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Supplementary Table S1
Strains and plasmids using in this study.
	Strains/plasmids
	Characteristics
	Source

	Strains
	
	

	E. coli DH5α
	Cloning host, supE44 ∆lacU169 (f80lacZ∆M15) hsdR17 recA1 endA1 gyrA96 thi relA1
	Lab stock

	C. glutamicum
	
	

	Wild type (WT)
	C. glutamicum ATCC 13032T
	KACC

	ALBINO
	WT derivative, ΔcrtE ΔcrtB ΔcrtI ΔcrtEb ΔcrtYe/f
	This study

	FPP
	ALBINO derivative, ΔidsA containing gene ispAE. coli
	This study

	FPP-P
	FPP derivative, ΔpoxB
	This study

	FPP-L
	FPP derivative, ΔldhA
	This study

	FPP-PL
	FPP derivative, ΔpoxB ΔldhA
	This study

	FPPR
	FPP derivative, Psod promoter introduction upstream of ribK
	This study

	FPPR-P
	FPP-P derivative, Psod promoter introduction upstream of ribK
	This study

	FPPR-L
	FPP-L derivative, Psod promoter introduction upstream of ribK
	This study

	FPPR-PL
	FPP-PL derivative, Psod promoter introduction upstream of ribK
	This study

	DIA1
	Kanr, FPP containing pDIA1
	This study

	DIA2
	Kanr, FPP containing pDIA2
	This study

	DIA3
	Kanr, FPP containing pDIA3
	This study

	DIA4
	Kanr, FPP containing pDIA4
	This study

	DIA5
	Kanr, FPP containing pDIA5
	This study

	DIA6
	Kanr, FPP containing pDIA6
	This study

	DIA7
	Kanr, FPP containing pDIA7
	This study

	DIA8
	Kanr, FPP containing pDIA8
	This study

	DIA9
	Kanr, FPP containing pDIA9
	This study

	DIA10
	Kanr, FPP containing pDIA10
	This study

	DIA11
	Kanr, FPP containing pDIA11
	This study

	DIA12
	Kanr, FPP containing pDIA12
	This study

	DIA13
	Kanr, FPP containing pDIA13
	This study

	DIA14
	Kanr, FPP containing pDIA14
	This study

	DIA15
	Kanr, FPP containing pDIA15
	This study

	DIA16
	Kanr, FPP containing pDIA16
	This study

	DIA4.1
	Kanr, FPP containing pDIA4.1
	This study

	DIA4.2
	Kanr, FPP containing pDIA4.2
	This study

	DIA4.3
	Kanr, FPP containing pDIA4.3
	This study

	DIA4.4
	Kanr, FPP containing pDIA4.4
	This study

	DIA4.5
	Kanr, FPP containing pDIA4.5
	This study

	DIA4.20
	Kanr, FPPR containing pDIA4.2
	This study

	DIA4.21
	Kanr, FPPR-P containing pDIA4.2
	This study

	DIA4.22
	Kanr, FPPR-L containing pDIA4.2
	This study

	DIA4.23
	Kanr, FPPR-PL containing pDIA4.2
	This study

	Plasmids
	
	

	pK19mobsacB
	Suicide vector, chromosomal integration/deletion in C. glutamicum, pMB1 oriVE. coli, oriT (RP4mob), lacZα, sacBB. subtilis, Kanr
	[1]

	pK19mobsacB-∆crtOP
	pK19mobsacB derivative, deletion of the crtE, crtB, crtI, crtEb, and crtYe/f genes
	This study

	pK19mobsacB-∆idsA::ispA
	pK19mobsacB derivative, substitution of the idsA to ispA gene
	This study

	[bookmark: _Hlk191057508]pK19mobsacB-∆poxB
	pK19mobsacB derivative, deletion of the poxB gene
	This study

	[bookmark: _Hlk191057515]pK19mobsacB-∆ldhA
	pK19mobsacB derivative, deletion of the ldhA gene
	This study

	pK19mobsacB-PsodribK
	pK19mobsacB derivative, insertion of the Psod promoter into ribK region 
	This study

	pBFE22
	pXMJ19 derivative, constitutive gene expression vector in C. glutamicum, Hsp60, pK18 oriVE. coli, pBL1 oriVC. glutamicum, Kanr
	This study

	pDIA1
	pBFE22 derivative, containing gene crtMMb. flavus and crtNMb. flavus, Kanr
	This study

	pDIA2
	pBFE22 derivative, containing gene crtMMb. flavus and crtNP. aurantius, Kanr
	This study

	pDIA3
	pBFE22 derivative, containing gene crtMMb. flavus and crtNP. allorhizoplanae, Kanr
	This study

	pDIA4
	pBFE22 derivative, containing gene crtMMb. flavus and crtNL. plantarum, Kanr
	This study

	pDIA5
	pBFE22 derivative, containing gene crtMP. aurantius and crtNMb. flavus, Kanr
	This study

	pDIA6
	pBFE22 derivative, containing gene crtMP. aurantius and crtNP. aurantius, Kanr
	This study

	pDIA7
	pBFE22 derivative, containing gene crtMP. aurantius and crtNP. roseopurpureus, Kanr
	This study

	pDIA8
	pBFE22 derivative, containing gene crtMP. aurantius and crtNL. plantarum, Kanr
	This study

	pDIA9
	pBFE22 derivative, containing gene crtMP. allorhizoplanae and crtNMb. flavus, Kanr
	This study

