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Abstract:

Provided herein are genetically modified yeast cells capable of producing one or more human milk
oligosaccharides {HMOs) and methods of making such cells. The yeast cells are engineered to
comprise a heterologous nucleic acid encoding a transporter protein and one or more heterologous
nucleic acids that encode enzymes of a HMO biosynthetic pathway. Also provided are fermentation
compositions including the disclosed genetically modified yeast cells, and related methods of
producing and recovering HMOs generated by the yeast cells.
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IMPROVED OLIGOSACCHARIDE PRODUCTION IN YEAST

BACKGROUND OF THE INVENTION
Human milk oligosaccharides (HMOs) are the third most abundant component of human
5  milk, with only lactose and lipids present in higher concentrations. More than 200 different
species of HMOs have been identified to date in human milk. There 1s growing evidence
attributing various health benefits to these milk compounds. Exemplary benefits include the
promotion of the growth of protective intestinal microbes such as bifidobacteria, an increase in
protection from gastrointestinal infections, a strengthening of the immune system, and an
10  improvement in cognitive development. Because HMOs are not found in other milk sources,
e.g., cow or goat, the only source of HMOs has traditionally been mother's milk. In efforts to
improve the nutriional value of infant formula and expand the uwse of HMOs for child and adult

nutrition, there has been an increased interest in the synthetic production of these compounds.

15 BRIEF SUMMARY OF SOME ASPECTS OF THE INVENTION
The present disclosure 1s based, at least 1n part, on the discovery that various adenosine

triphosphate (ATP)-binding cassette (ABC) transporter polypeptides exhibit the ability to export
human milk oligosaccharides (HMOs) across cell membranes. Moreover, it has presently been
discovered that the expression of such a heterologous ABC transporter in a yeast strain that is

20  genetically modified to express one or more HMOQOs enhances production of the HMOQO(s)
compared to a counterpart yeast strain that is genetically modified to express the one or more
HMOs, but that does not express the heterologous ABC transporter. Particularly, it has been
discovered that expression of such a heterologous ABC transporter in a yeast cell genetically
maodified to biosynthesize one or more HMOs not only angments the overall yield of the

25  HMO(s), but also improves the purity of the HMO(s) relative to a counterpart yeast strain
modified to biosynthesize the HMOq(s) but that lacks the heterologous ABC transporter.

Ilustrative ABC transporter polypeptides that may be used in conjunction with the
compositions and methods of the disclosure include those having an amino acid sequence that is
at least 85% identical to any one of SEQ ID NOS: 1-27, as well as functional variants thereof, as

30  described herein. In some embodiments, the ABC transporter polypeptide comprises the
sequence of any onc of SEQ ID NO: 1, SEQ ID NO: 2, and SEQ ID NO: 3, or functional variants

thereof as described herein. Thus, in certain aspects, provided herein are methods of modifying a
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host organism to express a transporter polypeptide, compositions comprising such host cells, and

methods of using the host cells to enhance production of one or more HMOs.

In one aspect, provided herein 1s a yeast cell genetically modified to produce one or more
HMOs, wherein the yeast cell comprises (1) a heterologous nucleic acid encoding an ABC
transporter polypeptide; and (i1) one or more heterologous nucleic acids that each independently
encode at least one enzyme of an HMO biosynthetic pathway.

In some embodiments, the ABC transporter exports the human milk oligosaccharide 2°-
fucosyllactose. In some embodiments, the ABC transporter polypeptide has at least 95% amino
acid sequence identity to any one of SEQ ID NOS: 1-27. In some embodiments, the ABC
transporter comprises the amino acid sequence of any one of SEQ ID NOS: 1-27. In some
embodiments, the ABC transporter polypeptide comprises an amino acid sequence having at
least 95% identity to SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. In some embodiments,
the ABC transporter comprises the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, or
SEQ ID NO: 3. In some embodiments, the ABC transporter exports the human milk
oligosaccharide lacto-N-neotetraose. In some embodiments, the ABC transporter comprises an
amino acid sequence having at least 95% (e.g., 96%, 97%, 98%, or 99%) identity to any one of
SEQ ID NOS: 28-98. In some embodiments, the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NOS: 28-98. In some embodiments, the ABC transporter
comprises an amino acid sequence having at least 95% (e.g.. 96%, 97%, 98%. or 99%) identity
to any one of SEQ ID NOS: 28-55. In some embodiments, the ABC transporter comprises the
amino acid sequence of any one of SEQ ID NOS: 28-55. In some embodiments, the ABC
transporter comprises an amino acid sequence having at least 95% (e.g., 96%, 97%, 98%, or
99%) identity to any one of SEQ ID NOS: 28-38 and 55. In some embodiments, the ABC
transporter comprises the amino acid sequence of any one of SEQ ID NOS: 28-38 and 55. In
some embodiments, the ABC transporter comprises an amino acid sequence having at least 95%
(e.g., 96%, 97%, 98%, or 99%) identity to any one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID
NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, and SEQ ID NO: 55. In some embodiments, the
ABC transporter comprises the amino acid sequence of any one of SEQ ID NO: 28, SEQ ID NO:
29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, and SEQ ID NO: 55. In some
embodiments, the ABC transporter exports the human oligonucleotide 6’-s1allylactose. In some
embodiments, the ABC transporter comprises an amino acid sequence having at least 95% (e.g.,
6%, 97%, 98%, or 99%) identity to any one of SEQ ID NOS: 99-126. In some embodiments,
the ABC transporter comprises the amino acid sequence of any one of SEQ ID NOS: 99-126. In
some embodiments, the ABC transporter comprises an amino acid sequence having at least 95%

(e.g., 96%, 97%, 98%, or 99%) identity to any one of SEQ ID NOS: 99-102. In some
2
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embodiments, the ABC transporter comprises the amino acid sequence of any one of SEQ ID
NOS: 99-102. In some embodiments, the ABC transporter comprises an amino acid sequence
having at least 953% (e.g., 96%, 7%, 98%, or 99%) 1dentity to any one of SEQ ID NOS: 99 and
100. In some embodiments, the ABC transporter comprises the amino acid sequence of any one
of SEQ ID NOS: 99 and 100.

In some embodiments, the heterologous nucleic acid encoding the ABC transporter
polypeptide is integrated into the genome of the yeast cell and/or the one or more heterologous
nucleic acids that each independently encode at least one enzyme of an HMO biosynthetic
pathway. In some embodiments, the heterologous nucleic acid encoding the ABC transporter
polypeptide and/or the one or more heterologous nucleic acids that each independently encode at
least one enzyme of a human milk oligosaccharide biosynthetic pathway are encoded episomally,
for example, by one or more plasmids. In some embodiments, the one or more HMOs comprise
2’ fucosyllactose; thus, for example, the enzymes encoded by the one or more heterologous
nucleic acids that independently encode at least one enzyme of the HMO biosynthetic pathway
may comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-fucose synthase, an a-
1.2-fucosyltransferase, and a fucosidase. In some embodiments, the one or more HMOQOs
comprise 3-fucosyllactose; thus, for example, the enzymes encoded by the one or more
heterologous nucleic acids may comprise one or more of a GDP-mannose 4,6-dchydratase, a
GDP-L-fucose synthase, an a-1,3-fucosyltransferase, and a fucosidase. In some embodiments,
the one or more HMOs comprise 3-fucosyllactose; thus, for example, the enzymes encoded by
the one or more heterologous nucleic acids may comprise one or more of a GDP-mannose 4,6-
dehydratase, a GDP-L-fucose synthase, an a-1,3-fucosyltransferase, and a fucosidase. In some
embodiments, the one or more HMOs comprise lacto-N-tetraose; thus, for example, the enzymes
encoded by the one or more heterologous nucleic acids may comprise one or more of a -1,3-N-
acetylglucosaminyltransferase, a B-1,3-galactosyltransferase, and a UDP-N-acetylglucosamine
diphosphorylase. In some embodiments, the one or more HMOs comprise lacto-N-neotetraose;
thus, for example the enzymes encoded by the one or more heterologous nucleic acids may
comprise one or more of a f3-1,3-N-acetylglucosaminyltransferase, a p-1,4-galactosyltransferase,
and a UDP-N-acetylglucosamine diphosphorylase. In some embodiments, the one or more
HMOQs comprise 37-sialyllactose; thus, for example, the enzymes encoded by the one or more
heterologous nucleic acids may comprise one or more of a CMP-Neu5Ac synthetase, a sialic
acid synthase, a UDP-N-acetylglucosamine 2-epimerase, a UDP-N-acetylglucosamine
diphosphorylase, and a CMP-N-acetylneuraminate-pB-galactosamide-a-2,3-sialyltransferase. In
some embodiments, the one or more HMOs comprise 6’-sialyllactose; thus, for example, the

enzymes encoded by the one or more heterologous nucleic acids may comprise one or more of a

3
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CMP-Neu5Ac synthetase, a sialic acid synthase, a UDP-N-acetylglucosamine 2-epimerase, a
UDP-N-acetylglucosamine diphosphorylase, and a B-galactoside-a-2,6-sialyltransferase. In
some embodiments, the one or more HMOs comprise difucosyllactose; thus, for example, the
enzymes encoded by the one or more heterologous nucleic acids may comprise one or more of a
GDP-mannose 4,6-dehydratase, a GDP-L-fucose synthase, an a-1,2-fucosyltransferase, and an a-
1,3-fucosyltransferase.

In some embodiments, expression of the heterologous nucleic acid of (1), encoding the
ABC transporter polypeptide, and/or expression of the at least one heterologous nucleic acid of
(i), encoding at least one enzyme of an HMO biosynthetic pathway, is driven by an inducible
promoter or is negatively regulated by the activity of a promoter that is responsive to a small
molecule.

In some embodiments, the yeast cell further comprises a heterologous nucleic acid
encoding a protein that transports lactose into the yeast cell. In some embodiments, the protein
is a lactose permease. In some embodiments, the protein 1s a lactose transporter.

In some embodiments, the yeast cell is a Saccharomyces sp. or a Kluveromyces sp. In
some embodiments, the yeast cell is a Kluveromyces sp cell.

In some embodiments, the yeast cell is a Saccharomyces cerevisiae cell, which in
particular embodiments, may comprise a heterologous nucleic acid encoding a lactose permease.
In some embodiments, the yeast cell is a Kluveromyces marxianus cell, which in particular
embodiments, may further comprises a deletion of at least a portion of a nucleic acid encoding B-
galactosidase.

In a further aspect, the disclosure provides a method of producing one or more HMOs,
the method comprising culturing a population of genetically modified yeast cells as described
herein, e.g., in any of the preceding paragraphs, in a culture medium under conditions suitable
for the yeast cells to produce the one or more HMOs. In some embodiments, the culture medium
comprises sucrose and lactose, wherein, for example, the mass ratio of the sucrose to the lactose
is less than 40. In some embodiments, the method comprises, prior to the culturing, growing the
population of genetically modified yeast cells in a growth medinm comprising a small molecule,
wherein, for example, expression of at least one of the one or more nucleic acids is negatively
regulated by the activity of a promoter responsive to the small molecule, and wherein, for
example, the concentration of the small molecule in the culture medium during the culturing is
sufficiently low that the promoter is no longer active. In some embodiments, the method further
comprises adjusting the mass ratio of the sucrose to the lactose, thereby altering the production

of at least one of the one or more HMOs.
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In an additional aspect, provided herein is a fermentation composition comprising a
population of genetically modified yeast cells comprising the yeast cell as described herein, e.g.,
as described above, and a culture medium comprising one or more HMOs produced from the
yeast cells. One or more HMOs may be recovered from the fermentation composition. In some
embodiments, the method of recovering the one or more HMOs from the fermentation
composition comprises separating at least a portion of the population of genetically modified
yeast cells from the culture medium; contacting the separated yeast cells with a heated aqueous
wash liquid; and removing the wash liquid from the separated yeast cells. In some embodiments,
the heated aqueous wash liquid has a temperature greater than 48 °C. In some embodiments, one
or both of the separating and removing steps comprise centrifugation. In some embodiments, the
culture medium and the wash liquid together comprise at least 70% by mass of at least one of the
one or more HMOs produced from the yeast cells.

In a further aspect, provided herein is a method of genetically modifying a yeast cell to
produce one or more HMOs, the method comprising: (a) (i) introducing a heterologous nucleic
acid encoding an ABC transporter; and (i1) introducing one or more heterologous nucleic acids
that cach independently encode at least one enzyme of a HMO biosynthetic pathway into the
yeast cell; or (b) introducing a heterologous nucleic acid encoding an ABC transporter
polypeptide into the yeast cell, wherein the yeast cell comprises one or more heterologous
nucleic acids that each independently encode at least one enzyme of a HMO biosynthetic
pathway into the yeast cell. In some embodiments, the ABC transporter exports 2’-
fucosyllactose. In some embodiments, the ABC transporter has an amino acid sequence having
at least 95% (e.g., 96%, 97%, 98%, or 99%) identity to any one of SEQ 1D NOS: 1-27. In some
embodiments, the ABC transporter comprises the amino acid sequence of any one of SEQ ID
NOS: 1-27. In some embodiments, the ABC transporter polypeptide comprises an amino acid
sequence having at least 95% identity to SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. In
some embodiments, the ABC transporter comprises the amino acid sequence of SEQ ID NO: 1,
SEQ ID NO: 2, or SEQ ID NO: 3. In some embodiments, the ABC transporter exports lacto-N-
neotetraose. In some embodiments, the ABC transporter comprises an amino acid sequence
having at least 95% (e.g., 96%, 97%, 98%, or 99%) identity to any one of SEQ ID NOS: 28-98.
In some embodiments, the ABC transporter comprises the amino acid sequence of any one of
SEQ ID NOS: 28-98. In some embodiments, the ABC transporter comprises an amino acid
sequence having at least 95% (e.g., 96%, 97%, 98%, or 99%) identity to any one of SEQ ID
NOS: 28-55. In some embodiments, the ABC transporter comprises the amino acid sequence of
any one of SEQ ID NOS: 28-55. In some embodiments, the ABC transporter comprises an

amino acid sequence having at least 95% (e.g., 96%, 97%. 98%, or 99%) identity to any one of

5
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SEQ ID NOS: 28-38 and 55. In some embodiments, the ABC transporter comprises the amino

acid sequence of any one of SEQ ID NOS: 28-38 and 55. In some embodiments, the ABC
transporter comprises an amino acid sequence having at least 95% (e.g., 96%, 97%, 98%, or
99%) identity to any one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, and SEQ ID NO: 55. In some embodiments, the ABC transporter comprises
the amino acid sequence of any one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ
ID NO: 31, SEQ ID NO: 32, and SEQ ID NO: 55. In some embodiments, the ABC transporter
exports 6’-siallylactose. In some embodiments, the ABC transporter comprises an amino acid
sequence having at least 95% (e.g., 96%., 97%, 98%, or 99%) 1dentity to any one of SEQ ID
NOS: 99-126. In some embodiments, the ABC transporter comprises the amino acid sequence
of any one of SEQ ID NOS: 99-126. In some embodiments, the ABC transporter comprises an
amino acid sequence having at least 95% (e.g., 96%., 97%, 98%, or 99%) identity to any one of
SEQ ID NOS: 99-102. In some embodiments, the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NOS: 99-102. In some embodiments, the ABC transporter
comprises an amino acid sequence having at least 95% (e.g., 96%, 97%, 98%, or 99%) identity
to any one of SEQ ID NOS: 99 and 100. In some embodiments, the ABC transporter comprises
the amino acid sequence of any one of SEQ ID NOS: 99 and 100.

In some embodunents, the heterologous nucleic acid encoding the ABC transporter
polypeptide is integrated into the genome of the yeast cell and/or the one or more heterologous
nucleic acids that each independently encode at least one enzyme of a HMO biosynthetic
pathway 1s integrated into the genome of the yeast cell. In some embodiments, the heterologous
nucleic acid encoding the ABC transporter polypeptide and/or the one or more heterologous
nucleic acids that each independently encode at least one enzyme of a human milk
oligosaccharide biosynthetic pathway are encoded episomally, for example, by one or more
plasmids. In some embodiments, the one or more HMOs comprise 2’ fucosyllactose; and thus,
for example, the enzymes encoded by the one or more heterologous nucleic acids that
independently encode at least one enzyme of the HMO biosynthetic pathway may comprise one
or more of a GDP-mannose 4,6-dehydratase, a GDP-L-fucose synthase, an o-1,2-
fucosyltransferase, and a fucosidase. In some embodiments, the one or more HMOs comprise 3-
fucosyllactose; and thus, for example, the enzymes encoded by the one or more heterologous
nucleic acids comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-fucose
synthase, an a-1,3-fucosyltransferase, and a fucosidase. In some embodiments, the one or more
HMOs comprise lacto-N-tetraose; and thus, for example the enzymes encoded by the one or
more heterologous nucleic acids comprise one or more of a §-1,3-N-

acetylglucosaminyltransferase, a 3-1,3-galactosyltransferase, and a UDP-N-acetylglucosamine

6
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diphosphorylase. In some embodiments, the one or more HMOs comprise lacto-N-neotetraose;
and thus, for example the enzymes encoded by the one or more heterologous nucleic acids
comprise one or more of a B-1,3-N-acetylglucosaminyltransferase, a B-1,4-galactosyltransferase,
and a UDP-N-acetylglucosamine diphosphorylase. In some embodiments, the one or more
HMOs comprise 37 -sialyllactose; and thus, for example, the enzymes encoded by the one or
more heterologous nucleic acids comprise one or more of a CMP-Neu5Ac synthetase, a sialic
acid synthase, a UDP-N-acetylglucosamine 2-epimerase, a UDP-N-acetylglucosamine
diphosphorylase, and a CMP-N-acetylneuraminate-p-galactosamide-a-2 3-sialyltransferase. In
some embodiments, the one or more HMOs comprise 6’-sialyllactose; and thus, for example, the
enzymes encoded by the one or more heterologous nucleic acids comprise one or more of a
CMP-Neu5Ac synthetase, a sialic acid synthase, a UDP-N-acetylglucosamine 2-epimerase, a
UDP-N-acetylglucosamine diphosphorylase, and a B-galactoside-a-2,6-sialyltransferase. In
some embodiments, the one or more HMOs comprise difucosyllactose. In some embodiments,
the one or more HMOs comprise difucosyllactose and the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-
fucose synthase, an a-1,2-fucosyltransferase, and an a-1,3-fucosyltransferase. In some
embodiments, expression of the heterologous nucleic acid encoding the ABC transporter is
driven by an inducible promoter or i1s negatively regulated by the activity of a promoter that is
responsive to a small molecule. In some embodiments, expression of the enzymes encoded by
the one or more heterologous nucleic acids 1s driven by an inducible promoter or 1s negatively
regulated by the activity of a promoter that is responsive to a small molecule.

In some embodiments, the yeast cell is a Saccharomyces sp. or a Kluveromyces sp. In
some embodiments, the yeast cell is a Saccharomyces cerevisiae cell. In some embodiments, the
enzymes encoded by the one or more heterologous nucleic acids further comprise a lactose
transporter or a lactose permease. In some embodiments, the yeast cell is a Kluveromyces
marxianus cell. In some embodiments, the yeast cell 1s a Saccharomyces cerevisiae cell, which
in particular embodiments, may comprise a heterologous nucleic acid encoding a lactose
permease. In some embodiments, the yeast cell is a Kluveromyces marxianus cell, which in
particular embodiments, may further comprises a deletion of at least a portion of a nucleic acid

encoding B-galactosidase.

BRIEF DESCRIPTION OF THE DRAWINGS
[0001] FIG. 1 provides data illustrating exporter activity of candidate transporter

proteins. The parent strain that undergoes modification to express candidate transporter proteins

is Y51018.
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[0002] FIG. 2 provides data illustrating export activity in which the data are expressed as

the ratio of 2°-fucosyllactose (2°-FL) to difucosyllactose (DFL). An increase in the 2’-FL to

DFL ratio indicates that more 2°-FL 1s being exported.

FIG. 3 provides data from an experiment evaluating effects of overexpression of exporter

polypeptides on cell growth (optical density, SSOD).

[0003] FIG. 4 provides data illustrating 2°-FL and DFL production by strains

overexpressing exporter polypeptides under microfermentation conditions.

FIG. 5 provides data illustrating 2°-FL and DFL production by a strain overexpressing an

exporter polypeptide compared to the parental strain when grown in bioreactors.

FIG. 6 provides data illustrating the average amount of 2’-FL in the supernatant relative

to the average amount of 2’-FL associated with the cell in strains expressing an exporter
polypeptide.

FIG. 7 are graphs showing the rate of oxygen uptake in mmol/L/hr (FIG. 7A) and the
amount of 2’-FL produced (g/kg) (FIG. 7B)over time for a control yeast strain containing no

heteroclogous ABC transporter in comparison to a yeast strain with YOR1 overexpression.

FIG. 8 is a graph showing the fold increase of lacto-N-neotetraose (LNnT) titer
normalized by cell density (SSOD) for cach of the top 44 highest performing ABC transporter
proteins identified from a library of 113 transporter genes. The transporter genes were obtained
from fungal sources and screened in yeast cells using a microtiter plate assay in accordance with
the method set forth in Example 2, below. Each data point is a box plot showing the median and
interquartile range values for lacto-N-neotetraose titer. The data points are labeled to indicate
the amino acid sequence of the transporter protein that each yeast strain 1s modified to express.
The boxed data points on the left of the x-axis represent replicate tests of the parent yeast strain

with no heterologous transporter expressed (gray).

FIG. 9 is a graph showing the fold increase of LNnT titer normalized by cell density
(SSOD) for cach of the top 29 highest performing ABC transporter proteins identified from a
library of 94 transporter genes. The transporter genes were obtained from a sequence library of
S. cerevisiae YOR 1 homologs and screened in yeast cells using a microtiter plate assay in
accordance with the method set forth in Example 2, below. Each data point is a box plot
showing the median and interquartile range values for lacto-N-neotetraose titer. The data points

are labeled to indicate the amino acid sequence of the transporter protein that each yeast strain is

CA 03146593 2022-2-1
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modified to express. The boxed data point on the left of the x-axis represents a test of the parent

yeast strain with no heterologous transporter expressed.

FIG. 10 provides data illustrating the amount of LNnT produced (in units of g/kg) from
yeast strains overexpressing different ABC transporters (upper panel), and the ratio of LNnT
5  produced in comparison to the amount of para-lacto-N-neohexaose (LNnH) produced (lower

panel).

FIGS. 11A and 11B are graphs showing LNnT (in units of g/kg) in whole cell broth {FIG.
11A) and in the supernatant (FIG. 11B) for variouns yeast strains. The tested strains included (i) a
parent strain expressing no heterologous ABC transporter, (ii) a strain expressing a H.
10 polymorpha YBTI transporter (SEQ ID NO: 55), and (iii) a strain expressing a S. cerevisiae
YORI1 transporter (SEQ ID NO: 32).

FIG. 12 provides data illustrating the amount of 6’-siallylactose (6°-SL.) produced, as
identified by mass spectrometry, as well as the cell growth (optical density, SSOD) 1n yeast
strains with overexpression of ABC transporter polypeptides screened from a library of 309

15  transporters. Strains with ABC transporters that showed >25% titer improvement over the parent

strain with no transporter are indicated in boxes.

FIG. 13 provides data illustrating the amount of 6’-SL produced, as identified by mass
spectrometry, and the cell growth (optical density, SSOD) in yeast strains overexpressing the
highest performing transporters identified from a previous screen. Strains with ABC transporters

20  that showed >25% titer improvement over the parent strain with no transporter are shown in

boxes.

FIG. 14 is a graph showing the intracellular and extracellular amount of 6°-SL in (g/kg
sucrose) for 4 strains that previously showed >25% production of 6’-SL in comparison to the
parent strain with no transporter in a high-replication mass spectrometry assay. The control

25 strain is shown in a box.

DETAILED DESCRIPTION OF THE INVENTION
Terminology
30 As used in the context of the present disclosure, “a human milk oligosaccharide ABC
transporter polypeptide,” also referred to herein as an “HMO ABC transporter” or an “HMO
transporter,” refers to an ATP-binding cassette (ABC) transporter polypeptide that has been

9
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presently discovered to increase export of one or more HMOQOs produced by recombinant yeast
cells that are engineered to express one or more enzymes of an HMO biosynthesis pathway. The
terms “human milk oligosaccharide ABC transporter polypeptide™ and “HMOQ ABC transporter”
encompass biologically active variants, alleles, mutants, and interspecies homologs to the

5  specific polypeptides described herein. A nucleic acid that encodes an HMO ABC transporter
polypeptide, e.g., SEQ ID NQO: 1, 2, or 3; any one of SEQ ID NOS: 4-27, or any one of SEQ 1D
NOS: 28-98, refers to a gene, pre-mRNA, mRNA, and the like, including nucleic acids encoding
variants, alleles, mutants, and interspecies homologs of the particular amino acid sequences
described herein, e.g., SEQ ID NOS: 1-3; any one of SEQ ID NOS: 4-27, any one of SEQ ID

10 NOS: 28-98; or any one of SEQ ID NOS: 99-126.

The terms “ABC transporter” and “ATP-binding cassette transporter” as used herein refer
to proteins that are members of a large superfamily found in all kingdoms of life, which are
responsible for the transport of compounds, such as drugs, ions, metabolites, lipids, vitamins, and
organic compounds (e.g., HMOs), across cell membranes. ABC transporters that act as

15  exporters can transport these compounds outward from the cytoplasm into the extracellular
environment, while importers transport compounds into the cytoplasm.

