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Figure S1 Biomass formation by MGA3 acetoin production strains. The strains were grown in minimal medium with 200 mM methanol and induced with
10 g/L of xylose added to the growth medium 4 hours after inoculation. The ODsoo was measured every two hours for the first 9 hours, and 25 h after
inoculation. The means of triplicates with standard deviations are shown.
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Figure S2 Biomass formation by B. methanolicus MGA3 acetBs strains with a second plasmid overexpressing pyruvate replenishing genes. The strains
were grown in minimal medium with 200 mM methanol and induced with 10 g/L of xylose added to the growth medium two hours after inoculation.
The ODgoo was measured every two hours for the first 10 hours, and 25 h after inoculation. The means of triplicates with standard deviations are shown.
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Figure S3 Biomass formation by MGA3 acetBs strain with overexpressed genes coding for the glyoxylate shunt pathway compared to control strains. The
strains were grown in minimal medium with 200 mM methanol and induced with 10 g/L of xylose added to the growth medium two hours after

inoculation. The ODeoo was measured every two hours for the first 10 hours, and 25 h after inoculation. The means of triplicates with standard deviations
are shown.



Table S1. Primers used in this study.

Primer name

Sequence 5'-3’

Characteristics

alsSD B. subtilis
FW

alsSD B. subtilis
RV

alsSD B.
licheniformis FW

alsSD B.
licheniformis RV

budAB E. cloacae
Fw

budAB E. cloacae

RV

ACO01

AC02

ACO3

AC04

ACO05

ACO6

ACO07

AC08

ACO09

AC10

AC11

AC12

AC13

AC14
MI09
MI10

aceB_pBx_fw

aceA_pBx_rv

aceB_pEC_fw

CTTAAGGGGGAAATGGCAAATGACAAAAGCAACAAAAGAACAAAAATC

ACGGCCAGTGAATTCGAGCTTTATTCAGGGCTTCCTTCAGTTGT

CTTAAGGGGGAAATGGCAAATGAATAATGTAGCCGCTAAAAATGAAAC

ACGGCCAGTGAATTCGAGCTTTACTCGGGATTGCCTTCGG

CTTAAGGGGGAAATGGCAAATGATGCACTCATCTGCCTGCGA

ACGGCCAGTGAATTCGAGCTTCACAAAATCTGGCTGAGATGGA

TAAACAATTACATAAATAGGAGGTAGTACATATGCGTTTTGGACGAATTGCC

ACCCCAGATGG

TAGACCTATGGCGGGTACCATATGTTAGGCGTCCACAACTGGGTTGCCCAGCT
T

TAAACAATTACATAAATAGGAGGTAGTACATATGGTTGATTTTAATAAAGTT
TTAGATTTACAC

TAGACCTATGGCGGGTACCATATGTTATTTTGCTGAATCTTTTACCGCTTTT

TAAACAATTACATAAATAGGAGGTAGTACATATGAACAACATGAGAAGAACG
AAGGAAGGACATTT

TAGACCTATGGCGGGTACCATATGTTAGTCTTGTTTTGCAACAA

TAAACAATTACATAAATAGGAGGTAGTACATATGAATTCTGTTACGATTTCA
AGCGAGTTG

TTATGCGATAGGACCGCCTTTT

AGGCGGTCCTATCGCATAAGTAAACAATTACATAAATAGGAGGTAGTAAGAA
TGCGCAGAACAAAAATCG

TAGACCTATGGCGGGTACCATATGTTATAATACGCTCGCATGAC

TAAACAATTACATAAATAGGAGGTAGTACATATGGCATTACCAGGCGGGGCA
GCCATGAACATTA

TAGACCTATGGCGGGTACCATATGTTACTGCCCTGTATATCCGCCAACCGGGA
TATTG

CGCCATAGGTCTAGAGCTTGTAAACAATTACATAAATAGGAGGTAGTAAGAA
TGACAGATTCTAGAGTACAACAATTA

TGTAAAACGACGGCCAGTGAATTCTACTTTTCTTTTTTAAAAACGTTTTTGA

GATACCAAATACTGTCCTTCTAGTGTAGCCG

CGGCTACACTAGAAGGACAGTATTTGGTATC

TGATGGATAAACTTGTTCACAAGGAGGTAGTACATATGTCCACTCAAACGAC
AGGC

GTACGGATCCCATTTCCCCCTTAAGTTATTTTGCGGCGATAAATTGTTCTACT
TCCG

ATTCGAGCTCGGTACCCGGGGAAAGGAGGCCCTTCAGATGTCCACTCAAACGA
CAGGC

Amplification of alsSD from B. subtilis

Amplification of alsSD from B. subtilis

Amplification of alsSD from B. licheniformis

Amplification of alsSD from B. licheniformis

Amplification of budAB from E. cloacae

Amplification of budAB from E. cloacae

Amplification of odx from C. glutamicum

Amplification of odx from C. glutamicum

Amplification of citM from Lactococcus lactis IL1403

Amplification of citM from Lactococcus lactis 1L1403

Amplification of mae from B. licheniformis

Amplification of mae from B. licheniformis

Amplification if pckA from B. methanolicus

Amplification if pckA from B. methanolicus

Amplification if pyk from B. methanolicus

Amplification if pyk from B. methanolicus

Amplification of mae from G. stearothermophilus

Amplification of mae from G. stearothermophilus

Amplification of aceA from B. methanolicus

Amplification of aceA from B. methanolicus
Creation of pMI2mp vector
Creation of pMI2mp vector

Amplification of aceBA from B methanolicus for pBV2xp

Amplification of aceBA from B methanolicus for pBV2xp

Amplification of aceBA from B methanolicus for pEC-XT99A




aceA_pEC_rv CCTGCAGGTCGACTCTAGAGTTATTTTGCGGCGATAAATTGTTCTACTTCCG Amplification of aceBA from B methanolicus for pEC-XT99A

xp-pBV2_fw CTGCCCCGGGGACGTCGACTCTAACTTATAGGGGTAACACTTAAAAAAGAAT Creation of pBV2xp vector
CAATAACGA
xp-pBV2_rv TGAATTCGAGCTCATGGTACGGATCCCATTTCCCCCTTAAGTGAACAAGTTTA  Creation of pBV2xp vector

TCCATCAACTATCTTAATTGAGTTAGT




Table S2. Plasmid backbones, promoters and gene sequences used in this study.

pBV2xp-alsSDBs

pBV2xp-alsSDB!

pBV2xp-budABEe

pBV2xp-aceBABm

AGAGGAACTATCAATTCCATAAACTTTTTGCTCATACCTTGCTACATGAGGAAAATCATTTAGAGATACCCATGGAAGTATATGAAAAACATTCAGAAGAAGCAGAAAGGCTAACTTGGGTGGAAGCTATACCATATCATATGCTACGTTACATTGACTTTAGCGACCCTGAGTTTATAAAA
CAAGCCTCAGATGTGTTTTATATTCCTGAAAAGGTTGTGCAAAACAGAATTAACTTTATGATACAACAACAATTTGAAATCGATGAATTTGATAATGTCAATGAAAAAGTAAAGAGTTTTGCTTAATCGCAAAGCTCTTTTTATTATTATCTTTTAAAAGCTTTTCTTAAAAGATTGTTTTC
TTTGTCATTAAATTTTAATCCCTCCCCCATTAAGAAATTAATCAGTGTTATAACCCTAGTAAAAATTTTATTAGGGTCTTTTCTTGTGGATAAACCTCTAATTAAATTTTAATCCCCCCCTTGTTAAAATTTAATAGGGATTGAAATTAATATTTTTGTATCCTCTTTATCCCTCATTAAATT
TTAATTAGTCTACGTGTTAATTATTAATTCCAGTCTAAATAAATTTAAATCAGTACTCATTAAATATTGATACCTCCCTGATTATATTTTTTTCACTATTTCTAAATAAAAAAAACTGCTGAAATACTTCAGCAGTTTATTGCACTTTTCTTAGTTCGATTTTTTCGAAAACATATCCAGCTT
CTTCAAGGACTGTTTTAATTGTTTCTAAATATCTTTTCTTAATCCATTCAAATGCAAATTCACTCGGTACAAGTAATAAACAATTTTTATTTTCAATTTTGATCTTAGTGTTTTTAAACCAGGTATCAAAAGAAGGCTTAGAGACACGATTTTGCATTTCGCTTTTTAAAGTACTGTCGACTT
TTTCCTCTTCAGTTGTCATTGATATACTCTCAAAAGATGTTGTAGGATTAGGTATTTGTTTTTTGATTTCTTTTCGAATTTCTCCTTTACTGAGTATATCTTCATACATTGTGTCATATTGTAAGGCCTCTGGAATATTAATTGTTTCTGACTCATCCATCATTTTTTTAACAAATTCATCGT

