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Figure S1. Morphological changes in the shape of the WT, the ACYB2, and the ACYB2::LpDLDH

strains after 48 hours of cultivation in the YPD100 medium without the addition of neutralizer.
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Figure S2. Morphological changes on the shape of the F118 strain cells with locus destruction
only (a) and concomitantly with the integration of LyDLDH transgene expression cassette (b)
after 48 h of cultivation in the YPD100 medium without the addition of neutralizer, confirmed by

using bright light mode.
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Table S1. Primers used for the construction of D-LA engineered strains.

Strain Primer Sequence 5’ > 3’ Description
All strains ~ LpDLDH.FOR 5CGAATAAACACACATAAATAA Amplifying LyDLDH gene
ACAAAATGAAGATTTTCGCCTA  from codon optimized
CGGTATCAGAGATGACGY Leuconostoc
LpDLDH.REV 5 AAGTAAATTCACTTAGTACTT  Pseumesenteroides D-LDH
AACGGCAATAGCTGGAGTTTCA
CCTTTAGCAAAAGZ
ACYB2:Lp  CYB2Left. FOR 5'ATGCTAAAATACAAACCTTTA  Amplifying partial region
DLDH CTAAAAATCTCGAAGAACTGTG  of CYB2 gene (left part)
AGGCTGCTATCCTCAGAGCG3 from F118 genome as
CYB2Left.REV ~ 5'ATACGAAGTTATAGGTAGCAG template
CGATTTTAGTTGTTCTTTS
CYB2Right FOR 5TATTGATAATGAAGCGTTATCA Amplifying partial region
AAGTTTATTGACCCCT¥ of CYB2 gene (right part)
CYB2Right REV 5 TCATGCATCCTCAAATTCTGTT from F118 genome as
AAAGTAGGTCCCTCATAAACTT  template
CATTATACAGCACGTCGY
CYB2-KanMX- 5GTAAAGTTCTTCTTCCAGATTG Amplifying region
DLDH- TGCGCAAACTCTTGCGATATGC  CYB2Left-Kmx-DLDH-
CYB2.FOR TAAAATACAAACCTTTACTAAA  CYB2Right overhang with
AATCTCGAAGAACTGTGAGGCT  plasmid pAUR101
GC3
CYB2-KanMX-  5'AGGGGTTCCGCGCACATTTCC
DLDH- CCGAAAAGTGCCACCTGACTC
CYB2.REV ATGCATCCTCAAATTCTGTTAAA
GTAGGTCCCTCATAAACT3
loxpC-KanMX-  5TCGCTGCTACCTATAACTTCGT Amplifying region loxp-
loxpC.FOR ATAGCATACATTATACGAAGTTA KanMX-loxP overhang
TATTAAGGG3Z with partial region of
CYB2 left and right
loxpC-KanMX-  5'CATATCTTTCCCTATAACTTCG
loxC.REV TATAATGTATGCTATACGAAGTT
ATTAGGTCT3’
APDCI1:Lp  PDC1Left. FOR 5'ATGTCTGAAATTACTTTGGGTA  Amplifying partial region
DLDH AATATTTGTTCGAAAGATTAAA  of PDC1 gene (left part)
GCAAGTCAACGTTAACACCGTIT from F118 genome as
TTCGY template
PDCI1Left.REV ~ 5'GACTTCCTTTTCGGATTCAGC
ATCGTTTGGCTTCAAAGACATG
TC3
PDC1Right FOR 5'GTGGAACCAATTGGGTAACTT Amplifying partial region

CITGCAAGAAGGTGATGTTGTC
3/

of PDC1 gene (right part)