The terms “human milk oligosaccharide” and “HMOQO” are used herein to refer to a group
of nearly 200 identified sugar molecules that are found as the third most abundant component in
human breast milk. HMOs in human breast milk are a complex mixture of free, indigestible

20  carbohydrates with many different biological roles, including promoting the development of a
functional infant immune system. HMOs include, without limitation, oligosaccharides that are
fucosylated, such as 2'-fucosyllactose, 3-fucosyllactose, and difucosyllactose; galactosylated;
sialylated; such as 3’-sialyllactose and 6’-sialyllactose; glycosylated; are neutral, such as lacto-
N-tetraose and lacto-N-neotetraose; and may also include glucose, galactose, sialic acid, or N-

25  acetylglucosamine.

The terms "polynucleotide” and "nucleic acid” are used interchangeably and refer to a
single or double-stranded polymer of deoxyribonucleotide or ribonucleotide bases read from the
5'to the 3" end. A nucleic acid as used in the present invention will generally contain
phosphodiester bonds, although in some cases, nucleic acid analogs may be used that may have

30  alternate backbones, comprising, e.g., phosphoramidate, phosphorothioate, phosphorodithioate,
or O-methylphosphoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A
Practical Approach, Oxford University Press); positive backbones; non-ionic backbones, and
non-ribose backbones. Nucleic acids or polynucleotides may also include modified nucleotides
that permit correct read-through by a polymerase. "Polynucleotide sequence” or "nucleic acid

35  sequence” includes both the sense and antisense strands of a nucleic acid as either individual

10

CA 03146593 2022-2-1



WO 2021/030617 PCT/US2020/046227
single strands or in a duplex. As will be appreciated by those in the art, the depiction of a single

strand also defines the sequence of the complementary strand; thus, the sequences described
herein also provide the complement of the sequence. Unless otherwise indicated, a particular
nucleic acid sequence also implicitly encompasses variants thereof (e.g., degenerate codon
5  substitutions) and complementary sequences, as well as the sequence explicitly indicated. The

nucleic acid may be DNA, both genomic and cDNA, RNA, or a hybrid, in which the nucleic acid
may contain combinations of deoxyribo- and ribo-nucleotides, and combinations of bases,
including uracil, adenine, thymine, cytosine, guanine, inosine, xanthine hypoxanthine,
isocytosine, isoguanine, etc. Nucleic acid sequences are presented in the 5° to 3” direction unless

10  otherwise specified.

*3 L

[0004] As used herein, the terms “polypeptide,” “peptide,” and “protein” are used
interchangeably to refer to a polymer of amino acid residues. The terms encompass amino acid
chains of any length, including full-length proteins, wherein the amino acid residues are linked
by covalent peptide bonds.

15 “Percent (%) sequence identity” with respect to a reference polypeptide sequence is
defined as the percentage of amino acid residues in a candidate sequence that are identical with
the amino acid residues in the reference polypeptide sequence, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the sequence identity. Alignment for

20  purposes of determining percent amino acid sequence 1dentity can be achieved 1n various ways
that are within the skill in the art, for instance, using publicly available computer software such
as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled in the art can
determine appropriate parameters for aligning sequences, including any algorithms needed to
achieve maximal alignment over the full length of the sequences being compared.

25 An exemplary algorithm that may be used to determine whether a polypeptide has
sequence identity to any one of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NOS:
28-32, and SEQ ID NO: 55, or to another polypeptide reference sequence, such as any one of
SEQ ID NOS: 4-27, 32-54, 56-98, and 99-126, is the BLLAST algorithm, which is described in
Altschul et al., 1990, J. Mol. Biol. 215:403-410, which is incorporated herein by reference.

30  Software for performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (on the worldwide web at ncbi.nlm.nih.gov/). For amino acid
sequences, the BLASTP program uses as defaults a word size (W) of 3, an expectation (E) of 10,
and the BLOSUMG®62 scoring matrix (see Henikoff & Henikoff, 1989, Proc. Natl. Acad. Sci. USA
89:10915). Other programs that may be used include the Needleman-Wunsch procedure, J. Mol.

35  Biol. 48: 443-453 (1970), using BLOSUMG62, a Gap start penalty of 7 and gap extend penalty of
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1; and gapped BLAST 2.0 (see Altschul, et al. 1997, Nucleic Acids Res., 25:3389-34(2).

Although various algorithms can be employed to determine percent identity, for purposes herein,
%0 amino acid sequence identity values are generated using the sequence comparison computer
program BLASTP (protein-protein BLAST algorithm) using default parameters.

Two sequences are "substantially identical” if two sequences have a specified percentage
of amino acid residues or nucleotides that are the same (i.e. , 60% identity, optionally 65%, 70%,
75%., 80%, 85%, 90%, 95%, or 99% identity over a specified region, or, when not specified, over
the entire sequence), when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following a sequence
comparison algorithm or by manual alignment and visual inspection as described above.
Optionally, the identity exists over a region that is at least about 50 nucleotides (or 20 amino
acids) in length, or more preferably over a region that is 100 to 500 or 1000 or more nucleotides
(or 50, 100, or 200 or more amino acids) in length.

Nucleic acid or protein sequences that are substantially identical to a reference sequence
include "conservatively modified variants." With respect to particular nucleic acid sequences,
conservatively modified variants refer to those nucleic acids which encode identical or
essentially identical amino acid sequences, or where the nucleic acid does not encode an amino
acid sequence, to essentially identical sequences. Because of the degeneracy of the genetic code,
a large number of functionally identical nucleic acids encode any given protein. For instance,
the codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such nucleic acid
variations are "silent variations,” which are one species of conservatively modified variations.
Every nucleic acid sequence herein which encodes a polypeptide also describes every possible
silent variation of the nucleic acid. One of skill will recognize that each codon in a nucleic acid
{(except AUG, which is ordinarily the only codon for methionine) can be modified to yield a
functionally 1dentical molecule. Accordingly, each silent variation of a nucleic acid which
encodes a polypeptide is implicit in each described sequence.

As to amino acid sequences, one of skill will recognize that individual substitutions, 1n a
nucleic acid, peptide, polypeptide, or protein sequence which alters a single amino acid or a
small percentage of amino acids in the encoded sequence is a "conservatively modified variant”
where the alteration results in the substitution of an amino acid with a chemically similar amino
acid. Conservative substitution tables providing functionally similar amino acids are well known
in the art. Examples of amino acid groups defined in this manner can include: a "charged/polar

group” including Glu (Glutamic acid or E), Asp (Aspartic acid or D), Asn (Asparagine or N),
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Glin (Glutamine or QQ), Lys {Lysine or K), Arg (Arginine or R) and His (Histidine or H); an

"aromatic or cyclic group” including Pro (Proline or P), Phe (Phenylalanine or F), Tyr (Tyrosine
or Y) and Trp (Tryptophan or W); and an "aliphatic group” including Gly (Glycine or GG), Ala
{Alanine or A), Val (Valine or V), Leu {Leucine or L), Ile (Isoleucine or I), Met (Methionine or
M), Ser (Serine or S), Thr {Threonine or T) and Cys (Cysteine or C). Within each group,
subgroups can also be identified. For example, at pH 7, the group of charged/polar amino acids
can be sub-divided into sub-groups including: the "positively-charged sub-group™ comprising
Lys, Arg and His; the "negatively-charged sub-group" comprising Glu and Asp; and the "polar
sub-group” comprising Asn and Gln. In another example, the aromatic or cyclic group can be
sub-divided into sub-groups including: the "nitrogen ring sub-group” comprising Pro, His and
Trp; and the "phenyl sub-group” comprising Phe and Tyr. In another further example, the
aliphatic group can be sub-divided into sub-groups including: the "large aliphatic non-polar sub-
group” comprising Val, Leu, and Ile; the "aliphatic slightly-polar sub-group” comprising Met,
Ser, Thr and Cys; and the "small-residue sub-group" comprising Gly and Ala. Examples of
conservative mutations include amino acid substitutions of amino acids within the sub-groups
above, such as, but not limited to: Lys for Arg or vice versa, such that a positive charge can be
maintained; Glu for Asp or vice versa, such that a negative charge can be maintained; Ser for Thr
or vice versa, such that a free --OH can be maintained; and Gln for Asn or vice versa, such that a
free --NH:> can be maintained. The following six groups each contain amino acids that further
provide 1illustrative conservative substitutions for one another. 1) Ala, Ser, Thr; 2) Asp, Glu; 3)
Asn, Gln; 4) Arg, Lys; 5) lle, Leu, Met, Val; and 6) Phe, Try, and Trp (see, e.g., Creighton,
Proteins (1984)).

As used herein the term “heterologous” refers to what is not normally found in nature.
The term "heterologous nucleic acid™ refers to a nucleic acid not normally found in a given cell
in nature. A heterologous nucleic acid can be: (a) foreign to its host cell, i.e., exogenous to the
host cell such that a host cell does not naturally contain the nucleic acid; (b) naturally found 1n
the host cell, i.e., endogenous or native to the host cell, but present at an unnatural quantity in the
cell (i.e., greater or lesser quantity than naturally found in the host cell); (¢) be naturally found in
the host cell but positioned outside of its natural locus. A “heterologous™ polypeptide refers to a
polypeptide that is encoded by a “heterologous nucleic acid”. Thus, for example, a
“heterologous’ polypeptide may be naturally produced by a host cell but is encoded by a
heterologous nucleic acid that has been introduced into the host cell by genetic engineering. For
example, a “heterologous” polypeptide can include embodiments in which an endogenous
polypeptide is produced by an expression construct and is overexpressed in the host cell

compared to native levels of the polypeptide produced by the host cell.
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As used herein, the term “introducing’ in the context of introducing a nucleic acid or
protein into a host cell refers to any process that results in the presence of a heterologous nucleic
acid or polypeptide inside the host cell. For example, the term encompasses introducing a
nucleic acid molecule (e.g., a plasmid or a linear nucleic acid) that encodes the nucleic acid of
interest {e.2., an RN A molecule) or polypeptide of interest and results in the transcription of the
RNA molecules and translation of the polypeptides. The term also encompasses integrating the
nucleic acid encoding the RNA molecules or polypeptides into the genome of a progenitor cell.
The nucleic acid is then passed through subsequent generations to the host cell, so that, for
example, a nucleic acid encoding an RNA-guided endonuclease 1s “pre-integrated’ into the host
cell genome. In some cases, introducing refers to translocation of a nucleic acid or polypeptide
from outside the host cell to inside the host cell. Varions methods of introducing nucleic acids,
polypeptides and other biomolecules into host cells are contemplated, including but not limited
to, electroporation, contact with nanowires or nanotubes, spheroplasting, PEG 1000-mediated
transformation, biolistics, lithium acetate transformation, lithium chloride transformation, and
the like.

As used herein, the term “transformation” refers to a genetic alteration of a host cell
resulting from the introduction of exogenous genetic material, e.g., nucleic acids, into the host
cell.

As used herein, the term “gene” refers to the segment of DNA involved in producing or
encoding a polypeptide chain. It may include regions preceding and following the coding region
(leader and trailer) as well as intervening sequences (introns) between individual coding
segments (exons). Altermatively, the term “gene” can refer to the segment of DNA involved in
producing or encoding a non-translated RNA, such as an TRNA, tRNA, gRNA, or micro RNA.

The term "expression cassette™ or “‘expression construct” refers to a nucleic acid construct
that, when introduced into a host cell, results in transcription and/or translation of an RNA or
polypeptide, respectively. In the case of expression of transgenes, one of skill will recognize that
the inserted polynucleotide sequence need not be identical but may be only substantially
identical to a sequence of the gene from which it was derived. As explained herein, these
substantially identical variants are specifically covered by reference to a specific nucleic acid
sequence. One example of an expression cassette 1s a polynucleotide construct that comprises a
polynucleotide sequence encoding a polypeptide for use in the invention operably linked to a
promoter, €.2., its native promoter, where the expression cassette is introduced into a
heterologous microorganism. In some embodiments, an expression cassette comprises a

polynucleotide sequence encoding a polypeptide of the invention where the polynucleotide that
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is targeted to a position in the genome of a microorganism such that expression of the
polynucleotide sequence is driven by a promoter that is present in the microorganism.

The term "host cell” as used in the context of this invention refers to a microorganism,
such as yeast, and includes an individual cell or cell culture comprising a heterologous vector or
heterologous polynucleotide as described herein. Host cells include progeny of a single host
cell, and the progeny may not necessarily be completely identical (in morphology or in total
DNA complement) to the original parent cell due to natural, accidental, or deliberate mutation
and/or change. A host cell includes cells into which a recombinant vector or a heterologous
polynucleotide of the invention has been introduced, including by transformation, transfection,
and the like.

As used herein, the term "promoter” refers to a nucleic acid control sequences that can
direct transcription of a nucleic acid. A promoter includes necessary nucleic acid sequences near
the start site of transcription. A promoter also optionally includes distal enhancer or repressor
elements, which can be located as much as several thousand base pairs from the start site of
transcription.

As used herein, the term “genetic switch” refers to one or more genetic elements that
allow controlled expression of enzymes, e.g., enzymes that catalyze the reactions of human milk
oligosaccharide biosynthesis pathways. For example, a genetic switch can include one or more
promoters operably linked to one or more genes encoding a biosynthetic enzyme, or one or more
promoters operably linked to a transcriptional regulator which regulates expression one or more
biosynthetic enzymes.

As used herein, the term "operably linked" refers to a functional linkage between nucleic
acid sequences such that the sequences encode a desired function. For example, a coding
sequence for a gene of interest, e.g., an ABC HMO transporter polypeptide, is in operable
linkage with its promoter and/or regulatory sequences when the linked promoter and/or
regulatory region functionally controls expression of the coding sequence. It also refers to the
linkage between coding sequences such that they may be controlled by the same linked promoter
and/or regulatory region; such linkage between coding sequences may also be referred to as
being linked in frame or in the same coding frame. "Operably linked" also refers to a linkage of
functional but non-coding sequences, such as an autonomous propagation sequence or origin of
replication. Such sequences are in operable linkage when they are able to perform their normal
function, e.g., enabling the replication, propagation, and/or segregation of a vector bearing the
sequence in a host cell.

The term “enhanced™ in the context of increased production of one or more HMOQOs from a

genetically modified yeast as described herein refers to an increase in the production of at least
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one HMO by a host cell genetically modified to express an ABC transporter described herein, for

example, an ABC transporter of SEQ ID NQ: 1, 2, 3, 28, 29, 30, 31, 32, or 55, or a functional
variant thereof; or an ABC transporter of any one of SEQ ID NOS: 4-27, 33-54, 56-98, and 99-
126, or a functional variant thereof; in comparison to a control counterpart yeast cell that

5  produced the at least one HMO, but does not have the genetic modification to expression the
ABC transporter. Production of at least one HMO is typically enhanced by at least 5%, or at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 1(0}%, or greater compared to the
control cell.

As used herein with respect to expression of a non-native ABC transporter polypeptide in
10  a host cell that does not naturally express the ABC transporter polypeptide, the terms

“expression’” and “overexpression” are used interchangeably.

H "

As used in this specification and the appended claims, the singular forms "a,” "an,” and
"the” include plural reference unless the context clearly dictates otherwise.
As used herein, the term “about” is used herein to mean a value that is +10% of the

15 recited value.

Modifications to Yeast Cells to Enhance Production of One or More HMOs
Overview
ABC Transporters

20 ATP binding cassette (ABC) transporter polypeptides, referred to as “ABC” transporters,
are widespread in all forms of life and are characterized by two nucleotide-binding domains
{NBD) and two transmembrane domains (TMDs). ABC transporters function to transport
compounds such as drugs, ions, metabolites, lipids, vitamins, and organic compounds across a
cell membrane. Without being limited by mechanism or theory, transport is generally driven by

25  ATP hydrolysis on the NBD, causing conformational changes in the TMD. This results in
alternating access from inside and outside of the cell for unidirectional transport across the lipid
bilayer. Common to all ABC transporters is a signature sequence or motif, LSGGQ, that is
involved in nucleotide binding. The majority of eukaryotic ABC transporter family members
function in the direction of exporting compounds from the cytoplasmic side of the membrane

30 outward. As aresult, ABC transporters may be heterologously expressed to export compounds
from a cell, such as a yeast cell. X-ray crystal structure determination of a variety of bacternial
and eukaryotic ABC (ransporters has advanced understanding of the ATP hydrolysis-driven

transport mechanism.
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Human Milk Oligosaccharide (HMO) ABC Transporters

ABC transporters may exhibit substrate specificity, acting primarily on one particular
substrate or a structural variant thereof. The substrate specificity of an ABC transporter is
dictated by the structure and amino acid sequence of the ABC transporter. It has presently been
discovered that some ABC transporters are able to export HMOs across cell membranes. Thus,
the present disclosure provides ABC transporters that have now been discovered to have HMO
transporter properties. The ABC transporters provided herein give rise to beneficial biosynthetic
properties, as these transporters have been presently discovered to not only engender heightened
HMO production, but also improved HMO product purity. Thus, the ABC transporters provided
herein may be heterologously expressed in yeast cells to increase export of one or more HMOs
produced by recombinant yeast cells that are engineered to express one or more enzymes of a
HMO biosynthesis pathway.

Illustrative ABC transporter polypeptide sequences that may be used in conjunction with
the compositions and methods described herein include, without limitation, SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NQO: 55, SEQ ID NO: 99, or SEQ ID NO: 100, and functional variants
thercof. Additional illustrative ABC transporter polypeptide sequences are SEQ ID NOS: 4-27,
33-54, 56-98, and 101-126, or functional vanants thereof.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having an amino acid sequence of any one
of SEQ ID NOS: 1-27, or a biologically active variant that shares substantial identity with any
one of SEQ ID NOS: 1-27. In some embodiments, the variant has at least 70%, or at least 75%,
80%, or 85% identity to any one of SEQ ID NOS: 1-27. In some embodiments, the variant has
at least 90%, or at least 91%, 92%, 93%, or 94% identity to the amino acid sequence of any one
of SEQ ID NOS: 1-27. In some embodiments, the variant has at least 95% identity to any one of
SEQ ID NOS: 1-27. As used herein, the term “variant” encompasses biologically active
polypeptides having one or more substitutions, deletions, or insertions relative to any one of SEQ
ID NOS: 1-27. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having an amino acid sequence of any one
of SEQ ID NOS: 28-98, or a biologically active variant that shares substantial identity with any
one of SEQ ID NOS: 28-98. In some embodiments, the variant has at least 70%, or at least 75%,
80%. or 85% identity to any one of SEQ ID NOS: 28-100. In some embodiments, the variant
has at least 90%, or at least 91%, 92%, 93%, or 94% identity to the amino acid sequence of any
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one of SEQ ID NOS: 28-98. In some embodiments, the variant has at least 95% identity to any

one of SEQ ID NOS: 28-98. As used herein, the term *“variant” encompasses biologically active
polypeptides having one or more substitutions, deletions, or insertions relative to any one of SEQ
ID NOS: 28-98. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having an amino acid sequence of any one
of SEQ ID NOS: 28-55, or a biologically active variant that shares substantial identity with any
one of SEQ ID NQO: 28-55. In some embodiments, the variant has at least 70%, or at least 75%,
80%, or 85% identity to any one of SEQ ID NOS: 28-55. In some embodiments, the variant has
at least 90%, or at least 91%, 92%, 93%, or 94% identity to the amino acid sequence of any one
of SEQ ID NOS: 28-55. In some embodiments, the variant has at least 95% identity to any one
of SEQ ID NOS: 28-55. As used herein, the term “variant” encompasses biologically active
polypeptides having one or more substitutions, deletions, or insertions relative to any one of SEQ
ID NO: 28-55. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 1, or a biologically active variant that shares substantial identity with SEQ ID NO: 1. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% 1dentity to SEQ
ID NO: 1. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 1. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 1. As used herein, the term “variant™ encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 1. Thus, the term *variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ 1D
NO: 2, or a biologically active variant that shares substantial identity with SEQ ID NO: 2. In
some embodiments, the variant has at least 70%, or at least 753%, 80%, or 85% identity to SEQ
ID NO: 2. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 2. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 2. As used herein, the term “variant” encompasses

biologically active polypeptides having one or more substitutions, deletions, or insertions relative
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to SEQ ID NO: 2. Thus, the term “variant” includes biologically active fragments as well as

substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 3, or a biologically active variant that shares substantial identity with SEQ ID NO: 3. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 3. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 3. In some embodiments, the variant
has at least 95% identity to SEQ ID NO:3. As used herein, the term “variant” encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 3. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of any one
of SEQ ID NOS: 4-27, or a biologically active variant that shares substantial identity with any
onc of SEQ ID NOS: 4-27. In some embodiments, the variant has at least 70%, or at least 75%,
80%, or 85% identity to any one of SEQ ID NOS: 4-27. In some embodiments, the variant has
at least 90%, or at least 91%, 92%, 93%. or 94% identity to the amino acid sequence of any one
of SEQ ID NOS: 4-27. In some embodiments, the variant has at least 95% identity to of any one
of SEQ ID NOS: 4-27. As used herein, the term “variant” encompasses biologically active
polypeptides having one or more substitutions, deletions, or insertions relative to any one of SEQ
ID NOS: 4-27. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 28, or a biologically active variant that shares substantial identity with SEQ ID NO: 28. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% 1identity to SEQ
ID NO: 28. In some embodiments, the variant has at least 90%, or at least 91%, 92%., 93%, or
94 % identity to the amino acid sequence of SEQ ID NQO: 28. In some embodiments, the variant
has at least 95% identity to SEQ ID NQO: 28. As used herein, the term *“variant” encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 28. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the

invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
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NO: 29, or a biologically active variant that shares substantial identity with SEQ ID NO: 29. In

some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 29. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 29. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 29. As used herein, the term “variant” encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 29. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 30, or a biologically active variant that shares substantial identity with SEQ ID NO: 30. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 30. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 30. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 30. As used herein, the term “variant” encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 30. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 31, or a biologically active variant that shares substantial identity with SEQ ID NO: 31. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 31. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 31. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 31. As used herein, the term “variant” encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 31. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ 1D
NO: 32, or a biologically active variant that shares substantial identity with SEQ ID NO: 32. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 32. In some embodiments, the variant has at least 20%, or at least 91%, 92%, 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 32. In some embodiments, the variant

has at least 95% identity to SEQ ID NO: 32. As used herein, the term “variant” encompasses
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biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 32. Thus, the term *“variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 55, or a biologically active variant that shares substantial identity with SEQ ID NQ: 55. In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 55. In some embodiments, the variant has at least 90%, or at least 91%, 92%. 93%, or
94% identity to the amino acid sequence of SEQ ID NO: 55. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 55. As used herein, the term *“‘variant™ encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 55. Thus, the term “variant” includes biologically active fragments as well as
substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of any one
of SEQ ID NOS: 99-126, or a biologically active variant that shares substantial identity with any
one of SEQ ID NOS: 99-126. In some embodiments, the variant has at least 70%, or at least
15%, 80%, or 85% identity to any one of SEQ ID NOS: 99-126. In some embodiments, the
variant has at least 90%, or at least 91%, 92%, 93%, or 94% identity to the amino acid sequence
of any one of SEQ ID NOS: 99-126. In some embodiments, the variant has at least 95% 1dentity
to of any one of SEQ ID NOS: 99-126. As used herein, the term “variant” encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to any one of SEQ ID NOS: 99-126. Thus, the term “variant” includes biologically active
fragments as well as substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 99, or a biologically active variant that shares substantial identity with SEQ ID NO: 99, In
some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to SEQ
ID NO: 99. In some embodiments, the variant has at least 90%, or at least 91%, 92%, 93%, or
949% identity to the amino acid sequence of SEQ ID NO: 99. In some embodiments, the variant
has at least 95% identity to SEQ ID NO: 99. As used herein, the term *‘variant™ encompasses
biologically active polypeptides having one or more substitutions, deletions, or insertions relative
to SEQ ID NO: 99. Thus, the term “variant” includes biologically active fragments as well as

substitution variants.
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In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NQ: 100, or a biologically active variant that shares substantial identity with SEQ ID NO: 100.
In some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to
SEQ ID NO: 100. In some embodiments, the variant has at least 90%, or at least 91%, 92%,
93%, or 94% identity to the amino acid sequence of SEQ ID NO: 100. In some embodiments,
the variant has at least 95% identity to SEQ ID NO: 100. As used herein, the term “variant™
encompasses biologically active polypeptides having one or more substitutions, deletions, or
insertions relative to SEQ ID NO: 100. Thus, the term “variant™ includes biologically active
fragments as well as substitution variants.

In some embodiments, a yeast host cell is genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 101, or a biologically active variant that shares substantial identity with SEQ ID NO: 101.
In some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to
SEQ ID NO: 101. In some embodiments, the variant has at least 90%, or at least 91%, 92%,
93%, or 94% identity to the amino acid sequence of SEQ ID NO: 101. In some embodiments,
the variant has at least 95% identity to SEQ ID NO: 101. As used herein, the term “variant”
encompasses biologically active polypeptides having one or more substitutions, deletions, or
insertions relative to SEQ ID NO: 101. Thus, the term *“variant™ includes biologically active
fragments as well as substitution variants.

