-f
	GTCACACAGGAAACCTACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-16-r
	CTAGTAGGTTTCCTGTGTGACTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-17-f
	GAAAGAGGGGACAAACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-17-r
	CTAGTTTGTCCCCTCTTTCTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-18-f
	GAAAGAGGGGAAATACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-18-r
	CTAGTATTTCCCCTCTTTCTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-19-f
	ATTAAAGAGGAGAATACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-19-r
	CTAGTATTCTCCTCTTTAATTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-20-f
	ATTAAAGAGGAGAAATACTAGATGGCTCAACAAATGTCACCCGG

	pACYC-TI-20-r
	CTAGTATTTCTCCTCTTTAATTTAATTTTTAATAATAAAGTTAATCGATAATTCCGGTCGAGTGCCCAC

	pACYC-TI-21-f
	GGCTGGCGGCGGCGGCTCGGGCGGCGGCGGCTCGGGCGGCGGCGGCTCGATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-21-v
	CCATCGAGCCGCCGCCGCCCGAGCCGCCGCCGCCCGAGCCGCCGCCGCCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-22-f
	GGCTGGCGGCGGCGGCGGCGGCATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-22-v
	CCATGCCGCCGCCGCCGCCGCCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-23-f
	GGCTGGCGGCGGCGGCTCGATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-23-v
	CCATCGAGCCGCCGCCGCCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-24-f
	GGCTGGTTCTACCGGTTCTATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-24-v
	CCATAGAACCGGTAGAACCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-25-f
	GGCTGGCTCGGGCGGCTCGGGCGGCTCGGGCATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-25-v
	CCATGCCCGAGCCGCCCGAGCCGCCCGAGCCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-26-f
	GGCTGGTTCTACCGGTTCTGGTTCTACCGGTTCTATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-26-v
	CCATAGAACCGGTAGAACCAGAACCGGTAGAACCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-27-f
	GGCTGGCGGCGGCGGCGGCGGCGGCGGCATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-27-v
	CCATGCCGCCGCCGCCGCCGCCGCCGCCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-28-f
	GGCTGGTTCTACCGGTTCTGGTTCTACCGGTTCTGGTTCTACCGGTTCTATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-28-v
	CCATAGAACCGGTAGAACCAGAACCGGTAGAACCAGAACCGGTAGAACCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TI-29-f
	GGCTGGCTCGGGCGGCTCGGGCGGCTCGGGCGGCTCGGGCATGGACTTTCCGCAGCAACTCGAAG

	pACYC-TI-29-v
	CCATGCCCGAGCCGCCCGAGCCGCCCGAGCCGCCCGAGCCAGCCTTGTAGTCGCTAACACGATGC

	pACYC-TIZG-30-g1f
	AATAAGAAGGAGATATACATATGTCCAAGCAACAGATCGGCGTAG

	pACYC-TIZG-30-g1r
	GCCATATGTATATCTCCTTCTTAATCCAGCCATTCGGTATGGAACAC

	pACYC-TIZG-30-g2f
	ATTAAGAAGGAGATATACATATGGCGGTAACGCAAACAGCCC

	pACYC-TIZG-30-g2r
	ATGATGATGATGATGTTACTCAAACTCATTCCAGGAACGACCATCACGG

	pACYC-TIZG-30-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TIZG-30-vr
	TATGTATATCTCCTTCTTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TIEE-31-gf
	AATAAGAAGGAGATATACATATGAATCCACAATTGTTACGCGTAACAAATCG

	pACYC-TIEE-31-gr
	ATGATGATGATGATGTTACAGCTTAGCGCCTTCTACAGCTTCAC

	pACYC-TIEE-31-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TIEE-31-vr
	TATGTATATCTCCTTCTTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TII-32-gf
	AATAAGAAGGAGATATACATATGGAAAGTAAAGTAGTTGTTCCGGCAC

	pACYC-TII-32-gr
	ATGATGATGATGATGATGTTACATGTTTTCGATGATCGCGTCACCAA

	pACYC-TII-32-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TII-32-vr
	TATGTATATCTCCTTCTTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TIM-33-gf
	AATAAGAAGGAGATATACATATGGAACCAAAAACAAAAAAACAGCGTT