	pDIA10
	pBFE22 derivative, containing gene crtMP. allorhizoplanae and crtNP. aurantius, Kanr
	This study

	pDIA11
	pBFE22 derivative, containing gene crtMP. allorhizoplanae and crtNP. roseopurpureus, Kanr
	This study

	pDIA12
	pBFE22 derivative, containing gene crtMP. allorhizoplanae and crtNL. plantarum, Kanr
	This study

	pDIA13
	pBFE22 derivative, containing gene crtML. plantarum and crtNMb. flavus, Kanr
	This study

	pDIA14
	pBFE22 derivative, containing gene crtML. plantarum and crtNP. aurantius, Kanr
	This study

	pDIA15
	pBFE22 derivative, containing gene crtML. plantarum and crtNP. roseopurpureus, Kanr
	This study

	pDIA16
	pBFE22 derivative, containing gene crtML. plantarum and crtNMb. flavus, Kanr
	This study

	pDIA4.1
	pDIA4 derivative, containing Ptuf-crtN L. plantarum
	This study

	pDIA4.2
	pDIA4 derivative, containing Psod-crtN L. plantarum
	This study

	pDIA4.3
	pDIA4 derivative, containing PilvC-crtN L. plantarum
	This study

	pDIA4.4
	pDIA4 derivative, containing PgapA-crtN L. plantarum
	This study

	pDIA4.5
	pDIA4 derivative, containing Ppgk-crtN L. plantarum
	This study



	
Supplementary Table S2
Primer sequences using in this study.
	Primer
	Sequence (5' to 3')
	Source

	Genome manipulation
	
	

	crtOP_A
	GCAGGTCGACTCTAGAGGATCCCCTAGCTCCATATAACGTGCCG
	This study

	crtOP_B
	CCCATCCACTAAACTTAAACAGATTGTCATGCCATTGTCCAT
	This study

	crtEb_C
	TGTTTAAGTTTAGTGGATGGGACGATACTGCTAATAGCAATTCATCAGATATAA
	This study

	crtEb_D
	CCAGTGAATTCGAGCTCGGTACCCATGTGTGGGAGGCTTCGC
	This study

	idsA_A
	GCAGGTCGACTCTAGAGGATCCCCCTCTTCGCGAGTGTGGTTAAC
	This study

	idsA_BispA
	CGAGTTGCTGCGGAAAGTCCATGGTCATGGGCATCGAAACTGCTCAA
	This study

	idsA_CispA
	ATCATCCAGCGTAATAAATAATCAACCGAACGTCGGATGTAG
	This study

	idsA_D
	CCAGTGAATTCGAGCTCGGTACCCAGAGACCTCAAGCAACATGG
	This study

	poxB_A
	GCAGGTCGACTCTAGAGGATCCCCCTAATTGTTTCTGCCGCGGG
	This study

	poxB_B
	CATAACGTTGAGGAGTTCAGGTGGGAACAGGTCATGGGATTCAG
	[2]

	poxB_C
	ATCCCATGACCTGTTCCCACCTGAACTCCTCAACGTTATGGCTAT
	[2]

	poxB_D
	CCAGTGAATTCGAGCTCGGTACCCCTAGTGCGCATTATTGGCTCCC
	This study

	ldhA_A
	GCAGGTCGACTCTAGAGGATCCCCTATTTGACGACAAAGCGCAG
	This study

	ldhA_B
	GAAATCAGGAAGTGGGATCGCTTTGGCGCCTAGTTGGC
	[2]

	ldhA_C
	TCGCCAACTAGGCGCCAAAGCGATCCCACTTCCTGATTTCCC
	[2]

	ldhA_D
	CCAGTGAATTCGAGCTCGGTACCCGCTTTTCGACGTCTCCCCAC
	This study

	PsodribK_A
	CGACTCTAGAGGATCCCCTCATGGTTGTGAAATACTCT
	This study

	PsodribK_B
	TTTTTACCCGAAAGGAGAATGGATATTTGGAGTGGA
	This study

	PsodribK_C
	TACCGCTGATGAGGCGCTTTGTTTTAGACTACGGCATA
	This study

	PsodribK_D
	AATTCGAGCTCGGTACCCTGCGGGAATGTCTACTTCTT
	This study

	PsodribK_F
	CCACTCCAAATATCCATTCTCCTTTCGGGTAAAAA
	This study

	PsodribK_R
	CCGTAGTCTAAAACAAAGCGCCTCATCAGCGGT
	This study

	Plasmid construction
	
	

	AmpR_F
	TTTCTACACAAAAGGCCAGGAACCGTAAAAAGG
	This study

	AmpR_R
	CCTTTTGTGTAGAAACGCAAAAAGGCCATCC
	This study

	LacIq_F
	AGACACCGATTCGATGGTGTCAACGTAAATGCC
	This study

	LacIq_R
	ATCGAATCGGTGTCTCTTATCAGACCGTTTCC
	This study

	Ptac_F
	TGGATAATAACAATTTCACACAGGAAACAGA
	This study

	Ptac_R
	AATTGTTATTATCCAGAACGGGAGTGCG
	This study

	Hsp60_F
	CGCGCGAATTGCAAGCACCGCGGGCTTGTT
	This study

	Hsp60_R
	ATTATCCAGAACGGTTAATCTCCTAGATTGGG
	This study

	NPTII_F
	CTTGTCGCCTTGCGTGGATGAATGTCAGCTACTGGGC
	This study

	NPTII_R
	ATCCCAATGGCATCGTTAGAAGAACTCGTCAAGAAGGC
	This study

	DNA amplification
	
	

