Supplementary Material

Table S1. The Cre-lox system plasmids and knockout plasmid constructs

Plasmids Relevant features References
PNZ5319 Cm, Ery", containing lox66-P32-cm-lox71 fragment (Lambert et al., 2007)
PNZ5348 Eryr, Cre-recombinase expression (Lambert et al., 2007)
NZ5319-AmenA Cmy, Ery'; pNZ5319 derivative containing homologous regions This stud
P Yo P g g g y
upstream and downstream of NZ9000 menA
NZ5319-AmenB Cmy, Ery"; pNZ5319 derivative containing homologous regions This stud
P Y P g g g y
upstream and downstream of NZ9000 menB
PNZ5319-AmenE Cmv, Ery"; pNZ5319 derivative containing homologous regions This study
upstream and downstream of NZ9000 menE
PNZ5319-AmenG Cm, Ery"; pNZ5319 derivative containing homologous regions This study

upstream and downstream of NZ9000 menG




Table S2. Sequence of oligonucleotide primers

Primer Nucleotides

up A F Xhol CGTCTCGAGATTGTTCCTAATGGCTCAAAA

up A R Swal TGCATTTAAATTTCCTCTTTTAATGTGATTTATCAA
down A F Sacl TCCGAGCTCATAAAAAACTCCAATTAATTAA
down A R BgIII CGAAGATCTTTTTATTTAAAGCTTATAACTG

up B F Xhol GATCTCGAGTCGGCTCCCGTTGAAAAA

up B R Swal GAAATTTAAATGATTTCTCCTTTAAGATGTGAGGG
down B F Banll TCCGRGCYCATAAAGCGTCATTTTGGCGC

down B R BglII CGAAGATCTATGTTTATTTTTCCAGAATTGACCACTTC
up E F Xhol CCGCTCGAGACTGGGTTGCCCTTA

up E R Swal CGCATCATTTAAATAGCGCCAAAATGACG

down E F Banll TCCGAGCTCAAGGGCCTTTCCGGAT

down E R BgIII CGAAGATCTACCGGCCATAGCATTTCC

up G F Xhol GATCTCGAGCCTGACGTCGAGTCTG

up G R Swal GTCATTTAAATACTGGTCACAAGGTCAGC

down G F Sacl GCCGAGCTCAGTTTTGAACGCTTGGATAG

down G R BamHI TACGGATCCTCGAGCACGCTTTCTTTITAT

lox F AAATCTACCGTTCGTATAATGTATGC

lox R CTCATGCCCGGGCTGTACCG

menA F GTTTCTGCTGGGCCTTTCGTAC



men A R

men B F

men B R

men E F

men E R

men G F

men G R

Ery F

Ery R

GACAATGGTTTTGGGCCTCCTG

TCGCAATGCTTTTCGTCCAA

TCCCGCAAATTGTTGCAGTC

ATGAAATGGTTAAAAAAACAGGCGG

TCATGCTTTGAGCTCTTT

AACGAAGAACGTGTGCAAGA

AAGCGTCTTGGCATCTGGAA

CGATACCGTTTACGAAAT

CTTGCTCATAAGTAACGG

*Underlined sequences indicate the restriction sites.



Table S3. Primers used for the functional verification of menaquinone biosynthesis genes study

Primers Nucleotides

LpAlF GGAGTACTTTGAAACCAAAAGTGTTTCTTGAA
LpAl1R CTAGAGCTCCTAGTTAAAAATCAGTCCTAAGCC
LpA2F GGAGTACTTTGTTGACGAACGAACCAAC

LpA2 R CTAGAGCTCTTAAAAGAAAATACCCAGGATCAGTC
LpA3F GGAGTACTATGTTTAAAAAATGGCTAACTTG
LpA3 R CTAGAGCTCTTACAACCAAGTCCCTAAAACAAA
LpG1F GGAGTACTATGACAGCTTTAGAAAGAAGTTG
LpG1R TACGAGCTCTCAATCACGACGAGCCA