ADLD1I:Lp
DLDH

AADH1:Lp
DLDH

PDCI1Right.REV

PDC1-KanMX-
DLDH-
PDC1.FOR

PDC1-KanMX-
DLDH-
PDC1.REV

loxpP-KanMX-
loxP.FOR

loxpP-KanMX-
loxP.REV

DLD1.FOR

DLD1.REV

DLD1-KanMX-
DLDH-
ADHI1.REV

DLD1-KanMX-
DLDH-
ADHI1.REV

ADH1Left.FOR

ADh1Left. REV

ADHIRight.FO
R

ADHIRight RE
\

5TTATTGCTTAGCGTTGGTAGCA
GCAGTCAACTTAGCITGTTCAZ%

5'GTAAAGTTCITCTTCCAGATTG
TGCGCAAACTCTTGCGATATGT
CTGAAATTACTTTGGGTAAATAT
TTGTTCGAAAGATTAAAGCAAG
3

5'CGAAAAGTGCCACCTGACTTA
TTGCTTAGCGTTGGTAGCAGCA
GTCAACTTAGCITGTTCAACCA
AGZH

5'CTGAATCCGAAAAGGAAGTC
ATAACTTCGTATAGCATACATTA
TACGAAGTTATAT3’

5'CGAAAAGTGCCACCTGACTTA
TTGCTTAGCGTTGGTAGCAGCA
GTCAACTTAGCITGTTCAACCA
AGH

5
AACAGGCACAGGCAGCACCGA
CAGCAGY

5
TGGTATCTCCAATTCTTGTAGGC
AGGAAGTGCCCCTCCAY

5
GGCCGCATGGCCGCGTACGCTG
CAGGTCGACGGATCTGATAACA
GGCACAGGCAGCACCGACAGC
AGZH

5
AACTTCGTATAATGTATGCTATA
CGAAGTTATTAGGTGATTGGTAT
CTCCAATTCTTGTAGGCAGGAA
GTGCCCCTCCA¥
5'GCTTGGCACGGTGACTGGCCA
TTGCCAGTTAAGC3

5'CTGTTCAAGCCGCTCACATTAT
AACTTCGTATAGCATACATTATA
CGAAGTTATATTAAGGGTTCTC
GAC¥

5'GGCCCAAGTCGCCCCCATCIT
GTGTGC¥

5'ACCACCGATGGATCTGAATAA
TTCTTCCTTACCTTCACS

from F118 genome as
template

Amplifying region
PDC1Left-Kmx-DLDH-
PDC5Right overhang with
plasmid

Amplifying region loxp-
KanMX-loxP overhang
with partial region of
PDC1 left and right

Amplifying partial region
of DLD1 gene from F118
genome as template

Amplifying region
DLD1Left-Kmx-DLDH-
DLD1Right overhang with
plasmid

Amplifying partial region
of ADH1 gene (left part)
from F118 genome as
template

Amplifying partial region
of ADH1 gene (right part)
from F118 genome as
template



APDC5:Lp
DLDH

ADH1-KanMX-
DLDH-
ADH1.FOR

ADH1-KanMX-
DLDH-
ADH1.REV

loxpA-KanMX-
loxpA.FOR

loxpA-KanMX-
loxpA.REV
PDC5Left.FOR

PDC5Left.REV

PDC5Right. FOR

PDC5Right. REV

PDC5-KanMX-
DLDH-
PDC5.FOR

PDC5-KanMX-
DLDH-
PDC5.REV

loxpP5-
KanMXloxpP5.F
OR

5'ATTTCCCCGAAAAGTGCCACC
TGACACCACCGATGGATCTGAA
TAATTCTTCCTTACCTTCA3Z’

5'ATTTCCCCGAAAAGTGCCACC
TGACACCACCGATGGATCTGAA
TAATTCTTCCTTACCTTCA3Z’

5'CTGTTCAAGCCGCTCACATTAT
AACTTCGTATAGCATACATTATA
CGAAGTTATATTAAGGGTTCTC
GAC¥

5TGTATGCTATACGAAGTTATTA
ACTTGGCTGGGACGTTCAAGTC
AACCAAGTTAGCTGGCH

5'GTGAATTGTCTGCTTTGAATG
GTATTGCCGGTTCTTACG3’

