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Figure S1. Phylogeny of Kluyveromyces species. Related to Figure 1. The tree was
constructed using 1,515 single-copy orthologous amino acid sequences from
Kluyveromyces genome assemblies (see STAR Methods). The values displayed on the
branches correspond to bootstrapping values for the tree. The tree was computed with
100 bootstrap replicates.
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Figure S2. Phylogenetic tree of B-glucosidases and B-galactosidases. Related to
Figure 3. Cel2 proteins from Kluyveromyces species cluster with B-glucosidases from
other fungi, whereas Lac4 proteins form a clade with the E. coli LacZ [3-galactosidase.
The maximum likelihood tree was computed using MEGA 7 [S1] with 500 bootstrap

replicates. Branches with >50% bootstrap support are labeled.
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Figure S3. Phylogenetic tree of cellobiose and lactose transporters. Related to
Figure 3. The tree was drawn following a multiple sequence alignment of Lac12 and Cel1
proteins and their homologs in other species. Cel1 clusters with known fungal cellobiose
transport genes, whereas Lac12 is in a clade with known fungal lactose permeases. The
E. coli LacY sequence was used as outgroup. The maximum likelihood tree was
computed using MEGA 7 [S1] with 500 bootstrap replicates. Branches with >50%
bootstrap support are labeled.
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Figure S4. Scheme showing the bifunctional behavior of Lac12 from K. marxianus.
Related to Figure 4. The absence of Cel1, a dedicated cellobiose transporter in K. marxianus,
is compensated by Lac12 that is able to transport either lactose or cellobiose. After being
transported into the cell via Lac12, lactose and cellobiose are hydrolyzed into monomers by
Lac4 (lactase) and Cel2 (cellobiase), respectively.



Species Source

K. aestuarii CBS44387 Westerdijk Fungal Biodiversity
Institute

K. dobzhanskii CBS21047 Westerdijk Fungal Biodiversity
Institute

K. lactis var. lactis CBS2359T Westerdijk Fungal Biodiversity
Institute

K. lactis var. drosophilarum CBS2105T Westerdijk Fungal Biodiversity
Institute

K. marxianus CBS397 Westerdijk Fungal Biodiversity
Institute

K. marxianus NBRC1777 NITE Biological Research Centre

K. marxianus NBRC1777 cel2 This study

K. marxianus NBRC1777 lac4 This study

K. marxianus NBRC1777 cel2 lac4 This study

K. marxianus NBRC1777 lac12 lac12-2 [S2]

lac12-4

K. wickerhamii CBS2745T Westerdijk Fungal Biodiversity
Institute

S. cerevisiae EBY.VW4000 Goethe University Frankfurt,
Germany
[S3]

Table S1. Yeast strains used in this study. Related to Figure 1 - 4. " indicates when
the strain used is type strain for the species [S4].



Plasmid

Source

pGREG-505-TEF1
pGREG-KmLAC12 CBS397
pGREG-KmLAC12-2 CBS397
pGREG-KmLAC12-3 CBS397
pGREG-KmLAC12-4 CBS397
pGREG-KaLAC12 CBS4438
pGREG-KwWLAC12 CBS2745
pGREG-KdCEL1 CBS2104
p426

p426-TEF1-KdCEL2 CBS2104
p426-TEF1-KwLAC4 CBS2745
pUCCO001

pUCC001-KmLAC4
pUCCO001-KmCEL2
pUCCO001-KmLAC12
pUCCO001-KmLAC12-2
pUCCO001-KmLAC12-4

[S9]

[S9]

[S3]

[S3]

[S3]

This study
This study
This study
Addgene #43803
This study
This study
[S2]

[S6]

This study
[S2]

[S2]

[S2]

Table S2. Plasmids used in this study. Related to Figure 4.



Heterologous expression

Name Sequence

p426-F cttagattagattgctatgctttc

p426-R tcatgtaattagttatgtcacgc

pGREG505-F cctcgagtcatgtaattagttatgtcacgce

pGREG505-R cgacggtatcgataagcttgatatcgaa

KaLAC12-F gaattcgatatcaagcttatcgataccgtcgatgctagaacagagttcaagttct

KaLAC12-R gcgtgacataactaattacatgactcgaggtcgacttagaccttattctcgatttgt
tggt

KwLAC12-F gaattcgatatcaagcttatcgataccgtcgatgctccaagtccatcaaatca

KwLAC12-R gcgtgacataactaattacatgactcgaggtcgactcatgcggattcggattcca

KdJCEL1-F gaattcgatatcaagcttatcgataccgtcgatgtcaaaggattcaatcttagata
atg

KdJdCEL1-R gcgtgacataactaattacatgactcgaggtcgactcaattaatcgcttecttectt
t

KdJdCEL2-F gcatagcaatctaatctaagatgtcaaatttcgatgtcgaacaa

KdCEL2-R tgacataactaattacatgactacaacccggtccagtaag

KwLAC4-F gcatagcaatctaatctaagatgtcaacccaattgattccttc

KwLAC4-R tgacataactaattacatgactactcaaaaccaatgttgaaggt

Mutant construction

Name Sequence

KmCEL2-gRNA-F cgtcacggtatgttaatgtccgac

KmCEL2-gRNA-R aaacgtcggacattaacataccgt

KmLAC4-gRNA-F cgtcgacatctcttaggacaagtt

KmLAC4-gRNA-R aaacaacttgtcctaagagatgtc

Diag-KmCEL2-F ttgttaaaggtatgcagggc

Diag-KmCEL2-R ggatgctgaaccaccac

Diag-KmLAC4-F cttaattagcttgtacatggct

Diag-KmLAC4-R tggatttaattggatctgatgg

BSA-R tacacgcgtttgtacagaaaaaaaagaaaaatttga

Table S3. Primer sequences used in this study. Related to Figure 4.



Strain Mutation coordinates Source

KmLAC12:CHR Ill 16,869..-T

NBRC1777 lac12 lac12-2 lac12-4 ~ LAC12-2: CHR Ill 1,557,231..-T [S2]
LAC12-4: CHR VIII 12,834..-GT

NBRC1777 cel2 CHR 1l A20,048 — 20,054 This study

NBRC1777 lac4 CHR Il 11,255..-A This study

NBRC1777 cel2 lac4 CEL2: CHR 1l A20,048 ~ 20,054 This study

LAC4: CHR 111 11,255..-A

Table S4. Genotype of the K. marxianus mutants constructed in this study. Related to
Figure 4. Coordinates of the mutations in the NBRC1777 genome are shown. The nucleotides
deleted are represented by a (-) symbol or A in cases where several nucleotides were deleted.
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