GCTCTTTTTTCAAAACCTTTGGAAGACCCTCTTTTTCCTTTTTTAAAGCCTTCTTTACATGTGCTTCCTCGTCATCTGGAATTTCAATATTAGGGTTTCCATTTAAAAGTTCTTCTGAAAGCAAAGGAACCTTACGTCTAATCTTAAAAATCGGGGATTCCTCTGTGTTATCCTTGGTTTTATT
ACGGACGTTTACCTTCCAAATAAAACCGTACCTTTCAAGCAGTTTCAAGTAGCCTCTAACTGTAACAGGAGTCTTGTCCATTTTTTTAGCGATTGTTTGTAGACTAGGAAAGCAAAAGTCTTTGCTGCCGTATGCATAACGAGTTAGGTGAGCATAGAGCGCAATTCCTTCAGCACCTAAAAA

ATAGCCCCAAAAATCAAAGAAGTAATTATTTAAGATTGTATAATGACCTTCTATGTAAGGTATATGCGTACCAAATTTGTCTAAAGAAAAGTTTTTTATTTGCTCTTCTGTCCATATCTTCTCTTCCGTTTCAGCAACATAATAAACTTCTTCTTTCCCTTTTTTGATTCTCTTCCTGGCGAT
TTTATTTCCAGTGGTTTGCTGTCGATAATACACTAATTCATCTGTATTTCCTTTTAGGTTTACTTCACTCATAATGTCCCTCCGCGATCACCTAAAGGAACAGTGTAAAAGAGGATTTTCACTTGTATGGGGTTTAATAAAATGTTAAAATGGAGATAGTTAAATACAAGTATAAATCCGCC
TTTTCCCCTTCTCAAATTTAACTTCTCAGTTTGGCCGCTGTTAGTTAAATTGAGATTCCGTTAGGTGGATTTTTTTTGTTTGTTTTTTCATCAAAAACAAACAGAGTTCTTCATATTCTGAAATAATCTTATCATATTTTTACTGGATTTAAAATATTTTTATTCCCATGTCTTTCTTAATTC
TCTAATATATATTCAATGCTCCTAATATTTTTTTTAAAAAAACAGACTCGTTTGGAGTCTGTCTCAGCCTTTGTTGGTTCTTTTTTTTAATTCATATTCATAAAAAGTTTTTTGGCTCTCAGGTAATGTCTCAACCATCTTATCAATAGCTCTCTCAATAGTATCCTCTAAGTAATATGAATT
CCCTTCGGATGCTGCCAGAATTTCGTGCAGCGATTTAATCTTATTATGGATTGAAACATCAACTTTCATTGTTTTCAACAATGCTTTTTTTCTTTTTGGTTCTGTTTGTTTAACCTCTGTTGTTTCTTTACTTTCAGAATCTGTAAGATCCATGTAAGGGTTCTTTAAGCTTGACCTATCGCCT
TGTGGCTTTCTAGGTAGATCCCCTAATTTTCGTACCATTAACCTTCCACCCTTTCGATCAATTCCATTGTAAGGTTATTGAATAGTTTTAGAGCTTCTTTATCATGAGTATCTTCTTCCGTGATTCCTTGAACATCAAATCGCTTTATTCTTTCCCTTAATTTAATTGTGGAATTAAGCAAGTC
ATCTCCAAATTCTTTCCGAGCTTCGTCCAAAATATACTGATCAACTGATCCACCTGATTTTATTAGTACAGGGACTATTCCTAATAAGCCGATATTAGCCTCGTATGTTTCAACCATTTGTTCCAGGTAAGGTATAAACTTTTCAGTTGCAGACAAAGATCTCCATGGACGCGTGACGTGAAA
AAAGCCCGCTCATTAGGCGGGCTGCCCCGGGGACGTCGACTCTAACTTATAGGGGTAACACTTAAAAAAGAATCAATAACGATAGAAACCGCTCCTAAAGCAGGTGCATTTTTTCCTAACGAAGAAGGCAATAGTTCACATTTATTGTCTAAATGAGAATGGACTCTAGAAGAAACTTCGTT
TTTAATCGTATTTAAAACAATGGGATGAGATTCAATTATATGATTTCTCAAGATAACAGCTTCTATATCAAATGTATTAAGGATATTGGTTAATCCAATTCCGATATAAAAGCCAAAGTTTTGAAGTGCATTTAACATTTCTACATCATTTTTATTTGCGCGTTCCACAATCTCTTTTCGAG
AAATATTCTTTTCTTCTTTAGAGAGCGAAGCCAGTAACGCTTTTTCAGAAGCATATAATTCCCAACAGCCTCGATTTCCACAGCTGCATTTGGGTCCATTAAAATCTATCGTCATATGACCCATTTCCCCAGAAAAACCCTGAACACCTTTATACAATTCGTTGTTAATAACAAGTCCAGTTCC
AATTCCGATATTAATACTGATGTAAACGATGTTTTCATAGTTTTTTGTCATACCAAATACTTTTTCACCGTATGCTCCTGCATTAGCTTCATTTTCAACAAAAACCGGAACATTAAACTCACTCT CAATTAAAAACTGCAAATCTTTGATATTCCAATTTAAGTTAGGCATGAAAATAATTTG
CTGATGACGATCTACAAGGCCTGGAACACAAATTCCTATTCCGACTAGACCATAAGGGGACTCAGGCATATGGGTTACAAAACCATGAATAAGTGCAAATAAAATCTCTTTTACTTCACTAGCGGAAGAACTAGACAAGTCAGAAGTCTTCTCGAGAATAATATTTCCTTCTAAGTCGGTTA
GAATTCCGTTAAGATAGTCGACTCCTATATCAATACCAATCGAGTAGCCTGCATTCTTATTAAAAACAAGCATTACAGGTCTTCTGCCGCCTCTAGATTGCCCTGCCCCAATTTCAAAAATAAAATCTTTTTCAAGCAGTGTATTTACTTGAGAGGAGACAGTAGACTTGTTTAATCCTGTAA

TCTCAGAGAGAGTTGCCCTGGAGACAGGGGAGTTCTTCAAAATTTCATCTAATATTAATTTTTGATTCATTTTTTTTACTAAAGCTTGATCTGCAATTTGAATAATAACCACT)

'‘GGGATCCGTACCATGAGCTCGAATTCACTGGCCGTCG
TTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTAGAGCTTGGCACTGGCCGTCGTTTTACAACGTCG

TGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCA

ITCCCTTTTCAGATAATTTTAGATTTGCTTTTCTAAATAAGAATATTTGGAGAGCACCGTTCTTATTCAGCTATTAATAACTCGTCTTCCTAAGCATCCTTCAATCCTTTTAATAACAATTATAGCATCTAATCTTCAACAA
ACTGGCCCGATGACTCTAGTTAAGGGTAACTAGCCTCGCCGATCCCGCAAGAGGCCCGGCAGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAA

CTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAA
AACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTC]

CGCCAGCAACGCGGC
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAA CGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCG

CCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACA
CAGGAAACAGCTATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGCCTCGA

Sequence | Used in plasmid Nucleotide sequence Annotation

name

pBV2xp pBV2xp GATCTGGAAAAACAAATCGAGTTGTTAAAGTTAAGAGCACAGTTTAAGAATAATGAAAAAAAGGACTGATCCTTGATTAAAAAGTTCAACTGTTCGATAATAGGATAGGTAGATGGACGAATATGACTATTTTTATTCCACAAAATGAGAGGAGATAGGTAAAATGCCCTATTCACCAACG | Plasmid replication gene:
backbone CTTTTAGAAGGTGCTGTATCGGATATATTGCTACATAAAAAAATTCTTTCACCAAAAGATTTACGTCCAGAATTTCTGTCTAAAAGATTTGGGATTGAAATTATGACTGGAAAAACATCTTATGCT TACATTGACTCAGATGTTAAAGTGTTTGTTTTAGATAAAAAAGTTGAAGAAAAAG

repA (rev)

Xylose repressor gene:

XVIR (rev)

Xylose inducible promoter:
B ()

Ribosomal binding site:
RBS (rwa)

Kanamycin resistance gene:
. (rev)

Ampicillin resistance gene:

M v

pUC origin of replication:

R ()




pTH1mp pTH1mp GTTCATTAAAGAGCAGCTGATGATGACTTTAATCCGTGTTCTTGTGCATAAGTTTGAGCAACAGCAACAAGGATTTTCTCTCGCTTATTTTCAAAAGATTAGTTAACTTAGTAGTAAAGCAATAA ATCGAAGGAGGTTGTTTAATGTCTACGGAGTTAAAGCAAAAACCACAAAAAAAAGA Methanol dehydrogenase
backbone ACCCCATCATGTTCAAAAGAGGCTTTATCAAAAATTTCTCAATCAATCGGTTGTCGTTCACTTAGTTTCCGGTTTAAAAGTAAAAGGAAAGCTGACCGAATATGATCAATACACTATTGCCGTTTCTGTCAAAAAAGAAGAAATGATGATCTATAAACACGCTATCAGCCTGATCCGTCCAT promoter:
pTH1mp-maeSs ACCATTCTGAGTCGGATGATGAATAAGAATGCTATCATTCTTTTATGGAAATATCGGATATAAAATTTAGAAAATTCATATATATTAAAAAAGACCTCCGATGATACAACAGCAGACGATCATGCAATAAACGGTTCCCTCAAAGAGGGATCAGTTAACCAAAGATGAGTAAATCCAGACCC
TTAACGCTTACCGGCTCAAGGATGGATTTACTTTTTTTGTGTTTAACTTAAAAACGAGTGAACATCAATGCTTGAAAAACGGTCATAAACAGCGCTCTCTTTCGGGAATACTGACTACCGTTGAG TTTATCTATATCTATTGCCTATTCTATTACTCTTTTATTATATGAAAAAATAAAAACT | Pmdh/mp (fwd)
pTH1mp-mae® TCAAGTTGACCACAAAAAACTTTCATTTTTTAAGACAATTTGATGCCTTAGGATCTAGTCGATCAGTCGTTTTATGATATGACTTTAATCCTTTTTAAAGTCAAATTAAATACTGCCCTTCCACCTTAACCCTCCACACTATATAAGCGTCAAAATCACTTTTCCTTTGGAAACCTTTTATTA
GGCTGGTTTTTCCTTGAGCTTTTTATATAAAATTAATATTCAGATCCTTCTAATCCTTCTAAAAAATATAATTTAGAAAACTAAGAACATTACGACAACTATATTGACAAACATCCAGATTAGCATTTAAACTAGTTTTGTAAACAATTACATAAATAGGAGGTAGTACATGTTTAAAGCTT | Chloramphenicol resistance
pTH1mp-odxCe GAATTCCCGGGGATCCATATGGTACCCGCCATAGGTCTAGAGCTTGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATC CCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAG gene:
TTGCGCAGCCTGAATGGCGAATGGCGACTAACGGGGCAGGTTAGTGACATTAGAAAACCGACTGTAAAAAGTACAGTCGGCATTATCTCATA]
pTH1mp-pckA-pykBm - (rev)
pTH1mp-maeSs-aceABm Origin of replication
TTGATATGCCTCCTAAATTTTTATCTAAAGTGAATTTAGGAGGCTTACTTGTCTGCTTTCTTCATTAGAATCAATCCTTTTTTAAAAGTCAATATTACTGTAACATAAATATATATTTTAAAAATATCCCACTTTATCCAATTTTCGTTTGTT GAACTAATGGGTGC pTA1060:
TTTAGTTGAAGAATAAAAGACCACATTAAAAAATGTGGTCTTTTGTGTTTTTTTAAAGGATTTGAGCGTAGCGAAAAATCCTTTTCTTTCTTATCTTGATACTATATAGAAACAACATCATTTTTCAAAATTAGGTCAAAGCCTTGTGTATCAAGGGTTTGATGGTTCTTTGACAGGTAAAA
ACTCCTTCTGCTATTATTAAGGTGTCGAATCAAAATAATAGAATGCTAGAGAACTAGCTCAGAAGGAGTTTTTTTGTTGATTTATTCATCTGAAAATGATTATAGCATCCTCGAAGATAAAACCGCAACAGGTAAAAAGCGGGATTGGAAGGGGAAAAAGAGACGGACGAACCTCATGGCG ori pTA1060
GAGCATTACGAAGCGTTAGAGAGTAAGATTGGGGCACCTTACTATGGCAAAAAGGCTGAAAAACTAATTAGTTGTGCAGAGTATCTTTCGTTTAAGAGAGACCCGGAGACGGGCAAGTTAAAACTGTATCAAGCCCATTTTTGTAAAGTGAGGTTATGTCCGATGTGTGCGTGGCGCAGGTC
GTTAAAAATTGCTTATCACAATAAGTTGATCGTAGAGGAAGCCAATAGACAGTACGGCTGCGGATGGATTTTTCTCACGCTGACGATTCGAAATGTAAAGGGAGAACGGCTGAAGCCACAAATTTCTGCGATGATGGAAGGCTTTAGGAAACTGTTCCAGTACAAAAAAGTAAAAACTTCGG | Erythromycin resistance
TTCTTGGATTTTTCAGAGCTTTAGAGATTACCAAAAATCATGAAGAAGATACATATCATCCTCATTTTCATGTGTTGATACCAGTAAGGAAAAATTATTTTGGGAAAAACTATATTAAGCAGGCGGAGTGGACGAGCCTTTGGAAAAAGGCGATGAAATTGGATTACACTCCAATTGTCGAT | gene:
ATTCGTCGAGTGAAAGGTAAAGCTAAGATTGACGCTGAACAGATTGAAAACGATGTGCGGAACGCAATGATGGAGCAAAAAGCTGTTCTCGAAATCTCTAAATATCCGGTTAAGGATACGGATGT TGTGCGCGGTAATAAGGTGACTGAAGACAATCTGAACACGGTGCTTTACTTGGATGA
TGCGTTGGCAGCTCGAAGGTTAATTGGATACGGTGGCATTTTGAAGGAGATACATAAAGAGCTGAATCTTGGTGATGCGGAGGACGGCGATCTGGTCAAGATTGAGGAAGAAGATGACGAGGTTGCAAATGGTGCATTTGAGGTTATGGCTTATTGGCATCCTGGCATTAAAAATTACATA - (rev)
ATCAAATAAAAAAAGCAGACCTTTAGAAGGCCTGCTTTTTTAACTAACCCATTTGTATTGTGTTGAAATATGTTTTGTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCA
TCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCAT GATAATAATGGTTTCTTAGCGATTCACAAAAAATAGGCACACGAAAAACAAGTTAAGG | Origin of replication pUC9:
GATGCAGTTTATGCATCCCTTAAC
ori puc
TATAACCCTCTTTAATTTGGTTATATGAATTTTGCTTATTAACGATTCATTATAACCACTTATTTTTTGTTTGGTTGATAATGAACTGTGCTGATTACAAAAATACTAAAAATGCCCATATTTTTTCCTCCTTATAAAATTAGTATAATTATA
GCACGAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCT|
GGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTT
CCTGGCCTTTTGCTGGCCTTTTGCTCACATGCATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAG CGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCC
GCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTAT GCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAAC
AGCTATGACCATGATTACGCCAAGCTTGGCTGCA
pBV2mp pBV2mp GATCTGGAAAAACAAATCGAGTTGTTAAAGTTAAGAGCACAGTTTAAGAATAATGAAAAAAAGGACTGATCCTTGATTAAAAAGTTCAACTGTTCGATAATAGGATAGGTAGATGGACGAATATGACTATTTTTATTCCACAAAATGAGAGGAGATAGGTAAAATGCCCTATTCACCAACG | Plasmid replication gene:
backbone CTTTTAGAAGGTGCTGTATCGGATATATTGCTACATAAAAAAATTCTTTCACCAAAAGATTTACGTCCAGAATTTCTGTCTAAAAGATTTGGGATTGAAATTATGACTGGAAAAACATCTTATGCTTACATTGACTCAGATGTTAAAGTGTTTGTTTTAGATAAAAAAGTTGAAGAAAAAG

AGAGGAACTATCAATTCCATAAACTTTTTGCTCATACCTTGCTACATGAGGAAAATCATTTAGAGATACCCATGGAAGTATATGAAAAACATTCAGAAGAAGCAGAAAGGCTAACTTGGGTGGAAGCTATACCATATCATATGCTACGTTACATTGACTTTAGCGACCCTGAGTTTATAAAA
CAAGCCTCAGATGTGTTTTATATTCCTGAAAAGGTTGTGCAAAACAGAATTAACTTTATGATACAACAACAATTTGAAATCGATGAATTTGATAATGTCAATGAAAAAGTAAAGAGTTTTGCTTAATCGCAAAGCTCTTTTTATTATTATCTTTTAAAAGCTTTTCTTAAAAGATTGTTTTC
TTTGTCATTAAATTTTAATCCCTCCCCCATTAAGAAATTAATCAGTGTTATAACCCTAGTAAAAATTTTATTAGGGTCTTTTCTTGTGGATAAACCTCTAATTAAATTTTAATCCCCCCCTTGTTAAAATTTAATAGGGATTGAAATTAATATTTTTGTATCCTCTTTATCCCTCATTAAATT
TTAATTAGTCTACGTGTTAATTATTAATTCCAGTCTAAATAAATTTAAATCAGTACTCATTAAATATTGATACCTCCCTGATTATATTTTTTTCACTATTTCTAAATAAAAAAAACTGCTGAAATACTTCAGCAGTTTATTGCACTTTTCTTAGTTCGATTTTTTCGAAAACATATCCAGCTT

CTTCAAGGACTGTTTTAATTGTTTCTAAATATCTTTTCTTAATCCATTCAAATGCAAATTCACTCGGTACAAGTAATAAACAATTTTTATTTTCAATTTTGATCTTAGTGTTTTTAAACCAGGTATCAAAAGAAGGCTTAGAGACACGATTTTGCATTTCGCTTTTTAAAGTACTGTCGACTT