5TGTATGCTATACGAAGTTATTA
ACTTGGCTGGGACGTTCAAGTC
AACCAAGTTAGCTGGCH

5'GTTATTGGAAACTCCAATTGA
CITGTCTTTGAAGCCAAACGAC
G3

5'ATGTGGTCAGAGTGGAATTCA
ACGATATTTTTGGTCTTGTAGZ

5'AGATTGTGCGCAAACTCTTGC
GATGTGAATTGTCTGCTTTGAAT
GGTATTGCC3

5'ATTTCCCCGAAAAGTGCCACC
TGACATGTGGTCAGAGTGGAAT
TCAACGATATTTTTGGTC3

5TGAACGTCCCAGCCAAGTTAA
TAACTTCGTATAGCATACATTAT
ACGAAGTTATATTAAGGGTTCT
CGAC¥

Amplifying region
ADH1Left-Kmx-DLDH-
ADHI1Right overhang with

plasmid

Amplifying region loxp-
KanMX-loxP overhang
with partial region of
ADHT1 left and right

Amplifying partial region
of PDC5 gene (left part)
from F118 genome as
template

Amplifying partial region
of PDC5 gene (right part)
from F118 genome as
template

Amplifying region
PDC5Left-Kmx-DLDH-
PDC5Right overhang with
plasmid

Amplifying region loxp-
KanMX-loxP overhang
with partial region of
PDCS5 left and right



AMPCI:Lp
DLDH

APDCé:Lp
DLDH

loxpP5-

KanMXloxpP5.R

EV

MPC1.FOR

MPC1.REV

GAP-DLDH-
T.FOR

GAP-DLDH-
T.REV

PDC6.FOR

PDC6.REV

GAP-DLDH-
T.FOR

GAP-DLDH-
T.REV

5TGTATGCTATACGAAGTTATTA
ACTTGGCTGGGACGTTCAAGTC
AACCAAGTTAGCTGGCH

5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATATG
TCTCAACCGGTTCAACGCGCTG
CAGC¥

5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATTTACT
GTTTACCAGTTTTTTCTTTCTCTT
TCCATTCCITATCTAGAGCTTTC
TTCTCC3’

5'GACGACGACGATAAGGATTAC
AAGGACGACGACGATAAAGAG
GGAAAGATATGAGCTATACAGC
GGAATTTCTATATCACTCAGATT
TTG3’

5'AGTGAAAGGAAGGCCCATGA
GGCCCAGCTCTGTCGCCATGTC
ATTATCAATACTGCCATTTCAAA
GAATACGTAAATAATTAATAGT
AGTGATTTTCC3’

5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATAAG
GGTTTATCTGTGCTGGTAACTAC
TTTTGGCGTAGGTGAATTATCCG
3

5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATATTG
ACCCTTTACCTAGAGGTGTCAC
AAAAGCTGGGAATTGCGTCAZ

5'GACGACGACGATAAGGATTAC
AAGGACGACGACGATAAAGAG

GGAAAGATATGAGCTATACAGC
GGAATTTCTATATCACTCAGATT

TTG3’

5'AGTGAAAGGAAGGCCCATGA
GGCCCAGCTCTGTCGCCATGTC
ATTATCAATACTGCCATTTCAAA
GAATACGTAAATAATTAATAGT
AGH

Amplifyng partial region
of MPC1 gene from F118
genome as template
overhang with plasmid
and Kmx- DLDH region

Amplifying Promoter-
DLDH-Terminator region
overhang with MPCI-Kmx
and plasmid

Amplifyng partial region
of PDC6 gene from F118
genome as template
overhang with plasmid
and Kmx-DLDH region

Amplifying Promoter-
DLDH-Terminator region
overhang with PDC6-Kmx
and plasmid




Table S2. Primers used for the construction of disrupted strains.

