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Table S1 Theoretical size (bp) of each PCR product generated with the primer combinations used in the multiple-PCR analysis

	Templates
	Primer combinations

	
	LO/RO
	P32Rec/TerRec
	PZRec/TerRec
	LF/LR

	NZ9000
	2660
	-
	-
	-

	NZB
	5124
	-
	2464
	2004

	1.3k-NZ
	3977
	1317
	-
	-

	2.2k-NZ
	4823
	2163
	-
	-

	3.8k-NZ
	6516
	3856
	-
	-

	7.3k-NZ
	9937
	7277
	-
	-

	14.6k-NZ
	14620
	-
	17280
	-


Table S2 Bacterial strains and plasmids used in this study.
	Strain
	Characteristics
	Source

	L. lactis 1.3k-NZ
	Derivative of NZB; containing 1317 bp heterologous DNA fragment (P32::PnisZ::mcherry::Ter) instead of PnisZ::lacZ::terminator
	This study

	L. lactis 2.2k-NZ
	Derivative of NZB; containing 2163 bp heterologous DNA fragment (P32::PnisZ::mcherry::nsr::Ter) instead of PnisZ::lacZ::terminator
	This study

	L. lactis 3.8k-NZ
	Derivative of NZB; containing 3856 bp heterologous DNA fragment (P32::PnisZ::sp310m2::sct::pam::nsr::Ter) instead of PnisZ::lacZ::terminator
	This study

	L. lactis 7.3k-NZ
	Derivative of NZB; containing 7277 bp heterologous DNA fragment (P32::PnisZ::luxCDABE::nsr::Ter) instead of PnisZ::lacZ::terminator
	This study

	L. lactis 14.6k-NZ
	Derivative of NZB; containing 14620 bp heterologous DNA fragment (PnisZ::viaB::nsr::Ter) instead of PnisZ::lacZ::terminator
	This study

	Plasmids

	pJW-1.3
	L. lactis Ts vector for heterologous DNA fragment knock-in; derivative of pJW; containing 1317 bp heterologous DNA fragment (P32::PnisZ::mcherry::Ter); Apr, Emr
	This study

	pJW-2.2
	L. lactis Ts vector for heterologous DNA fragment knock-in; derivative of pJW; containing 2163 bp heterologous DNA fragment (P32::PnisZ::mcherry::nsr::Ter); Apr, Emr
	This study

	pJW-3.8
	L. lactis Ts vector for heterologous DNA fragment knock-in; derivative of pJW; containing 3856 bp heterologous DNA fragment (P32::PnisZ::sp310m2::sct::pam::nsr::Ter); Apr, Emr
	This study

	pJW-7.3
	L. lactis Ts vector for heterologous DNA fragment knock-in; derivative of pJW; containing 7277 bp heterologous DNA fragment (P32::PnisZ::luxCDABE::nsr::Ter); Apr, Emr
	This study

	pJW-14.6
	L. lactis Ts vector for heterologous DNA fragment knock-in; derivative of pJW; containing 14620 bp heterologous DNA fragment (PnisZ::viaB::nsr::Ter); Apr, Emr
	This study


Abbreviations: Apr, ampicillin resistant; Emr, erythromycin resistant; Ts, temperature-sensitive. P32, promoter (accession no. M24764.1); PnisZ, promoter (accession no. Y13384.1); Ter, terminator from plasmid pMG36e (1


[ ADDIN EN.CITE ]
); mcherry, fluorescent protein (accession no. KF790910.1); nsr, nisin resistance gene (accession no. U25181.1); sp310m2, signal peptide from NZ9000 (2


[ ADDIN EN.CITE ]
); sct, salmon calcitonin (accession no. XP_010888827.1); pam, peptidylglycine alpha-amidating monooxygenase from Homo sapiens (accession no. XM_017009510.1); luxCDABE, lux operon from Vibrio harveyi (accession no. JF420888.1); viaB, Vi polysaccharide synthesis operon from Salmonella enterica (AE014613.1).
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Fig. S1 Construction of pJW. Abbreviations: His, internal sequence of histidine operon from L. lactis, integration site of heterologous genes; Ts Ori, temperature-sensitive replicon from pCrePA2; Ori, replicon from pUC18; MCS, multiple clone site; Emr, erythromycin resistance gene; Apr, ampicillin resistance gene.
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Fig. S2 Construction of pJW-PZLT. Abbreviations: His, internal sequence of histidine operon from L. lactis, knock-in site of heterologous gene; Hisa and Hisb, parts of His, homologous arms for homologous gene; Ts Ori, temperature-sensitive replicon from pCrePA2; Ori, replicon from pUC18; Ori of pMG36e, replicon of pMG36e; P32, PnisZ, promoter; lacZ, β-galactosidase from Lactobacillus acidophilus; MCS, multiple clone site; Ter, terminator from pMG36e; Emr, erythromycin resistance gene from pCrePA2; EmrC, erythromycin resistance gene of pMG36e; Apr, ampicillin resistance gene.
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Fig. S3. Schematic of the construction of NZB. A). Plasmid pJW-PZLT was introduced into NZB at 30 °C. B). Plasmid integration into the genome by single-crossover recombination was selected at 38.5 °C with erythromycin. The single-crossover recombination event occurred in either Hisa region or Hisb region (not shown in the schematic). C). At 25 °C without antibiotic, the plasmid region in genome was excise by double-crossover recombination. Excision through region i). restored the parental genome, whereas excision through region ii). led to the NZB genome. Abbreviations: Hisa, Hisb, parts of His; Ts Ori, temperature-sensitive replicon from pCrePA2; Ori, replicon from pUC18; PnisZ, promoter PnisZ; lacZ, β-galactosidase from Lactobacillus acidophilus; Ter, terminator from pMG36e; Emr, erythromycin resistance gene; Apr, ampicillin resistance gene.
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