	ispA_F
	ATGGACTTTCCGCAGCAACTCG
	This study

	ispA_R
	TTATTTATTACGCTGGATGATGTAGTCC
	This study

	crtMMb. flavus_F
	CTCTAGAGGATCCCCGAAAGGAGAGGATTGCATGGAAAAGCTGAAAGCAGC
	This study

	crtMMb. flavus_R
	GCAATCCTCTCCTTTCTTACATTTGTGACAATAT
	This study

	crtMMb. flavus_Ptuf_R
	CATTCGCAGGGTAACGGCCATTACATTTGTGACAATAT
	This study

	crtMMb. flavus_Psod_R
	GGTTACCGCTGATGAGGCGCTTTTACATTTGTGACAATAT
	This study

	crtMMb. flavus_PilvC_R
	TTGAGTGCAATCTGTCCGGATTTACATTTGTGACAATAT
	This study

	crtMMb. flavus_PgapA_R
	GATGCAAAATCATACAGACACTTACATTTGTGACAATAT
	This study

	crtMMb. flavus_Ppgk_R
	TGAGCATCGATCGCCCACGTTTACATTTGTGACAATAT
	This study

	crtMP. aurantius_F
	CTCTAGAGGATCCCCGAAAGGAGAGGATTGCATGGAAATCGGAACCTGC
	This study

	crtMP. aurantius_R
	GCAATCCTCTCCTTTCTCATCCGGGCACCGCCGC
	This study

	crtMP. roseopurpureus_F
	CTCTAGAGGATCCCCGAAAGGAGAGGATTGCATGGACACAGAGCAATTG
	This study

	crtMP. roseopurpureus_R
	GCAATCCTCTCCTTTCTCAGACAATTTGGGAGCG
	This study

	crtML.plantarum_F
	CTCTAGAGGATCCCCGAAAGGAGAGGATTGCATGACCAAACTAATGCCT
	This study

	crtML.plantarum_R
	GCAATCCTCTCCTTTC
	This study

	crtNMb. flavus_F
	GAAAGGAGAGGATTGCATGGCTAGGAAAATCATC
	This study

	crtNMb. flavus_R
	AATTCGAGCTCGGTACCCGGGTCATAGTGCTTTCCCCAG
	This study

	crtNP. aurantius_F
	GAAAGGAGAGGATTGCATGGAAGTAGGGATCATT
	This study

	crtNP. aurantius_R
	AATTCGAGCTCGGTACCCGGGTCATGGCTTCGCAGGCTG
	This study

	crtNP. roseopurpureus_F
	GAAAGGAGAGGATTGCATGACGAATAAGAAGAGT
	This study

	crtNP. roseopurpureus_R
	AATTCGAGCTCGGTACCCGGGTCACCCATGGTTCGCATC
	This study

	crtNL.plantarum_F
	GAAAGGAGAGGATTGCATGAAGCAAGTATCGATT
	This study

	crtNL.plantarum_R
	AATTCGAGCTCGGTACCCGGGTTAGGCATTAGTTTGGTC
	This study

	Ptuf_F
	TGGCCGTTACCCTGCGAATG
	This study

	Ptuf_R
	GCAATCCTCTCCTTTCTGTATGTCCTCCTGGACTTC
	This study

	Psod_F
	AAGCGCCTCATCAGCGGTAACC
	This study

	Psod_R
	GCAATCCTCTCCTTTCGGGTAAAAAATCCTTTCGTAGG
	This study

	PilvC_F
	ATCCGGACAGATTGCACTCAA
	This study

	PilvC_R
	GCAATCCTCTCCTTTCCATTATTGTTCTACCACACAC
	This study

	PgapA_F
	GTGTCTGTATGATTTTGCATC
	This study

	PgapA_R
	GCAATCCTCTCCTTTCCACGCACCAAACCTACTCA
	This study

	Ppgk_F
	ACGTGGGCGATCGATGCTCA
	This study

	Ppgk_R
	GCAATCCTCTCCTTTCGCCGTACTCCTTGGAGATTT
	This study

	Sequencing
	
	

	M13F
	GTAAAACGACGGCCAGT
	Universal

	M13R
	GCGGATAACAATTTCACACAGG
	Universal

	crtOP_F
	AAAACAATGCGCAGCGCA
	This study

	crtOP_R
	GTGACCATGAGGGCGAAAGC
	This study

	idsA_F
	CAATGCGGACAATGCTCCAG
	This study

	idsA_R
	GCAGCTTCGCCAGAGTGTAT
	This study

	poxB_F
	AGATACAGCGGATATGCAAT
	This study

	poxB_R
	GTGCCCACGATGTTTAAATA
	This study

	ldhA_F
	CCTGGTCAAACTCATTCATT
	This study

	ldhA_R
	GGTTTTGCTCGATTTACAAT
	This study

	ribK_F
	ATCCAAAGGAGCCAAACG
	This study

	ribK_R
	CGGTGAGGTTGACGATTT
	This study

	qPCR
	
	