Strain

Primer name

Sequence (5' -->3’

Description

ACYB2

APDC1

ADLD1

AADH1

APDC5

CYB2.FOR

CYB2.REV

CYB2-Kmx.FOR

CYB2-Kmx.REV

PDC1-Kmx.FOR

PDC1-Kmx.REV

DLD1.FOR

DLD1.REV

DLD1-Kmx.FOR

DLD1-Kmx.REV

ADH1-Kmx.FOR

ADH1-Kmx.REV

PDC5-Kmx.FOR

5TAGATTGAACACAATCCGCGC
GTACGGTTCTACCGTZ
5TGTTCTTTTCTAGCGATATCTT
CCTTAGTTTCACCAGGAGCATA
AGGAGGY
5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATTAG
ATTGAACACAATCCGCGCGTAC
GGTTCTACCGTTCCZ
5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATTGTTC
TTTTCTAGCGATATCTTCCITAG
TTTCACCAGGAGCATAAGGAG
G3
5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATATT
AAAGCAAGTCAACGTTAACAC
CGTTTTCGGTTTGCCAGGTGAC3

5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATAATG
ACTTCCTTTTCGGATTCAGCATC
GTTTGGCTTCAAAGACATGT3

5'AACAGGCACAGGCAGCACCG
ACAGCAGY

5TGGTATCTCCAATTCTITGTAGG
CAGGAAGTGCCCCTCCAY

5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATAAC
AGGCACAGGCAGCACCGACAG
CAGY¥
5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATTGGT
ATCTCCAATTCTTGTAGGCAGG
AAGTGCCCCTCCAZ

5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATGCT
TGGCACGGT3
5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATACCA
CCGATGGATCTGAATAATTCTTC
CITACCTTCACCACCGS

5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATCAG
CTAACTTGGTTGACTTGAACGT
CCCAGCCAAGTTATTGGAAACT
ccy

Amplifying partial region of
CYB2 gene from F118 genome as
template

Amplifying partial CYB2-Kmx
overhang with plasmid and loxp

Amplifying partial PDCI-Kmx
overhang with plasmid and loxp

Amplifying partial region of
DLD1 gene from F118 genome as
template

Amplifying partial DLD1-Kmx
overhang with plasmid and loxp

Amplifying partial ADH1-Kmx
overhang with plasmid and loxp

Amplifying partial PDC5-Kmx
overhang with plasmid and loxp



APDC6

AMPC1

PDC5-Kmx.REV

PDC6-Kmx.FOR

PDC6-Kmx.REV

MPC1-Kmx.FOR

MPC1-Kmx.REV

5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATGTAG
TCCTTGACGACTTCTGGAATAG
CATCCAACAATTTTTGCAAGGC
A%
5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATAAG
GGTTTATCTGTGCTGGTAACTAC
TTTTGGCGTAGGTGAATTATCCG
3
5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATATTG
ACCCTTTACCTAGAGGTGTCAC
AAAAGCTGGGAATTGCGTCA3Z

5'GGCCGCATGGCCGCGTACGCT
GCAGGTCGACGGATCTGATATG
TCTCAACCG3

5'AACTTCGTATAATGTATGCTAT
ACGAAGTTATTAGGTGATTTACT
GTTTACCAGTTTTTTCTTTCTCIT
TCCATTCCTTATCTAGAGC3’

Amplifying partial PDC6-Kmx
overhang with plasmid and loxp

Amplifying partial MPC1-Kmx
overhang with plasmid pPC01
and loxp




Table S3. Primers used in qPCR analysis.