TTTCCTCTTCAGTTGTCATTGATATACTCTCAAAAGATGTTGTAGGATTAGGTATTTGTTTTTTGATTTCTTTTCGAATTTCTCCTTTACTGAGTATATCTTCATACATTGTGTCATATTGTAAGGCCTCTGGAATATTAATTGTTTCTGACTCATCCATCATTTTTTTAACAAATTCATCGT
GCTCTTTTTTCAAAACCTTTGGAAGACCCTCTTTTTCCTTTTTTAAAGCCTTCTTTACATGTGCTTCCTCGTCATCTGGAATTTCAATATTAGGGTTTCCATTTAAAAGTTCTTCTGAAAGCAAAGGAACCTTACGTCTAATCTTAAAAATCGGGGATTCCTCTGTGTTATCCTTGGTTTTATT
ACGGACGTTTACCTTCCAAATAAAACCGTACCTTTCAAGCAGTTTCAAGTAGCCTCTAACTGTAACAGGAGTCTTGTCCATTTTTTTAGCGATTGTTTGTAGACTAGGAAAGCAAAAGTCTTTGCTGCCGTATGCATAACGAGTTAGGTGAGCATAGAGCGCAATTCCTTCAGCACCTAAAAA

ATAGCCCCAAAAATCAAAGAAGTAATTATTTAAGATTGTATAATGACCTTCTATGTAAGGTATATGCGTACCAAATTTGTCTAAAGAAAAGTTTTTTATTTGCTCTTCTGTCCATATCTTCTCTTCCGTTTCAGCAACATAATAAACTTCTTCTTTCCCTTTTTTGATTCTCTTCCTGGCGAT
TTTATTTCCAGTGGTTTGCTGTCGATAATACACTAATTCATCTGTATTTCCTTTTAGGTTTACTTCACTCATAATGTCCCTCCGCGATCACCTAAAGGAACAGTGTAAAAGAGGATTTTCACTTGTATGGGGTTTAATAAAATGTTAAAATGGAGATAGTTAAATACAAGTATAAATCCGCC
TTTTCCCCTTCTCAAATTTAACTTCTCAGTTTGGCCGCTGTTAGTTAAATTGAGATTCCGTTAGGTGGATTTTTTTTGTTTGTTTTTTCATCAAAAACAAACAGAGTTCTTCATATTCTGAAATAATCTTATCATATTTTTACTGGATTTAAAATATTTTTATTCCCATGTCTTTCTTAATTC
TCTAATATATATTCAATGCTCCTAATATTTTTTTTAAAAAAACAGACTCGTTTGGAGTCTGTCTCAGCCTTTGTTGGTTCTTTTTTTTAATTCATATTCATAAAAAGTTTTTTGGCTCTCAGGTAATGTCTCAACCATCTTATCAATAGCTCTCTCAATAGTATCCTCTAAGTAATATGAATT
CCCTTCGGATGCTGCCAGAATTTCGTGCAGCGATTTAATCTTATTATGGATTGAAACATCAACTTTCATTGTTTTCAACAATGCTTTTTTTCTTTTTGGTTCTGTTTGTTTAACCTCTGTTGTTTCTTTACTTTCAGAATCTGTAAGATCCATGTAAGGGTTCTTTAAGCTTGACCTATCGCCT
TGTGGCTTTCTAGGTAGATCCCCTAATTTTCGTACCATTAACCTTCCACCCTTTCGATCAATTCCATTGTAAGGTTATTGAATAGTTTTAGAGCTTCTTTATCATGAGTATCTTCTTCCGTGATTCCTTGAACATCAAATCGCTTTATTCTTTCCCTTAATTTAATTGTGGAATTAAGCAAGTC
ATCTCCAAATTCTTTCCGAGCTTCGTCCAAAATATACTGATCAACTGATCCACCTGATTTTATTAGTACAGGGACTATTCCTAATAAGCCGATATTAGCCTCGTATGTTTCAACCATTTGTTCCAGGTAAGGTATAAACTTTTCAGTTGCAGACAAAGATCTCCATGGACGCGTGACGTGAAA
AAAGCCCGCTCATTAGGCGGGCTGCCCCGGGGACGTCGACTCTAGAGGATCC,

repA (rev)

Methanol
promoter:

Baidi/mp (fud)

Kanamycin resistance gene:

| [

Ampicillin resistance gene:

M o)

dehydrogenase




GTACCATGAGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAG GCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGA
ATGGCGCTAGAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATG
CGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATG

CCCTTTTCAGATAATTTTAGATTTGCTTTTCTAAATAAGAATATTTGGAGAGCACCGTTCTTATTCAGCTATTAATAACTCGTCTTCCTAAGCATCCTT
CAATCCTTTTAATAACAATTATAGCATCTAATCTTCAACAAACTGGCCCGATGACTCTAGTTAAGGGTAACTAGCCTCGCCGATCCCGCAAGAGGCCCGGCAGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCT
CATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAG

GTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGT TCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTC|

CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC

AGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCT
CGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGCCTCGA

pUC origin of replication:

PGS ()

pEC-
XT99A
backbone

pEC-XT99A-aceBABm

GAATTCGAGCTCGGTACCCGGGGAAAGGAGGCCCTTCAGCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACC
TGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGG

GAGCGGATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATCCTGACGGATGGCCTTTTTGCGTTTCTACAAACTCTTTTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGCTCCTTCG
TCGGTGTCGTCGCCGGATGGTCTGCGGTGGTGCTCAGCGTGGAGACGCGCACCGTCACGGACCCCCATCAATCCTGCCTATTTGCCACGTTTAACAAGGTAGTTAAGCGTTCATTTACGAAGAAAACACGATAAGCTGCACAAATACCTGAAAAAGTTGAACGCCCCGTGAGCGGGAACTCAC
AGGGCGTCGGCTAACCCCCAGTCATCAGCTGGGAGAAAGCACTCAAGACATGACTCTAGCCGATCCGCAGGACACAGTCACAGCTAGCGCGTGGAAATTGTCCGCCGATCTGTTCGACACCCACCCCGAAGCTATGCGCTGCGGCTCACGCGGCTGGACGGCAGAAGATCGCCGCGAACTGCTC
GCTCACCTGGGACGCGAAAGCTTCCAGGGCAGCAAGACAAGAGATTTCGCGAGCGCCTGGATTAAAAACCCGGATACCGGCGAAACCCAACCAAAGCTCTACCGGGCTGGCTCAAAAGCGCTGACGCGGTGCCAGTACGTTGCGCTGACGCACGCGCAACATGCCGCGGTGATCGTGCTTGACA
TCGATGTGCCCAGCCACCAGGCCGGCGGGAAGATTGAGCACGTAAACCCGCAGGTCTACGCGATTTTAGAGAAATGGGCACGCCTAGAAAAAGCGCCGGCTTGGATCGGCGTGAATCCGCTGAGCGGGAAATGCCAGCTCATCTGGCTCATTGACCCGGTGTATGCCGCAGCAGGTAAAACCA
GCCCAAATATGCGCCTGCTGGCTGCAACGACGGAAGAAATGACTCGTGTTTTCGGCGCTGACCAGGCTTTTTCGCATAGGCTGAGCCGGTGGCCGCTGCACGTCTCAGACGATCCGACAGCCTATAAATGGCACTGCCAGCATGATCGTGTGGATCGGCTGGCCGACCTAATGGAGATTGCTCG

AACGATGACCGGATCACAGAAGCCGAAAAAGTACATTGAGCAGGACTTTTCCAGCGGACGCGCCCGCATTGAAGCGGCACAACGCGCCACCGCAGAAGCCAAGGCGCTAGCGATTTTGGACGCGAGCCTGCCGAGCGCCCTGGACGCGTCCGGCGACCTGATCGACGGCGTGCGAGTGCTCTGG
ACAAATCCAGAGCGAGCGCGCGACGAGACCGCGTTTCGCCACGCGTTGACCGTGGGATACCAGCTCAAAGCTGCTGGTGAGCGCCTAAAAGATGCCAAGATCATCGACGCGTATGAAGTGGCGTACAACGTTGCCCAGGCGGTCGGTGCAGACGGCCGGGAGCCGGATCTTCCCGCCATGCGTG
ATCGCCTGACGATGGCGCGTCGTGTGCGCGGCTACGTGGCTAAAGGCCAGCCAGTCGTCCCTGCTCGTCGGGTGGAAACGCAGAGCAGCCGAGGGCGGAAAGCTCTAGCGACGATGGGGCGACGGGGCGCAGCTACATCGAATGCACGCAGATGGGCTGACCCAGAAAGTAAGTATGCGCAGG