	Cory16S_F(RT)
	AAGAAGCACCGGCTAACTA
	This study

	Cory16S_R(RT)
	TCAAGTTATGCCCGTATCG
	This study

	ispA_F(RT)
	ATAAAACCGGCGCATTGAT
	This study

	ispA_R(RT)
	TTTCCCAACGTTGCAGTAT
	This study

	crtMM.flavus_F(RT)
	GCATTCTGGGACATGATCA
	This study

	crtMM.flavus_R(RT)
	GTTACGAAGCGTGCTCTTT
	This study

	crtNL.plantarum_F(RT)
	GTCGATCCGCACAACTATT
	This study

	crtNL.plantarum_R(RT)
	CCGGTGATAAATATCCGCT
	This study

	dxs_F(RT)
	AATTGGCTTCGAACTTGGA
	This study

	dxs_R(RT)
	ACAGGAGCTCCTAAATCTG
	This study

	idi_F(RT)
	GGTACTGGTAATCAGGCAG
	This study

	idi_R(RT)
	TCGTGCATTGTCGAAGAAG
	This study

	aceE_F(RT)
	AGCTGACGCTTGATGATCT
	This study

	aceE_R(RT)
	CGACGTTCCTTCATGTACT
	This study




Supplementary Table S3
Origins and sequences of crtM and crtN genes
	Strain
	crtM
	crtN

	Metabacillus
flavus
	ATGACCAAACTAATGCCTAAATTCGAACAACATCGCACTGACTTTGCGTACTGTCAAACAATTACTAAAAGGTCTTCTAGCGCATTCTACACCGCCTTCTCGCAATTACCACTAGAACGCGCTTGGAGTATTTACGCCGTTTATGCTTTTTGTCGAACAGCCGACGACCTCGTTGATGTTGACCATGATATTGATGGTCTAATGGCATTGCGCCAATCATTGACCACCTTTGCCAATGGTCATGTCCCAGACCACCCAATGTGGCGCGCACTGGCCGTCGTTTTTGAGACTTATGATATGAATCTTGACGTCTTTTTCGATATGCTCACTGGTCAAGAACAAGACGCGACTTTTAAACAACCTCAAACTCAGCAAGCACTTGAAGACTATTGCTATTACGTCGCCGGATCGGTTGGTCTGATGATTTTGCCAATGCTAGCAACTAACCCGCAATCACTTGTCAAACCAGCCGTAGAATTAGGCAGCGCCATGCAACTCACCAATATTTTAAGAGATGTTGGTGAAGACTACCAACGTGGCCGAATCTACCTGCCATCAAAACTATTGGCACACTATCAGCTCAATCCAACTGACTTGCATGGCCCCATCCCATCTGCCAATTTTATTCGGCTTTGGGAACATGAAGCACAGATTGCCATGAACAAGTACGAGGCTGCATTAACCATGATGCCACAAATTGATCCCGTCGCCCGGCCATCGCTATTAGCCGCCACTTTGCTTTATCGTGAATTATTGCTAATCGCACGTGAACAACACTACCCAATTTTAAGTCAGCGCGTCTTTTTGACAGATGAACGTAAAACGCAGGTCCTTAATCAAGTTAGCACTAAAGTGCATGAACTAGCCCTTAAGGAGGCTTAA
	ATGGCTAGGAAAATCATCGTAATCGGCGCAGGTCCAGGCGGAATGGCTGCCGCTCTTCAGCTGGCAGGAAGAGGCTATGACGTTCATGTTTACGAGAAGCAAAAATACATAGGAGGCCGCAACTCATCATTTGAAATGAATGGGTTCACCTTCGATTTGGGACCAACCTTTTTAAGCATGGTACACCTCGCAGAAGAAATATTCGAAGAGTCGGGAAAGAATTTATATGACTATCTTGATCTTAAAGAGATCGATGATATGTATGAACTGATATTTGATGACAAGAGCCTCCATATGACAAGGAATCCTGAGGAAATGAAGCGCAGAATTGAGGCTTTTGCTCCTGGAGACGGGGACGGCTATCTTTCCTTTATAAAGGATACGGAAAAAAAGATGGACCGGCTCACACCTATTTTGCAAAGCAGGATGGACCGCTTCCGTCATTATTTGAGCTGGAGAGTTCTGAGAGCGATTCCGAAATTGACGCTGACCAAAAGTCTGTATGATGTACTCTCTAAATACTTTCATGATGAAAGGGTGAAGCTTGCCTTTACCTTTCAGTCCAAATATTTAGGCATGTCGCCGTGGGAATGTCCCGGAGCATTCTCCATCCTTTCTTATATGGAGCATGCCTATGGAGTTTTTCATCCGATCGGCGGTGTGAATCAGCTTCCAAAGGCAATGGCAAAAGCATTTGAAGAGCTCGGCGGAACGATCCATCTAGGGCAGGGAGTTGACAAGCTCATGATGGACGGCCGCAAAGTAAAAGGAGTGAAGCTCCAATCGGGTGAAGAAGTTCCGGCGGATGAAGTGGTGATTAACGGAGATTTCGGCCACGCGGTTACAAACTTAGTGGAAGAAGGGTCTTTGAAAAAATATGCGAGACAAAAGCTCGATAAAAAGAAATTCTCTTGTTCTACTTTTATGATCTACCTTGGAGTGGATAAGAAATTTGATCTTCCGCATCATACGATTCTTTTTTCGGAAGACTATAAGAAATATGTAGAAGAAATAACCAAAAGCTATTCGCTGCCTGAGGATCTTTCCATCTACGTCCAGAACGCGAGCGTAACGGACCCAACCCTTGCTCCTGAAGGTAAATCTGCTCTTTATATTCTTGCCCCTGTTCCAAGCAACATGAGCGGAATCGACTGGGATAAAGAGAAAGGGGCATTCCGGGATCTTATGCTGAAAACCCTGCATGAGCGGACGGAATTTAAGAATTTGGAAATGCATATTGAAGCGGAAAGAATTCTGACTCCGAAGGATTGGGAGAACGAAATTTTTGTATATAAAGGAGCAACCTTTAATCTGGCTCATAATTTGACTCAAATGATGGTTTTAAGACCACACAATGAGTTTGAAGAGCTTGAGCACGCCTGGCTGGTAGGAGGCGGGACCCATCCGGGAAGCGGTCTTCCAACCATTCTGGAATCGGCAAGAATAACCGCAAACATGATTCATAAAAAGCATGGAGGAAAACCGGTTTCCTTCAAATCTGAGAAAAGGCTGGGGAAAGCACTATGA