Gene

Forward primer (5' —3')

Reverse primer (5'—3')

LpDLDH  AATGTTCCAGTCTACTCCCC

TUB1*
ACTI*
ADH1
PDC1
PDC5
PDC6
FLO5
HSP150
DSE2
SCW10
SCW11
HOG1
YGP1
TOS6
SED1
CRH1
AFTI1
YAF9
SSK1
CTS2
EAF5
EAF6
CYTI
SUN4
EGT?2
TPS1
PBS2
VMA2
VMAG6
NDI1
JEN1

ATACCACATCCATTGCTGAG
GCCGAAAGAATGCAAAAGGA
GGCTATGGGTTACAGAGT
ACACCATCTTGGCTTTGGTC
CACGITGTTGGTGTTCCATC
GGAGATTGACCCCAACAAGA
TCTTCCTCTTCTATCTCTTCTGA
TCTGAGCCTTGGTCCACTTT
AACAGCAATGGGGAAACAG
CTTCATCCTCACCCTCATCC
CAAGGTGTGAACCCAACAG
TGCCGAAATGATTGAAGGTAAG
CTCCTTGAGTTCTGCCGTTC
TTACCACCACCCCACAAAG
CCAACAACCACATCAACCAC
GTATGACCAAGCCCAAGAAG
TCACCAAAATCAGCCCCAC
CGTTAAACCACCAAATGCTCC
ACCAAACCTTTTTACCACCAC
TCATTTCCCTCACGACATAAAC
AACTACGACTACGCCACAC
TGAAGCATTGAAAGCGGAAC
ATGGTTGAGTACGAAGATGG
AAATCGCTACCACCTCGTC
CTCCAACTCCACAACATCATC
ACAACGAGGCAAACCAGAC
CAAAGCACATCCACCTCATC
CGCTGAATACCTTGCITACC
TGCAAAGTTCAGATATTGACCC
TTGGGACAGTAGACGAAAAG
GGCTACTTTAGGGATGATGG

CGATAACTTTAGCACCAAAACC
ATACCTTCACCGACATACCA
TAGAACCACCAATCCAGACG
TTCCITAGTGAAGTCAATGAAG
CGAAAGCTGGGAATTGAGTC
TCAGTGATCATGGCAGTGGT
ATACGGCTTTAACCCCCATC
GGTAATGATGAAGTGATTTCCTG
ATGATGCGCTGGATGTAGTG

GTAGTGGAAGAAACGACGG

GCAAGACATTCTCAACCTGAC

GGAAGGAGAGGAGGAGATAGAG

AGGAGCCGAATAAGGATGAG
TGGGGATAGGTAACCAGCAC

ACAAAGCAAAGGCAGCAG

GAGAAGAAGCAGAGGATGAAAC

GAAGATGGAGATGTGGATGAAG

CTTCACATACTTCAACTCC

ATTCACCCCACCCTGTTTC

CAGCTTCTATACCAGACAAGAC

TTCACTATCAGACCAGCCC

ATGACCTTTCGCATTACACC

TGGTGTGACTTGGAGAAGG

TTCTTTCGTCATGTTCAGGT

CCAGCCACCTTCATCTAACC

GAATATAAGACCCAGAGGCAAC

GGAACCCGACTAAATCACAAC

ACCACCACCACCACTACTAC

GTTACGACCCTCTACTCTACC

GTTACCAGTCTCCAAAAATCCC
GGATTGATAGAGGTGGCTTC
CGTTTCAGGCCATAACAATC

*Housekeeping genes used in this study.



Table S4. Ct value of housekeeping genes expression in engineered F118 strains.

Strains D-LA Civalue

production TUB1 ACT1

Wildtype No (control) 2491 22.48
ACYB2:LpDLDH Yes 25.51 22.7
APDC1::LpDLDH Yes 27.73 22.53
APDCé::LpyDLDH Yes N.D. 21.37
AMPCI1:LpDLDH Yes N.D. 20.49
ADLD1::LpDLDH No N.D. 30.01
AADH1::LpDLDH No N.D. 32.11
APDC5::LpDLDH No N.D. 32.45

N.D., not determined.