	pACYC-TIM-33-gr
	ATGATGATGATGATGATGTTAGATGGAGGTACGGCGGTAGTCG

	pACYC-TIM-33-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TIM-33-vr
	TATGTATATCTCCTTCTTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TIP-34-gf
	AATAAGAAGGAGATATACATATGCGAATTGGCATACCAAGAGAACG

	pACYC-TIP-34-gr
	ATGATGATGATGATGTTACAGAGCTTTCAGGATTGCATCCACG

	pACYC-TIP-34-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TIP-34-vr
	TATGTATATCTCCTTCTTATTTATTACGCTGGATGATGTAGTCCGC

	pACYC-TIU-35-gf
	AATAAGAAGGAGATATACATATGCCACATTCCTACGATTACGATGC

	pACYC-TIU-35-gr
	ATGATGATGATGATGTTAAAACAGGCGGTTTAAACCGTTTAACG

	pACYC-TIU-35-vf
	CATCATCATCATCATCATTGAGTTTAAACGGTC

	pACYC-TIU-35-vr
	TATGTATATCTCCTTCTTATTTATTACGCTGGATGATGTAGTCCGC

	N76D-f
	GACGTCGTGTTTGACAGCGAAATCGAGAATG

	N76D-r
	CGATTTCGCTGTCAAACACGACGTCCAAATC

	S77K-f
	GGACGTCGTGTTTAACAAGGAAATCGAGAATGAAC

	S77K-r
	CTCGATTTCCTTGTTAAACACGACGTCCAAATCCG

	E82R-f
	CGAGAATAGACTGGCTGTGGACATCTGTGAG

	E82R-r
	GTCCACAGCCAGTCTATTCTCGATTTCGCTG

	V85R-f
	GAACTGGCTAGGGACATCTGTGAGTGGCG

	V85R-r
	CACTCACAGATGTCCCTAGCCAGTTCATTCTCG

	V85Q-f
	GAACTGGCTCAGGACATCTGTGAGTGGCG

	V85Q-r
	CACTCACAGATGTCCTGAGCCAGTTCATTCTCG

	C88Q-f
	GTGGACATCCAGGAGTGGCGTTTTTTCCCGTG

	C88Q-r
	CGCCACTCCTGGATGTCCACAGCCAGTTCATTC

	P94Q-f
	GGCGTTTTTTCCAGTGTTTTAGCGAATCG

	P94Q-r
	CGCTAAAACACTGGAAAAAACGCCACTCAC

	S99K-f
	CCGTGTTTTAGCGAAAAGCTCAAGCGCC

	S99K-r
	GGCGCTTGAGCTTTTCGCTAAAACACGGG

	R102K-f
	CGAATCGCTCAAGAAGCTGGCAATTAGCATGAGTAG

	R102K-r
	CTACTCATGCTAATTGCCAGCTTCTTGAGCGATTCG

	S111C-f
	GCATGAGTAGATTGTGCTCTCTGCAAATTG

	S111C-r
	GCAGAGAGCACAATCTACTCATGCTAATTGCC

	T123I-f
	CGCCGTATCCTGCTGCACCACCAC

	T123I-r
	GCAGCAGGATACGGCGCTCGTAGCTC

	T123V-f
	CGCCGTGTCCTGCTGCACCACCAC

	T123V-r
	GCAGCAGGACACGGCGCTCGTAGCTC

	L145Y-f
	CTCCCGTTGTACGGCCTGCACGATACCATGG

	L145Y-r
	CGTGCAGGCCGTACAACGGGAGGCG

	R153K-f
	GCACGATACCATGGAGAAGAAATACCTGGAGAACCTG

	R153K-r
	CCAGGTATTTCTTCTCCATGGTATCGTGCAGGCC

	K154V-f
	CCATGGAGCGTGTATACCTGGAGAACCTGAAG

	K154V-r
	GTTCTCCAGGTATACACGCTCCATGGTATCGTG

	Y155F-f
	GGAGCGTAAATTCCTGGAGAACCTGAAGAAC

	Y155F-r
	GGTTCTCCAGGAATTTACGCTCCATGGTATC

	Y155H-f
	GAGCGTAAACACCTGGAGAACCTGAAGAAC

	Y155H-r
	GGTTCTCCAGGTGTTTACGCTCCATGGTATC

	Y155S-f
	GGAGCGTAAATCCCTGGAGAACCTGAAGAAC