	Paenibacillus aurantius
	GTGGAAAAGCTGAAAGCAGCGTACGCACAATGTGAAGAACTCATAAAGATTCATTCCAAATCTTTTCATAAAGCATTTTCTCTGCTCCCCGCAGAAAAGAAAAAAGCGGTCTGGGCTGTTTATGCTTTTTGCAGGACGGTTGATGACATCGTTGACGAAGGAACAGAACCTGAAAAAGAACTTCTTGCCTTTGAAGAAGATTTTAAACGCTTTTTAAATGGCGAGCATGACCGCAGCCACTACATATGGCTTGCTCTCGAAGATACGTTCAGCCGTTTTGATATGGATGAAGAAGCATTCTGGGACATGATCAAAGGGCAGCGGATGGATTTAACGAAGACACGATATGAAACACTTGAGGAAGTATTTCAGTATTCCTATCATGTAGCAAGTACAGTCGGTCTCATGATTTTACCGATTATTGCCCCAAGAAAAAAGAGCACGCTTCGTAACGGTGCAATCGCTCTTGGAATAGCAATGCAGCTGACCAATATTCTAAGGGACATCGGAGAAGACCTCGATCGCGACCGCATTTATCTCCCGAAGGAAGTAATGGATCAGTTCGGCTATACGAAAGCTGAATTGGAGTCCGGTGTCATTAATGAATCCTTCATATCTGTATGGGAGTATCTTGCGTTTGAAGCGGAAGCCTATTATGAGGAAGCAATGGACACAATTGATGAGTATCCGCTTCATTCCAGAACACCGGTTAAAGCAGCGGCTTTCTTCTACAGAGCTATTTTGAACAAGGTGCGCAGCAATAACTACAGGGTGTTTGGAGAGCGCAACTACGTTACACAGGATGAGAAAATCTCCATATTGTCACAAATGTAA
	ATGGAAGTAGGGATCATTGGGGGCGGGGTAGGCGGCATGCTGACGGCTCTCCTGCTTGCCCGCCGCGGGGCCCGGGTTACGCTCTATGAAGGAGCCGGTCAGCTTGGCGGCCGGCTGGCGTTCCAGGAAGGAAACGGGTTCCGGATTGACCGCGGTCCTACCATTGTGCTGCTGCCGGAAATGCTTGCCGGGCTTCTGGAGGAAGCCGGGATCGACCGGTCCCGTATGCCGCTGCTCGAGTGCGACCCGCTCTACGATATTCATTATGCGGATGGCCGGGTGTTCACCAAATGGCGGGGAACGGACCGCCAGGCAGCCGAGATCGAGAGGCTGTTTCCCGGAGAAAGCGCAGGGTTCCGCCGGTATATGGAGGACATGGCCCCGGCTTTCTCCGAGGGAAGGGAGGCGGTGCTGGAGCGTCCCTTCCTCCGCCGGTCCGAATTCTTTACGCCGCGCATCCTGCGCCTTCTTCTCCGGCTGAAGGCGTACCGGAGCGTGAAGGGGCTCGCATCCCGTTATTTCCGCAGCGAAGAGCTGCAGGACGCTTTCTCGCTGCAGTCGCTGTACATAGGAGGGGCGCCTTTCCAATCTCCGTCGCTTTACACGCTCCTGCCTTACGCCGAGCATGCCTTCGGGGTGTGGTATTGGAAAGGAGGCTATGCGGCCCTCTCCGCCCTTCTCGCCGATGAGCTGGAGAAGCAGGGCGTCACGGTGCGCTTAACTACACGAATCCGGGAAATCCTCCGCGAAGGGAAACGCTGCACGGGGGTTAAGCTCCACGACGGCCGGACAGCGGAGCATGAGGCGATCGTTTATAACGGTGATTTTCCTCATCTCCCTACGCTTCTTCCCGGCTTCGAGGCTCCTCGCCGCAAGTTCACCCCTTCCGGCGGGAACGTTCTCGTTTATCTCGGGGTCAACAAGCGTTGGCCGCAGGCCAAGGCCCACCAGTTCTTCCTTCCGAAGTCCCTCACGGCCGGCCTGAAGCAAAGCTTCCTGGAACGCCTTCTGCCCGATGATCCGTCCTTCTATGTATTCAATCCGGTGGCGGTGGACAGCGGGGCGGCTGCCGAAACGGACAGCGTGCTATATCTTCTGTCGCCGGTGCCGTCCACAGGCACCGTGAACTGGGAGAAGGAGAAAGAAGCTTATGTCGACCGCCTGCTGACCGAGGCGGAACGGAGGGGCTTTCCCGGGTTAAAAGAGGCGATCCGCTGGATTGACGTCCGGACGCCGGACGACGCCGAACGGGACGGCCTGTTTCAGGGAGGAAGCTTCGGGATTGCCCCCACGCTGCTCCAATCCGGCGCCTTCCGTCCGCAGTTCGTGCCTTATCCCTCGCTCGCCAATCTGTACGCAGTCGGAGCCTCCATTCATCCGGGGGGAGGAGTTCCCATCGTGATGCAGGGGGCCCGCCTGCTGGCCCACCATATGACAAAGGAGATGGCGTTATGGAAATCGGAACCTGCCTGGCAGCCTGCGAAGCCATGA