LpG2F GGAGTACTATGGCAAATCGTTATTITAC

LpG2R CTAGAGCTCTTACTTGGCCTCCTTAG

LbAF GGAGTACTATGAGTTTATCAACTTTTTCCCAG
LbA R CTAGAGCTCCTAGTGGGCAATCAGGG

LbGF GGAGTACTATGACGCTGACGAACAA

LbG R CTAGAGCTCTCAGGGCTTCATTCCCCA

LbBF GGAGTACTATGACTTCAGTTAAATGGGAATC

LbB R CTAGAGCTCCTATGGGAACTTAGGAAATTG

LbEF GGAGTACTATGAAAGTGGATAATTGGATTITAA
LbE R CTAGAGCTCTTATAACAACTGTTTCAGCTTGAATC

LLAF GGAGTACTATGAATTTTAAAACATTCGCT



LLAR GGCGAGCTCTITAAAATCTAATCAAACTAATAAAGA

LLBF GGAGTACTATGTCAAAATTTAACTGGGTTGC

LLBR GGCGAGCTCITATGGGAATTTTGGAAATTGGTC

LLEF GGAGTACTATGAAATGGTTAAAAAAACAGGCG

LLER AACGGYRCCTCATGCTTTGAGCTCTITTTCTTAA

LLGF GGAGTACTATGACTAAAGTAAACGAAGAACGT

LLGR GGCGAGCTCTITACTTTTTACCAATACGAATATTTGATTT
pnz8150 F GCATAATAAACGGCTCTGAT

pnz8150 R CAGCAATATCAGTAATTGCTTTATC

*Underlined sequences indicate the restriction sites.



Table S4. Plasmids and menaquinone expression plasmid constructs

Plasmids

Relevant features

References

pNZ8150

PNZ8150-IpmenAl
PNZ8150-lpmenA2
PNZ8150-IpmenA3
PNZ8150-lpmenG1
PNZ8150-IpmenG2
PNZ8150-IbmenA
PNZ8150-1bmenB
PNZ8150-IbmenE
pNZ8150-1bmenG
PNZ8150-lImenA
PNZ8150-llmenB
PNZ8150-llmenE

pNZ8150-lImenG

Cmr, nisA promoter, expression vector

Cm; nisA promoter, [pmenA1l gene cloned to the MCS
Cm; nisA promoter, I[pmenA2 gene cloned to the MCS
Cm; nisA promoter, I[pmenA3 gene cloned to the MCS
Cm; nisA promoter, [pmenG1 gene cloned to the MCS
Cm; nisA promoter, [pmenG2 gene cloned to the MCS
Cm; nisA promoter, [bmenA gene cloned to the MCS
Cm; nisA promoter, [bmenB gene cloned to the MCS
Cm; nisA promoter, [bmenE gene cloned to the MCS
Cm; nisA promoter, [bmenG gene cloned to the MCS
Cm; nisA promoter, [ImenA gene cloned to the MCS
Cm; nisA promoter, [ImenB gene cloned to the MCS
Cm; nisA promoter, [ImenE gene cloned to the MCS

Cm; nisA promoter, [ImenG gene cloned to the MCS

(Mierau and

Kleerebezem, 2005)
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




Table S5. Lactococcus lactis strains with menaquinone expression plasmid

Strains Relevant features References
Lactococcus lactis (11)
IpmenA1l NZ9000-AmenA carrying pNZ8150-IpmenAl This study
IpmenA2 NZ9000-AmenA carrying pNZ8150-IpmenA2 This study
IpmenA3 NZ9000-AmenA carrying pNZ8150-IpmenA3 This study
IpmenG1 NZ9000-AmenG carrying pNZ8150-IpmenG1 This study
IpmenG2 NZ9000-AmenG carrying pNZ8150-IpmenG2 This study
IbmenA NZ9000-AmenA carrying pNZ8150-IbmenA This study
IbmenB NZ9000-AmenB carrying pNZ8150-IbmenB This study
IbmenE NZ9000-AmenE carrying pNZ8150-IbmenE This study
IbmenG NZ9000-AmenG carrying pNZ8150-IbmenG This study
[lmenA NZ9000-AmenA carrying pNZ8150-IlmenA This study
llmenB NZ9000-AmenB carrying pNZ8150-IlmenB This study
[lmenE NZ9000-AmenE carrying pNZ8150-IlmenE This study
llmenG NZ9000-AmenG carrying pNZ8150-IlmenG This study




Table S6. Primers used for the reconstitution of menaquinone biosynthesis pathway in Lactipl. plantarum and Lent. buchneri strains

Primers Nucleotides

Psip 409 BsalKO F CACGTTACTAAAGGAAATGGAGACCGGGGT

Psip409 BsalKO R CGGTCGCCATTCCCTTTAGTAACGTGTAACTTTCCAAAT
Psip409 F Bsal AAGGGTCTCATGCGTCTAGACTCGAGGAATT

Psip409 R Bsal CATGGTCTCCGATCGCTAAAATCTCCTTGTAATA

Golden Gate Assemble for Lactipl. plantarum WCFS1 menaquinone expression vector construction