In some embodiments, a yeast host cell 1s genetically modified in accordance with the
invention to express an ABC transporter polypeptide having the amino acid sequence of SEQ ID
NO: 102, or a biologically active variant that shares substantial identity with SEQ ID NO: 102.
In some embodiments, the variant has at least 70%, or at least 75%, 80%, or 85% identity to
SEQ ID NO: 102. In some embodiments, the variant has at least 90%, or at least 91%, 92%,
93%. or 94% identity to the amino acid sequence of SEQ ID NO: 102. In some embodiments,
the variant has at least 95% identity to SEQ ID NO: 102. As used herein, the term “variant™
encompasses biologically active polypeptides having one or more substitutions, deletions, or
insertions relative to SEQ ID NO: 102. Thus, the term “variant” includes biologically active
fragments as well as substitution variants.

ABC transporter activity can be assessed using any number of assays, including assays
that evaluate the overall production of at least one HMO by a yeast cell strain. For example,
production yields are calculated by gunantifying sugar input into fermentation tanks and
measuring residual sucrose levels and constituent glucose and fructose monomers, via

comparison to known standard concentrations and analysis through ion exchange
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chromatography. Thus, for example, yield of 2°-FL is therefore assessed by comparing 2’-FL

output to sucrose input. In some embodiments, the production yield of 2°- fucosyllactose by a
genetically modified yeast strain is measured by quantifying total sucrose fed and total 2’-
fucosyllactose produced using ion exchange chromatography (IC). Yield is reported as g 2°-
fucosyllactose/g sucrose. Any other method that allows one of skill to assess ABC transporter
activity may also be employed.

In some embodiments, an ABC transport polypeptide increases HMQO production, e_g.,
2’-fucosylactose production, by at least 10%, at least 209%, at least 30%, at least 40%, at least
45%. at least 50%, or greater, when expressed in a host cell compared to a counterpart host cell
of the same strain that comprises the same genetic modifications other than the modification to
express the heterologous ABC transporter polypeptide. In some embodiments, expression of a
polypeptide having the amino acid sequence of SEQ ID NO: 1, 2, or 3, or variant thercof having
at least 70%, 75%, 80%, 85%, 90%, or at least 95% identity to SEQ ID NO: 1, 2, or 3, increases
HMO production, e.g., 2’- fucosyllactose production, by at least 10%, at least 20%, at least 30%,
at least 40%, at least 45%, at least 50% or greater, when expressed in a host cell that is modified
to express one or more HMOs. In some embodiments, expression of a polypeptide having the
amino acid sequence of any one of SEQ ID NOS: 4-27 , or variant thereof having at least 70%,
15%, 80%, 85%, 90%, or at least 95% identity to any one of SEQ ID NOS:4-27, increases HMO
production, e.g., 2’- fucosyllactose production, by at least 10%, at least 20%, at least 30%, at
least 409%, at lcast 45%, at least 50% or greater, when expressed 1n a host cell that is modified to

express one or more HMOs.

Yeast Genetically Modified to Produce HMO

Provided herein are genetically modified yeast cells capable of producing one or more
HMOs, which yeast cells are further modified to express a heterologous ABC transport
polypeptide, e.g., SEQ ID NO: 1, 2, or 3, or a biologically active variant thereof; or to express a
heterologous ABC transport polypeptide, e.g., any one of SEQ ID NOS: 4-27, or a biologically
active variant thereof. Such yeast cells include one or more heterologous nucleic acids, each
independently encoding an enzyme of a HMO biosynthetic pathway; and a heterologous nucleic
acid encoding an export protein, e.g., an ABC transporter such as a polypeptide comprising the
amino acid of any one of SEQ ID NOS: 1, 2, and 3; and any one of SEQ ID NOS: 4-27; or a
variant thereof, that mediates export of an HMO. In some embodiments, the biosynthetic
pathways of the provided yeast cells generate GDP-fucose from an external sugar such as

glucose or sucrose, and not from external fucose. In further embodiments, a genetically
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maodified yeast cells of the present disclosure comprises a heterologous nucleic acid encoding a
fucokinase, an enzyme used in an alternate pathway converting fucose to GDP-fucose.
In some embodiments, the provided genetically modified yeast cells are capable of
producing the UDP-glucose HMO precursor. The activated sugar UDP-glucose is composed of
5 apyrophosphate group, the pentose sugar ribose, glucose, and the nucleobase uracil. UDP-
glucose is natively prodoced by yeast cells, and its production levels can be increased with
overexpression of, for example, phosphoglucomutase-2 (PGM?2) or UTP glucose-1-phosphate
uridylyltransferase (UGP1).
In some embodiment, the provided genetically modified yeast cells are capable of
10  producing the UDP-galactose HMO precursor. The activated sugar UDP-galactose is composed
of a pyrophosphate group, the pentose sugar ribose, galactose, and the nucleobase uracil. UDP-
galactose is natively produced by yeast cells, and its production levels can be increased with
overexpression of, for example, UDP-glucose-4-epimerase (GAL10).
In some embodiments, the provided genetically modified yeast cells are capable of
15  producing the UDP-N-acetylglucosamine HMO precursor. The activated sugar UDP-N-
acetylglucosamine consists of a pyrophosphate group, the pentose sugar nbose, N-
acetylglucosamine, and the nucleobase uracil. UDP-N-acetylglucosamine is natively produced
by yeast cells, and its production levels can be increased with expression of, for example, UDP-
N-acetylglucosamine-diphosphorylase, or overexpression of, for example, glucosamine 6-
20  phosphate N-acetyltransferase (GNA1) or phosphoacetylglucosamine mutase (PCM1).
In some embodiments, the provided genetically modified yeast cells are capable of
producing the GDP-fucose HMO precursor. The activated sugar GDP-fucose consists of a
pyrophosphate group, the pentose sugar ribose, fucose, and the nucleobase guanine. GDP-fucose
is not natively produced by yeast cells, and its production can be enabled with the introduction
25  of, for example, GDP-mannose 4,6-dehydratase, e.g., from Escherichia coli, and GDP-L-fucose
synthase, e.g., from Arabidopsis thaliana.
In some embodiments, the provided genetically modified yeast cells are capable of
producing the CMP-sialic acid HMO precursor. The activated sugar CMP-sialic acid consists of
a pyrophosphate group, the pentose sugar ribose, sialic acid, and the nucleobase cytosine. CMP-
30  sialic acid is not natively produced by yeast cells, and its production can be enabled with the
introduction of, for example, CMP-Nen5Ac synthetase, e.g., from Campylobacter jejuni, sialic
acid synthase, e.g., from C. jejuni, and UDP-N-acetylglucosamine 2-epimerase, e.g., from C.
Jejuni.
In some embodiments, the genetically modified yeast is capable of producing 2°-

35  fucosyllactose. In addition to one or more heterologous nucleic acids encoding one or more of
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the aforementioned enzymes, the yeast can further include one or more heterologous nucleic
acids encoding one or more of GDP-mannose 4,6-dehydratase, e.g., from Escherichia coli, GDP-
L-fucose synthase, e.g., from Arabidopsis thaliana, a-1,2-fucosyltransferase, e.g., from
Helicobacter pylori, and a fucosidase, e.g., an a-1,3-fucosidase. In some embodiments, the
fucosyltransferase is from Candidata moranbacterium or Pseudoalteromonas haloplankiis.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of GDP-mannose to GDP-4-dehydro-
6-deoxy-D-mannose, e.g., a GDP-mannose 4,6-dehydratase. In some embodiments, the GDP-
mannose 4,6-dehydratase is from Escherichia coli. Other suitable GDP-mannose 4,6-
dehydratase sources include, for example and without limitation, Caenorhabditis elegans, Homo
sapiens, Arabidopsis thaliana, Dictyostelium discoideum, Mus musculus, Drosophila
melanogaster, Sinorhizobium fredii HH103, Sinorhizobium fredii NGR234, Planctomycetes
bacterium RBG_13_63_9, Silicibacter sp. TrichCHA4B, Pandoraea vervacti, Bradyrhizobium sp.
YR631, Epulopiscium sp. SCG-B11WGA-EpuloA1, Caenorhabditis briggsae, Candidatus
Curtisshbacteria bacterium RIFCSPLOWO2_12_FULL_38_9, Pseudomonas sp. EpS/L23,
Clostridium sp. KLE 1755, mine drainage metagenome, Nitrospira sp. SG-bin2, Cricetulus
griseus, Arthrobacter siccitolerans, and Paraburkholderia piptadeniae. In some embodiments,
the GDP-mannose dehydratase is from Caenorhabditis briggsae or Escherichia coli.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of GDP-4-dehydro-6-deoxy-D-
mannose (o GDP-L-fucose, e.g., a GDP-L-fucose synthase. In some embodiments, the GDP-L-
fucose synthase is from Arabidopsis thaliana. Other suitable GDP-L-fucose synthase sources
include, for example and without limitation, Mus musculus, Escherichia coli K-12, Homo
sapiens, Marinobacter salarius, Sinorhizobium fredii NGR234, Oryza sativa Japonica Group,
Micavibrio aeruginosavorus ARL-13, Citrobacter sp. 86, Pongo abelii, Caenorhabditis elegans,
Candidatus Staskawiczbacteria bacterium RIFCSPHIGHO2_01_FULL_41_41, Drosophila
melanogaster, Azorhizobium caulinodans ORS 571, Candidatus Nitrospira nitrificans,
Mycobacterium elephantis, Elusimicrobia bacterium RBG_16_66_12, Vibrio sp. JCM 19231,
Planktothrix serta PCC 8927, Thermodesulfovibrio sp. RBG_19FT_COMBO_42_12,
Anaerovibrio sp. JC8, Dictyostelium discoideum, and Cricetulus griseus.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of GDP-L-fucose and lactose to 2’-
fucosyllactose, ¢.g., an a-1,2-fucosyltransferase. In some embodiments, the a-1,2-
fucosyltransferase is from Helicobacter pylori. In some embodiments, the fucosyltransferase is

from Candidata moranbacterium or Pseudoalteromonas haloplanktis ANT/505. Other suitable
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a-1,2-fucosyltransferase sources include, for example and without limitation, Escherichia coli,
Sus scrofa, Homo sapiens, Chlorocebus sabaeus, Pan troglodytes, Gorilla gorilla gorilla,
Macaca mulatta, Oryctolagus cuniculus, Pongo pygmaeus, Mus musculus, Rattus norvegicus,
Caenorhabditis elegans, Hylobates lar, Bos taurus, Hylobates agilis, Eulemur fulvus, and
Helicobacter hepaticus ATCC 51449. In some embodiments, the source of the a-1,2-
fucosyltransferase is Pseudoalteromonas haloplanktis ANT/505, Candidatus moranbacteria
bacterium, Acetobacter sp. CAG:267, Bacteroides vulgatus, Sulfurovum lithotrophicum,
Thermosynechococcus elongatus BP-1, Geobacter uraniireducens R4, Bacteroides fragilis str.
S23L17, Chromobacterium vaccinii, Herbaspirillum sp. YR522, or Helicobacter bilis ATCC
43879.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of difucosyllactose to 2°-
fucosyllactose and fucose, e.g., an al-3,4-fucosidase. Suitable al-3,4-fucosidase sources
include, for example and without limitations, Bacteroides thetaiotaomicron, Bifidobacterium
bifidum, Bifidobacrerium longum, Bifidobacterium longum subsp. infantis, Clostridium
perfringens, Lactobacillus casei, Paenibacillus thiaminolyticus, Pseudomonas putida,
Thermotoga maritima, Xanthomonas campestris pv. campestris, Arabidopsis thaliana, and
Rattus norvegicus.

In some embodiments, the genetically modified yeast is capable of producing 3-
fucosyllactose. In addition to one or more heterologous nucleic acids encoding one or more of
the aforementioned enzymes, the yeast can further include one or more heterologous nucleic
acids encoding one or more of GDP-mannose 4,6-dehydratase, e.g., from Escherichia coli, GDP-
L-fucose synthase, e.g., from Arabidopsis thaliana, u-1,3-fucosyltransferase, e.g., from
Helicobacter pylori, and a fucosidase, e.g., an a-1,2-fucosidase.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of GDP-L-fucose and lactose to 3-
fucosyllactose, e.g., an a-1,3-fucosyltransferase. In some embodiments, the a-1,3-
fucosyltransferase is from Helicobacter pylori. Other suitable a-1,3-fucosyltransferase sources
include, for example and without limitation, Homo sapiens, Escherichia coli, Sus scrofa,
Chlorocebus sabaeus, Pan troglodytes, Gorilla gorilla gorilla, Macaca mulatia, Oryctolagus
cuniculus, Pongo pygmaeus, Mus musculus, Rattus norvegicus, Caenorhabditis elegans,
Hylobates lar, Bos taurus, Hylobates agilis, Eulemur fulvus, Helicobacter heparicus ATCC
51449, Akkermansia muciniphila, Bacteroides fragilis, and Zea mays.

In some embodiments, the genetically modified yeast is capable of producing lacto-N-

tetraose. In addition to one or more heterologous nucleic acids encoding one or more of the
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aforementioned enzymes, the yeast can further include one or more heterologous nucleic acids
encoding one or more of B-1,3-N-acetylglucosaminyltransferase, e.g., from Neisseria
meningitidis, B-1,3-galactosyltransferase, e.g., from Escherichia coli, and UDP-N-
acetylglucosamine-diphosphorylase, e.g., from E. coli.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of UDP-N-acetyl-alpha-D-
glucosamine and lactose to lacto-N-triose Il and UDP, e.g_, a B-1,3-N-
acetylglucosaminyltransferase. In some embodiments, the B-1,3-N-
acetylglucosaminyltransferase is from Neisseria meningitidis. Other suitable -1,3-V-
acetylglucosaminyltransferase sources include, for example and without limitation, Arabidopsis
thaliana, Streptococcus dysgalactiae subsp. equisimilis, Escherichia coli, e.g., Escherichia coli
K-12, Pseudomonas aeruginosa PAO1, Homo sapiens, Mus musculus, Mycobacterium
smegmatis str. MC2 155, Dictyostelium discoideum, Komagataeibacter hansenii, Aspergillus
nidulans FGSC A4, Schizosaccharomyces pombe 972h-, Neurospora crassa ORT4A, Aspergillus
Jumigatus Af293, Ustilago maydis 521, Bacillus subtilis subsp. subtilis str. 168, Rattus
norvegicus, Listeria monocytogenes EGD-e, Bradyrhizobium japonicum, Nostoc sp. PCC 7120,
Haloferax volcanii DS2, Caulobacter crescentus CB15, Mycobacterium avium subsp. silvaticum,
Oenococcus oeni, Neisseria gonorrhoeae, Propionibacterium freudenreichii subsp. shermanii,
Escherichia coli O157:H7, Aggregatibacter actinomycetemcomitans, Bradyrhizobium
diazoefficiens USDA 110, Francisella tularensis subsp. novicida U112, Komagataeibacter
xviinus, Haemophilus influenzae Rd KW20, Fusobacterium nucleatim subsp. nucleatum ATCC
25586, Bacillus phage SPbeta, Coccidioides posadasii, Populus tremula x Populus alba,
Rhizopus microsporus var. oligosporus, Streptococcus parasanguinis, Shigella flexneri,
Caenorhabditis elegans, Hordeum vulgare, Synechocystis sp. PCC 6803 substr. Kazusa,
Streptococcus agalactiae, Plasmopara viticola, Staphylococcus epidermidis RP62A, Shigella
phage STII, Plasmid pWQ799, Fusarium graminearum, Sinorhizobium meliloti 1021,
Physcomitrella patens, Sphingomonas sp. S88, Streptomyces hygroscopicus subsp. jinggangensis
5008, Drosophila melanogaster, Phytophthora infestans, Staphylococcus aureus subsp. aureus
Mub0, Penicillium chrysogenum, and Tribolium castaneum.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of UDP-galactose and lacto-N-triose 11
to lacto-N-tetraose and UDP, e.g., a B-1,3-galactosyltransferase. In some embodiments, the -
1,3-galactosyltransferase is from Escherichia coli. Other suitable B-1,3-galactosyltransferase
sources include, for example and without limitation, Arabidopsis thaliana, Streptococcus

dysgalactiae subsp. equisimilis, Pseudomonas aeruginosa PAO1, Homo sapiens, Mus musculus,
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Mycobacterium smegmatis str. MC2 155, Dictyostelium discoideum, Komagataeibacter
hansenii, Aspergillus nidulans FGSC A4, Schizosaccharomyces pombe 972h-, Neurospora
crassa ORT4A, Aspergillus fumigatus At293, Ustilago maydis 521, Bacillus subtilis subsp.
subtilis str. 168, Rattus norvegicus, Neisseria meningitidis, Listeria monocytogenes EGD-e,
Bradyrhizobium japonicum, Nostoc sp. PCC 7120, Haloferax volcanii DS2, Caulobacter
crescentus CB15, Mycobacterium avium subsp. silvaticum, Oenococcus oeni, Neisseria
gonorrhoeae, Propionibacterium freudenreichii subsp. shermanii, Aggregatibacter
actinomycetemcomitans, Bradyrhizobium diazoefficiens USDA 110, Francisella tularensis
subsp. novicida U112, Komagataeibacter xylinus, Haemophilus influenzae Rd KW20,
Fusobacterium nucleatum subsp. nucleaturn ATCC 25586, Bacillus phage SPbeta, Coccidioides
posadasii, Populus tremula x Populus alba, Rhizopus microsporus var. oligosporus,
Streptococcus parasanguinis, Shigella flexneri, Caenorhabditis elegans, Hordeum vulgare,
Synechocystis sp. PCC 6803 substr. Kazusa, Streptococcus agalactiae, Plasmopara viticola,
Staphylococcus epidermidis RP62A, Shigella phage ST, Plasmid pWQ799, Fusarium
graminearum, Sinorhizobium meliloti 1021, Physcomitrella patens, Sphingomonas sp. S88,
Streptomyces hygroscopicus subsp. jinggangensis 5008, Drosophila melanogaster, Phytophthora
infestans, Staphylococcus aureus subsp. aureus MuS0, Penicillium chrysogenum, and Tribolium
castaneum.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of N-acetyl-a-D-glucosamine 1-
phosphate to UDP-N-acetyl-a-D-glucosamine, e.g., a UDP-N-acetylglucosamine-
diphosphorylase. In some embodiments, the UDP-N-acetylglucosamine-diphosphorylase is from
Escherichia coli.

In some embodiments, the genetically modified yeast is capable of producing lacto-N-
neotetraose. In addition to one or more heterologous nucleic acids encoding one or more of the
aforementioned enzymes, the yeast can further include one or more heterologous nucleic acids
encoding one or more of -1,3-N-acetylglucosaminyltransferase, e.g., from Neisseria
meningitidis, 3-1,4-galactosyltransferase, e.g., from N. meningitidis, and UDP-N-
acetylglucosamine-diphosphorylase, e g., from E. coli.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of UDP-galactose and lacto-N-triose 11
to lacto N-neotetraose and UDP, e.g., a B-1,4-galactosyltransferase. In some embodiments, the
B-1,4-galactosyltransferase is from Neisseria meningitidis. Other suitable p-1,4-
galactosyltransferase sources include, for example and without limitation, Homo sapiens,

Neisseria gonorrhoeae, Haemophilus influenzae, Acanthamoeba polyphaga mimivirus,
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Haemophilus influenzae Rd KW 20, Haemophilus ducreyi 35000HP, Moraxella catarrhalis,

| Haemophilus] ducreyi, Aeromonas salmonicida subsp. salmonicida A449, and Helicobacter
pylori 26695.

In some embodiments, the genetically modified yeast is capable of producing 3’-
sialyllactose. In addition to heterologous nucleic acids encoding one or more of the
aforementioned enzymes, the yeast can further include heterologous nucleic acids encoding
CMP-NeuS5Ac synthetase, e.g_, from Campylobacter jejuni, sialic acid synthase, e.g_, from C.
Jjejuni, UDP-N-acetylglucosamine 2-epimerase, e.g., from C. jejuni, UDP-N-acetylglucosamine-
diphosphorylase, e.g., from E. coli, and CMP-N-acetylneuraminate-pB-galactosamide-a-2,3-
sialyltransferase, e.g., from N. meningitides MCS58.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of UDP-N-acetyl-a-D-glucosamine to
N-acetyl-mannosamine and UDP, e.g., a UDP-N-acetylglucosamine 2-epimerase. In some
embodiments, the UDP-N-acetylglucosamine 2-epimerase is from Campylobacter jejuni. Other
suitable UDP-N-acetylglucosamine 2-epimerase sources include, for example and without
limitation, Homo sapiens, Rattus norvegicus, Mus musculus, Dictyostelium discoideum,
Plesiomonas shigelloides, Bacillus subtilis subsp. subtilis str. 168, Bacteroides fragilis,
Geobacillus kaustophilus HTA4206, Synechococcus sp. CC9311, Sphingopyxis alaskensis
RB2256, Synechococcus sp. RS9916, Moorella thermoacetica ATCC 39073, Psychrobacter sp.
1501(2011), Zunongwangia profunda SM-A87, Thiomicrospira crunogena XCL-2, Polaribacter
sp. MED152, Vibrio campbellii ATCC BAA-1116, Thiomonas arsenitoxydans, Nitrobacter
winogradskyi Nb-255, Raphidiopsis brookii D9, Thermoanaerobacter italicus Ab9, Roseobacter
litoralis Och 149, Halothiobacillus neapolitanus c2, Halothiobacillus neapolitanus c2,
Bacteroides vulgatus ATCC 8482, Zunongwangia profunda SM-A87, Moorella thermoacetica
ATCC 39073, Paenibacillus polymyxa E681, Desulfatibacillum alkenivorans AK-01,
Magnetospirillum magneticum AMB-1, Thermoanaerobacter italicus Ab9, Paenibacillus
polymyxa E681, Prochlorococcus marinus str. MIT 9211, Subdoligranulum variabile DSM
15176, Kordia algicida OT-1, Bizionia argentinensis JUBS9, Tannerella forsythia 92A2,
Thiomonas arsenitoxydans, Synechococcus sp. BL107, Escherichia coli, Vibrio campbellii
ATCC BAA-1116, Rhodopseudomonas palustris HaA2, Roseobacter litoralis Och 149,
Synechococcus sp. CC9311, Subdoligranulum variabile DSM 15176, Bizionia argentinensis
JUBS59, Selenomonas sp. oral taxon 149 str. 67H29BP, Bacteroides vulgarus ATCC 8482,
Kordia algicida OT-1, Desulfatibacillium alkenivorans AK-01, Thermodesulfovibrio yellowstonii
DSM 11347, Desulfovibrio aespoeensis Aspo-2, Synechococcus sp. BL107, and Desulfovibrio

aespoeensis Aspo-2.
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In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of N-acetyl-mannosamine and
phosphoenolpyruvate to N-acetylneuraminate, e.g., a sialic acid synthase. In some embodiments,
the sialic acid synthase is from Campylobacter jejuni. Other suitable sialic acid synthase sources
include, for example and without limitation, Homo sapiens, groundwater metagenome,
Prochlorococcus marinus str. MIT 9211, Rhodospirillum centenum SW, Rhodobacter capsulatus
SB 1003, Aminomonas paucivorans DSM 12260, Ictalurus punctatus, Octadecabacter
antarcticus 307, Octadecabacter arcticus 238, Butyrivibrio proteoclasticus B316, Neisseria
meningitidis serogroup B., Idiomarina lothiensis L2TR, Butyrivibrio proteoclasticus B316, and
Campylobacter jejuni.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of N-acetylneuraminate and CTP to
CMP-N-acetylneuraminate, e.g., a CMP-Neu5Ac synthetase. In some embodiments, the CMP-
NeuSAc synthetase is from Campylobacter jejuni. Other suitable CMP-Neu5Ac synthetase
sources include, for example and without limitation, Neisseria meningitidis, Streptococcus
agalactiae NEM316, Homo sapiens, Mus musculus, Bacteroides thetaiotaomicron, Pongo abelii,
Danio rerio, Oncorhiynchus mykiss, Bos taurus, Drosophila melanogaster, and Streptococcus
suis BM407.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic
acid encoding an enzyme that can catalyze the conversion of CMP-N-acetylneuraminate and
lactose to 3’ -siallyllactose and CMP, e.g.., a CMP-N-acetylneuraminate-3-galactosamide-a-2,3-
sialyltransferase. In some embodiments, the CMP-N-acetylneuraminate-p-galactosamide-o-2,3-
sialyltransferase is from N. meningitides MC58. Other suitable CMP-N-acetylneuraminate-3-
galactosamide-a-2,3-sialyltransferase sources include, for example and without limitation, Homo
sapiens, Neisseria meningitidis alphal4, Pasteurella multocida subsp. multocida str. Pm70,
Pasteurella multocida, and Rattus norvegicus.