AGACGCGACAGCGATTAGCGGAAGCAAACAAACGCCGAGAAATGACAGGCGAGTTGCTCGAACTTCGCGTCAAAACTGCGATCCTGGATGCCCGTTCTCAATCGGTTGCTGATCCCTCGACTCGTGAGCTTGCAGGCGAACTAGGTGTCAGTGAAAGGCGCATCCAACAAGTCAGAAAGGCAC
TTGGAATGGAAGCTAAACGCGGCCGTCCACGGGCTGAAAACTAATAAACGAAACACCGTCAGCAGAAAACGGTTCCCCCCTTTAGGGGTCCCGTCCTTGCTCTGGCTCTCACTTGCCCTCACCCTCCGCTATCCACGGGCTGAAAACTAATAAACGAAACACCGTCAGCAGAAAACGGTTCCCC
CCCTTTAGGGTGTCTCGCTCCTAGCTCTGATCCCTCCCCGGTTCCTCCCCGGCCTGATTTTTAAGGGGGGCTCACGCTGTCGGCAGAGAACGGTTCCCCGCCTTCTGCTCTGGCTCTTCCTCGACTCCCTCCCCCTCAAAAATCTCCTCGAGATCCTGGAGACCTTTTTGGAGCTAGCGCGTTGCT
GCTTCGCACCAACTTGCTCATGATGATTTTCATTTTTGCTTGTGTGCTTTTTTGGGTTGAACCCTCCAAAGAGGGGAAACCAGGGGCACACCTCATGCACTAAAGTGCCGCTTCGCTGGTCAGGG TGAAATCACCTGGAAAAAAAGTGCGGTAACCGCTGCGCTTGGCGTTTTTTCTGGGCAA
GAAGTCTCGCAGGTTTTCGCAGGAGTGCCGGAAGAAATTATCAGAATTGGGGCTAGAATTTTTAACGAACGTTCGTTATAATGGTGTCATGACCTTCACGACGAAGTACCAAAACTGGCCTGAAGCATCAGCGGTGGATCTCTCCGATGTCGCGCTGGAGTCCGACGCACTCGATGCCGCCGT
CGATTTAAAAACGGTGATCGGATTTTTCCGCGCCCTCGATACGACAGACGCGCCAGCATCACGCGACTGGGCAAGTGCCGCGAGCGACCTAGAAACGCTTGTGGCCGACCTTGAAGAGCTGGCCGACGAGCTGCGTGCTCGGCAGCGCCAGGAGGACGCGCAGTAGTGGAGGATCGCATCAGC

TGCGCCTACTGCGGTGGCCTGATCCCACCCCGGCCTGACCCACGAGGACGGCGCGCAAAATACTGCTCAGACGCGTGTCGTGCCGCAGCCAGCCGCGAGCGCGCCAACAAGCGCCACGCCCAGGAGGTCGAAGCCGCACGTCGACCGCGTGTAGTGCGTGGCGGAAACTTCTTGCGTTTCGCAAG

AGAAATGCGTCCCATTTCTCGTCGGACTCGGGGAAGGAAGCGTGATGCTCTCGGTCAAGCACGTCGCTCGCCAGCGCTGCGAGGAGTTCGGCCTTCGTGCGGAAGTGCCAGTAGAGGCCGGGCTGCTGTACCTGTAAGTGAGCCGCCAGCGCGCGAGTGGTGAAGCCATCGAGCCCAGTCTCGT
CGAGCACCTGCCGGGCCCCGAGCAACACGGACGTGCGGTCGAGACGCTTCCGGTGGTGAGTCATAG!

Plasmid replication gene:
rep (fwd)

Tetracycline resistance gene:
R (1vva)

Origin of replication:

ori (fwd)

laclq promoter :

IRCTIBTOR (<o)

lacl gene:

B cwa)

trc promoter:

IR0 (1)




_CCGCGCTAAGGTGCCATC CCGATGCGACGGGATCGCTCTGCCACCAGTCAAGTCTCCCGTAGCCGGTATGAGCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTT
TTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCAC
CGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTC

GTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG
TCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAAC

ACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCAGATCAATTCGCGCGCGAAGGCGAAGCGGCATGCATTTACGTTGACACCATCGAATGGT

GCGCAACGCAATTAATGTGAGTTAGCGCGAATTGATCTGGTTTGACAGCTTATCATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGCTGTGGTATGGCTGTGCAGGT CGTAAATCACTGCA
TTTCACACAGGAAACAGACCATG

TAATTCGTGTCGCTCAAGGCGCACTCCCGTTCTGGATAATGTTTTTI‘GCGCCGACATCATAACGGTTCTGGCAAATATTCTGAAATGAGCTG_GTGG

lac operator:

IRCORERam (rwa)

alsSDBs

pBV2xp_alsSDBs

ATGACAAAAGCAACAAAAGAACAAAAATCCCTTGTGAAAAACAGAGGGGCGGAGCTTGTTGTTGATTGCTTAGTGGAGCAAGGTGTCACACATGTATTTGGCATTCCAGGTGCAAAAATTGATGCGGTATTTGACGCTTTACAAGATAAAGGACCTGAAATTATCGTTGCCCGGCACGAACA
AAACGCAGCATTCATGGCCCAAGCAGTCGGCCGTTTAACTGGAAAACCGGGAGTCGTGTTAGTCACATCAGGACCGGGTGCCTCTAACTTGGCAACAGGCCTGCTGACAGCGAACACTGAAGGAGACCCTGTCGTTGCGCTTGCTGGAAACGTGATCCGTGCAGATCGTTTAAAACGGACACA
TCAATCTTTGGATAATGCGGCGCTATTCCAGCCGATTACAAAATACAGTGTAGAAGTTCAAGATGTAAAAAATATACCGGAAGCTGTTACAAATGCATTTAGGATAGCGTCAGCAGGGCAGGCTGGGGCCGCTTTTGTGAGCTTTCCGCAAGATGTTGTGAATGAAGTCACAAATACGAAAA
ACGTGCGTGCTGTTGCAGCGCCAAAACTCGGTCCTGCAGCAGATGATGCAATCAGTGCGGCCATAGCAAAAATCCAAACAGCAAAACTTCCTGTCGTTTTGGTCGGCATGAAAGGCGGAAGACCG GAAGCAATTAAAGCGGTTCGCAAGCTTTTGAAAAAGGTTCAGCTTCCATTTGTTGAAA
CATATCAAGCTGCCGGTACCCTTTCTAGAGATTTAGAGGATCAATATTTTGGCCGTATCGGTTTGTTCCGCAACCAGCCTGGCGATTTACTGCTAGAGCAGGCAGATGTTGTTCTGACGATCGGCTATGACCCGATTGAATATGATCCGAAATTCTGGAATATCAATGGAGACCGGACAATTA
TCCATTTAGACGAGATTATCGCTGACATTGATCATGCTTACCAGCCTGATCTTGAATTGATCGGTGACATTCCGTCCACGATCAATCATATCGAACACGATGCTGTGAAAG TGGAATTTGCAGAGCGTGAGCAGAAAATCCTTTCTGATTTAAAACAATATATGCATGAAGGTGAGCAGGTG
CCTGCAGATTGGAAATCAGACAGAGCGCACCCTCTTGAAATCGTTAAAGAGTTGCGTAATGCAGTCGATGATCATGTTACAGTAACTTGCGATATCGGTTCGCACGCCATTTGGATGTCACGTTATTTCCGCAGCTACGAGCCGTTAACATTAATGATCAGTAACGGTATGCAAACACTCGGC
GTTGCGCTTCCTTGGGCAATCGGCGCTTCATTGGTGAAACCGGGAGAAAAAGTGGTTTCTGTCTCTGGTGACGGCGGTTTCTTATTCTCAGCAATGGAATTAGAGACAGCAGTTCGACTAAAAGCACCAATTGTACACATTGTATGGAACGACAGCACATATGACATGGTTGCATTCCAGCAA
TTGAAAAAATATAACCGTACATCTGCGGTCGATTTCGGAAATATCGATATCGTGAAATATGCGGAAAGCTTCGGAGCAACTGGCTTGCGCGTAGAATCACCAGACCAGCTGGCAGATGTTCTGCGTCAAGGCATGAACGCTGAAGGTCCTGTCATCATCGATGTCCCGGTTGACTACAGTGAT
AACATTAATTTAGCAAGTGACAAGCTTCCGAAAGAATTCGGGGAACTCATGAAAACGAAAGCTCTCTAGCACTCTGCGCATCACGACACTGTTTTATGAACAGCACTAAATAAAAGGAGTGAAGGGAAAT)

Acetolactate synthase gene
(B. subtilis):

alsS (fwd)

Acetolactate  decarboxylase
gene (B. subtilis):

8D (fwD)

alsSDB!

pBV2xp-alsSDB!