Psip409 backbone F Bsal
Psip409 backbone R Bsal
GO menF Lp F

GO menF Lp R

GO menD Lp F

GO menD LpR
GOmenHLpF
GOmenHLpR
PsppQLPF

PsspQ LP R

AAGGGTCTCATGCGTCTAGACTCGAGGAATT

CATGGTCTCCCGCCGCTAAAATCTCCTTGTAATA
TATGGTCTCAGCGGATTACAAGGAGATTTTAGCCATGAAATATATAAAAAACGATTITAATATTAA
CGCGGTCTCATCTTTCATAAGGCTTCTAAAA
TATGGTCTCAAGATATTACAAGGAGATTTTAGCCATGACCAATGAATATTTAGCTCC
CGCGGICTCC TCAATTTTCATAAGCAGTATATTTTTTAT

TATGGTCTCA ATTACAAGGAGATTTTAGCCATGAAAATTGATAAAAAAATAATGACGA
CGCGGTCTCGTAAGCCTAAGCCAAAAATTCCTC
TATGGTCTCGCTTAGGAGATCTACCGGTTTAATTTGAAA

CGCGGTCTCGGCTCCGCGGCTAAAATCTCCTTGTAATAGT




GO menBLpF TATGGTCTCGGAGCATTACAAGGAGATTTTAGCCATGTCAAAATTTAACTGGGTTG

GO menB Lp R CGCGGTCTCGAACCTTATGGGAATTTTGGAAATTGG

GOmenELpF TATGGTCTCAGGTTATTACAAGGAGATTTTAGCCATGAAATGGTTAAAAAAACAGGC
GO menE Lp R CGCGGTCTCTGTAGTCATGCTTITGAGCTCTTIT

GO menCLPF TATGGTCTCACTACATTACAAGGAGATTTTAGCCATGAAAATTGAAAAAATCACAATGT
GO menCLpR CGCGGTCTCTCGCATCATTTCAAGGAGGTCAAGC

*Underlined sequences indicate the restriction sites
Ribosome binding site are highlighted in grey

Colored nucleotides represent the overhangs for Golden Gate Assembly and the same color showed the complementary bases
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Figure S1. Diagnostic PCR of L. lactis NZ9000 menA (A-1), its gene replacement mutant menA:: lox66-P32-cm-lox71
(A-2), AmenA (A-3); menB (B-1), menB:: lox66-P32-cm-lox71 (A-2), AmenB (B-3); menE (E-1), menE:: lox66-P32-cm-

lox71 (E-2), AmenE (E-3); menG (G-1), menG:: lox66-P32-cm-lox71 (A-2), AmenG (G-3); M is a 2 log DNA ladder
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Figure S2. Base peak chromatogram of menaquinone extracts from L. lactis NZ9000 (WT) and its

menaquinone deficient strains AmenB (BKO), AmenE (EKO), AmenG (GKO) for MK-6.
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Figure S3. Growth profile analysis of (a) L. lactis NZ9000 (WT) and the knockout strains (AmenA, AmenB, AmenE,
AmenG), (b) L. lactis AmenA and its engineered derivatives carrying lbmenA, lpmenA1l, lpmenA2 and IpmenA3), (c) L.
lactis AmenB, L. lactis AmenE and the engineered derivatives (carrying IbmenB, IlbmenE) and (d) L. lactis AmenG and
its engineered derivatives carrying lbmenG, lpmenG1 and IpmenG2. 300 mL of GM17 medium supplemented with

heme (2ug/mL) were used, 1 ng/mL of nisin was added as an inducer at ODsoo = 0.4.
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Figure S4. pH profile of (a) L. lactis NZ9000 (WT) and its menaquinone deficient strains (AmenA, AmenB, AmenE,
AmenG), (b) L. lactis AmenA and its engineered strains (IbmenA, IpmenA1, IpmenA2, IpmenA3), (c) L. lactis AmenB,
L. lactis AmenE and its engineered strains (IbmenB, IbmenE) and (d) L. lactis AmenG and its engineered strains
(IbmenG, IpmenGl1, IpmenG2). 300 mL of GM17 medium supplemented with heme (2ug/mL) was used, 1 ng/mL

of nisin was added as inducer at ODeoo = 0.4.
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Figure S5. Growth profile (A) and pH analysis (B) of L. lactis NZ9000 (WT) and engineered deficient strains

complemented by homologous genes (IImenA, llmenB, llmenE, llmenG). 300 mL of GM17 medium supplemented

with heme (2pg/mL) were used, 1 ng/mL of nisin was added as an inducer at ODsoo = 0.4.
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