	Y155S-r
	GTTCTCCAGGGATTTACGCTCCATGGTATC

	N158A-f
	CCTGGAGGCCCTGAAGAACATCACCATGGACC

	N158A-r
	GTTCTTCAGGGGCTCCAGGTATTTACGCTCCATG

	N158G-f
	CCTGGAGGGCCTGAAGAACATCACCATGGACC

	N158G-r
	GTTCTTCAGGCCCTCCAGGTATTTACGCTCCATG

	N158D-f
	CCTGGAGGACCTGAAGAACATCACCATGGAC

	N158D-r
	GTTCTTCAGGTCCTCCAGGTATTTACGCTCC

	L159M-f
	CCTGGAGAACATGAAGAACATCACCATGGAC

	L159M-r
	GGTGATGTTCTTCATGTTCTCCAGGTATTTACGC

	L159A-f
	CCTGGAGAACGCGAAGAACATCACCATGGACCTG

	L159A-r
	GGTGATGTTCTTCGCGTTCTCCAGGTATTTACGCTC

	L159F-f
	CCTGGAGAACTTCAAGAACATCACCATGGACCTG

	L159F-r
	GGTGATGTTCTTGAAGTTCTCCAGGTATTTACGCTCC

	K160R-f
	GGAGAACCTGAGGAACATCACCATGGAC

	K160R-r
	CCATGGTGATGTTCCTCAGGTTCTCCAGG

	K160Q-f
	GGAGAACCTGCAGAACATCACCATGGAC

	K160Q-r
	CCATGGTGATGTTCTGCAGGTTCTCCAG

	N161S-f
	CCTGAAGAGCATCACCATGGACCTGC

	N161S-r
	CCATGGTGATGCTCTTCAGGTTCTCCAGG

	N161G-f
	CCTGAAGGGCATCACCATGGACCTGCCGATC

	N161G-r
	GGTCCATGGTGATGCCCTTCAGGTTCTCCAGG

	N161D-f
	CCTGAAGGACATCACCATGGACCTGC

	N161D-r
	CCATGGTGATGTCCTTCAGGTTCTCCAGG

	T163V-f
	GAAGAACATCGTCATGGACCTGCCGATCGAAG

	T163V-r
	CGGCAGGTCCATGACGATGTTCTTCAGGTTC

	T163M-f
	GAAGAACATCATGATGGACCTGCCGATCGAAGATC

	T163M-r
	CGGCAGGTCCATCATGATGTTCTTCAGGTTCTC

	M164R-f
	GAAGAACATCACCAGGGACCTGCCG

	M164R-r
	GATCGGCAGGTCCCTGGTGATGTTCTTC

	N172M-f
	CGAAGATCTGATGCAGTACAAAGGCATCTGCCC

	N172M-r
	CAGATGCCTTTGTACTGCATCAGATCTTCGATCGG

	Y174F-f
	GATCTGAACCAGTTCAAAGGCATCTGCCC

	Y174F-r
	GATGCCTTTGAACTGGTTCAGATCTTCGATCG

	L187I-f
	CTGCAAGTTGCGATCGACGTTCAACGTATTCTG

	L187I-r
	CGTTGAACGTCGATCGCAACTTGCAGCAAATC

	D188L-f
	GTTGCGCTGCTCGTTCAACGTATTCTGGCG

	D188L-r
	GAATACGTTGAACGAGCAGCGCAACTTGCAG

	L193M-f
	CGTTCAACGTATTATGCGGAAGACCTGATGCCG

	L193M-r
	CTTCCGCCATAATACGTTGAACGTCCAG

	L193A-f
	CGTTCAACGTATTGCGGCGGAAGACCTGATGC

	L193A-r
	CTTCCGCCGCAATACGTTGAACGTCCAGCG

	L193F-f
	CGTTCAACGTATTTTCGCGGAAGACCTGATGCC

	L193F-r
	CTTCCGCGAAAATACGTTGAACGTCCAGCG

	L197M-f
	CGGAAGACATGATGCCGCTGAAGC

	L197M-r
	GCGGCATCATGTCTTCCGCCAGAATAC

	L197A-f
	CGGAAGACGCGATGCCGCTGAAGCGC

	L197A-r
	CTTCAGCGGCATCGCGTCTTCCGCCAGAATAC

	L197F-f
	CGGAAGACTTCATGCCGCTGAAGCGC

	L197F-r
	GCTTCAGCGGCATGAAGTCTTCCGCCAG

	A203K-f
	GCTGAAGCGCAAGCTGCTGGAGGAATC

	A203K-r
	GGATTCCTCCAGCAGCTTGCGCTTCAGC

	E207P-f