ATGAATAATGTAGCCGCTAAAAATGAAACTCTTACTGTAAGAGGAGCAGAGCTTGTGGTGGATAGTCTCATTCAGCAAGGTGTCACTCATGTTTTCGGTATTCCGGGAGCGAAAATCGATGCGGT GTTTGACGTATTGAAAGACAAGGGGCCTGAATTGATCGTTTGCCGTCACGAGCAGAA
TGCAGCATTTATGGCGGCGGCAGTCGGACGATTGACTGGAAAGCCCGGTGTTTGCCTGGTGACTTCAGGTCCGGGAGCGTCTAATTTAGCGACCGGTCTTGTAACAGCCAATACAGAAGGAGATCCGGTTGTTGCCCTGGCGGGTGCTGTAAAAAGAGCGGATCGTCTCAAAAAAACTCATCA
ATCGATGGATAATGCGGCGTTGTTTCAGCCGATTACGAAATATAGCGCAGAAGTGGAAGATGCGAACAACATACCTGAGGCTGTAACCAATGCATTCAGAGCGGCGGCTTCTGGACAGGCTGGCGCAGCGTTTCTCAGCTTTCCGCAGGACGTTACGGCCGGTCCGGCAACTGCCAAGCCGGT
GAAAACCATGCCGGCGCCGAAGCTGGGCGCGGCTTCGGACGAACAAATCAGCGCGGCCATCGCCAAAATTCACAATGCGAACCTTCCTGTCGTGCTTGTCGGGATGAAAGGCGGAAGACCTGAAG CGATTGAAGCGGTTCGGCGTCTGCTAAGGAAAGTGAAACTGCCGTTTGTTGAAACATA
CCAAGCAGCGGGTACGCTGTCTCACGATTTGGAAGACCAGTACTTCGGCCGGATCGGACTATTCCGCAATCAGCCCGGAGACATGCTATTGGAAAAAGCGGATGTCGTTTTGACGGTCGGCTATGATCCGATTGAATACGATCCGGTCTTTTGGAATGGAAAAGGCGAACGAAGCGTGATTCA
TCTTGACGAAATACAAGCCGATATCGATCATGACTATCAGCCCGAAATCGAGTTGATCGGCGATATCGCAGAGACGTTAAACCATATTGAACATGATTCTCTGCCGGTTTCCATCGACGAGTCCTTTGCACCTGTCCTTGATTACTTGAAGAAAGCACTGGAGGAGCAAAGCGAACCTCCTAA
AGAAACAAAAACTGATCTTGTTCATCCGCTGCAAATCGTTCGCGATTTGCGTGAACTGCTGAGCGATGACATAACGGTGACTTGCGACATCGGCTCCCATGCGATTTGGATGTCTAGATATTTCCGCACCTACCGTCCGCATGGACTGCTGATTTCCAACGGCATGCAGACGCTTGGGGTGGCT
TTGCCGTGGGCGATTGCAGCAACGCTGGTCAATCCGGGACAGAAAGTCGTGTCTGTTTCCGGGGACGGGGGCTTCCTGTTCTCCGCGATGGAGCTTGAGACAGCGGTCAGATTAAAAGCGCCGAT CGTTCACATTGTCTGGAATGACAGCACATACGATATGGTTGCGTTCCAGCAGGAGATG
AAATACAAGCGGACGTCCGGAGTCGACTTCGGCGGAATCGATATTGTAAAATATGCTGAAAGCTTTGGTGCAAAAGGTTTAAGGGTCAATTCACCTGACGAATTGGCAGAGGTGCTTAAAGCTGGTCTTGATGCAGAGGGGCCTGTTGTCATTGATATTCCGGTCGATTACAGCGACAACAT
TCATTTGGCCGATCAGCGTTTTCCAAAAAAATTTGAGGAACATTTTAATAAAGAAGCCTCTAAGCAATCTTGATCACAGCATGTCCAGTCACAACGAACAAAATCAAGGGAGTGAAAAGAGGAAA

Acetolactate synthase gene
(B. licheniformis):

alsS (fwd)

Acetolactate  decarboxylase
gene (B. licheniformis):

BudA (rwa)

budABE«

pBV2xp-budABE«

ATGATGCACTCATCTGCCTGCGACTGTGAGGCCAGTTTATGCGAGACCCTGCGCGGGTTCTCCGCTAAGCATCCTGACAGCGTGATCTATCAGACATCGCTAATGAGCGCCCTGCTAAGCGGCGT CTACGAGGGGGACACCACCATCGCCGATCTGCTGGCGCACGGTGATTTTGGTCTGGGCA
CCTTCAACGAGCTGGACGGCGAAATGATTGCCTTCAGCAGCCAGGTGTACCAGCTGCGCGCCGACGGCAGCGCACGCGCCGCGAAGCCAGAGCAGAAAACGCCGTTCGCGGTGATGACCTGGTTCCAGCCGCAGTACCGTAAAACCTTTGATGCGCCGGTCAGTCGTCAGCAGATCCACGACGT
GATCGACCAGCAAATCCCCTCCGATAACCTGTTCTGCGCGCTGCGCATCGACGGCAACTTCCGCCACGCCCACACCCGTACCGTACCGCGTCAGACGCCGCCATACCGCGCGATGACCGACGTGCTGGACGACCAGCCGGTGTTCCGCTTCAACCAGCGCGAAGGGGTGCTGGTCGGGTTCCGCA
CGCCGCAGCATATGCAGGGCATTAACGTGGCCGGCTATCACGAACATTTCATTACCGACGACCGTCAGGGCGGGGGACATCTGCTCGACTATCAGTTGGAGAGCGGCGTGCTCACCTTTGGCGAAATACACAAGCTGATGATCGATCTGCCAGCCGACAGCGCGTTTTTACAGGCCAACCTTCA
CCCCAGCAATCTTGATGCAGCGATCCGTTCCGTCGAAAACTAACAGGAGAACTAC

Acetolactate  decarboxylase
gene (E. cloacae):

budA (fwd)




Acetolactate synthase gene
(E. cloacae):

BUdB (rwd)

aceBABm

pBV2xp-aceBABm

pEC-XT99A-aceBABm

ATGTCCACTCAAACGACAGGCATTGAAATCGTTGGTTCGATCAAACCGGGATATGAAGAAATCCTAACAGCAGAAGCACTCAATTTTATTGAAGAATTGGAAAGAAAGTTTGGTCCACGGAGAAAAGAACTGCTGCAGCTCCGGCAAAAAAGGCAAGAAGAAATCAACCAGGGAAAACTCCC
GGATTTTCTTCCTGAAACAGAGCATATTCGAAACGGGGATTGGACAATCTCGCCGCTTCCAGACGATCTACGTGACAGACGTGTGGAAATTACCGGACCAACCGATCGAAAAATGATAATAAATGCGTTGAATTCCGGTGCCAAAATCTTTATGGCAGATTGTGAGGACGCCACTTCACCAAC
TTGGGAAAACATTGTCGAAGGGCAGATTAATCTTAGAGATGCAGTGAACCGGACGATCTCGTTCGAAAATCCAAACGGCAAGAAATATGTTCTTAATGAAAAAACAGCTGTACTTCTTGTTCGTCCAAGAGGCCTTCATCTTGAAGAAAAACATTTGCTGCTTGATGGAAAACCGATTTCCG
GCAGTTTCTTCGATTTTGGAATGTACTTTTTCCATAATGCAAAAAATCTGATTGCGAGAGGAACCGGCCCTTATTTTTACTTGCCGAAGCTTGAAAGCCATCTTGAAGCAAGACTGTGGAATGACGTATTTGTTTATTCACAGGAAAAGCTGGGTATCCCTCAAGGGACAATAAAAGCAACG
GTTCTTATTGAAACGATTTTGGCTGCGTTCGAAATGCATGAGATCTTATATGAATTAAGGGAGCATTCTGCCGGATTGAACTGCGGACGCTGGGATTATATTTTCAGCTACTTGAAAAAGTTCCGCAATCACGAAAATGTCATCTTGCCTGATAGATCACAGGTGACAATGACTGTTCCGTTT
ATGAGATCTTACTCACTGCTGACGATTCAGACTTGCCACCGCCGTAAAGCGCCGGCAATTGGAGGTATGGCGGCACAAATTCCTGTTAAAAACAATCCGAAAGCAAATGAAGAAGCTTTTGCAAAAGTACGTGCCGATAAAGAACGGGAAGCACGCGACGGTCATGATGGGACATGGGTAGC
ACACCCTGCTTTAGTTCCGGTTGCGCTAGAAGTTTTTAATCGGGAAATGCCTGATGCCAATCAAATTGAAACGAAAAAACTTGAAGAACTTAACGTTTCAGCCAGTGACTTACTCGAAGTTCCTGAGGGAACGATCACAGAAAATGGTGTCCGAATGAACATCAATGTCGGAATCCAATATG
TGGCATCTTGGCTAAGCGGCAGAGGCGCAGCGCCTATCCATAATCTAATGGAAGATGCTGCTACAGCAGAAATTTCAAGGGCACAGCTTTGGCAATGGATCCGCCATCCAAAAGGTATTTTAGATGACG GCAGAAAAGTGACCGTTGAGATGTATGAGCAGTTTAAGAAAGAAGAGCTCGAA
AAAATTAAACAGGAAATCGGTGCTGAAGCTTATGCTAATGGCCGGTTTGAAGAGGCAGTTGAATTGTTTGACAAGCTAATATTAAACGATGAGTTTGCTGAATTCCTAACTCTTCCGGGTTATGAAATTCTATAGATTAATATAATCATAAATTTTAAGGAGGATTTAAAC]

Malate synthase gene (B.
methanolicus):

aceB (fwd)