	Paenibacillus roseopurpureus
	ATGGAAATCGGAACCTGCCTGGCAGCCTGCGAAGCCATGATCCGCAAAGGATCGGCAACCTTTTACAACGCTTTTCGTTCCCTCCCGAGTCCCCGCCGGGAAGCGGTGTACGTCATCTATGCCTTCTGCCGGCTGATCGACGACGCGGTGGATGAGCCGGAAAGCTCTCCCTTTACCCTGGAGGAGCTGGAGGGCAAGTTTATCCGGCTGGATACGGCCGAAGGGCACTTCATTTGGCCGTCGCTTCGTTGGCTGTTTGCCAGGTTTCCTTTGACCCCAACCCCTTTCCTCCGGCAAATGGAAGGACAGCGGAGGGATCTCGTTCTGACCCGGTACGACACGATGGAGCAGCTGGAGGAATACTGCTACCTTGTGGCCGGAACGGTCGGGGAGATGCTTCTTCCCGTCCTGCACGGGCATCCGGACGAGCGCATTGTGGAATCGGGCATCTCGCTTGGCAAAGCAATGCAGATCGTCAATATCGTCCGGGACGTAGGCGAGGACCGGGGTCGGGGCAGGAGGTATCTTCCCCTCGACCTGCTTGCGCGTCATGGCTGCCCGCCGGAAGATATCGAGAATGGTGTGGTTACGCCGGCCTTCATCTCCGCGGTTCGCGAGCTCGATGGCTTGGCCCGCCGCTGGTTTGCAGCCGGGCTTCGGGACTTGGAGGCTTATCCGCCGGAGAGCGCTTTCTCGGTTGAGCTTGCGGCACTCTTCTACCAGGCGATCCTGGATGAGGTCGAAGGAAACGGGTATGAGGTGTTTCGCAAGCGGGCCTACGTCGGCAGCCTCCGCAAGCTCGCCATCTACCGGGAGGTGAGCAGCCGCCGGAGCGAAAGGGCGTCCGCCGAAGCAGCGGCGGTGCCCGGATGA
	TTGACGAATAAGAAGAGTGTATTGATTATCGGCGGCGGGCTTGGCGGCCTATCCGCTGCCATATCCTTGAGACAAAGCGGCTATAGCGTTTCTTTATATGAACAAAACAATCATATTGGAGGTAAACTGAATCGCCTGGAGCAAGATGGCTTCGGTTTTGATCTGGGGCCTTCCATTCTGACGATGCCGCAAATCTTTGAAAAATTGTTTACTGCAAGCGGTAAAAAGATGGCTGATTACGTCCCGATCGTAAAGCTGAACCATCAGTGGCGATCCTTTTTTCCGAATGGCAATACTATCGATCTCTATGAAGATATCGAAGAGATGAAAGCGAAAAATATCTCCCTGAATGAACAGGATATGTCCGAGTACAAGAACCTGCTCCAATATTCCAAGAAGCTGTACGAAATGACGGAGCAGGGATACTTTAAACATGGGGCTGACAATACCAAAGATATCGCGCGATATAATGGCGTGTTCAATGCTTTGAAGAACTTTGATTTATTTTCCACGGTACATAAGTCGATTGCGAAACGAATAAGCAATCGAGATCTGCGAGACATGCTCTCCTATTTTATCAAATACGTCGGTTCGTCTCCTTATGATGCGCCAGCCGTACTGAACATGATGATCTACATGCAGCATGAGCAGGGCCTATGGTATGTCCCTGGCGGAATGCACCTGCTTGCCCGCGGATTGGTGAAGCTGGCAGAGGAAATAGGGGTATCGATTCATACGGGCAAACGAATTGTTGGGCTTCAAAAGAAGGATGGGCAGATTACAGGGGGCACTTTAGAAGACGGGACGGAACTGTCGGCAGACTACTACATTTCCAATATGGAGGTGATCCCGTTCTATGAACATCTGCTCCAGGAAGAGAAGCCTTTTATCCATCAATTGAAAAAGAAATATGAACCGGCAAGTTCAGGGCTTGTCATGCACCTCGGCGTGAAGAAAACGTACCCTCAGCTCGCTCATCACAATTTTTTCTTTGCAGAAAATATGAAGCGGCAAATGAATAACATATTTCACCGCCATGAGCTGCCGGATGACCCGGTCATCTATCTGGTGAATGTGAATAAAACAGACCCTGCGCAGGCACGCGAAGGATATGAAAATTTAAAAGTATTGCCCCATATCCCCTATATCCAGGATCAACCCCTTACACAGCAAGACTACGATCGTTTTGCTGAATTGGTGCTGATGAAATTAGAAAGAATGGGACTGGATGGCTTGCGCGATAACATTGTGACTAAAGATGTATGGACACCGGAAGATATTAAACGAATCTATGGTTCCGACCGGGGGGCCATTTATGGCACATTATCCGATCGCAAAAGAAATAAAGGGTTCAAGCATCCCAAGCAGAGCACGCGCTATGACAACCTTTATTTTGTCGGCGGAACGGTAAACCCGGGAGGCGGCATGCCTATGGTGACATTAAGCGGTCAACAGGTACGGGACAAAATCGTGCAAAGGGATGCGAACCATGGGTGA