In some embodiments, the genetically modified yeast cell 1s capable of producing 6’-
sialyllactose. In addition to one or more heterologous nucleic acids encoding one or more of the
aforementioned enzymes, the yeast can further include one or more heterologous nucleic acids
encoding one or more of CMP-Neu3Ac synthetase, e.g., from Campylobacter jejuni, sialic acid
synthase, e.g., from C. jejuni, UDP-N-acetylglucosamine 2-epimerase, e.g., from C. jejuni, UDP-
N-acetylglucosamine-diphosphorylase, e.g., from E. coli, and B-galactoside a-2,6-
sialyltransferase, e.g., from Photobacterium sp. JT-ISH-224.

In some embodiments, the genetically modified yeast cell includes a heterologous nucleic

acid encoding an enzyme that can catalyze the conversion of CMP-N-acetylneuraminate and
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lactose to 37 -sialyllactose and CMP, e.g., a -galactoside-a-2,6-sialyltransferase. In some

embodiments, the f-galactoside-a-2,6-sial yltransferase is from Photobacterium sp. JT-ISH-224.
Other suitable B-galactoside-a-2,6-sialyltransferase sources include, for example and without
limitation, Homo sapiens, Photobacterium damselae, Photobacterium leiognathi, and
Photobacterium phosphoreum ANT-2200.

In some embodiments, the genetically modified yeast cell is Saccharomyces cerevisae.
Saccharomyces cerevisae strains suitable for genetic modification and cultivation to produce
HMOs as disclosed herein include, but are not limited to, Baker's yeast, CBS 7959, CBS 7960,
CBS 7961, CBS 7962, CBS 7963, CBS 7964, IZ-1904, TA, BG-1, CR-1, SA-1, M-26, Y-904,
PE-2, PE-5, VR-1, BR-1, BR-2, ME-2, VR-2, MA-3, MA-4, CAT-1, CB-1, NR-1, BT-1,
CEN.PK, CEN.PK2, and AL-1. In some embodiments, the host cell is a strain of Saccharomyces
cerevisiae selected from the group consisting of PE-2, CAT-1, VR-1, BG-1, CR-1, and SA-1. In
certain aspects, the strain of Saccharomyces cerevisiae is PE-2. In certain embodiments, the
strain of Saccharomyces cerevisiae 1s CAT-1. In some aspects, the strain of Saccharomyces
cerevisiae is BG-1.

In some embodiments, the genetically modified yeast cell is Saccharomyces cerevisiae,
and in addition to heterologous nucleic acids encoding one or more of the aforementioned
enzymes, the yeast can further include a heterologous nucleic acid encoding a lactose transporter.
In some embodiments, the lactose transporter is a lactose permease, e.g., LAC12 from
Kluyveromyces lactis. In some embodiments, the lactose permease 1s from Neurospora crassa,
e.g., Cdi2. In some embodiments, the lactose permease 1s from Neofusicoccum parviim, e.g.,
Neofusicoccum parvum UCRNP2 (1287680). Other suitable lactose permease sources include,
for example and without limitation, Scheffersomyces stipitis, Aspergillus lentulus, Emericella
nidulans, Dacryopinax primogenitus, Microdochium bolleyi, Beauveria bassiana, Metarhizium
robertsii, Phialocephala, Botryosphaeria parva, Moniliophthora roreri, Cordyceps fumosorosea,
Diplodia seriata, Hypocrea jecorina, and Kluyveromyces marxianus.

In some embodiments, the genetically modified yeast cell 1s Kluyveromyces marxianus.
Kluyveromyces marxianus can present several advantages for industrial production, including
high temperature tolerance, acid tolerance, native uptake of lactose, and rapid growth rate.
Beneficially, this yeast is genetically similar enough to Saccharomyces cerevisiae that similar or
identical promoters and codon optimized genes can be used among the two yeast species.
Furthermore, because Kluyveromyces marxianus has a native lactose permease, it is not
necessary to introduce a heterologous nucleic acid to introduce this functionality. In some
embodiments, at least a portion of the pB-galactosidase gene (LAC4) required for metabolizing

lactose is deleted in the genetically modified yeast. Thus, the modified Kluyveromyces
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marxianus strain is capable of importing lactose without consuming it. In some embodiments,
the expression of the B-galactosidase gene in the genetically modified yeast is decreased relative
to the expression in wild-type Kluyveromyces marxianus. Thus, the modified Kluyveromyces
marxianus strain has reduced consumption of imported lactose.

In some embodiments, the genetically modified yeast cell includes a promoter that
regulates the expression and/or stability of at least one of the one or more heterologous nucleic
acids. In certain aspects, the promoter negatively regulates the expression and/or stability of the
at least one heterologous nucleic acid. The promoter can be responsive to a small molecule that
can be present in the culture medium of a fermentation of the modified yeast. In some
embodiments, the small molecule is maltose or an analog or derivative thereof. In some
embodiments, the small molecule is lysine or an analog or derivative thereof. Maltose and lysine
can be attractive selections for the small molecule as they are relatively inexpensive, non-toxic,
and stable.

In some embodiments, the promoter that regulates expression of the ABC transporter
polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or a variant thereof as described
herein, 1s a relatively weak promoter, or an inducible promoter. Illustrative promoters include,
for example, lower-strength GAL pathway promoters, such as GALIO, GAL2, and GAL3
promoters. Additional illustrative promoters for expressing an ABC transporter polypeptide
include constitutive promoters from 8. cerevisiae native promoters, such as the promoter from
the native TDH3 gene. In some embodiments, a lower strength promoter provides a decrease in
expression of at least 25%, or at least 30%, 40%, or 50%, or greater, when compared to a GALZ
promoter.

Expression of an ABC transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2,
or 3, or a variant thereof as described herein can be accomplished by introducing into the host
cells a nucleic acid comprising a nucleotide sequence encoding the ABC transporter polypeptide
under the control of regulatory elements that permit expression in the host cell. In some
embodiments, the nucleic acid is an extrachromosomal plasmid. In other embodiments, the
nucleic acid is a chromosomal integration vector that can integrate the nucleotide sequence into
the chromosome of the host cell. Expression of a polypeptide of any one of SEQ ID NOS: 4-27,
or a variant thereof as described herein can be achieved by using parallel methodology.

In some embodiments, the one or more heterologous nucleic acids are introduced into the
genetically modified yeast cells by using a gap repair molecular biology technique. In these
methods, if the yeast has non-homologous end joining (NHEJ) activity, as is the case for
Kluyveromyces marxianus, then the NHEJ activity in the yeast can be first disrupted in any of a

number of ways. Further details related to genetic modification of yeast cells through gap repair
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can be found in U.S. Patent No. 9,476,063, the full disclosure of which is incorporated by

reference herein in its entirety for all purposes.
In some embodiments, the one or more heterologous nucleic acids are introduced into the
genetically modified yeast cells by using one or more site-specific nucleases capable of causing
5  breaks at designated regions within selected nucleic acid target sites. Examples of such
nucleases include, but are not limited to, endonucleases, site-specific recombinases, transposases,
topoisomerases, zinc finger nucleases, TAL-effector DN A binding domain-nuclease fusion
proteins (TALENSs), CRISPR/Cas-associated RN A-guided endonucleases, and meganucleases.
Further details related to genetic modification of yeast cells through site specific nuclease
10 activity can be found in U.S. Patent No. 9,476,065, the full disclosure of which is incorporated
by reference herein in its entirety for all purposes.
Described herein are specific genes and proteins useful in the methods, compositions, and
organisms of the disclosure; however, it will be recognized that absolute identity to such genes is
not necessary. For example, changes in a particular gene or polynucleotide comprising a
15  sequence encoding a polypeptide or enzyme can be performed and screened for activity.
Typically, such changes comprise conservative mutations and silent mutations. Such modified
or mutated polynucleotides and polypeptides can be screened for expression of a functional
enzyme using methods known in the art. Due to the inherent degeneracy of the genetic code,
other polynucleotides which encode substantially the same or functionally equivalent
20  polypeptides can also be used to clone and express the polynucleotides encoding such enzymes.
As will be understood by those of skill 1n the art, it can be advantageous o modify a
coding sequence to enhance its expression in a particular host. The genetic code is redundant
with 64 possible codons, but most organisms typically use a subset of these codons. The codons
that are utilized most often in a species are called optimal codons, and those not utilized very
25  often are classified as rare or low-usage codons. Codons can be substituted to reflect the
preferred codon usage of the host, in a process sometimes called "codon optimization” or
"controlling for species codon bias.”
Optimized coding sequences containing codons preferred by a particular prokaryotic or
eukaryotic host (Murray et al., 1989, Nucl Acids Res. 17: 477-508) can be prepared, for
30  example, to increase the rate of translation or to produce recombinant RNA transcripts having
desirable properties, such as a longer half-life, as compared with transcripts produced from a
non-optimized sequence. Translation stop codons can also be modified to reflect host preference.
For example, typical stop codons for S. cerevisiae and mammals are UAA and UGA,
respectively. The typical stop codon for monocotyledonous plants is UGA, whereas insects and

35 E. coli commonly use UAA as the stop codon (Dalphin et al., 1996, Nucl Acids Res. 24: 216-8).
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Those of skill in the art will recognize that, due to the degenerate nature of the genetic
code, a variety of DNA molecules differing in their nucleotide sequences can be used to encode a
given heterologous polypeptide of the disclosure. A native DNA sequence encoding the
biosynthetic enzymes described above is referenced herein merely to illustrate an embodiment of
the disclosure, and the disclosure includes DNA molecules of any sequence that encode the
amino acid sequences of the polypeptides and proteins of the enzymes utilized in the methods of
the disclosure. In similar fashion, a polypeptide can typically tolerate one or more amino acid
substitutions, deletions, and insertions in its amino acid sequence without loss or significant loss
of a desired activity. The disclosure includes such polypeptides with different amino acid
sequences than the specific proteins described herein so long as the modified or variant
polypeptides have the enzymatic anabolic or catabolic activity of the reference polypeptide.
Furthermore, the amino acid sequences encoded by the DNA sequences shown herein merely
illustrate embodiments of the disclosure.

When "homologous" 1s used in reference to proteins or peptides, it i1s recognized that
residue positions that are not identical often differ by conservative amino acid substitutions. A
"conservative amino acid substitution” is one in which an amino acid residue is substituted by
another amino acid residue having a side chain (R group) with similar chemical properties, e.g.,
charge or hydrophobicity. In general, a conservative amino acid substitution will not
substantially change the functional properties of a protein. In cases where two or more amino
acid sequences differ from each other by conservative substitutions, the percent sequence
1dentity or degree of homology may be adjusted upwards to correct for the conservative nature of
the substitution. Means for making this adjustment are well known to those of skill in the art
(See, e.g., Pearson W. R., 1994, Methods in Mol. Biol. 25: 365-89).

Furthermore, any of the genes encoding the foregoing enzymes (or any others mentioned
herein (or any of the regulatory elements that control or modulate expression thereof) can be
optimized by genetic/protein engineering techniques, such as directed evolution or rational
mutagenesis, which are known to those of ordinary skill in the art. Such action allows those of
ordinary skill in the art to optimize the enzymes for expression and activity in yeast.

In addition, genes encoding these enzymes can be identified from other fungal and
bacterial species and can be expressed for the modulation of this pathway. A variety of
organisms could serve as sources for these enzymes, including, but not limited to,
Saccharomyces spp., including S. cerevisiae and S. uvarum, Kluyveromyces spp., including K.
thermotolerans, K. lactis, and K. marxianus, Pichia spp., Hansenula spp., including H.
polymorpha, Candida spp., Trichosporon spp., Yamadazyma spp., including Y. spp. stipitis,

Torulaspora pretoriensis, Issatchenkia orientalis, Schizosaccharomyces spp., including S.
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pombe, Cryptococcus spp., Aspergillus spp., Neurospora spp., or Ustilago spp. Sources of genes

from anaerobic fungi include, but are not limited to, Piromyces spp., Qrpinomyces spp., or
Neocallimastix spp. Sources of prokaryotic enzymes that are useful include, but are not limited
to, Escherichia. coli, Zymomonas mobilis, Staphylococcus aureus, Bacillus spp., Clostridium
spp., Corynebacterium spp., Pseudomonas spp., Lactococcus spp., Enterobacter spp.,
Salmonella spp., or X dendrorhous.

Techniques known to those skilled in the art may be suitable to identify additional
homologous genes and homologous enzymes. Generally, analogous genes and/or analogous
enzymes can be identified by functional analysis and will have functional similarities.
Techniques known to those skilled in the art can be suitable to identify analogous genes and
analogous enzymes. Techniques include, but are not limited to, cloning a gene by PCR using
primers based on a published sequence of a gene/enzyme of interest, or by degenerate PCR uwsing
degenerate primers designed to amplify a conserved region among a gene of interest. Further,
one skilled in the art can use techniques to identify homologous or analogous genes, proteins, or
enzymes with functional homology or similarity. Techniques include examining a cell or cell
culture for the catalytic activity of an enzyme through in vitro enzyme assays for said activity,
e.g., as described herein or in Kiritani, K., Branched-Chain Amino Acids Methods Enzymology,
1970; then 1solating the enzyme with said activity through purification; determining the protein
sequence of the enzyme through techniques such as Edman degradation; design of PCR primers
to the likely nucleic acid sequence; amplification of said DNA sequence through PCR; and
cloning of said nucleic acid sequence. To identify homologous or similar genes and/or
homologous or similar enzymes, suitable techniques also include comparison of data concerning
a candidate gene or enzyme with databases such as BRENDA, KEGG, or MetaCYC. The
candidate gene or enzyme can be identified within the above mentioned databases in accordance

with the teachings herein.

Methods of Producing Human Milk Oligosaccharides

Also provided herein are methods of producing one or more HMOs. The methods
include providing a population of genetically modified yeast cells capable of producing one or
more HMOs, which genetically modified yeast cells are also genetically modified to express an
ABC transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or a variant thereof
as described herein; or the polypeptide of any one of SEQ ID NOS: 4-27, or a variant thereof as
described herein. Each yeast cell of the population can include one more heterologous nucleic
acids that encode the ABC transporter polypeptide and an enzyme of a HMO biosynthetic

pathway. In some embodiments, the population includes any of the yeast cells as disclosed
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herein and discussed above. The methods further include providing a culture medium and
culturing the yeast cells in the culture medium under conditions suitable for the yeast cells to
produce the one or more milk oligosaccharides.

The culturing can be performed in a suitable culture medinm in a suitable container,
including but not limited to a cell culture plate, a flask, or a fermentor. Any suitable fermentor
may be used, including, but not limited to, a stirred tank fermentor, an airlift fermentor, a bubble
fermentor, or any combination thereof. In particular embodiments utilizing Saccharomyces
cerevisiae as the host cell, strains can be grown in a fermentor as described in detail by Kosaric
et al., in Ullmann’s Encyclopedia of Industrial Chemistry, Sixth Edition, Volume 12, pages 398-
473, Wiley-VCH Verlag GmbH & Co. KDaA, Weinheim, Germany. Further, the methods can
be performed at any scale of fermentation known in the art to support industrial production of
microbial products. Materials and methods for the maintenance and growth of cell cultures are
well known to those skilled in the art of microbiology or fermentation science (see, for example,
Bailey et al., Biochemical Engineering Fundamentals, second edition, McGraw Hill, New York,
1986). Consideration must be given to appropriate culture medium, pH, temperature, and
requirements for acrobic, microacrobic, or anacrobic conditions, depending on the specific
requirements of the host cell, the fermentation, and the process.

In some embodiments, the culturing is carried out for a period of time sufficient for the
transformed population to undergo a plurality of doublings until a desired cell density is reached.
In some embodiments, the culturing 1s carried out for a period of time sufficient for the host cell
population to reach a cell density (OD600) of between (.01 and 400 1n the fermentation vessel or
container in which the culturing is being carried out. The culturing can be carried out until the
cell density is, for example, between (.1 and 14, between 0.22 and 33, between (.53 and 76,
between 1.2 and 170, or between 2.8 and 400. In terms of upper limits, the culturing can be
carried until the cell density is no more than 400, e.g., no more than 170, no more than 76, no
more than 33, no more than 14, no more than 6.3, no more than 2.8, no more than 1.2, no more
than (.53, or no more than (0.23. In terms of lower limits, the culturing can be carried out until
the cell density is greater than 0.1, e.g.., greater than (0.23, greater than (.53, greater than 1.2,
greater than 2.8, greater than 6.3, greater than 14, greater than 33, greater than 76, or greater than
170. Higher cell densities, e.g., greater than 400, and lower cell densities, e.g., less than (.1, are
also contemplated.

In other embodiments, the culturing is carried for a period of time, for example, between
12 hours and 92 hours, e.g., between 12 hours and 60 hours, between 20 hours and 68 hours,
between 28 hours and 76 hours, between 36 hours and 84 hours, or between 44 hours and 92

hours. In some embodiments, the culturing is carried out for a period of time, for example,
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between 5 days and 20 days, e.g., between 5 days and 14 days, between 6.5 days and 15.5 days,

between 8 days and 17 days, between 9.5 days and 18.5 days, or between 11 days and 20 days.
In terms of upper limits, the culturing can be carried out for less than 20 days, e.g., less than 18.5
days, less than 17 days, less than 15.5 days, less than 14 days, less than 12.5 day, less than 11
days, less than 9.5 days, less than 8 days, less than 6.5 days, less than 5 day, less than 92 hours,
less than 84 hours, less than 76 hours, less than 68 hours, less than 60 hours, less than 52 hours,
less than 44 hours, less than 36 hours, less than 28 hours, or less than 20 hours. In terms of lower
limits, the culturing can be carries out for greater than 12 hours, e.g., greater than 20 hours,
greater than 28 hours, greater than 36 hours, greater than 44 hours, greater than 52 hours, greater
than 60 hours, greater than 68 hours, greater than 76 hours, greater than 84 hours, greater than 92
hours, greater than 5 days, greater than 6.5 days, greater than 8 days, greater than 9.5 days,
greater than 11 days, greater than 12.5 days, greater than 14 days, greater than 15.5 days. greater
than 17 days, or greater than 18.5 days. Longer culturing times, e.g., greater than 20 days, and
shorter culturing times, e.g., less than 5 hours, are also contemplated.

In certain embodiments, the production of the one or more HMOs by the population of
genctically modified yeast is inducible by an inducing compound. Such yeast can be
manipulated with ease in the absence of the inducing compound. The inducing compound is
then added to induce the production of the HMOs by the yeast. In other embodiments,
production of the one or more HMOs by the yeast is inducible by changing culture conditions,
such as, for example, the growth temperature, media constituents, and the like.

In certain embodiments, an inducing agent 1s added during a production stage to activate
a promoter or to relieve repression of a transcriptional regulator associated with a biosynthetic
pathway to promote production of HMOs. In certain embodiments, an inducing agent is added
during a build stage to repress a promoter or to activate a transcriptional regulator associated
with a biosynthetic pathway to repress the production of HMOs, and an inducing agent is
removed during the production stage to activate a promoter to relieve repression of a
transcriptional regulator to promote the production of HMOs. The term "genetic switch” 1s used
herein to refer to the use of a promoter or other genetic elements to control activation or de-
activation of the biosynthetic pathway for the one or more HMOs. Illustrative examples of
pseful inducing agents or genetic switches are described in, e.g., PCT Application Publications
W02015/020649, W02016/210343, and W02016210350, which are incorporated herein by
reference in their entirety.

As discussed above, in some embodiments, the provided genetically modified yeast cell
includes a promoter that regulates the expression and/or stability of at least one of the one or

more heterologous nucleic acids. Thus, in certain embodiments, the promoter can be used to
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control the timing of gene expression and/or stability of proteins, for example, an ABC
transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or a vanant thereof as
described herein, or enzymes of a biosynthetic pathway for producing HMOs in genetically
modified yeast cells during fermentation.

In some embodiments, when fermentation of a genetically modified yeast cell is carried
out in the presence of a small molecule, e.g., at least about ().1% maltose or lysine, HMO
production is substantially reduced or turned off. When the amount of the small molecule in the
fermentation culture medium is reduced or eliminated, HMO production is turned on or
increased. Such a system enables the use of the presence or concentration of a selected small
molecule in a fermentation medium as a switch for the production of non-catabolic, €.g., HMO,
compounds. Controlling the timing of non-catabolic compound production to occur only when
production is desired redirects the carbon flux during the non-production phase into cell
maintenance and biomass. This more efficient use of carbon can greatly reduce the metabolic
burden on the host cells, improve cell growth, increase the stability of the heterologous genes,
reduce strain degeneration, and/or contribute to better overall health and viability of the cells.

In some embodiments, the fermentation method comprises a two-step process that
otilizes a small molecule as a switch to affect the “off” and “on” stages. In the first step, i.e., the
“build” stage, step (a) wherein production of the compound is not desired, the genetically
modified yeast are grown in a growth or “build” medium comprising the small molecule in an
amount sufficient to induce the expression of genes under the control of a responsive promoter,
and the induced gene products act (0 negatively regulate production of the non-catabolic
compound. After transcription of the fusion DNA construct under the control of a maltose-
responsive or lysine-responsive promoter, the stability of the fusion proteins is post-
translationally controlled. In the second step, i.e., the “production” stage, step (b), the
fermentation is carried out in a culture medium comprising a carbon source wherein the small
molecule 1s absent or in sufficiently low amounts such that the activity of a responsive promoter
is reduced or 1nactive and the fusion proteins are destabilized. As a result, the production of the
heterologous non-catabolic compound by the host cells is turned on or increased.

In other embodiments, a responsive promoter can be operably linked to one or more
heterologous nucleic acids encoding one or more enzymes of a HMO pathway. The presence of
an activating amount of the small molecule in the culture medinm increases the expression of the
one or more enzymes of the biosynthetic pathway. In these embodiments, the presence of a
sufficient amount of maltose or lysine in the culture medium will increase expression of one or
more enzymes of the biosynthetic pathway, and the fusion enzymes are stabilized in the presence

of the small molecule.
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In some embodiments, the culture medium is any culture medium in which a genetically

modified yeast capable of producing an HMOQ can subsist, i.e., maintain growth and viability. In
some embodiments, the culture medium is an aqueous medium comprising assimilable carbon,
nitrogen, and phosphate sources. Such a medium can also include appropriate salts, minerals,
metals, and other nutrients. In some embodiments, the carbon source and each of the essential
cell nutrients, are added incrementally or continuously to the fermentation media, and each
required nutrient is maintained at essentially the minimum level needed for efficient assimilation
by growing cells, for example, in accordance with a predetermined cell growth curve based on
the metabolic or respiratory function of the cells which convert the carbon source to a biomass.

In another embodiment, the method of producing HMOs comprises culturing host cells in
separate build and production culture media. For example, the method can comprise culturing
the genetically modified host cell in a build stage wherein the cell is cultured under non-
producing conditions, e.g., non-inducing conditions, to produce an inoculum, then transferring
the inoculum into a second fermentation medium under conditions suitable to induce HMO
production, e.g., inducing conditions, and maintaining steady state conditions in the second
fermentation stage to produce a cell culture containing HMOs.

In some embodiments, the culture mediom comprises sucrose and lactose. In some
embodiments, the carbon sources in the culture medium consist essentially of sucrose and
lactose. In some embodiments, the carbon sources in the culture medium consist of sucrose and
lactose. In some embodiments, the mass ratio of the sucrose to the lactose 1s selected to
influence, adjust, or control the relative production rates of HMOs produced by the yeast cells.
Controlling the composition of the produced HMOs in this way can advantageously permit the
increasing of desired products, the decreasing of undesired products, the targeting of a desired
product ratio, and the simplification of downstream product separation processes.

The mass ratio of the sucrose to the lactose in the culture medium can be, for example,
between 4 and 40, e.g., between 4 and 25.6, between 7.6 and 29.2, between 11.2 and 32.8,
between 14.8 and 36.4, or between 18.4 and 40. In terms of upper limits, the mass ratio of the
sucrose to the lactose can be less than 40, e.g., less than 36.4, less than 32.8, less than 29.2, less
than 25.6, less than 22, less than 18.4, less than 14.8, less than 11.2, or less than 7.6. In terms of
lower limits, the mass ratio of the sucrose to the lactose can be greater than 4, e.g., greater than
7.6, greater than 11.2, greater than 14.8, greater than 18.4, greater than 22, greater than 25.6,
greater than 29.2, greater than 32.8, or greater than 36.4. Higher ratios, e.g., greater than 40, and
lower ratios, e.g., less than 4, are also contemplated.

Sources of assimilable nitrogen that can be used in a suitable culture medium include, but

are not limited to, simple nitrogen sources, organic nitrogen sources and complex nitrogen

39

CA 03146593 2022-2-1



10

15

20

25

30

35

WO 2021/030617 PCT/US2020/046227
sources. Such nitrogen sources include anhydrous ammonia, ammonium salts and substances of

animal, vegetable and/or microbial origin. Suitable nitrogen sources include, but are not limited
to, protein hydrolysates, microbial biomass hydrolysates, peptone, yeast extract, ammonium
sulfate, urea, and amino acids. Typically, the concentration of the nitrogen sources, in the culture
medium is greater than about 0.1 g/L., preferably greater than about 0.25 g/L., and more
preferably greater than about 1.0 g/L.. In some embodiments, the addition of a nitrogen source to
the culture medium beyond a certain concentration is not advantageous for the growth of the
yeast. As a result, the concentration of the nitrogen sources, in the culture mediom can be less
than about 20 g/L, e.g., less than about 10 g/L or less than about 5 g/L.. Further, in some
instances it may be desirable to allow the culture medium to become depleted of the nitrogen
sources during culturing.