Isocitrate lyase gene (B.
methanolicus):

el (rwa)

citMU

pMI2mp-citMU

ATGGTTGATTTTAATAAAGTTTTAGATTTACACGAATTACACACAGGTGTATTGGATATTCAAGCAGACATTGATGTCAAAAAGCCAAGTGATCTGGCTGAGGCTTATACACCGGGTGTTGCCGAACTTTCAAAATTAATTCAGAGTGACCCAGAAGCTAAACGCAAATACACAATGAGCGG
AAAACTGGTGGCCGTTGTGACTGATGGAACAGCTGTTCTTGGTCTTGGAAATATGGGGCCTGCTGGTGGACTCCCTATCGTTGAGGGGAAAGCCCTTCTGTACAAGGAATTAGCTGGTGTCGATGCAATACCGATTGCTGTGGAACAAATCGGTGCTGAAAAAATCATCGAAACAATTAAAA
ATATTTCGCAATCTTTTGCTGGTATTCACTTGGAAGATATCTCAGCTCCTCAATGTTTTGAAATTGAGGAACGACTTTCTAAAAATTTGAATATTCCAGTTTATCATGATGACCAAGCTGGGACAGCTATCGTTGTCTTAGCAGGTTTGATGAATGCAGCCAAGTTAGTTAATAAGAAATTG
GAAGACTTGAAGATTGTCATCAATGGTGTTGGTGCAGCTGGTGTTGCAACCGGGCGATTATTTGCTGAGGTTGGCATTAAAAATGTGACCTTGATTGATATTGAAGGAAAAGTTAACGATAAGGTGAAATCTTATAATCGTTATCAGTTGGAATTGGCTAAACGCTTTAATCAAGTAGCTGG
GACGACTTTGGATGAAGTGATTGACGGTCAAGATGTCTTTATTGGTTTGTCAGATGCCAAAGTTTTGACTGGGACACAAGTTGAACGCATGGCAAAAGATGCAATTATCTTTGCTTTAGCAAATCCAGTGCCAGAAATCTTACCAGAAGAAGCGCTCAAGCATGGAGCTGCAGTTGTTGCAA

CAGGCTCTAATCAATGGCCAAATCAAGTCAATAATGTTTTGGTGTTCCCTGGCTTGTTTAAAGGTTTATTGAGTGCGAATGTTCAGCACGTAGATTACAAGTTGCAAGCTAATATTGCGACAGCCATTGCTGATGTCATTAAAAATCCAGATCGGAATCACATTGTTCCTGGGGTATTTGAT
GCAGGAGTTGTAGAAAGTGTCACAAAAGCGGTAAAAGATTCAGCAAAATAA

Malic enzyme gene (L. lactis) :

citM (fwd)

maets

pTH1mp-maeSs

pTH1mp-maeSs-aceABm

ATGGCATTACCAGGCGGGGCAGCCATGAACATTACGATTCGTCTCCAGTTCGAAAAAGATATCGTCTCATTCAGCGATATCGCCGCCGCGATTGGCAAAGCGGGCGGGGACATTGTCGGGATTGACGTCATTTCGTCAAGCAAAGTTCACACGGTGCGCGATATTACCGTCAGCGCCCTCGAT
ACGAAGCAGTGCGACTTGATCATTGAGGCGCTGAAAAAAATTCGCGGCGTCAAAATTGTGAACGTTTCCGACCGCACGTTTTTGATGCACATCGGGGGGAAAATTGAAACAAATTCAAAAATCCCAGTGAAAACACGCGACGACTTGTCGCGGGTATACACGCCGGGCGTGGCGCGCGTCTGC
ACGGCGATTGCCGAAGATCCGCGAAAGGCGTATTCGCTGACGATTAAACGGAATACGGTCGCCGTTGTCTCGGACGGCACGGCGGTGCTTGGGCTTGGCGACATCGGTCCGTACGCGGCGATGCCAGTCATGGAAGGGAAAGCGATGCTGTTTAAGGAATTTGCCGGAGTGGACGCGTTCCCG
ATTTGTTTGGATACGAAAGACACGGAAGAAATCATTCAAATTGTGAAAGCGATCGCCCCGGCGTTTGGCGGCATTAACCTGGAGGACATTTCCGCCCCACGTTGTTTTGAAATTGAAAAGCGGCTGAAAGAAGAGCTGGATATTCCCGTGTTTCATGATGACCAGCATGGCACGGCGGTCGTG
CTCTTGGCGGGACTGCTTAACGCGCTGAAAATCGTTGACAAAAAGCTCGAAGACATTAAAGTCGTCTTAACCGGCATCGGTGCGGCCGGCATCGCCTGCACGAAAATTTTGCTTGCGGCCGGCGTGCGCAACATTATCGGGGTCGACCGCCATGGCGCCATCCACCGCGATGAAACGTACGAAA

ATCCGTACTGGCAAGAGTATGCGCAACTCACGAACCCGGATAATCTGAAAGGAAGCTTGTCCGATGTCATCGCCGGCGCAGATGTATTTATCGGCGTTTCGGCTCCGGGCATTTTAAAAGTGGAAGATGTGAAAAAAATGGCGCGCGATCCGATCGTGTTTGCGATGGCCAACCCGATTCCGG
AAATTGATCCGGAGCTGGCCGAACCGTACGTGCGCGTCATGGCGACCGGGCGTTCCGACTATCCGAACCAAATCAACAACGTCCTTTGCTTCCCGGGCATTTTCCGCGGGGCGCTTGACTGCCGGGCGAGAGAAATTAACGAGGAAATGAAGCTCGCTGCCGCGAAGGCGATTGCCTCTGTCGT
GACGGAGGATGAATTGAACGAAACATACATCATCCCGAGCGTCTTCAACAGCAAAGTCGTCGAACGCGTCAGACAAGCGGTCGTCGAAGCGGCTTACCGCACTGGGGTGGCGCGGAAGGACAATATCCCGGTTGGCGGATATACAGGGCAGTAA

Malic enzyme gene (G
stearothermophilus)

maeB!

pTH1mp-mae®!

ATGAACAACATGAGAAGAACGAAGGAAGGACATTTGGAGACTTCTTTGCGGGGTAAAGACGTTCTTTCCATTCCAACGCTAAATAAAGGTGTTGCATTTTCTCTTGAAGAAAGAAAGAACCTCGG TCTAGAAGGGCTTCTGCCGCCGACTGTTCTCAGCCTTGATCAGCAGGCAGAACGGGC
TTACGAACAATTTTCCCGTCAACCTGACAGACTTCGCCAAAACGTATATTTGAACGATCTGCAAAACAGAAACGAAGTGCTTTTCTATAAATTATTGCAAAACCACCTGCGTGAAATGCTTCCGGTTGTCTATACGCCTACTGTCGGCGAAGCGATTCAGGAATACAGCCACGAATACCGCAG
ACCGCACGGCGTTTACTTGTCAATCGATGATATGGACGGAATCGAAACGGCTTTTAAAAACCTGCAGGCATCTGCTGATGACATCGATTTGATCGTCGCTACAGATTCCGAAAGCATTTTGGGGATCGGCGACTGGGGCGTCGGAGGCATCAATATTGCGATTGGTAAGCTTGCAGTATATAC
GGCGGCAGCGGGAATCGATCCGAGCCGCGTTATCCCGGTCGTACTGGATGTCGGAACGAATAATGAAAAACTGCTAAACGATCCGCTCTATATCGGAAACCGTCATCCGCGTGTAGAAGGCGAGCGCTATGAACAATTTATCGACGCTTATGTCGAAACAGCATTGAAGCTTTTCCCTAACGC
GCTTCTACACTGGGAAGATTTCGGAAATAAAAATGCCCGCAATATCATGAGTAAATATAACCATAAAATTGCAACATTTAATGATGATATTCAAGGAACAGGGGCTATCACGCTGGCTGCGATTTTAGCAGCTGTCAAAAAGACCGGCACGTCTTTGAAAGACCACCGGGTCGTCATCTTCG
GACCTGGTTCTGCTGGTATAGGAATCGCTGACCAAATCCGCGACACCATGGTGCTTGAAGGGCTTTCAGAAGAAGAAGCCAACCGTGCATTCTGGACAGTCGATTACAGAGGATTATTAACGACAGGCATGGATCAAATCATGGATTTCCAAGAACCGTATTTGCGCGATACGGAAGAAGTG
AAAGATTGGAAACGCAATGAAAAGGGAGAGATTTCCTTTGAGGAAGTCATCCGTCAAGTGAAGCCTACGATCCTGATTGGTACATCAGGTGTTGCCGGCGCCTTTAGTGAAGAAATCATCAAAGAGATGGCGGCTCATACTGAGCGTCCTGTGATTCTGCCGATGTCAAATCCGACACATCT
GGCCGAAGCTGTTCCTGAAGACTTGTTCAAATGGACGGACGGAAAAGCGCTTGTGGCGACGGGAAGCCCGTTTGAAGCTGTTGAGTACAATGGCGTGAAACACGAAATCGGACAATCCAATAACGCTT TTGTATTCCCTGGATTAGGCCTGGGTACAATCGTTGCGAAAGCGAAAGTCATCA

NAD-dependent malic
enzyme gene (B.
licheniformis)