	Lactiplantibacillus platnarum
	ATGGACACAGAGCAATTGCGAGCGGATTTTAGATATTGTGAAACAATCATCAAAAAACATTCCAAAAGCTTTTATTATGCTTTTTCGCAACTTCCGCCCAAAAAAGCCAATGCCGTCTATGCCATTTATGCTTTTTGCAGAATTGCAGACGATTGTGCAGATTCAAATCAACCACAGGCGGAAAAGCTCGAGTCGCTGCAACGATTGAAAAAAGAGCTCGATTTATTCAGGGATGGGGCAGAGGTGGATCATCCCCTATGGCGTACGCTCAGGCGAGTCTTTACTGATTATGAGATGGATATTCAACCATTCTACGACCAGTTAAATGGACAATGGATGGATATGAATTTTTCCATTCCAAAAACCATGCATGAGCTTGAGATCTACAGTTATTATGTTGCTGGCTCGGTAGGGTTGATGCTATTGCCTGTCCTCGCTTCCAACGCTTCTGGCGATTTGCGTTCATCGGCAATTGAGCTTGGCATTGCCATGCAAATCACGAATATCCTGCGTGACGTCGGCGAAGATCTTCATAAGAAGCAACGGATTTACTTGCCCGAAGAAGAAATGGAGCGTTTCCGATATTCGAAGGCGGATTTACGTCAAGGTCTCATTAACGAAAGTTTTGTTAATCTGTGGGAGAGTCTAGCTAAGCATGCGGAATCCTTATACGACGGTTTCGATCGGAGCATAAATCTCTTTGACGCTGACAGCAGGCTGCCTCTCTCTCTTTCTGTAGCCGTATACAAAGGCATACTGGATGCTGTCAGAGGCAGCAATTATGATTGTTTCTCCAAGCGCAACTATGTATCGAAGGAGAAAATGATAAATATTAGCGCTACCATTGAAAATCGCTCCCAAATTGTCTGA
	ATGAAGCAAGTATCGATTATTGGCGCTGGTATTGGTGGCTTAACCGCTGCAGTACGGCTTCAAAAATTAGGTTATAATGTTACGATTTATGAGCAAAACGCGCAACCGGGTGGCAAAATGAACCAGATTGTTAGCCAAGGATTTACATTTGACGTGGGGCCGACGATCGTCATGATGAAAGACATCTACGAAGAAGTCTTTCGCTTTTGCGGGGTCGATCCGCACAACTATTTACCATTCGAAGAAGTTCAACCTTTGATGCACCTTGTCTTTGGTGATCAATCTAGTCTAGATTTGTCACGCGATCTCCCAACATTAATTGCCGAGATTAACCGCATTGCGCCTGATGACGTCAATGGTATGTTAAATTTTTTAGCGGATATTTATCACCGGTATACCATCGCGAAGCCTAATTTTTTAGAACGATCATTTCGTAACTGGCGTGACTTTTATAACCTACCCGCTCTGTATGCAGGACTACAGTTACGCACCTTTAACAATGCCTACAAAAACATTGCAAAATTTATCAAGAATGAAAATCTACGTAATTCATTAGCCTTTCAGACACTGTATATTGGGATTTCTCCCTACCAGGGCCCGTCGCTATACAACATTATTCCGATGATTGAGCTCTTCTACGGGGTCTATTTTTTAAAGGGTGGTATGTACACAGTTGTCAATAGTCTCGTTAAGTTATTCAAAGAACAGGGTGGTACGTTAAAGCTTGCCACACCAGTTCAAGAAATTATCATCAAAGATAAAGTTGCTGTTGGCATTCGTGTCAATAATCATCCGATCCACAGTGACTATGTCCTATGTAATGCTGATTTTCCAACCGCCATGACGACACTGATTCCAAATGAGCAAAATCGTGGTCAGTACACAGATCAAAAAATTGCCAAAATGGATTATTCATGCTCATGTCTCGTCTTGTATTTAGGACTAGACAAAAAATACCCAACCGAAGCATTACACACGATCCACTTTGCACAAGATTTCAGCAAAAACGTCGCCGATCTATTTGACAACGGCAAGTTACCAGAAGATCCCTCGTATTATGTCTATGTTCCATCAAAGATGGATCCAAGTTTAGCTCCCGAAAACAGTGAGGCACTCTATGTTTTAGTACCAGTTCCTGAGCTCTCAAAGTTTAATGACTGGTCACCAACAACACTGAAGAACTATCGTCAACTAATCATTAACAAACTAAGACAAACGGCTACCTTCAGCGATATTGAACAGCATATCGTTGTCGAAAAGCAGTTTACACCGGTTGACTTCAAAGAACAGTTTGGCGCCTATAACGGAGC
CACTTTCGGCTTACGACCGACGTTAAAACAAAGTAATTATTATCGTCCCCATAACAAGTTCGACTATGCCGACCATCTTTATTTTTGTGGTAGTAGCACCCACCCTGGGGCCGGTGTTCCCATTGTTATGCAAAGTGCTAAATTAGCCGTTGAGGAGTTGATTAAAGATGACCAAACTAATGCCTAA