The effective culture medium can contain other compounds such as inorganic salts,
vitamins, trace metals or growth promoters. Such other compounds can also be present in carbon,
nitrogen or mineral sources in the effective medium or can be added specifically to the medium.

The culture medium can also contain a suitable phosphate source. Such phosphate
sources include both inorganic and organic phosphate sources. Preferred phosphate sources
include, but are not limited to, phosphate salts such as mono or dibasic sodium and potassium
phosphates, ammonium phosphate and mixtures thercof. Typically, the concentration of
phosphate in the culture medium is greater than about 1.0 g/L, e.g., greater than about 2.0 g/L or
greater than about 5.0 g/L. In some embodiments, the addition of phosphate to the culture
medium beyond certain concentrations is not advantageous for the growth of the yeast.
Accordingly, the concentration of phosphate in the culture medium can be less than about 20
g/L, e.g., less than about 15 g/L or less than about 10 g/L.

A suitable culture medium can also include a source of magnesium, preferably in the
form of a physiologically acceptable salt, such as magnesium sulfate heptahydrate, although
other magnesium sources in concentrations that contribute similar amounts of magnesium can be
used. Typically, the concentration of magnesinm in the culture medium 1s greater than about 0.5
g/l., e.g_, greater than about 1.0 g/L. or greater than about 2.0 g/1.. In some embodiments, the
addition of magnesium to the culture medium beyond certain concetrations is not advantageous
for the growth of the yeast. Accordingly, the concentration of magnesium in the culture medium
can be less than about 10 g/L, e.g, less than about 5 g/L. or less than about 3 g/L. Further, in some
instances it may be desirable to allow the culture medium to become depleted of a magnesinm
source during culturing.

In some embodiments, the culture medinm can also include a biologically acceptable

chelating agent, such as the dihydrate of trisodinm citrate. In such instance, the concentration of
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a chelating agent in the culture medium can be greater than about (0.2 g/1., e.g., greater than about
0.5 g/L or greater than about 1 g/L. In some embodiments, the addition of a chelating agent to
the culture medium beyond certain concentrations is not advantageous for the growth of the
yeast. Accordingly, the concentration of a chelating agent in the culture medinm can be less than
about 10 g/L, e.g., less than about 5 g/L or less than about 2 g/L.

The culture medinm can also initially include a biologically acceptable acid or base to
maintain the desired pH of the culture medium. Biologically acceptable acids include, but are not
limited to, hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and mixtures thereof.
Biologically acceptable bases include, but are not limited to, ammonium hydroxide, sodium
hydroxide, potassium hydroxide and mixtures thereof. In some embodiments, the base used is
ammonium hydroxide.

The culture medium can also include a biologically acceptable calcium source, including,
but not limited to, calcium chloride. Typically, the concentration of the calcium source, such as
calcium chloride, dihydrate, in the culture medium is within the range of from about 5 mg/L to
about 2000 mg/L, e.g., within the range of from about 20 mg/L to about 1000 mg/L or in the
range of from about 50 mg/L to about 500 mg/L.

The culture medium can also include sodium chloride. Typically, the concentration of
sodinm chloride in the culture medium is within the range of from about 0.1 g/L to about 5 g/L.,
e.g., within the range of from about 1 g/L to about 4 g/L or in the range of from about 2 g/L to
about 4 g/L.

In some embodiments, the culture medinm can also include trace metals. Such trace
metals can be added to the culture medium as a stock solution that, for convenience, can be
prepared separately from the rest of the culture medium Typically, the amount of such a trace
metals solution added to the culture medium is greater than about 1 ml/L., e.g., greater than about
5 mL/L, and more preferably greater than about 10 mL/L. In some embodiments, the addition of
a trace metals to the culture medium beyond certain concentrations is not advantageous for the
growth of the yeast. Accordingly, the amount of such a trace metals solution added to the culture
medium can be less than about 100 mL/L, e.g., less than about 50 mL/L or less than about 30
mlL/L. It should be noted that, in addition to adding trace metals in a stock solution, the
individual components can be added separately, each within ranges corresponding independently
to the amounts of the components dictated by the above ranges of the trace metals solution.

The culture media can include other vitamins, such as pantothenate, biotin, calcium, ,
inositol, pyridoxine-HCI, thiamine-HCI, and combinations thereof. Such vitamins can be added

to the culture medium as a stock solution that, for convenience, can be prepared separately from
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the rest of the culture medium In some embodiments, the addition of vitamins to the culture
medium beyond certain concentrations is not advantageous for the growth of the yeast.

The fermentation methods described herein can be performed in conventional culture
modes, which include, but are not limited to, batch, fed-batch, cell recycle, continuous and semi-
continuous. In some embodiments, the fermentation is carried out in fed-batch mode. In such a
case, some of the components of the medinum are depleted during culture, e.g., during the
production stage of the fermentation. In some embodiments, the culture may be supplemented
with relatively high concentrations of such components at the outset, for example, of the
production stage, so that growth and/or HMO production is supported for a period of time before
additions are required. The preferred ranges of these components can be maintained throughout
the culture by making additions as levels are depleted by culture. Levels of components in the
culture medium can be monitored by, for example, sampling the culture mediuvm periodically and
assaying for concentrations. Alternatively, once a standard culture procedure is developed,
additions can be made at timed intervals corresponding to known levels at particular times
throughout the culture. As will be recognized by those of ordinary skill in the art, the rate of
consumption of nutrient increases during culture as the cell density of the mediom increases.
Moreover, to avoid introduction of foreign microorganisms into the culture medium, addition
can be performed using aseptic addition methods, as are known in the art. In addition, a small
amount of anti-foaming agent may be added during the culture.

The temperature of the culture medium can be any temperature suitable for growth of the
genetically modified yeast population and/or production of the one or more HMOs. For example,
prior to inoculation of the culture medium with an inoculum, the culture medium can be brought
to and maintained at a temperature in the range of from about 20°C to about 45°C, e.g., to a
temperature in the range of from about 25°C to about 40°C or of from about 28°C to about 32°C.
For example, the culture medium can be brought to and maintained at a temperature of 235 °C,
25.5°C,26°C, 265 °C,27°C.27.5°C, 28 °C, 28.5 °C, 29 °C, 29.5 °C, 30 °C, 30.5 °C, 31 °C,
31.5°C, 32°C, 32.5°C, 33 °C, 33.5 °C. 34 °C, 34.5 °C, 35 °C, 35.5 °C, 36 °C, 36.5 °C, 37 °C,
37.5%C. 38°C, 38.5 °C,39°C, 395 °C, or 40 °C.

The pH of the culture medium can be controlled by the addition of acid or base to the
culture medium In such cases when ammonia is used to control pH, it also conveniently serves as
a nitrogen source in the culture medium In some embodiments, the pH is maintained from about
3.0 to about 8.0, e.g., from about 3.5 to about 7.0 or from about 4.0 to about 6.5.

In some embodiments, the genetically modified yeast cells produce 2’-fucosyllactose.
The concentration of produced 2’ -fucosyllactose in the culture medium can be, for example,

between 1 g/l and 125 g/l, e.g_, between 5 g/l and 115 g/l, between 10 g/l and 110 g/l, between 15
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g/l and 100 g/1, between 20 g/l and 100 g/, or between 25 g/l and 100 g/l. In some

embodiments, the concentration of produced 2’-fucosyllactose in the culture medium can be, for
example, between 5 g/l and 100 g/l, e.g., between 5 g/l and 50 to 90 g/1, between 10 g/1 and 80
g/1, between 10 g/l and 75 g/, between 20 g/l and 80 g/l, or between 20 g/l and 80 g/l. In some
embodiments, the 2’ -fucosyllactose concentration can be greater than 5 g/l, e.g., greater than 8.5
g/l, greater than 12 g/l, greater than 15.5 g/l, greater than 19 g/, greater than 22.5 g/1, greater
than 26 g/, greater than 29.5 g/l, greater than 33 g/l, or greater than 36.5 g/l. In some
embodiments, concentrations of produced 2’-fucosyllactose can be 40 g/l or greater, e.g., 50 g/,
60 g/1 70 g/1 80 g/1, 90 g/l e.g., or greater. For example, in some embodiments, concentrations of
produced 2’-fucosyllactose in the culture medium can be 100 g/1 or greater. In some
embodiments, expression of an ABC transporter polypeptide, e.g., the polypeptide of SEQ ID
NO: 1, 2, or 3, or a variant thereof as described herein, enhances production of 2’-fucosyllactose,
compared to a counterpart control strain that is not modified to express the ABC transporter
polypeptide, is enhanced by at least 5%, or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
W%, 100%, or greater, compared to the control.

The yicld of produced 2’-fucosyllactose on the sucrose in the culture medium can be, for
example, between 0.01 g/g and 0.4 g/g, e.g., between .01 g/g and 0.3 g/g, between 0.01 g/g and
0.2 g/g, between 0.02 g/g and 0.2 g/g, between 0.03 g/g and 0.2 g/g, between 0.04 g/g and 0.2
g/g, or between 0.04 g/g and 0.2 g/g. In terms of lower limits, the yield of 2’-fucosyllactose on
sucrose can be greater than 0.01 g/g, e.g., greater than 0.02 g/g, greater than 0.03 g/g, greater
than 0.04 g/g, greater than 0.05 g/g, greater than 0.06 g/¢g, greater than 0.07 g/g, greater than 0.08
g/g, or greater than .09 g/g. Higher yields, e.g., greater than 0.1 g/g, or greater than 0.15, or
greater than (.2 g/g, are also contemplated. For example, in some embodiments, yields are at
least 0.25 gfg, e.g., 0.25 g/g or 0.26 g/g, or greater. In some embodiments, expression of an
ABC transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or a variant thereof
as described herein, enhances production of 2’-fucosyllactose, compared to a counterpart control
strain that 1s not modified to express the ABC transporter polypeptide, by at least 5%, or at least
10%., 20%, 309%, 40%, 50%, 60%, T10%, 809%, 9%, 1009, or greater, compared to the control.
In some embodiments, expression of an ABC transporter polypeptide, e.g., the polypeptide of
any one of SEQ ID NOS: 4-27, or a variant thereof as described herein, enhances production of
2’-fucosyllactose, compared to a counterpart control strain that is not modified to express the
ABC transporter polypeptide, by at least 5%, or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, or greater, compared to the control.

In some embodiments, the genetically modified yeast cells produce difucosyllactose. The

concentration of produced difucosyllactose in the culture medium can be, for example, between
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5 g/l and 40 g/l, e.g., between 5 g/l and 26 g/, between 8.5 g/l and 29.5 g/1, between 12 g/l and

33 g/1, between 15.5 g/l and 36.5 g/, or between 19 g/l and 40 g/l. In terms of upper limits, the
2’-fucosyllactose concentration can be greater than 5 g/, e.g., greater than 8.5 g/l, greater than 12
g/l, greater than 15.5 g/, greater than 19 g/, greater than 22.5 g/, greater than 26 g/l, greater
than 29.5 g/l, greater than 33 g/l, or greater than 36.5 g/l. Higher concentrations, e.g., greater
than 40 g/1, are also contemplated.

In some embodiments, it is desirable to minimize the amount of difucosyllactose
produced by the genetically modified yeast cells relative the amount of 2'-fucosyllactose
produced. The mass of difucosyllactose produced by the yeast cells per g of 2’-fucosyllactose
produced by the yeast cells can be, for example, between 0.001 g and 5 g e.g, between (0.01 g
and 5 g, between 0.1 g and 5 g, between (.2 g and 4.2 g, between 0.2 g and 2.6 g, between 0.6 g
and 3 g, between 1 g and 3.4 g, between 1.4 g and 3.8 g, or between 1.8 g and 4.2 g. In terms of
upper limits, the mass of difucosyllactose produced per g of 2’-fucosyllactose can be less than
4.2 g, e.g., less than 3.8 g, less than 3.4 g, less than 3 g, less than 2.6 g, less than 2.2 g, less than
1.8 g, less than 1.4 g, less than 1 g, less than 0.6 g, or less than 0.2 g. In terms of lower limits, the
mass of difucosyllactose produced per g of 2’-fucosyllactose can be greater than 0.2 g, e.g.,
greater than 0.6 g, greater than 1 g, greater than 1.4 g, greater than 1.8 g, greater than 2.2 g,
greater than 2.6 g, greater than 3 g, greater than 3.4 g, or greater than 3.8 g. Higher mass ratios,
e.g., greater than 4.2 g/g, and lower mass ratios, e¢.g., less than 0.2 g/g, are also contemplated.

In some embodiments, the genetically modified yeast cells produce lacto-N-tetraose. The
concentration of produced lacto-N-tetraose in the culture medium can be, for example, between
0.5 g/l and 8 g/1, e.g., between 0.5 g/l and 2.6 g/1, between 0.7 g/l and 3.5 g/, between 0.9 g/l and
4.6 g/1, between 1.1 g/l and 6.1 g/1, or between 1.5 g/l and 8 g/l. In terms of upper limits, the
lacto-N-tetraose concentration can be greater than (.5 g/l, e.g., greater than 0.7 g/l, greater than
0.9 g/1, greater than 1.1 g/l, greater than 1.5 g/, greater than 2 g/l, greater than 2.6 g/l, greater
than 3.5 g/1, greater than 4.6 g/l, or greater than 6 g/l. Higher concentrations, e.g., greater than 8
g/l, are also contemplated. In some embodiments, expression of an ABC transporter
polypeptide, e.g., the polypeptide of SEQ I NQO: 1, 2, or 3, or a variant thereof as described
herein, enhances production of lacto-N-tetraose, compared to a counterpart control strain that is
not modified to express the ABC transporter polypeptide, by at least 5%, or at least 10%, 20%,
30%, 40%, 50%, 60%, 10%, 80%, 90%, 100%, or greater, compared to the control. In some
embodiments, expression of an ABC transporter polypeptide, €.g2., the polypeptide of any one of
SEQ ID NOS: 4-27, or a variant thereof as described herein, enhances production of lacto-N-
tetraose, compared to a counterpart control strain that is not modified to express the ABC

transporter polypeptide, by at least 5%, or at least 10%, 20%, 30%, 40%, 50%, 60% ., 70%, 80%,
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%, 100%, or greater, compared to the control. In some embodiments, expression of an ABC

transporter polypeptide, e.g., the polypeptide of any one of SEQ ID NOS: 28-98, or a variant

thereof as described herein, enhances production of lacto-N-tetraose, compared to a counterpart

control strain that is not modified to express the ABC transporter polypeptide, by at least 5%, or
5 at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater, compared to the

control.

In some embodiments, the genetically modified yeast cells produce lacto-N-neotetraose.

The concentration of produced lacto-N-neotetraose in the culture medium can be, for example,

between (.5 g/l and 30 g/l, e.g., between 0.5 g/l and 5.8 g/1, between 0.8 g/l and 8.8 g/l. between

10 1.1 g/l and 13 g/l, between 1.7 g/l and 20 g/1, or between 2.6 g/l and 30 g/1. In terms of upper
limits, the lacto-N-neotetraose concentration can be greater than 0.5 g/l, e.g., greater than 0.8 g/l,
greater than 1.1 g/l, greater than 1.7 g/l, greater than 2.6 g/, greater than 3.9 g/l, greater than 5.8
g/l, greater than 8.8 g/l, greater than 13 g/l, or greater than 20 g/l. Higher concentrations, e.g.,
greater than 30 g/l, are also contemplated. In some embodiments, expression of an ABC

15  transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or a variant thereof as
described herein, enhances production of lacto-N-neotetraose, compared to a counterpart control
strain that is not modified to express the ABC transporter polypeptide, by at least 5%, or at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater, compared to the control.
In some embodiments, expression of an ABC transporter polypeptide, e.g., the polypeptide of

20 any on¢ of SEQ ID NOS: 4-27, or a variant thereof as described herein, enhances production of
lacto-N-neotetraose, compared (o a counterpart control strain that is not modified to express the
ABC transporter polypeptide, by at least 5%, or at least 109%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, or greater, compared to the control. In some embodiments, expression of an
ABC transporter polypeptide, e.g., the polypeptide of any one of SEQ ID NOS: 28-98, or a

25  variant thereof as described herein, enhances production of lacto-N-tetraose, compared to a
counterpart control strain that is not modified to express the ABC transporter polypeptide, by at
least 5%, or at least 10%, 20%, 30%, 40%. 50%, 60%, 710%, 80%, 90%, 100%, or greater,
compared to the control.

In some embodiments, the genetically modified yeast cells produce 3-fucosyllactose.

30  The concentration of produced 3-fucosyllactose in the culture medium can be, for example,
between .05 g/l and 3 g/1, e.g., between .05 g/l and 2 g/1, between 0.07 g/l and 0.35 g/,
between 0.09 g/l and 0.46 g/f], between 0.11 g/l and 0.61 g/1, or between 0.15 g/l and 0.8 g/l. In
terms of upper limits, the 3-fucosyllactose concentration can be greater than 0.05 g/l, e.g., greater
than (.07 g/l, greater than (.09 g/l, greater than (.11 g/, greater than 0.15 g/l, greater than (.2

35 g/l greater than 0.26 g/l, greater than (.35 g/l. greater than 0.46 g/1, or greater than 0.6 g/l
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Higher concentrations, e_g., greater than (3.8 g/l, are also contemplated. In some embodiments,
expression of an ABC transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or
a variant thereof as described herein, enhances production of 3-fucosyllactose, compared to a
counterpart control strain that is not modified to express the ABC transporter polypeptide, by at
least 5%, or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater,
compared to the control. . In some embodiments, expression of an ABC transporter
polypeptide, e.g_, the polypeptide of any one of SEQ ID NQS: 4-27, or a variant thereof as
described herein, enhances production of 3-fucosyllactose, compared to a counterpart control
strain that is not modified to express the ABC transporter polypeptide, by at least 5%, or at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater, compared to the control.
In some embodiments, the genetically modified yeast cells produce 3’ -sialyllactose. The
concentration of produced 3’-sialyllactose in the culture medium can be, for example, between
0.1 g/l and 1.6 g/, e.g., between 0.1 g/l and 0.53 g/l, between 0.13 g/l and 0.7 g/l, between 0.17
g/l and 0.92 g/l, between 0.23 g/l and 1.2 g/l, or between 0.3 g/l and 1.6 g/l. In terms of upper
limits, the 3’-sialyllactose concentration can be greater than 0.1 g/l, e.g., greater than 0.13 g/,
greater than 0.17 g/l, greater than 0.23 g/l, greater than 0.3 g/l, greater than 0.4 g/l, greater than
0.53 g/1, greater than (.7 g/l, greater than 0.92 g/1, or greater than 1.2 g/l. Higher concentrations,
e.g., greater than 1.6 g/1, are also contemplated. In some embodiments, expression of an ABC
transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or a variant thereof as
described herein, enhances production of 3'-si1alyllactose, compared to a counterpart control
strain that 1s not modified to express the ABC transporter polypeptide, by at least 5%, or at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater, compared to the control.
In some embodiments, the genetically modified yeast cells produce 6’-sialyllactose. The
concentration of produced 6’-sialyllactose in the culture medium can be, for example, between
0.25 g/l and 20 g/1, e.g., between 0.25 g/l and 15 g/1, between 0.33 g/l and 20 g/1, between 0.44
g/l and 20 g/, between 0.57 g/l and 20 g/l, or between 0.76 g/l and 20 g/1. In terms of upper
limits, the 3’-sialyllactose concentration can be greater than 20 g/, e.g., or greater than 10 g/l.
Higher concentrations, e.g., greater than 20 g/1, are also contemplated. In some embodiments,
expression of an ABC transporter polypeptide, e.g., the polypeptide of SEQ ID NO: 1, 2, or 3, or
a variant thereof as described herein, enhances production of 6’-sialyllactose, compared to a
counterpart control strain that is not modified to express the ABC transporter polypeptide, by at
least 5%, or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater,
compared to the control. In some embodiments, expression of an ABC transporter polypeptide,
e.g., the polypeptide of any one of SEQ ID NOS: 4-27, or a variant thereof as described herein,

enhances production of 6’-sialyllactose, compared to a counterpart control strain that is not
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maodified to express the ABC transporter polypeptide, by at least 5%, or at least 10%, 20%, 30%,

40%, 50%, 60%, 70%, 80%, 90%, 100%, or greater, compared to the control. In some
embodiments, expression of an ABC transporter polypeptide, e.g., the polypeptide of any one of
SEQ ID NOS: 99-126, or a variant thereof as described herein, enhances production of 6°-
sialyllactose, compared to a counterpart control strain that is not modified to express the ABC
transporter polypeptide, by at least 5%, or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, or greater, compared to the control.

Fermentation Compositions

Also provided are fermentation compositions including a population of genetically
modified yeast cells. The yeast cells can include any of the yeast cells disclosed herein and
discussed above. In some embodiments, the fermentation composition further includes at least
one HMO produced from the yeast cells. The at least one HMO in the fermentation composition
can include, for example, 2’-fucosyllactose, difucosyllactose, 3-fucosyllactose, lacto-N-tetraose,
lacto-N-neotetraose, 3’-sialyllactose, or 6’-sialyllactose. In some embodiments, the fermentation
composition includes at least two HMOs. The at least two HMOs in the fermentation
composition can include, for example, 2’-fucosyllactose and difucosyllactose, 2’ -fucosyllactose
and 3-fucosyllactose, 2’-fucosyllactose and lacto-N-tetraose, 2’-fucosyllactose and lacto-N-
neotetraose, 2’-fucosyllactose and 3’-sialyllactose, 2’-fucosyllactose and 6’-sialyllactose,
difucosyllactose and 3-fucosyllactose, difucosyllactose and lacto-N-tetraose, difucosyllactose
and lacto-N-neotetraose, difucosyllactose and 3’-sialyllactose, difucosyllactose and 6°-
sialyllactose, 3-fucosyllactose and lacto-N-tetraose, 3-fucosyllactose and lacto-N-neotetraose, 3-
fucosyllactose and 3’-sialyllactose, 3-fucosyllactose and 6’-sialyllactose, lacto-N-tetraose and
lacto-N-neotetraose, lacto-N-tetraose and 3’ -sialyllactose, lacto-N-tetraose and 6°-sialyllactose,
lacto-N-neotetraose and 3 -sialyllactose, lacto-N-neotetraose and 6’-sialyllactose, or 3’-
sialyllactose and 6’-sialyllactose.

In some embodiments, the fermentation composition includes at least three HMOs
produced from the yeast cells. The at least three HMOs in the fermentation composition can
include, for example, 2’ -fucosyllactose, difucosyllactose, and 3-fucosyllactose; 2’-
fucosyllactose, difucosyllactose, and lacto-N-tetraose; 2’ -fucosyllactose, difucosyllactose, and
lacto-N-neotetraose; 2’-fucosyllactose, difucosyllactose, and 3’-sialyllactose; 2’ -fucosyllactose,
difucosyllactose, and 6’-sialyllactose; 2’-fucosyllactose, 3-fucosyllactose, and lacto-N-tetraose;
2’-fucosyllactose, 3-fucosyllactose, and lacto-N-neotetraose; 2’ -fucosyllactose, 3-fucosyllactose,
and 3’-sialyllactose; 2”-fucosyllactose, 3-fucosyllactose, and 6’-sialyllactose; 2" -fucosyllactose,

lacto-N-tetraose, and lacto-N-neotetraose; 2’-fucosyllactose, lacto-N-tetraose, and 3°-
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sialyllactose; 2°-fucosyllactose, lacto-N-tetraose, and 6’-sialyllactose; 2’ -fucosyllactose, lacto-N-
neotetraose, and 37 -sialyllactose; 2”-fucosyllactose, lacto-N-neotetraose, and 6’-sialyllactose; 2°-
fucosyllactose, 3’-sialyllactose, and 67 -sialyllactose; difucosyllactose, 3-fucosyllactose, and
lacto-N-tetraose; difucosyllactose, 3-fucosyllactose, and lacto-N-neotetraose; difucosyllactose, 3-
fucosyllactose, and 3’-sialyllactose; difucosyllactose, 3-fucosyllactose, and 6’-sialyllactose;
difucosyllactose, lacto-N-tetraose, and lacto-N-neotetraose; difucosyllactose, lacto-N-tetraose,
and 3’-sialyllactose; difucosyllactose, lacto-N-tetraose, and 6’ -sialyllactose; difucosyllactose,
lacto-N-neotetraose, and 3’-sialyllactose; difucosyllactose, lacto-N-neotetraose, and 6’-
sialyllactose; difucosyllactose, 3’-sialyllactose, and 6’-sialyllactose; 3-fucosyllactose, lacto-N-
tetraose, and lacto-N-neotetraose; 3-fucosyllactose, lacto-N-tetraose, and 3’ -sialyllactose; 3-
fucosyllactose, lacto-N-tetraose, and 6’-sialyllactose; 3-fucosyllactose, lacto-N-neotetraose, and
3’-sialyllactose; 3-fucosyllactose, lacto-N-neotetraose, and 6’-sialyllactose; 3-fucosyllactose, 3’-
sialyllactose, and 6’-sialyllactose; lacto-N-tetraose, lacto-N-neotetraose, and 3’-sialyllactose;
lacto-N-tetraose, lacto-N-neotetraose, and 6’-sialyllactose; or lacto-N-neotetraose, 3°-
sialyllactose, and 6’-sialyllactose. In some embodiments, the fermentation composition includes
at least four HMOs produced from the yeast cells. In some embodiments, the fermentation
composition includes at least five HMOs produced from the yeast cells. In some embodiments,
the fermentation composition includes at least six HMOs produced from the yeast cells. In some
embodiments, the fermentation composition includes at least seven HMOs produced from the
yeast cells.