CAAACGGCATGTTTGCTGCATCTGCCAACGCGGTCGCGAACATGGTGGATCATGAAAAGCCGGGTGCAGGTCTTCTGCCGAAAATCGACGACCTGCAAGACGTATCCGTTCAAGTGGCGATCGACGTTGTAAAAGCTGCCATTAAAGACGGCGTGGCCCAAGTTCAGCCTGAAGATGTCGAAA
AGGCTGTCCGCGAAGCCATGTGGCGTCCGGAGTATAAAACAATTGTTGCAAAACAAGACTAA

odxCe pTH ].l'['lp-OdXCg ATGCGTTTTGGACGAATTGCCACCCCAGATGGAATGTGTTTTTGCTCAATTGAAGGCGAAGGCGATGATGTAGCTAACCTCACCGCCCGTGAGATCGAGGGTACCCCCTTCACTGAACCAAAGTTCACCGGTCGCGAATGGCCACTTAAAGATGTACGCCTGCTGGCACCAATGCTGCCAAGC Oxaloacetate decarboxylase
AAAGTCGTCGCGATTGGCCGTAACTACGCCGATCACGTTGCTGAGGTGTTTAAGAAGTCCGCAGAATCACTGCCACCAACCCTGTTCCTGAAGCCACCAACAGCTGTCACCGGACCAGAGTCCCCAATCCGAATCCCTTCCTTTGCCACCAAGGTGGAATTCGAAGGTGAGCTCGCAGTAGTTA gene (C g lutamicu m] H
TCGGCAAGCCCTGCAAGAACGTCAAGGCTGATGACTGGAAGTCTGTCGTTTTGGGCTTCACCATCATCAACGACGTCTCCTCCCGTGACCTCCAGTTCGCTGACGGCCAGTGGGCACGCGCTAAG GGCATTGACACCTTCGGCCCCATCGGACCATGGATTGAAACTGACATCAACTCCATCGA
CTTGGACAACCTGCCCATCAAGGCACGCCTCACCCACGACGGCGAAACCCAATTGAAGCAGGACTCCAACTCCAACCAGATGATCATGAAGATGGGCGAAATTATCGAGTTCATCACCGCCTCCATGACCCTGCTCCCAGGCGACGTTATTGCAACCGGTTCTCCAGCAGGCACCGAAGCAATG odx [fwd)
GTTGACGGCGACTACATCGAAATCGAAATTCCAGGCATCGGCAAGCTGGGCAACCCAGTTGTGGACGCCTAA

bci kA- pTH 1 mp-pci kA- -DCl fBm ATGAATTCTGTTACGATTTCAAGCGAGTTGAGTGATTTGTTAAAAGGAAATAATGTTCAAATTCAATTGTCCGTCCCTCAATTAGTTGAGAAAGTTTTATACCGTAAAGAAGGGACTTTGACTTCAACCGGAGCAGTCCGCGCCACAACCGGGAAATATACCGGACGTTCGCCTAAAGATAA Pho SphO enolpyruvate

pkam ATATATTGTTGAAGAAGCTTCTACGAAAGATAAAATCGATTGGGGCACTGTTAATCAGCCAATTTCCGAAGAAGCATTTACTAAACTATATAATAAAGTTATCAACTATTTGAAGGAAAAAGATGAAATATTTGTATTCAAAGGATTTGCGGGTGCTGACAAGAAATACCGCATGCCAATT carb oxykinase gene [B
CAAGTAATAAATGAATATGCATGGCATAACCTGTTTGCCCATCAATTATTTATCCGCCCTACAGAAGAAGAATTGTTGGAGCATCAAGCGGAATTCACCGTGATTTCCGCACCAAATTTTAAAGCAGATCCTGCAGTTGATGGTACTAGATCGGAAACGTTTATCATTATTTCTTTTGAACGT methan Ol ic LlS) H
CGCACCGTATTAATTGGCGGTACAGAATATGCAGGAGAAATGAAAAAATCTATTTTCTCTGTCATGAACTATATGCTTCCAGAAAACGGGATCCTATCTATGCATTGTTCTGCAAATGTAGGCAGTGAGGGAGATGTTGCTTTATTCTTCGGCCTTTCAGGTACAGGAAAAACAACATTGTC
AGCTGATCCAAACCGCCGACTTATTGGTGATGATGAGCATGGCTGGTCTCCAAATGGCGTATTTAATATTGAGGGTGGCTGCTATGCGAAATGCATCAATCTTTCCCGTGAAAAAGAACCGCAAATTTTTGATGCCATCCGTTTCGGTTCAGTTTTAGAAAATGT TGTGATTAATTTAGAAA kaA (de)
CACGCGTTCCCGACTATGATGACAGCACATTAACAGAAAATACACGTGCAGCTTATCCGATTCAAGCGATTGACAATATCGTTGATCCAAGCGTTGCCGGCCATCCGAACACAATTATTTTCTTAACTGCTGATGCTTTCGGAGTGCTCCCACCGATAGCAAAACTAACCAAGGAACAGGCAA
TGTACCACTTCTTAAGTGGCTATACATCCAAGCTTGCCGGAACAGAGCGCGGAATTACTTCTCCGCAAGCAACATTCTCAACTTGCTTTGGATCTCCGTTCCTTCCACTTCCTGCAACGCGCTATGCGGAAATGCTTGGAGAAAAAATCGATGAGCATAACGCAAACGTATTTCTAGTCAATAC Pyruvate kinase gene [B.
AGGCTGGACCGGCGGCGAATACGGCACAGGCACGCGCATGAAGCTCGCTTATACACGTGCGATGGTTCAAGCTGCTCTGGAAGGAGAACTGAACAACACGGAAACCGTTAAAGATAAATTCTTTGGACTAGAAATTCCTTTACATGTTCCCGGCGTTCCTGATGAAGTCCTTCAGCCAAACAA methanolic llS) H
AACATGGGAATGCCAGGAAGCATATGAAGCAAAAGCAAAAGAACTTGCAGAAAAATTCCGTGAGAACTTCAAAAAGTTTAAAAATGTTCCTGCTGAAATTGAAGAAAAAGGCGGTCCTATCGCATAAGTAAACAATTACATAAATAGGAGGTAGTAAGA;

BV (fwa)

maeGs- pTH 1 mp-ma eGs-gceABm ATGGCATTACCAGGCGGGGCAGCCATGAACATTACGATTCGTCTCCAGTTCGAAAAAGATATCGTCTCATTCAGCGATATCGCCGCCGCGATTGGCAAAGCGGGCGGGGACATTGTCGGGATTGACGTCATTTCGTCAAGCAAAGTTCACACGGTGCGCGATATTACCGTCAGCGCCCTCGAT Malic enzyme gene (G

aceABm ACGAAGCAGTGCGACTTGATCATTGAGGCGCTGAAAAAAATTCGCGGCGTCAAAATTGTGAACGTTTCCGACCGCACGTTTTTGATGCACATCGGGGGGAAAATTGAAACAAATTCAAAAATCCCAGTGAAAACACGCGACGACTTGTCGCGGGTATACACGCCGGGCGTGGCGCGCGTCTGC stearotherm Oph il US) H
ACGGCGATTGCCGAAGATCCGCGAAAGGCGTATTCGCTGACGATTAAACGGAATACGGTCGCCGTTGTCTCGGACGGCACGGCGGTGCTTGGGCTTGGCGACATCGGTCCGTACGCGGCGATGCCAGTCATGGAAGGGAAAGCGATGCTGTTTAAGGAATTTGCCGGAGTGGACGCGTTCCCG
ATTTGTTTGGATACGAAAGACACGGAAGAAATCATTCAAATTGTGAAAGCGATCGCCCCGGCGTTTGGCGGCATTAACCTGGAGGACATTTCCGCCCCACGTTGTTTTGAAATTGAAAAGCGGCTGAAAGAAGAGCTGGATATTCCCGTGTTTCATGATGACCAGCATGGCACGGCGGTCGTG maeSs (fVVd)

CTCTTGGCGGGACTGCTTAACGCGCTGAAAATCGTTGACAAAAAGCTCGAAGACATTAAAGTCGTCTTAACCGGCATCGGTGCGGCCGGCATCGCCTGCACGAAAATTTTGCTTGCGGCCGGCGTGCGCAACATTATCGGGGTCGACCGCCATGGCGCCATCCACCGCGATGAAACGTACGAAA
ATCCGTACTGGCAAGAGTATGCGCAACTCACGAACCCGGATAATCTGAAAGGAAGCTTGTCCGATGTCATCGCCGGCGCAGATGTATTTATCGGCGTTTCGGCTCCGGGCATTTTAAAAGTGGAAGATGTGAAAAAAATGGCGCGCGATCCGATCGTGTTTGCGATGGCCAACCCGATTCCGG

AAATTGATCCGGAGCTGGCCGAACCGTACGTGCGCGTCATGGCGACCGGGCGTTCCGACTATCCGAACCAAATCAACAACGTCCTTTGCTTCCCGGGCATTTTCCGCGGGGCGCTTGACTGCCGGGCGAGAGAAATTAACGAGGAAATGAAGCTCGCTGCCGCGAAGGCGATTGCCTCTGTCGT

GACGGAGGATGAATTGAACGAAACATACATCATCCCGAGCGTCTTCAACAGCAAAGTCGTCGAACGCGTCAGACAAGCGGTCGTCGAAGCGGCTTACCGCACTGGGGTGGCGCGGAAGGACAATATCCCGGTTGGCGGATATACAGGGCAGTAACATATGGTACCCGCCATAGGTCTAGATCC
ATATGGTACCCGCCATAGGTCTAGAGCTTGTAAACAATTACATAAATAGGAGGTAGTAAGA

Isocitrate lyase gene (B.
methanolicus):

Geel (rwa)