Supplementary Table S4
Characteristics of carotenoids extracted from L. plantarum and engineered C. glutamicum constructed in this study.
	[bookmark: _Hlk198806868]Strain
	Peak no.a
	RT (min)b
	λmax (nm)c
	Area (%)d
	[M + H]+
(m/z)
	Carotenoid

	L. plantarum KCCP11226
(4,4'-diaponeurosporene control)
	1
	36.50
	410, 434, 462
	8.86
	-
	-

	
	2
	37.52
	409, 433, 461
	5.23
	-
	-

	
	3
	39.01
	415, 439, 468
	15.65
	403.4
	4,4'-diaponeurosporene

	
	4
	39.18
	415, 439, 468
	53.94
	403.4
	4,4'-diaponeurosporene

	
	5
	40.85
	438, 467, 490
	5.07
	401.3
	4,4'-diapolycopene

	
	6
	45.27
	446, 468, 489
	11.25
	-
	-

	DIA1, DIA5, DIA9, DIA13 (crtNM. flavus introduction)
	1
	17.38
	286
	87.87
	409.5
	4,4'-diapophytoene

	
	2
	19.42
	286
	7.59
	409.5
	4,4'-diapophytoene

	
	3
	37.24
	245, 263
	4.54
	-
	-

	DIA2, DIA6, DIA10, DIA14 (crtNP. aurantius introduction)
	1
	39.03
	415, 439, 468
	96.78
	403.4
	4,4'-diaponeurosporene

	
	2
	44.65
	443, 470, 501
	3.22
	401.3
	4,4'-diapolycopene

	DIA3, DIA7, DIA11, DIA15 (crtNP. roseopurpureus introduction)
	1
	39.02
	415, 439, 468
	18.21
	403.4
	4,4'-diaponeurosporene

	
	2
	40.05
	438, 464, 494
	7.75
	401.3
	4,4'-diapolycopene

	
	3
	43.85
	443, 470, 501
	74.04
	401.3
	4,4'-diapolycopene

	DIA4, DIA8, DIA12, DIA16 (crtNL. plantarum introduction)
	1
	39.03
	415, 439, 468
	99.49
	403.4
	4,4'-diaponeurosporene

	
	2
	44.65
	443, 470, 501
	0.51
	401.3
	4,4'-diapolycopene


aPeak identified on LC chromatogram
bLC retentation time
cAbsorption maxima obtained from UV/Vis spectra
dAverage relative area of each peak
Supplementary Table S5
Progress of heterologous non-native carotenoid production using engineered C. glutamicum.
	Carotenoid
	Titer
	Productivity (mg/L/h)
	Culture methods
	Reference

	Astaxanthin (C40)
	1.6 (mg/g DCW)
	0.4
	Flask-shaking fermentation
	[3]

	
	103 (mg/L Broth)
	1.5
	2-L fed-batch fermentation
	[4]

	α-Carotene (C40)
	1,054 (mg/L Broth)
	26.35
	2-L fed-batch fermentation
	[5]

	
	216 (mg/L Broth)
	6
	2-L fed-batch fermentation
	[6]

	β-Carotene (C40)
	11.9 (mg/g DCW)
	-
	Flask-shaking fermentation
	[7]

	Lycopene (C40)
	2.4 (mg/g DCW)
	-
	Flask-shaking fermentation
	[8]

	Lutein (C40)
	1.78 (g/L Broth)
19.51 (mg/g DCW)
	32.88
	6.6-L fed-batch fermentation
	[9]

	Bacterioruberin (C50)
	9.74 (mg/L Broth)
	0.3
	5-L fed-batch fermentation
	[10]
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Supplementary Fig. S1. Vector map of pBFE22 constructed in this study.
[image: The image appears to be a diagram or layout containing a grid or pattern, possibly representing data or a structured layout. The text extracted includes a sequence of numbers and letters that could refer to labels, codes, or identifiers.

AI-generated content may be incorrect.]
Supplementary Fig. S2. Gel electrophoresis analysis of each constructed strain. (a) Deletion result of crtOP gene cluster. M, DNA ladder; Lanes 1 and 2, C. glutamicum ALBINO strain; Lanes 3 and 4, C. glutamicum WT. (b) Substitution result of idsA to ispA gene. M, DNA ladder; Lane 1, C. glutamicum ALBINO strain; Lane 2, C. glutamicum FPP strain.
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Supplementary Fig. S3. LC chromatogram, absorption spectrum, and mass spectrum from of carotenoid extracts from L. plantarum KCCP11226.

[image: The image appears to be a series of diagrams or charts, possibly representing gene expression levels or protein interactions, with various labels and annotations such as 'M', 'ApoxB', 'Psod-ribK', 'IdhA', and 'AldhA'.

AI-generated content may be incorrect.]
Supplementary Fig. S4. Gel electrophoresis analysis of each constructed strain. (a) Deletion result of poxB gene. M, DNA ladder; Lane 1, C. glutamicum FPP-P strain; Lane 2, C. glutamicum FPP strain. (b) Deletion result of ldhA gene. M, DNA ladder; Lane 1, C. glutamicum FPP-L strain; Lane 2, C. glutamicum FPP strain. (c) Insertion result of Psod upstream region of ribK gene. M, DNA ladder; Lane 1, C. glutamicum FPPR strain; Lane 2, C. glutamicum FPP strain.
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