The mass fraction of difucosyllactose within the one or more produced HMOs can be, for
example, between (0 and 50%, e.g., between 0 and 30%, between 5% and 35%, between 10% and
40%, between 15% and 45%, or between 20% and 40%. In terms of upper limits, the mass
fraction of difucosyllactose in the HMOs can be less than 50%, e.g., less than 45%, less than
40%, less than 35%, less than 30%, less than 25%, less than 20%, less than 15%, less than 10%,

or less than 5%.

Methods of Recovering Human Milk Oligosaccharides
Also provided are methods of recovering one or more HMQOs from a fermentation
composition. In some embodiments, the fermentation composition is any of the fermentation
composition disclosed herein and described above. The method includes separating at least a
portion of a population of yeast cells from a culture medivm. In some embodiments, the
separating includes centrifugation. In some embodiments, the separating includes filtration.
While some portion of the one or more HMOs produced by the cells during fermentation

can be expected to partition with the culture medium during the separation of the yeast cells from
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the medium, some of the HMOQOs can be expected to remain associated with the yeast cells. One
approach to capturing this cell-associated product and improving overall recovery yields is to
rinse the separated cells with a wash solution that is then collected. It has now been found that
the effectiveness of such a rinse can be significantly increased by heating the wash solution prior
to its use.

Accordingly, the provided recovery methods further include contacting the separated
yeast cells with a heated wash liquid. In some embodiments, the heated wash liquid 1s a heated
aqueous wash liquid. In some embodiments, the heated wash liquid consists of water. In some
embodiments, the heated wash liquid includes one or more other liquid or dissolved solid
components.

The temperature of the heated aqueous wash liquid can be, for example, between 30 °C
and 90 °C, e.g., between 30 °C and 66 °C, between 36 °C and 72 °C, between 42 °C and 78 °C,
between 48 °C and 84 °C, or between 54 °C and 90 °C. In terms of upper limits, the wash
temperature can be less than 90 °C, e.g., less than 84 °C, less than 78 °C, less than 72 °C, less
than 66 °C, less than 60 °C, less than 54 °C, less than 48 °C, less than 42 °C, or less than 36°C.
In terms of lower limits, the wash temperature can be greater than 30 °C, e.g., greater than 36 °C,
greater than 42 °C, greater than 48 °C, greater than 54 °C, greater than 60 °C, greater than 66 °C,
greater than 72 °C, greater than 78 °C, or greater than 84 °C. Higher temperatures, e.g., greater
than 90 °C, and lower temperatures, €.g., less than 30 °C, are also contemplated.

The method further includes, subsequent to the contacting of the separated yeast cells
with the heated wash liquid, removing the wash liquid from the yeast cells. In some
embodiments, the removed wash liquid is combined with the separated culture medivm and
further processesed to isolate the produced one or more HMOs. In some embodiments, the
removed wash liquid and the separated culture medium are further processed independently of
one another. In some embodiments, the removal of the wash liquid from the yeast cells includes
cetrifugation. In some embodiments, the removal of the wash liquid from the yeast cells includes
filtration.

The recovery yield can be such that, for at least one of the one or HMOs produced from
the yeast cells, the mass fraction of the produced at least one HMO recovered in the combined
culture medium and wash liquid is, for example, between 70% and 100%, e.g., between 70% and
88%, between 73% and 91%, between 76% and 94%, between 79% and 97%, or between 82%
and 100%. In terms of lower limits, the recovery yield of at least one of the one or more HMOQOs
can be greater than 70%, ¢.g., greater than 73%, greater than 76%, greater than 79%, greater than
82%, greater than 85%, greater than 88%, greater than 91%, greater than 94%, or greater than

97%. The recovery yield can be such that, for each of the one or more HMOs produced from the
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yeast cells, the mass fraction recovered in the combined culture medium and wash liquid is, for
example, between 70% and 1009%, e.g., between 70% and 88%, between 73% and 91%, between
76% and 94%, between 79% and 97%, or between 82% and 1009%. In terms of lower limits, the
recovery yield of each of the one or more HMOs can be greater than 70%, e.g., greater than 73%,
greater than 76%, greater than 79%, greater than 82%, greater than 85%, greater than 88%,
greater than 91%, greater than 94%, or greater than 97%.

While the compositions and methods provided herein have been described with respect to
a limited number of embodiments, one or more features from any of the embodiments described
herein or in the figures can be combined with one or more features of any other embodiment
described herein in the figures without departing from the scope of the disclosure. No single
embodiment is representative of all aspects of the methods or compositions. In certain
embodiments, the methods can include numerous steps not mentioned herein. In certain
embodiments, the methods do not include any steps not enumerated herein. Variations and

modifications from the described embodiments exist.

Methods of Treating a Fermentation Composition

Also provided are methods of treating a fermentation composition. The treatment
methods are particularly useful for increasing the yield of 2°-fucosyllactose within fermentation
compositions that include difucosyllactose. In some embodiments, the fermentation composition
is any of the fermentation composition disclosed herein and described above. The method
includes providing a fermentation composition comprising difucosyllactose. The concentration
of difucosyllactose in the fermentation composition can be as described above. The method
further includes contacting the fermentation with an enzyme capable of converting
difucosyllactose to 2’-fucosyllactose, e.g., an al-3,4 fucosidase. The al-3,4 fucosidase can be
encoded by a gene engineered into a strain of the fermentation, such that the a1-3,4 fucosidase is
expressed during the fermentation. The al-3,4 fucosidase can be exogenously added to the
fermentation composition as part of a downstream processing protocol. Suitable al1-3.4
fucosidase sources include, for example and without limitation, Bacteroides thetaiotaomicron,
Bifidobacterium bifidum, Bifidobacterium longum, Bifidobacterium longum subsp. infantis,
Clostridium perfringens, Lactobacillus casei, Paenibacillus thiaminolyticus, Pseudomonas
putida, Thermotoga maritima, Xanthomonas campestris pv. campestris, Arabidopsis thaliana,
and Rattus norvegicus.

The contacting of the fermentation composition with the a1-3.,4 fucosidase is under
conditions suitable for converting at least a portion of the difucosyllactose to 2”-fucosyllactose.

The percentage of initial difucosyllactose converted by the a1-3,4 fucosidase can be, for
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example, between 20% and 100%, e.g., between 20% and 68%, between 28% and 76%, between

36% and 84%, between 44% and 92%, or between 52% and 1009%. In terms of lower limits, the
percent conversion of the difucosyllactose can be greater than 20%, e.g., greater than 28%,
greater than 36%, greater than 44%, greater than 52%, greater than 60%, greater than 68%,
greater than 76%, greater than 84%, or greater than 92%. In some embodiments, the
fermentation composition further comprises 3-fucosyllactose, and the contacting of the
fermentation composition with the al-3,4 fucosidase also includes reducing the level of 3-
fucosyllactose in the fermentation composition, further improving 2’-fucosyllactose purity in the
composition.

All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specifically and individually indicated to be incorporated by reference.
Although the claimed subject matter has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it will be readily apparent to those of ordinary
skill in the art in light of the teachings herein that certain changes and modifications may be

made thereto without departing from the spirit or scope of the appended claims.

Examples
The present disclosure will be better understood in view of the following non-limiting
examples. The following examples are intended for illustrative purposes only and do not limit in

any way the scope of the present invention.

Example 1. 2’-fucosyllactose production in strains expressing candidate transporter (export)

polypeptides

Polynucleotides encoding candidate export proteins from various fungi were amplified
for introducing into yeast strain to assess export activity driven by a GALJ promoter. Activity
was evaluated in yeast strain Y51018, which 1s genetically modified to produce 2’-fucosyllactose
(2°-FL). The experiments were performed in 0.1% lactose to enhance difucosyllactose (DFL)
detection. Transformants were assayed to identify those that exhibited reduced DFL and
increased 2’-FL content. 2’-FL production strains were cultured for 3 days in growth media in
96-well shake plates and diluted into 96-well shake plates containing a sucrose/lactose minimal
nutrient medium for oligosaccharide production. Cultures were shaken for 3 days, to sucrose
exhaustion, the wells were extracted, analyzed by mass spectrometer, and quantitated by
comparison to known standards. The results (FIG. 1) show that overexpression of three test

export polypeptides, Exp 69 (amino acid sequence SEQ ID NO: 1), Exp 57 (amino acid sequence
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SEQ ID NO: 3) and Exp26 (amino acid sequence SEQ ID NO: 2) significantly improved product

production, i.e., 2’-FL was increased and DFL was decreased compared to the parent Y51018
strain (see, also, 2’-FL/DFL ratio presented in FIG. 2). Exporter overexpression in this
experiment exhibited various effects on growth (FIG. 3). Additionally. the ABC transporters
were evaluated for export of 2’FL from the cell. The percentage of total 2°-FL found in the
supernatant and the percentage of total 2’-FL associated with the cell were identified for 7
different strains (FIG. 6).

2’-FL production strains were cultured for 3 days in growth media in 96-well shake
plates and diluted into 96-well shake plates containing a sucrose/lactose minimal nutrient
medinm for oligosaccharide production. Cultures were shaken for 3 days, to sucrose exhaustion,
the wells were extracted, analyzed by mass spectrometer, and quantitated by comparison to
known standards.

Y51018 strains that express the exporters Exp 69 (strain 58204), Exp 57 (strain Y58208)
and Exp 26 (strain Y 58209) were also evaluated in microfermentors. Each of the strains had
higher 2’-FL g/kg content and reduced DFL content compared to parent strain Y51018 (FIG. 4).
Y58204 was tested and the same effects were observed on a larger scale (FIG. 5). The overall
effects on growth (FIG. 3) were also observed for each of the three test yeast strains (data not
shown). Furthermore, when a yeast strain overexpressing the YORI1 transporter (having the
amino acid sequence of SEQ ID NO: 32) was tested in a fermentor in comparison to a yeast
strain with no heterologous ABC transporter, both the rate of oxygen uptake and amount of 2’-
FL produced continued to increase over time (FIGS. 7A and 7B).

Strain Y58204 was also evaluated in microfermentors and larger fermentors for the
accumulation of pathway intermediates in comparison to the parent strain Y51018. Y58204
exhibited pronounced reductions in fucose and another intermediate sugar compared to the
parent strain (data not shown.). These results indicated that pathway flux mediated by the
exporter reduces by-products.

This example thus demonstrated overall enhanced 2’-FL production by strains expressing
transporter polypeptides (exporter strains). The results additionally indicated that the reduced
intracellular 2’-FL observed in the exporter strains prevented reduced turnover by the
fucosyltransferase; and that pathway flux (strain Y538204) was such that GDP-fucose, GDP-4-
dehydro-6-deoxy-D-mannose did not accumulate, thus preventing accumulation of fucose and 4-
dehydro-D-Rhamnose and generation of unusual di- or tri-saccharides.

Additional ABC transporters (see, SEQ ID NOS:4-27) were also identified that enhance

2’FL production when overexpressed in a parent Y51018 strain in an initial microtiter plate
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analysis. In this experiment, the ratio of 2’-FL/DFL for the parent Y51018 strain was about 3.

Ratios are shown below:

Exporter overexpressed in Y51018: 2’-FL/DFL ratio
Naumovozyma castellii SEQ ID NO: 24- 10.16
5  Xylaria hypoxylon SEQ ID NQ: 23- 5.05
Cyberlindnera jadinii SEQ 1D NO: 22- 11.59
Clavispora lusitaniae SEQ ID NO: 20- 5.38
Metschnikowia bicuspidate SEQ ID NO: 19- 7.72
Clavispora lusitaniae SEQ ID NOQO: 18- 10.08
10 Issatchenkia orientalis SEQ ID NO: 17- 5.31
Wickerhamomyces ciferrii SEQ ID NO: 15- 6.24
Alternaria brassicicola SEQ ID NO: 14- 7.25
Cladosporium fulvum SEQ ID NO: 13- 7.68
Puccinia graminisf.sp.tritici SEQ ID NO: 12- 11.52
15  Lachancea mirantina SEQ ID NO: 11- 9.51
Debaryomyces hansenit SEQ 1D NO: 10- 7.1
Cyberlindnera jadinii SEQ 1D NO: 5- 4.92
Sclerotinia sclerotiorum SEQ ID NO: 4- 6.4
Debaryomyces fabryi SEQ ID NO: 25- 14.2
20  Wickerhamomyces ciferrii SEQ ID NO: 9- 17
Candida pseudohaemulonii SEQ ID NO: 7- 20
Candida haemulonis SEQ ID NO: 6- 12
Metschnikowia fructicola SEQ 1D NO: 8- 23
Komagataella phaffii SEQ ID NO: 16- 17
25 Candida intermedia SEQ ID NO: 21- 20
Saccharomyces cerevisiae SEQ ID NO: 26- 21

Example 2. Lacto-N-neotetraose production in strains expressing candidate transporter (export)

polypeptides

30 An assay was performed in a multi-tiered format to 1dentify ABC transporters capable of
lacto-N-neotetraose transport. The top ABC transporters from a first tier were carried on to a
second tier in which the lacto-N-neotetraose experiments were performed with a greater number
of replicates. The assay was performed by first obtaining yeast cells and subsequently modifying

the cells to express enzymes necessary for the production of lacto-N-neotetraose. Next, the cells

53

CA 03146593 2022-2-1



10

15

20

25

30

35

WO 2021/030617 PCT/US2020/046227
were further modified to express an HMO transporter from one of 113 different fungal sources.

A yeast strain not modified to express a heterologous HMO transporter was also tested as a
control. The cells were then cultured under conditions suitable for lacto-N-neotetraose
production, and lacto-N-neotetraose titers were measured. The HMOs resulting in the highest
titer from Tier 1 were then assessed. These results are shown in FIG. 8.

Specifically, a library of 113 transporter genes from fungal sources were screened in a
Tier 1 microtiter plate assay using mass spectrometry. The top 44 hits from Tier 1,
corresponding to SEQ ID NOS: 55-98, were promoted to Tier 2, which were then re-screened
using a microtiter plate assay, with an increased number of replicates (n=8). A parent strain with
no transporter was included for comparison. Transporters were considered hits if they increased
lacto-N-neotetraose production per cell relative to the parent. As such, hits were ranked based
on lacto-N-neotetraose titer normalized by cell density (SSOD). The top hit from this screen was
a homolog of §. cerevisiae YBT1 from H. polymorpha (SEQ ID NO: 55) (FIG. 8).

Additionally, 94 sequence homologs of S. cerevisiae YOR1 were screened in a Tier 1
microtiter plate assay using mass spectrometry. The top 29 hits from Tier 1, corresponding to
SEQ ID NOS: 28-54, were promoted to Tier 2, which were then also screened using a microtiter
plate assay using mass spectrometry, with an increased number of replicates (n=8). A parent
strain with no transporter was included for comparison. Transporters which were considered hits
increased lacto-N-neotetraose production per cell relative to the parent. As such, hits were
ranked based on lacto-N-neotetraose titer normalized by cell density (SSOD). The top 12 hits
from Tier 2, corresponding to SEQ 1D NOS: 28-38, were promoted to Tier 3, which were
retransformed into six additional backgrounds and screened using a microtiter plate assay using
mass spectrometry. SEQ ID NOS: 28-32 showed the highest lacto-N-neotetraose titer in
comparison to the parent strain with no transporter (F1G. 9). 12 different strains expressing
different ABC transporters were evaluated with respect to the ratio of LNnT produced (g/kg) in
comparison to the amount of para-lacto-N-neohexaose produced (FIG. 10, lower panel).
Likewise, these strains, were evaluated with respect to the amount of LNnT each strain produced
(FIG. 10, upper panel)

The concentration of whole cell broth lacto-N-neotetraose was measured for a strain
expressing the Hp. YBT1 transporter (SEQ ID NO: 55), the Sc.YORI1 transporter (SEQ ID NO:
28), or no transporter (parent strain). In fermentation tanks, both the Sc.YOR1 (SEQ ID NO: 28)
and the Hp.YBT1 (SEQ ID NO: 55) transporters improved whole cell broth titers of lacto-N-
neotetraose by up to 40% over parent (FIG. 11A). The concentration of lacto-N-neotetraose in
the supernatant was also measured to provide information as to the mode of transport, as this

readout distinguishes lacto-N-neotetraose that is transported out of the cell from lacto-N-
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neotetraose that is transported into intracellular compartments. Sc.YORI1 (SEQ ID NO: 28)

resulted in a concentration of lacto-N-neotetraose in the supernatant that was 3-5 times greater
than the concentration of lacto-N-neotetraose in the supernatant of parent cells (FIG. 11B). The
other transporter, Hp.YBT1 (SEQ ID NO: 55), resulted in less product in the supernatant,
suggesting transport into an intracellular compartment. Cell density measurements, in
combination with oxygen uptake rate, also show that addition of these transporters improves cell

health, which, in turn, contributes to higher lacto-N-neotetraose titers.

Example 3. 6 Sialyllactose Production in Strains Expressing Candidate Transporter

Polypeptides
DNA constructs encoding candidate 6’-sialyllactose exporter proteins from various

fungi were amplified and introduced into a yeast strain genetically modified to produce 6’-SL.
Transformants were assayed for increased 6’-SL production to identify putative 6°-SL
transporters. Yeast strains were cultured for 3 days in 96-well plates then diluted into growth
media containing a 4% sucrose/0.5% lactose minimal nutrient medium. Cultures were incubated
for 3 days to sucrose exhaustion, the wells were extracted, and analyzed by mass spectrometry
with quantification by comparison to known standards. 308 candidate exporters were assayed at
low replication (n =1-4) for a >25% increase in 6’-SL titer under these growth conditions. A
representative experiment is shown in Figure 12. 29 strains (SEQ ID NOS: 99-126) that
demonstrated >25% production of 6’-SL were re-assayed at high replication (n = 8 ; Figure 13).
Of these 29 strains, 4 strains showed a >25% increase in 6°-SL. Introduction of genes encoding
putative exporters in 6’-SL production strains did not cause significant impacts on growth.

To demonstrate export of 6°-SL by putative transporters, 4 strains (SEQ ID NOS: 99-
102) showing a >25% increase in 6’-SL production in a mass spectrometry assay at high
replication were tested directly assayed for intracellular and extracellular 6’-SL concentration by
fractionation and ion chromatography. Strains were cultured for 3 days in growth media in 96-
well plates and diluted into a sucrose/lactose minimal nutrient medium for oligosaccharide
production. Cultures were shaken for 3 days to sucrose exhaustion, then fractionated by
centrifugation to separate supernatant and pellet fractions. Both supernatant and pellet fractions
were subsequently extracted and analyzed by ion chromatography and quantitated by comparison
to known standards. Two transporters, SEQ ID NOS: 99 and SEQ ID NO: 100 showed a
statistically significant increase in 6°-SL titer in the extracellular fraction, suggesting these

proteins are bonafide 6’-SL exporters (Figure 14).
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Illustrative Sequences

SEQ ID NO: 1 AOAOHSCIN2 encoded by gene BN1211_1957 from Cyberlindnera jadinii
ABC transporter polypeptide sequence
MSGERCSRFWDFDDLSPCAREELIGTQWPLVLLCASVATITVKGVYNYVHLGKRVSLR
DDGESEPLLTASQGAPLYTESSAEFTEDVKRSHFDSSSLPPVKLNGEPHGCKTLYKRSGV
EKVRVAVEELFVLAQLVLQOQSYRYQNTQSASSLANLLLWLWLLSSTTFRILNLNDKYEKI
QAIVPNLWVSNILIYFFLWFPAVLTFRSALLNHTGDDKLYYIVNESVITLQIFNLATSKVG
YRCPQVYLSDQHRKPDPEPFTDLLTLVTEFSWVTPMMNQAFKVPLTQDDVWDLKMEDF
SYFVLKSFKKFSQGSTLGFSNRVILFFLPFLLVQAFWAVVESLILFAPTILLKRILEFVEDR
NTGNLPLAWFYVTLMFASKFFSNLSSGQALFFGRRVCIRLKSVVIGEIYAKAILRRKLTTK
SSSTDQADAGLDKSPSPVSVNPTEEPEEQDKENETKSANLGAIINLMAVDAFKISEVCAY
LHAFFGATCMIIVSIYLLWKLMGWSALVGAFAIIALSPLNFMMSRKLGELQKKALAVTD
RRIQKLNETLQSIRIIKFFAWEKKFEEQILKIRDEELEMLKSRSVIWSFLVVLWCILPTIVT
VISFGCYIFIDKKVLTTPVAFTALSLFNLLRNPLDQISDMLSFAIQSKVSLDRVSEFLSQEE
TTKYEQLTHVKNTGRVGESKASFSWDSTSDADFKLRDLDVDFTVGKLNVIIGPTGAGKT
SLLLALLGEMEITKGEVHLPGFLPREDLEIGPDGYTESVAYCSQAAWLLNDTIRNNIVFG
SPFNRDRYNKVVSACGLARDFEILKAGDQTEIGEKGIALSGGQKQRVSLARALYSNSRHI
LLDDCLSAVDSHTALHIYENCIAGPLMKNRTVLLVSHNVALTIKSADFVVVLNNGRITN
SGTPEQLLADGALGDDEMIKSTVYSRANSSVDLVQKSKQEEDAVLKVKEALNNMKPIE
NPEDEELENLKKGKLIEEEQKSEGVVSLEVYKWFFSIFGGWFIVAVLLGLFLVANVINFG
QSWWVRKWAKDASNDVHISIAGTLSESQY YGAMSQFIAKPLNVFVFKYHQIQNSMSVL
KETNISVYYIIVYGILGVSYALIVGLRIVYGFFMGIKASRRVFAKVLNKILRAKLRFFDSTP
IGRIMNREFSKDIESVDQDLIPFIDGAVSCAVSVLFTLAMIMAITPGFLIFAILILVMYYLVA
VEFYLSSSRELKRFDSITKSPIHQHEFSETLVGASTIRAYGIERRFLQENLNKIDENNRPFFYM
WITNRWLSFRNDMIGASVIFLAGAFILFSLDKIDAGLAGISLSYAIVENDTALWIVRLYAN
VEMAMNSVERLKEYTDVDEEPAEEVPENEPPESWPEHGALEVCDLSLRYAPHLPLVIKN
VSFNVEPSNKIGIVGRTGAGKSTIITALFRFLDPETGYIKIDGVDITSIGLKRLRQSITIIPQD
PTLFTGTIRSNLDPEGNYSDAFIFEALKRVNLITEDELANQGGSSSGSSSSDENANKFLNL
NSDVSEGGGNLSQGQRQLMCLARSLLRDPKIMLLDEATASIDYDSDAKIQQTIRQEFSNS
TILTIAHRLRSIIDYDKILVMDAGEVVEFDHPYKLISDKSTTFYSMCVDSGELDVLTQIAK
EAFKRTV
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SEQ ID NO: 2 W0T4]7_KLUMD Bile pigment transporter 1 Kluyveromyces marxianus

(strain DMKU3-1042 / BCC 29191 / NBRC 104275) ABC transporter polypeptide sequence
MNRLIVETYHSNKIEDPTNLPLPPEDLDIPEATRIIQANWEYECWTERHSILLAVLKSVGG
RIATAVSYEFLRTVLAILQPOQILKKFIEAFNPESNELPRLNAYFVAVGLFILNVSCTVLRNQ
FFINIFQAGMKIRGSLMSMIYQKTFRLSAEARDEKGSGDIMNLMSVDVIRIQRFFENAQT
MIGAPTQLIGVLISLYFFLGTATLGGLVSIGIMIPLYSYLTEIYKRMFKAQMKYKDRRIKTI
SEILNSIKSIKLYAWEKPMLERLGHVRNDLELKNMKKIAIVSNLMSFIWDIVPVEVTSSTF
LLESYLTGQVLTPQVVFPAMTLFGMLNQCVYTIPEMINNIIEIGVSLKRLKSYLLAEELDD
SFIERTEANDVDPTVEINNATFLWKSVKQSERSDANDDEEASVSSPGVALRDIEHFSAKR
AELTCIVGRVGSGKSTFLKAILGLLPCVPNDATPQIKPKLTIRAKSLAYCPQQPWIMNSSF
KDNILFGFKYDEAMYKKTIKACQLVPDLKILPDGDQTIVGEKGISLSGGQKARLSLARA
VYARADLYLLDDILSAVDSHVCENIIEQVLDRNTGLLEKNKTVILTTNAINVLOQHSNMIYL
LKNGMIVEGNSYDSVMSTESANGEKSFLREIIEEY ALNEKEKEEQEADTDAESKSKSPRN
DSDYLLSSDEDNEEENPLOQPLVDLENAKATDANAVIAFEEEQEDPQLAKVVSRRASVAT
LKPRPLIDVNKDDRKTAQKAETKEEGRVKKSVYIAYMKACGFFGVLIVFILMIATKLLG
LGNNFWLKYWSESNQTNGGNDHIWKFMIVYSLIGMASAAFDVTRIIVMIFFCSLRAAKQ
LHNQMAHSVVMAPMSFFETTPVGRIVNRFSTDINSIDEDFKNIVALFLHSVFDYLITITVI
VISMPWFLLVNTFLLAIYYYYOMEYVVLSRELKRLTSISYSPVMSLLGETLGGYVVINAY
NHADIFNY YHFONVQTNVNFIFNFRSTNRWLSMRLETMGAFILITSLMALGTLGTTHPIS
AGLIGLLMSYVLQISSSLMWIIRMLVNIETTIVSVERVLEYRDLEPEGVRVVEGNTPPKD
WPSKGEIKISNYTTKYRANLDPVLKDIDVNIKPQEKIGVVGRTGAGKSTLTLALFRILEPF
EGSISIDGIDISTLGLYDLRSRLAIIPQDAQAFEGTVRSNLDPFNYHTDAEVWRALELSHL
KPHIERIVKELGDDEEKPADLLQTKISDNGGNLSMGQRQLLCLSRALLNPSKILILDEATA
AVDRETDKIIQETIRSAFKDRTILTIAHRIDTVMDSDRILVLDKGELKEFDTPENLLENKES
LFYSLCEKGGYLKN