	GCTGCTGGAGCCATCCCATGTTCAAAAGTGCTC

	E207P-r
	CATGGGATGGCTCCAGCAGCGCGCGC

	K212L-f
	CCCATGTTCAATTGTGCTCCGAAACCCTTTGC

	K212L-r
	GGGTTTCGGAGCACAATTGAACATGGGATTCC

	S214I-f
	GTTCAAAAGTGCATCGAAACCCTTTGCTTGTTC

	S214I-r
	GGGTTTCGATGCACTTTTGAACATGGGATTCCTC

	E215D-f
	GTGCTCCGATACCCTTTGCTTGTTCTTTG

	E215D-r
	CAAGCAAAGGGTATCGGAGCACTTTTGAAC

	T346P-f
	GCGCGTATCCGCCACTGTGTAAACAGC

	T346P-r
	CACAGTGGCGGATACGCGCTCATG

	L352F-f
	CTGTGTAAACAGTTCTACCAGGAGATCCTCAAATTCGTG

	L352F-r
	GAGGATCTCCTGGTAGAACTGTTTACACAGTGGC




Table S4. List of RBS used in this study.
	RBS
	DNA sequence
	translation initiation rate (a.u.)

	RBS1
	TTCACACAGGAAACCTACTAG
	517

	RBS2
	GTCACACAGGAAAGTACTAG
	908

	RBS3
	AAAGAGGAGAAATACTAG
	14300

	RBS4
	TCACACAGGACTACTAG
	1309

	RBS5
	GTCACACAGGAAACCTACTAG
	1890

	RBS6
	GAAAGAGGGGACAAACTAG
	4735

	RBS7
	GAAAGAGGGGAAATACTAG
	5102

	RBS8
	ATTAAAGAGGAGAATACTAG
	7845

	RBS9
	ATTAAAGAGGAGAAATACTAG
	6992




Table S5. List of Linkers used in this study.
	Linker
	Protein sequence

	Linker1
	(ggggs)3

	Linker2
	(gly)6

	Linker3
	ggggs

	Linker4
	gstgs

	Linker5
	gsggsggsg

	Linker6
	(gstgs)2

	Linker7
	(gly)8

	Linker8
	(gstgs)3

	Linker9
	gsggsggsggsg




Supplementary Figures
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[bookmark: _Hlk135262117]Supplementary Figure 1: SDS-PAGE analysis of soluble PeTS in RBS variants. S:  supernatant; P: precipitation. Target proteins were marked with pink arrows (PeTS: 44.8 kDa)
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Supplementary Figure 2: The three-dimensional structure of PeTS. 3 × Mg2+ were shown as purple ball. Substrate FPP was shown as green stick and pyrophosphate group was shown as orange stick. Two optimal mutation sites, E207 and L352 were shown as pink sticks. The targeted surface residues subjected to mutagenesis was highlighted as pink surface region.
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[bookmark: _Hlk148139766]Supplementary Figure 3: One-factor-at-a-time optimization of the fermentation conditions in strain M6-36. Parameters including induction temperature, inducer concentration, carbon source type, and carbon source concentration.
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