SEQ ID NO: 3 AOAOHSC805_CYBJA Uncharacterized protein Cyberlindnera jadinii; ABC
transporter polypeptide sequence
MGDTLDSTDPAAERRSAHYKGLDAQVEGQIQELARALTPMSDVVSGSSSEESDSGSVLS
RALSTASTIAPGVNPMGDDLEELDFPRLNPDNPDESSRYWIKNIRAFMDKDEAHYQNYSF
GIAYKNLRASGEATDADYQTATLNAPLKFAGQYAKRFLSSKTAKRKSQFDILKHMDGL
VRPGEILVVLGRPGSGCTTLLKSIAANTHGFEIGEESQIS YDGLSPHDIRKHFRGDIVYQA
ESDIHFPHLTVWQTLFTAARFRTPQNRIPGVTRDDYAAAMTNVYMATYGLLHTKNTKY
GSELVRGVSGGERKRVSIAEVSLAGAKLQCWDNATRGLDAATALEFIRALRTSADVLD
TTAITAIYQCSQDAYDLFDKVSVLYDGYQIFFGRADEAKQYFLKMGWECPQRQTTADFL
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TSVTSPRERIPRKGYEDKVPRTAKEFETYWKNSPEYTELIAEVDSALNGVDQSTQFYASK

HARQARHMRKSSPYTVSFPMQTKY LLAREFQRIRNNIGFHGFSLLANSLMALVLSSIFYN
LPSATSSFYYRGAAMFFALLVNGFSSFLEIMSLFEARPIIEKHKGYGLYHPSADALASVLS
QIPFKIFTALFFNLIYYFMVNFRREPGYFFFY LFVNILATFTMSHYFRLVGSMSSTLPQAV
VPGNIIMLTMILFTGFTIPINYMLGWCRWINYLDPMAYAFESLMVNEFYNRIFECSSYIPG
NPADNPSWPSDSWVCNVVGASAGETYVNGTLYLETSFRYSHGNKWRNVGILIAFMIAL
LAAYMLFSEYNESAKQKGEILLFQRSTLRKLKREKALNDIETGKERDITLEPEEEDVNVD
VIQAGKDIFHWRDVHYTIKIKSEYREILSGVDGW VKPGTLTALMGASGAGKTTLLDVLA
SRVTMGVVTGSMFVNGHLRDSSFQRSTGY VQQQDLHLETATVREALRFSAYMRQPSSV
PKQEKNEYVEEVIKILDMQKYADAVVGVAGEGLNVEQRKRLSIGVELAAKPKLLLFLD
EPTSGLDSQTAWSICQLMRKLANHGQAILCTIHQPSAILMQEFDRLLFLASGGRPVYFGD
LGDHCQTLIDYFENHGSPKCPPDANPAEWMLHVIGAAPGSHANQD YHQVWLESDERKE
VLKELEYMEKELVKLPYDPTAEQEEFATSIPYQFVTVVKRTFQMYWRTPSYTWAKLFL
ASSSPLFIGFVFFNADLSLQGLQNQMFALFMILMIFNPTIQQQLPMFVRQRDLYEVRERPS
KTESWTAFMAAQIAAEIPWSFVLGTISYFAFY YPAGFYHNAEPTNQVNQRGAYAWLYM
CLLFIFTSTFGNMCIAPLELADSAGNVVSLSFTLCLTFCGVLVGPDQLPGFWIFMYRVSPL
TYFIDGFLSNALGNAKVTCSQDELR VLNPPESNMTCSEYLGEYLESAGTGYLTDGSSTSD
CEMCPMSTTNDFLSTINCSYSRKWRNLGIFCAYIVINVVGAVLFYWLARVPKKKNRVKE
KSPFASSSSADSENKDVDSNLEKVTTQ

SEQ ID NO: 4 Sclerotinia sclerotiorum ABC transporter polypeptide sequence

MMKQGYKKYLTEDDLWNLAKRDTTKACSETFEESWEYEIEHKKNPSLWVAIFRSFSGP
YFRGALFKTVSDSLAFIQPQLLKLLIKW VKSRSSDEPQPVIRGAAIALAMFSVSVGQTMA
LHQYFQRAFETGMRIKTALTAATYKKSLKLSNEGRASKSTGDIVNYMAVDTQRLQDLT
QYGQQLWSAPYQILLCMISLYQLVGLSMLAGVAAMILMIPINGLIARLMKKLQQEQMK
NKDSRTRLIAEIINNMKSIKLY AWSSAFMAKLNFVRNDQELKTLRKIGAAQSVANFTWS
TTPFLVSCSTFAVFVLTNDSPLTTDIVFPTLTLLNLLTFPLAILPMVITSIIEASVAVKRLTSF
FTAEELQPDA VILKGPIEDDGEESLTIRDASFSWDRNSDRHVLQDIHFSAHKGELTCIVGR
VGAGKSSFLOQALLGDLWKVKGQVVVHGKTAYVAQQPWVMNASVKENILFGHRFDPTF
YDKTVKACALTDDFAQLPDGDETEVGERGISLSGGQKARLTLARAVYARADIYLLDDC
LSAVDQHVGRHLIDNVFEGSTGLLSGKTRVLATNSIPVLKEANLICLIRDNKIIERGTYDQA
IARRGEIANLINTSENKDVSTDSETTEASDSSTILDYEQPGEEEAKDEAEEAQEHLTQLQPI
RPGGSGVKKRKGSSNTLRRASTASFRGPRGKLRDEEDPLKSKQGKEHSEQGKVKWDVY
AEYAKTSNLAAVLIYLAMLVGAQTAQISGSVWLKSWAEANDKLGINRDVGKYIGVYFA
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FGIGSAALVVIQTLILWIFCSIEASRKILLHERMAFAIFRSPMSFFETTPAGRILNRFSRYVVVI]

SVSTPAFIALIIPLSGVYYWVQRYYLRTSRELKRLDSVSRSPIYAHFQESLGGIGTIRAYRQ
QQRFITQENEWRVDANLRAYFPSINSNRWLAVRLEFLGSLIILSAAGFAIVTVSAGGDLSS
GLVGLAMSYALQITQSLNWIVRQTVEVETNIVSVERVLEY ARLPSEAPEVIHRHRPPISW
PASGGVNFNNYSTRYREGLDLVLKNINLDIKPHEKIGVVGRTGAGKSSLTLALFRIIEPSE
GNISIDALNTSTIGLLDLRRRLAINPOQDAALFEGTVRDNLDPGHVHDDTELWSVIL.EHARL
KDHVSTMNGGLEAKIQEGGSNLSQGQRQLVSLARALLTPSNILVLDEATAAVDVETDA
LLOQTTLRSPLFAKRTIITIAHRINTILDSDRIVVLEQGQVKEFDSPKKLMEKRGLFWKLVR
EAGLEAM

SEQ ID NO: 5 Cyberlindnera jadinii ABC transporter polypeptide sequence

MASPGSEKCTPRSDEDLERSEPQLOQRRLLTPFLILSKKVPPIPKEDERKPYPYLKTNPLSQI
LEFWWLNPLLRVGYKRTLDPNDFYYLEHSQDIETTYSNYEMHLARILEKDRAKAREKDP
TLTDEDLKNREYPKNAVIKALFLTFKWKYLWSIFLKLLSDIVLVLNPLLSKALINFVDEK
MYNPDMSVGRGVGYAIGVTFMLGTSGILINHFLYLSLTVGAHCKAVLTTAIMNKSFRAS
AKSKHEYPSGRVTSLMSTDLARIDLAIGFQPFAITVPVPIGVAIALLIVNIGVSALAGIAVF
LVCIVVISASSKSLLKMRKGANQYTDARISYMREILQNMRIIKFYSWEDAYEKSVVTERN
SEMSIILKMQSIRNFLLALSLSLPAIISMVAFLVLYGVSNDKNPGNIFSSISLFSVLAQQTM
MLPMALATGADAKIGLERLRQYLQSGDIEKEYEDHEKPGDRDVVLPDNVAVELNNASFE
IWEKFDDADDNDGNSEKTKEVVVTSKSSLTDSSHIDKSTDSADGEYIKSVFEGFSDINLTI
KKGEFVIITGPIGSGKSSLLVALAGFMKKTTGTLGVNGTMLLCGQPWVQNCTVRDNILF
GLEYDKDRYDRVVEVCALGDDLEKMFTAGDQTEIGERGITLSGGQKARINLARAVYANK
DILLDDVLSAVDARVGKLIVDDCLTSFLGDKTRILATHQLSLIEAADRVIYLNGDGTIHI
GTVQELLESNEGFLKLMKESKKSESEEEENVEAANEKDVSLOQKAVSVVQEQDAHAGVL
IGQEERAVNGIEWDIYKEYLHEGRGKLGIFAIPTIMLLVLDVFTSIFVNVWLSFWISHKF
KARSDGFYIGLYVMFVILSVIWITAEFVVMGYFSSTAARRLNLKAMKRVLHTPMHFLDV
TPMGRILNRFTKDTDVLDNEIGEQARMFLHPAAY VIGVLILCIIYIPWFAIAIPPLAILFTFI
TNFYIASSREVKRIEAIQRSLVYNNFNEVLNGLQTLKAYNATSRFMEKNKRLLNRMNEA
YLLVIANQRWISVNLDLVSCCFVFLISMLSVFRVFDINASSVGLVVTSVLQIGGLMSLIMR
AYTTVENEMNSVERLCHY ANKLEQEAPYIMNETKPRPTWPEHGAIEFKHASMRYREGL
PLVLEKDILTISVKGGEKIGICGRTGAGKSTIMNALYRLTELAEGSITIDDVEISQLGLYDLR
SKLANIPQDPVLFRGTIRKNLDPFGOQNDDETLWDALRRSGLVEGSILNTIKSQSKDDPNFH
KFOLDQTVEDEGANEFSLGERQLIALARALVRNSKILILDEATSSVDYETDSKIQKTISTEF
SHCTILCIAHRLKTILTYDRILVLEKGEVEEFDTPRELYSKNGVFRQMCERSEINSADFV
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SEQ ID NO: 6 Candida haemulonis ABC transporter polypeptide sequence

MDQRRQKRLLTPFLSKKVPPVPYDDERIVYPKRPNIFSAIFFWWLHPVMSTGYKRTLDT
ADLYKLNDENEVEAMTARFEGIFERRLHDARQKHIAAKCKARGETIENSSVPAEEDLEG
YQPPKLLCAWAILETFKWQYGLACLYNTLANTAAVTNPLLSKKLIQFVERHAMGLDTQ
TGKGVGYALGASFMVLIIGILINHGFQNAMLTGAQVKGVLTKAFLDKSFRLSDRARHDY
PASKITSMMGTDLARIDFALGFQPFLVSFPIPIAVAIGILIWNIGAPALVGIGLVFLFLGFIM
VFTGKLFAYRKKANKYTDARVNYIKEVLNNLKIIKY YSWEEPYNDVIGENRAKEMNITY
KMQVGRNVILSSAMCLTLFASMASFLVLYATSGSTKDPASLFSSISLEFNSMAQQVIMLPL
ALATGSDAAVGIMRAAQFLAAEEVDANATAIY APPETRDOMEKDGLSISIKNASFEWES
FDNSSDDDEDEVKPKNDLEITEKGEAKENQGQSDDKSSSSTNTMKESDAEPKLTTYSTG
SSTMEATIFTGLSNIDLSVQKGEFIVITGLIGSGKTSLLNALAGFMKRVAGHVDVNGSLLL
CENPWIQNTTVRENILFGEEFDQDTYDSVLYACSLESDLEIL PAGDQTEIGERGINLSGGQ
KARINLARAVYANKDIVLLDDVLSAVDARVGKHIMNNCLLGLLKDKTRILATHQLSLIG
AADRVVFLNGDGTVDVGTLEDLRKTNAGFEHLMKESSESADDDEEETSPEEALGEDPEI
EEREMIERQLSQKQSTIPDEEAERHDYNVNEKQDGRLMSQENRAVNRIKGVVYKRYIK
YGSGIFKYYTGVPHITLTIVAVEFCQLFTNTWLTFWSDFKFDGKDNGFYIGFY VMFTVLAF
IFLSSEFIIVAYMTNEAAKVLNLKAVSRVLRAPMSFMDTTPMGRILNRFTKDTDTLDNEI
GNQIRMLIYFLSNIGVIVLCVIYLPWFAIAIPFLGAIFVSVGNFYQASAREIKRLEATQRSF
VYNNFNETLSGMNTIKAYKAQTRFRKKNSTFIDNMNEAYYLTIANQRWLAIHLDLIAML
FAINICFLCIFRVFDIGPAATGLLLSYVLQIAGQLSMLVRTYTQVENEMNAVERICEY AFH
LEQEAPYTYENSVLPPSWPEEGGIRFINASLAYREGLPNVLKSLNMDINPLEKIGICGRTG
AGKSSIMTALYRLAELNEGSIEIDGVDIGSIGLRDLRSKLSITPQDPVLFRGSIRKNLDPFGA
SPDDVLWDAMRRAGLIEASKLSTIRNQSKSSENLFKFHLDREVEDNGSNFSLGERQLISF
ARALVRGSKILILDEATSSVDYETDSKIQETIKREFNDCTILCIAHRLKTIVNYDRILVLDK
GEIKEFDTPWNLENSKHSIFQOQMCEKSNITKEDFVARDR

SEQ ID NO: 7 Candida pseudohaemulonii ABC transporter polypeptide sequence

MSVPVIPTTPIARKRLVNASFDNYNEEEDPTFVDEPTEVSDSEDLISVISNVLLSDDDSVE
TKGGNGDIKNLSTPAQKETWKEWAIRHEVPRKLLHLLIGPFSLWLYTLGATMNQILWPL
VELTAVLFINDY VRLHNPEVNKVMTRVFEGLILROQSEINGYNGTLFYALGVLLVFISAPK
DIAVMAVLLLSWADTAALTVGRLWGKYTPKVMPGKSLAGCLASFATGVFLCYLFYGY
FCVAYAHVNKPGMIFWTEETSKMSLHVYAIATGLAASILEASDIGGIDDNFIIPVMSAILL
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YVLKRLLTPFLSKKVPPIPYEDERIVYPKRPNFISAVFFWWLHPVMSTGYKRTLQTQDLY

RLNDENEVAAMTARFEGIFERRLSNSRRKHIAAKCKARGETPETSS VPAEEDLADHQPP
KMLCAWAILETFKWQYGLACLYNTLANTASVTNPLLSKRLIQFVEKHALGLDTQVGKG
VGYALGASFMVLLIGILINHGFQNAMLTGAQVKGVLTKAFLDKSFRLSDRARHDYPGS
KITSMMGTDLARIDFALGFQPFLVSFPVPTAVAIGILIWNIGAPALVGIGLVFVFLFAIMVL
TGKLFQYRKKANKYTDARINYIKEVLNNLKIKFYSWEEPYNDVIGENRSKEMNITY KM
QVGRNIILSLAMCLTLFASMASFLVLY ATAGSTKDPASLFSSISLENSLAQQVIMLPLALA
TGSDALVGIFRAAQFLSAEEVDANATATY APPDVQDEMDYQNLAISLKGACFEWETFDQ
NDDDEEENDEKNPESKKDSKNEKGTIEELQADNKLSLSTNTAKESEVEPKLTTYSTGDS
TMEATIFSGLSNINLDVQKNEFIVITGLIGSGKTSLLNALAGFMKRVSGSVDVNGSLLLCE
TPWIQNATVRENILFGEEFDQEKYDSILFACSLESDLEILPAGDKTEIGERGINLSGGQKA
RINLARAVYANRDIVLLDDVLSAVDARVGKHIMNNCILGLLKDKTRILATHQLSLIGAA
DRVVFLNGDGTVDIGTFDELKKSNPGFDHLMKFSSESAEEEEEETLPEEALGEDPEVEDR
EMIQRQLSQKQSTVPDEEAERHNYNVNEQQDGRLMSQEGRAVNRIKGVVYKNYVKYG
SGVFKLYSGVPIVITLTIFAIFCQLFTNTWLTFWSEFKFDGKDNGFYIGFY VMFTVLAFIFL
SSEFVIVAYMTNEAAKVLNLKAVSRVLRAPMSFMDTTPMGRILNRFTKDTDTLDNEIGN
QIRMLIYFLSNIVGVIILCVVYLPWFAIAIPFLGMIFVSVANFYQASAREIKRLEATQRSFV
YNNFNETLSGMNTIKAYNAQERFKKKNSTFIDNMNEAY YLTIANQRWLAIHLDIIAMLF
ATIICFLCIFRVEDIGAAATGLLLSYVLQIAGQLSMLVRTYTQVENEMNA VERICEYAFHL
EQEAPYTFENSNLPATWPEQGSISFVNASLAYRPGLPNVLKSLNMDIKPLEKIGICGRTG
AGKSSIMTALYRLSELNEGMIEIDGVDISKLGLRDLRSKLSIIPQDPVLFRGSIRKNLDPFG
ASPDDDLWDAMRRAGLIESSKLSTIKNQTKSSDNLFKFHLDREVEDNGSNFSLGERQLIS
FARALVRGSKILILDEATSSVDYETDSKIQETIQREFTDCTILCIAHRLKTIVNYDRILVLD
KGEIKEFDTPWNLFNLKHSIFQQOMCEKSSITKDDFAHKG

SEQ ID NO: 8 Metschnikowia fructicola ABC transporter polypeptide sequence

MSRKAGHVDIVGSLLLCGVPWIQNTTVKDNILFGNALDEKKYQDVIYACSLESDLEILP
AGDQTEIGERGITLSGGOQKARINLARAVYANTDIILLDDVLSAVDARVGKHIVNSCLLGL
LGDRTRILATHQLSLIGDADRIVFLKGDGTVEVGLMDDLKRRVPEFRELMAYNAETKD
DDEDEGSDSEDPDMEVKEFIAKQVTRQSTAVDEEAAHHDYGVNEDKDGRLIMDEAKA
VNAIQFGVIKDYVKYGSGVFKY YSIVPVIVVLTMLAVFCQLFINTWLSFWTGLKFPGKS
NGFYIGFYVMFTVLAFVLVIVOQFMVLAYLTIKASTTLNIMAVERVLRVPMSYMDTTPM
GRIINRFTKDTDTLDNEIGNQLRMVVYIFSNIVGVLILCVIYLPWFAITAIPALVAIFVAISNF
YQASGREIKRLEAVQRSLVYNNFNETLSGMDTIKAYRRENMFVDKNSTLINRMNESYY1
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TIANQRWLAIHLDVVATILALVVSLLCVFRVEDISASSVGLLLSYVLQIAGQLSLLVRML

TQVENEFNSVERICEY AFKLPEEAPAFVSETKPHESWPSRGEIRFENASLAYRPGLPLVLK
NLNLDIKPTEKIGVCGRTGAGKSSIMAALYRLSELESGRIEIDGVDISQLGLHSLRSKLSIIP
QDPVLFKGTIRKNLDPFGDSSEADLWTALVRAGLIEQSKLAYIKAQDQSSDNLHKFHLN
REVDDDGANFSLGERQLISFARALVRGSKILILDEATSSVDYETDSKIQSTIVREFQDCTIL
CIAHRLKTILNYDRILVLDKGEIKEFDTPWNLENSSQSIFQOMCHKSNIVADDFVRKD

SEQ ID NO: 9 Wickerhamomyces ciferrii ABC transporter polypeptide sequence

MSSLWSNIDLEKSNAHIQPSRPYVKRLLTPILTKKIPPIPQESERTSYPFYRTNILSKAFCTW
LLPLLSKGYKRTLQQEDLWKLDEHTSIDYVYTNFEKHLNDEMSKFDSKHQDDEESFPRF
AIFLALVKTFKYEYSIAIITKFISNALNAFAPLISKRLINFISEKALYPDTPINKGVGYSIGLT
FMLMFESAIFMNQSLLHSKLVGGHSKTLLTKTLIQKSLVSNSETKFHYPSGRIISFMSADLQ
RIDQSIYELPTGLTHOEPITAITLLLINIGVSALAGIAVFFLTLTVMAIPAISLFKIRKRANVFT
DERINKMREVIQSLKMIKFYSWEDAYEEMITNIRSKESSLVLKFQFIVNLVITIAINSSSITA
MGAFLVLYAVDSQGNPATVESSLTLFGILSTQIELPMVESSAAEGLLGLSRVTKFLRSPE
ETFDLENY YNDELIKDEKTSILIENGNFEWPLENEKSQOQDEKPNKKLKKSNSWEFSKKKVET
TVEEVIESDDSTIGKESKNFKLSNINLKISKGEFIVITGPTGSGKSSLLSAISALMNKTHGEI
GINGSNLLCGSPWIQNTTIRENIIFGSKFDREKYDEILKVCSLKHDLONLSAGDLTEIGER
GVTLSGGQKSRVNLARAIYADKDIYLFDDILSAVDANVGKHITENCLLGYIKDKTRIITT
HQLSLINKADRIVFLNGDGTVDIGTESELRSQNKEFVQLMVFENEDSRIEIENKDQIDYKT
ONQTEKNVTTSHEKPLESDGTLIKAEERAVDSIPLSLYKQYIHAGQGIFGYSAVPLTLIFVI
FAVFTKLFVNVWLSFWVSYKFKNLTNGEYIALY VMITALSVIFVSIELSIMGY VFTESSKN
LNLKAMKKVLHSPMSFIDTTPVGRIINRFSKDTNSLDNEIGMQLKLFVYYSSSTIGILIMCIT
YLPWFAIAVPEFLIOFFLCITNFYQASSREVKRLEAINRSEFVYNNEFNEVMNGMNTIKSYGAQ
SRFIAKNDLLNDHLNEVYFVVVANQRWIAVSLDIMATGIVLIVTMLSLTGQFNINASSVG
LLTY YMIELSRMLSTLMQTYSEVENDMNSVERVCQYANNLEQEAAYKKLDYQPRPTW
PEEGSIEFKDLSLKYRDDLPLVLKKLSISIKGGEKIGICGRTGAGKSSLMVALYRIAESFEG
QVLIDGIDISKLGLYDLRSKLSIIPQDPVLFQGTIRSNLDPFNNNTDEELWDALKRSGLAG
REDDKFHLESIVEDEGANFSLGERQLLALARALVRRTKILIMDEATSSVDYKTDSFVQET
ITREFSDCTILCIAHRLKTIINYDKILVLEKGELEEFDKPLELFQRQGVFRDMCIASNIGAD
DF
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SEQ ID NO: 10 Debaryomyces hansenii ABC transporter polypeptide sequence

MLSNKVPPLPLDEERKQYPEKRVNLLSRIFFLWLLPVLNTGYKRTLKPEDMFKI TDDIRI
ETMYARFYKILEASLEKKAKQKHIVQKCKERGETVETNSVDEEDDMSDFKLPKALTVIAV
LKTFKWQYLKSCFYLALANGGMTANPLQTKKLISY VEMKSLGYETGIGKGLGYSFGSA
GVVLVTGILINHFFYNSMLTGAEAKAVLTKAILDKSFRTNPETKHKYPAGKVTSMMGT
DLARIDFAIGFQPFLFTFPVPIAVAIGILIYNVGATALVGIGLLFVEFMAAITVATKKLFEYR
SKANAYTDSRVDYIKEVLNNLRIIKFYSWEPPYHENISNIRREEMKITYRMQVLRNIVSF
AMSMNLESSLVTFLVLYAINSNDRDPASIFSSISLFAILSQQVIMLPMALATGVDAFIGLQ
RVGAYLASGEVDMEANKIEATGEALALMEKSNTSIEIRNASFEWDTFEDEENSAESEHK
EITSHSSDSDSSKELTKSLSGSNSEEITFPGLREINLSIRKNEFV VITGLIGSGKSSLLSAMSG
FMRRSSGEINVNGSLLLCGYPWVQNETVRENILFGCEYDEEKYKNVIYACSLESDLEILP
AGDNTEIGERGITLSGGQKARINLARAVYADKDIVLLDDVLSAVDARVGKHIMNNCML
GLLKDKTRVLATHQLSLIGTADRIIFLNGDGTIEVGTLEELNANNPDFNKLMAFNGQTN
DSDDEEEEENEVIDDDEIVENEKELIQRQLSKTQTHKSAIQDDESTKRDYNKNNTNDGK
LFEEEEKAVNGISFDVYKNY VKHGSGIFKHFGIVPLLISSIILATFCQLFTNTWLSFWTEYR
FSSKPDRFYIGFY VMFTILAFLFLTLEFVLLAYLTNRASRSLNVIAVDKVLHAPMSFMDT
TPMGRILNRFTKDTDVLDNEIGDQLRLLFFMFESNIVGVFILCICYLPWFAIAVPFLVFIFVA
VANYYQSSAREIKRLEAVQRSHVYNNFNETLNGMNTIKAYKADNRFLDKNDRLINKMN
EAYYITIANQRWLAIHL DITASLMALLVALLCVNRVFENISASSVGLLLSYVLQIAGQLSML
IRTFTQVENEMNSVERICNYAYNLPEEAPYFITENTPHPEWPRNGGIKFENASMAYRPGL
PLVLKDLNLDIKPTEKIGICGRTGAGKSSIMTALYRLSELESGKIMIDDVDISHLGLKDLR
SCLSTTPQDPILFRGTIRTNLDPFKEHSDETLWDALRRSGLIDDSRMKNIQKQEKENDVLH
KFHLDQGVEDEGSNFSLGERQLIAFARALVRDSKILILDEATSSVDYGTDSKVQTTIAREF
SNCTILCIAHRLKTILHYDRILVLDRGEVQEFDTPLNLFNMDNSIFQOQMCQRSNIVLDDFQ
K

SEQ ID NO: 11 Lachancea mirantina ABC transporter polypeptide sequence

MPTIRQELRHSSSGSENEKAESLYVKNEGKLDKVATONSYYEVDRNRPETFMNSDDLE
KVTESEIYPQKRMFESFLHSKKIPPIPTDEERPVYPLFHANWISRIFFWWVFPILRVGYKRTL
QPGDLWKMDDRMSIETLY ADFERYLEVYREKARVQYRKEHPNATEEEIIENAVMPKHT
LVKVLLYTFKWQYFLAFAAMALSNAASAFLPMVTKRLIDFVSEKSFYPGLKVNAGVGY
AIGSCVMMLLNGVLENHFFHNSQLTGVQAKSVLIKAILTKSMKLSGFSRHRFPSGKITSI
MSTDLSRLELAIIFQPLLGAFFVAVAICIVLLINLGPIALVGVGIFVVAMFESAYAFKRLIS
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VRKKTNIFTDARVTMMREILNSMKMIKFYAWEDAYEASVHDQRSKEISKTRIMOQFTRNF

VTALAVCLTNISSMVTFLALYKVRNHGRTPANIFSSLSLFQVLSIQMFFLPMALGTAVDG
SIALNRCQELFEATEEEHDIDVDFPPCDDPDLALKVVNGSFEWQDFEAEENRLATLMEIE
EKKKKKTKSKKDKAPEPKHEAASIKPGHLSDTERESFKGFHNLNFEVKKGELIITGSIGT
GKTSLLNALAGFMRKTEGDVYKNGSLLLCGYPWVQNATVRDNILFGSPYDKARYKEVI
RVCSLQADLDILPANDKTEIGERGITLSGGQKARINLARSVYKSMDTYLFDDVLSAVDA
RVGKHIMDECMLGRLGNKTRILATHQLSLIDRASRVIFLGTDGSFDFGSVTELKKRNAGF
NKLMEFANKSSDKEEGELDSTEASGDDVSTAEELEHFRDDDGQREMDASRLKKELSKR
SYESSVDENEAAGRLMAKEERAVNSIGFDVYKNYISAGVGKKGFVLLPFYVILLAVTTF
SLLESSVWLSFWTEDKFKRQAGFYMGMYIFFVFFNYFCTTGQFTLLCYLGLTASKMLNL
KAVKRILHTPMSFIDTTPIGRILNRFTKDTDTLDTELTESVRLFVYQTANIIGVVIMCIOYLP
WFAIAVPFLVIIFALVANHYQSSSREIKRLEAIQRSHVENNFNEVLGGIDTIRAYRGQERF
LMKNDFLTNKMNEAGYLVVAVQRWVSIAL DMIAMAFALITALLCVTRQFHISPSSVGVL
LTYVLQLPGLLNTLMRAMTQGENDMNSAERLIAYATDLPLEANYRKPEMTPAEPWPSH
GEIVFDDVSLAYRPGLPLVLKNVSIDIGSGEKIGICGRTGAGKSTIMTALYRICELHSGTY
SIDGVDISKIGLYDLRSKLSIIPQDPVLFKGSIRRNLDPFNERTDEQLWDALVRSGAVEAS
EIAEVKAQSPETSGAY ANMHKFHLRQEVEDDGSNFSLGERQLLALTRALVRQSKILILDE
ATSSVDYETDAKIQAKIVQEFSSCTILCIAHRLNTILDYDRILVLEQGSVAEFDTPKALFR
AGGIFTEMCQRSGITSADFKEN

SEQ ID NO: 12 Puccinia graminisf.sp. tritici ABC transporter polypeptide sequence

MNSKPQETPPSSSKISKPKLSYPRRFDRASKGAQLKHIAPSPAPPIVHSSMDQVELIPELK
ASILSILTEFQWIQPLLSQGYRRPLVETDLWALDHDRQSDILSDKLLENYRKRQLAAQKDQ
PAGDPKHLAKASLVRALNDTFFRRFWIAGLCKLISDGFVACTPLVNRALIEYGNSVYRH
KLNPDTTPPPHSKAHGYGLAIGLFLMQASSTFFLHQFFYLSMSVGVLSRSALIAATYKRSL
SFSSRSRKQFPTSQLVGHISSDVSRIDVCMGLFHMSWATPIQLAAILAILVLQIGPSSLAGV
GFILMLLPLQIAAMGLMFSLRMKVVSWTDKRTRKTQEVLQGVKLLKLFGWEEAFLSIID
RFRVKELNLLHKALVVLAASLALANSFPLLGSVIAFVTYSAMGHGAGNPEA VFTSLSLF
NLLGLPLLILPIALGSIADARSGIQRLEKVFEAEVVEEQDEIFVDSTLDASIRVTKSSWVW
EPNNADDGDQEKKPDNPIADLSIDDQKNPTHPNPANVTSSFRLTDIEMDIKRGSLTAIVG
PIASGKSSLIQALIGEMQQISGSPPSFGGQVSYCPQNAWIQNDTIRDNIIFGSEMDEKRYQ
AVIHAACLQADLDMLPQGDMTLIGEKGINLSGGQKQRINIARSIYFISDIILFDDPLSAVD
AHVAKHVFEHAIRGSNYTAGHSGIGNQTKILVTHALHLLPKVDEIICMNDGKIQERGTFEE
ELLAAGGTFCALYRDFAGGQHQONHAANQTPEKAETEISTKSPTEKDHNQS VDDR VDH
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IPKNEPSGKIEGDDDLNOMQQEERVTGSVPWSVYKHLFTAGNGKWLGPLLVISVVFEQS

AVVLSSYWLVWWQNAKIQISQATYMGV Y ASLGIFQTLSGFAMGAVGVTIGFY ASKNLH
HGALKAITRAPLAFFDTTPLGRIMNRLSKDVDSIDNKLNDSMRMVLTTLSQVIGAILIGI
TSRYFLLAMAGVTAGCWLLATFYRPSARDIQRLNNLLRSKLY AQFTESLNGITTIKAYG
MKAKSIVKHCRLLDHETRAY YLTTVNQQWLGIRLEGFGSILVFIVAIISVAQAGSINPSQI
GLILTYVQTISQSLSWLVRQIAEVENSLNSVERVLWYQKNVPQEAAALLPDTDPDTTWP
SGGSIQFDSIVMSYRPGLPQVLKGLSIDVAAGEKIGVVGRTGAGKSSLMLALFRTTELES
GSIKIDGVNIREIGLDRLRRSISIIPQDAILFEGTIRTNLDPFDEYDDQSLWDALSRSGLNQK
NAYLGETKEKYGLDS VIEDEGVNLSVGERNLVSLARALVKNSKIIVLDEATASVDFETD
AKIQETIRKEFGDKTLLCIAHRLRTVINYDKIVVMDGGRAVEIGTPLALYDQETGIFRNM
CESSSITRQDIVSSRGSHSSVGDT

SEQ ID NO: 13 Cladosporium fulvum ABC transporter polypeptide sequence

MSAPDAERPWTANTDTPGPYDTNHADPLAEEPLERVTHEKDLSEEKVLDFEALEETSSN
SDSDLGKKHRRPEVESSQSNWTAGTETSVATSLAPDPEEESPRKRTWSQRLNPLKRKPPP
PYPKERLPSREHEAGWEFSVYTFQWISPLMSVGYQRPLETNDIWAVNPDRSVEVMKARL
YTNLEKRRAQPGRINPLVMALYDTFKKEFWIGGITNLFGALLQVLSPFVMKYLIAFAGR
AYRAQLGQIPAPHVGEGIGLVLGITAMQICQSSCINHFIYRGMIVGGQCRSVLISVIFEKA
MILSGRAKAGGKAHASEEDLKPDFAPGSKEEKAWYKKQLGSGKKGVSGDGQGWGNG
RIVNLMSVDTYRIDQACGMGHMIWTSPIQILLTLALLCINLTYSALAGFAFICVMMPLLA
RAIRSLMARRKFINKITDQRVSLTQEIVSSVRFVKYFGWETSFLERLNEIRTREINKVSFLL
SIRNGIMAVSMSLPIFSSMLAFITYSTTQHVLNPAPVFSSLALFNALRIPLNLLPMVLGQV
VDANESITRISEFLAAEEANDDSNWDNDAENAISTEHAEFTWERNTKNESDGAPGQNPK
GEKQRKLEAKQAKKDAEAEAKEDKWRSKLIEKGELDALPTPSSTTSLAEEARPFRIRDID
LNVGRDELVAVIGSVGSGKSSFLAALAGDMRKTSGSVTFGANRRAFCPQSAWIQNATV
KDNITFGRDYNKKWYNDVVDACALRPDLDMLPAGDMTEIGERGITVSGGQKOQRLNIAR
AIYFDADIIIMDDPLSAVDAHVGRHIMDNAICGLLKGKARVLATHQLHVLHRVDRIVW
MKDGAIHKIATFPQLMESDQEFQELMKTTAAEETKEDVEEVLEDEIEDEKTNAKKKKG
KKPAAALMONEERAVKSVGWGVYVAYIKASGSIMIAPLILFLLIISQGANIMTSLWLSY
WTSGRFGLSLGIYIGVYATLGVVQALLMFEFAFSVTLTVYGTRASKTMLDRAMYRVLRAP
MSFFDTTPMGRITNRFSKDVDTMDNTLTDSMRMFFLTMAMIVSVFILITIAYYY YFVIALIP
LTICFVLAAGYYRASARELKRHEAVLRSVVESRFSEAVNGQATIRAYGVQKRFADNVDE
AVDSMDGAYFLTFANQRWLSTRLDVLGNLLVEFTVGILVVTSREFTINPSTGGLVLSYILSI
VOMIQFTVRQLAEVENNMNSTERIHY YGTQLEEEAPLHLGDVRPTWPEKGGIDFDNVQ
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MRYRDGLPLVLKGLTMKVRAGERIGIVGRTGAGKSTILSTLFRLVELSGGSITIDGVNIA

KIGLHDLRSRLAIIPQDPTLFRGTIRSNLDPFNEHTDLELWNALRQADLVGAEQTIEDEAG
RIHLDTPVEDEGLNFSLGQRQLLALARALVRGSQIICDEATSS VDFETDQKIQKTIVRGF
QGKTLLCIAHRLKTIIGYDRILVMDQGNVAELDSPISLY DQGGIFRSMCDRSGIRRQDFFN
SEEARFGAESPALERTQSAMFQQPEQAY VKEG

SEQ ID NO: 14 Alternaria brassiccicola ABC transporter polypeptide sequence

MLKKKEKKQSPKTVAGVAGEGEGWGNGRIVNLMSTDTYRIDQASGFFHMIWTAPVGIL
ITTALLLVNLTYSALPGLGLILIAMPLLGRAVKTLFRRRVAINKITDQRVSLTQEILQGVR
FVKYFGWETSFLERIQTIRKKEIHGIQILLTIRNAVLSVGMSMPVFASMISFITYSQVNANL
DPAPIFSSLALFNSMRIPLNFLPLVIGQVIDANASVKRIQEFLLAEEAEESGTWDYNAKDA
VTLKGANFTWERHPTODAEEGAGGPPGKKPTROQEKKENKANAKLAQTSGESAPSDATA
VEEEKPFEVKGLDLKIGRNELVAIIGGVGSGKSSLLAALAGDMRKTSGEVIFGASRAFCP
QYAWIQONATVRENIIFGKEFNRKWYDQVVDACALRPDLDMLPHNDATEIGERGITVSG
GQKQRMNIARAIYFNADIVLMDDPLSAVDAHVGRHIMDNAICGLLKDKCRILATHQLH
VLSRCDRIIWVDQGEVKAVDTFDNLMAQNADFVQVMSTTAKEDEKEEEEEEEVDEDEV
EAEVKSTKKQRKQKKQAALMQQEERATKSVSWEVWIEYIKAGGGLWVGPLVFILLVLS
OGANIVTSLWLSYWTSDKFGYSEGAYIGAY AAFGFSQALFMFEFFESFSVSIFGTRAGKVM
LHRAITRVLRAPMSFFDTTPLGRITNRFSKDIDVMDNTITDAMRERMYFLTLAMIIS VFILIIS
YYHYYAIALGPLFIFFMFSAAFYRSSAREVKRHEAVLRSTVESRFGEAVMGTPTIRAYGL
ONQFSKSVRDAVDDMNSAYYLTFANQRWLSVRLDIVGILLVFTTGILVVTSRESVDPSIA
GLVLSYILTIVOMIQFTVRQLAEVENNMNSTERIHHYGSQLEEEAPLHMGEVRPTWPEH
GEIVFDKVEMRYRDGLPLVLKGLSMHVRAGERIGVVGRTGAGKSSIMSALFRLQELSGG
SIVIDGVDIGKIGLHDLRSKI. ANMPOQDPTLFKGTVRSNLDPFHEHSDLELWSAILRQADLYVS
NEQSMDDHSGRIHLDSVVEEEGLNESLGQRQLMALARALVRGSQIVCDEATSSVDFET
DAKIQQTIVDGFKGKTLLCIAHRLKTIINYDRICVMDAGLIAELDSPLNLY DQGGIFKGM
CDRSGIKREEIAGAAK

SEQ ID NO: 15 Wickerhamomyces ciferrii ABC transporter polypeptide sequence

MVDVEQQTVYPEGYNKDDMILOQKRLMTPLLSKKVPQIPNQDERKRYPYMHSNYISRIFF
WWIIPLLNIGYKRTLTSNDLYKLEDDMSINHTYPIFESHLNKIVAKSRSKALKKNPNLTEE
ELENIPYPKYSLVKALFLTFKVKYSLAIIFKALADIAQTLNPLLTKALINY VEERVYKPSTP
LGKGIGYAFGVAFVLLANGILINHFLHNSLTTGAHCKAILTTALLKKSFNADAKTRHTY
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NAGKVTSLMGTDLARIDLAVGFQPFAITFPLPVIIAIVLLIVNIGVSALAGIAIFIISTAIIGAS

AKRLLLMRKSANQYTDKRIGFMREILQSMKIIKFY SWEDAYQKNVTEQRNKEVSIIFKM
QTIRNFLMAYSVTLPTFTSMVAFLVLYGVKNDRNPANIFSSLSLFSALANQVLMLPMAL
ATGADAMIGIGRVREYLQCPDGKPLENNEDFDNNDGSQMINEKLAIKVKNASFEWEEFP
EVEEIKPIGKEKKGLRSRFQKKKKVDELDEKSNVILETSTSTDQSLKTNDQEINSDPETTA
AYTKNVFKGFHDINFEIKKGEFITV TGPIGSGKSSLLTALSGFMKKTQGNLGINGSLLLCG
QSWVQNATVRENILFGLEFDEVRYRQVLKVCALTDDLKSFTGGELTEIGERGITLSGGQ
KARINLARAVYANKDVLLLDDVLSAVDARVGKHIMDNCLVDYLHGKTRILATHQLSLV
NDADRITYLNGDGTINMGTVDELLATTPGFVTLMEYSKKSQDEENSEDDDDGKPEVIGE
ADVTLQATKSNTVSEKAGNAETGALIKAEEKAVNQTSWKVYLTYLK AGNGIFGIFASPL
AILSLVIEVFCGLFVNVWLSFWIEYKFKTRSDGFYIGIY VMFVFLYTGFSSCTFVLMGYIT
IFAAKVLNLRAMQKILHAPMSY IDTTPIGRIMNRFTKDTDALDNETGEQIRLFLHPTFSVG
GILIMCITYLPWFAIAIPPLGVVFVCVTNY YQSSSREIKRLEAVKRSFVYNNENEVLGGMN
TIKAYNASDRFILKNSELLDNMNEA YFLVIANQRWISIHLDAVACVLSLIVSLLS VSRQFN
ISPASAGLVVTYTLNMAGLLSLILRAYTQVENEMNSVERLCHY ANDLDQENAYRKPET
QPSSNWPEFGSLKFQNVSLRYRDGLPLVLKNLNVNIKGGEKIGICGRTGAGKSSIMTALY
RLSELAEGDIIDDINIKQLGLYELRSKLSIIPQDPVLFQGSIRKNLDPFDEHDEDKLW DAL
RRSGLIEDEQVLEVIKKQDKLDENFHKFHLNQQVEDEGANFSLGERQLLALARALVRDS
KILILDEATSSVDYETDAKIQTTIANEFKDCTILCIAHRLKTILG YDRILVLEQGEIEQFDEP
VTLENEVDGIFRQMCDRSDIKSSDFLKDSYVYNSS

SEQ ID NO: 16 Komagataella phaffit ABC transporter polypeptide sequence

MSSLNSSSKEDDSASLEKQILPEMARQKRLFSFLLPSTIPPLPTDQERKPYPAGVQFSDIPY
HQWVPAFISRIFFWWVVPLLKTGY VRTIFPNDLY YLERSLKVEALADKFKKVYQKEVD
KRASPNEPMKLTTFMKPLFKTIGVYYFYAIGFKITFDCGTTLAPLLTKELIKYVSLKSVGV
EPGIGKGVGYALGASFLIIVPGICLNHSLY YSTLCGQVLYSVLNKMVLEKSFRLDGVAEH
NYPIAKINSMLGTDLSRLELAFTFSPFMMTIPVTMAIAITLLIINIGVSALAGLGMFFLCLVI
VESAIPLIIKIRIKIMGSTDKRVSHIKELANYLKFVKFYSWENSYFSSLTNARTTEMKYTFR
MHAIRNSLTALAVSTPALSSMLAFVVAHAVSRDRTPAEIFSSLSLENVLSMIVFLLPMCLF
LSADALLGLKRVCNFLQAPEAHLYDEQETLKTDVALQAKNGTFYWETFENEDDTVAID
HKTTENNKAFSRLKNINLEVKKGEFLVITGLIGTGKSSLLAALSGOMKRESGSVSHQGSL
LLCGEPWIOQNTTIRENIVFGQPFDETKYWEVIKCCALTQDLDMLDHGDITEVGERGITLS
GGQKARINLARAVYNDRDILLMDDVLSAVDARVGKHIMDNCIMGLLHDKTRILATHQL
SLISTADRICFLNGDGTIDVGTFEELSARNQNFTNLMVFENSESSESKDEEKELKLIKSTTLT
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IEEKLPRFHDINDGKLMKKEQRAINGIPIDVYKTYISMGSGVFGKLFSPMFILVVAVTTEFC

QLFTNVWLSFWTSNRFSHLSEGIYIGIYIMFTFLSMITVTTEYTLIAYLTNKASTKLNIAA
MKRFLHVPMSYLDTTPIGQINRFTKDTDTLDNEIGEQFRMVVYPSANVIGVLIMCIAYLP
WFAIALPFLFLLFLLICSFYQATAREVKRIESIQRSFVFSHVNEVLNGMHTIKS YQREDSFI
SKNDLLLNNMNEASFITNVAQRWLAVILDTIGAGFAFLITMLCVTRQFDIGPSSVGLLVT
YLEQIVGQMSLLIRSITQLENNMNSVERLYEYSYNLPQEASYDSPSRPSPPSTWPENGVID
FKDVSLRYRPGLPLVLKNINIHIPSRFRVGICGRTGAGKSSIMTALYRINELAGGQIVIDDV
DISTLNLYDLRSNLSIIPQDPVLFKGTIRKNLDPFGEKEDDVLWAALLKSGIVESSSELEQ
VEKLQKKKGQEELHKFHLDQVVEDEGSNFSLGERQLIALARAIVRDSKILILDEATSS VDY
KTDAKIQSAIVREFNKCSILCIAHRLKTIVNYDRILVLEAGQVAEFDTPWRLYHKSSGIFR
AMCEKANIMEHDFDNRS

SEQ ID NO: 17 Issaichenkia orientialis ABC transporter polypeptide sequence

MSALNTDALESQPDFKFQRQKRLMSPFMSKKVPPIPTKEERKPYGEYHTNILFRIMFWW
LNPILNVGYKRTLTEQDLFYLDNSQTMDTLYETFKSHLKTTIEKSMKEKYLQEKYSKEGK
TYDPSSIPTAEDLKDFQIPTY AIPLCLFKTLYWQYSLGNLYKVLSDCTSATTPLLQKKLINF
VOMKSFTALGSTGKGVGYAIGVCLMIFFQAITVNHAFHNLQICGAKSKAILTRMLLDKS
MSVDARGNHFFPASKVQSMISTDLNRVDLAIGFFPFALTCVFPIAICIGLLIWNVGVSALYV
GIAIFVANVGLLAVSIPRLMRERIKAMVFTDKRVTLMKELLKNFKMIKFYSWENSYARRI
QDARFKEMKLILSLQSLRNIVMSVSFAMPTLASMATFCTAFDITSGKNAASLFSSLSLFQ
VLSMQFMLAPVALNTAADMMVSMKKFNQFLAHADLDPEQYRIEEFHDDKLAVKVDN
ATFEWDTFDDDKVEDPALEFEKQDNDSLEKVSSHNTVDYDSTEKIRNDTSSIDSTKILEK
TAFPGLRNINLEIKKGEFVVVTGSIGAGKSSLLQAISGLMKRVSGKVYVDGDLLLCGYP
WVONATIRDNILFGLPFDQEKYDQVVYACSLQSDENQFQGGDMTEVGERGITLSGGQK
ARINLARSVYADKDIILLDDVLSAVDAKVGRHIVDTCLLGLLKDKTRIMATHQLSLIDSA
DRMIFLNGDGSIDCGTISELKDRNEKLNELLSHQKDKANDSDEELELQEEIESKEQHLKE
DLSEVKHEIKEEQKKMEISGDVGEEFEHADEHKEIVRIIGDEERAVNALKADVYINYAKL
AFGKLGLFSLMLFVTVAALQTYCMFINTWLSFWIEEKFHGRSKSFYMGIYIMFAFLYTF
FLAAFFYSMCYFCNRASKYLNYKASEKILHVPMSFMDISPIGRVLNRFTKDTDVLDNEIL
DQFRQFLSPFCNAIGTIVLCIIYIPWFAIAVPLIVIFYVLVANY YQASAREIKRILEAVKRSL
VFGHFNEALSGKETIKAYRAIDRVKQRLNKLIDGONEAYFLTIVNQRWLGANLSILSFC
MVFIOSFLCVFRVENISAASTGLLLTY VINLTNTITMMMRAMTQVENEFNSVERLNHY AF
DLVQEAPYEIPENDPPQDWPKYGEIFKDVSMRYRPELPFVLEKNINLSIGKGEKIGFCGRT
GAGKSTFMTCLYRISEFEGTIVIDDVDISKLGLHKLRSKLTIIPQDPVLFVGSIRENLDPFG
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EYSDEELWEALTISGLINKEDLNEVKKQNENDDNLNKFHLIRMVEDDGVNESIGERQLIA

LARALVRKTKILILDEATSSVDYATDSRIQKTIATEFDDCMILCIAHRLNTILNYDKIVVM
DKGEIVEFDKPRSLFMREEGVFRSMCEQANITIEDFP

SEQ ID NO: 18 Clavispora lusitaniae ABC transporter polypeptide sequence

MTVGSSPEPREPFSSDPFFSDPFSPQPFTSPQNTHDNYSREYSRATTPQSSSSNDSENTEVG
TPMKHNARDSSDEEASVGMPDLQVQKRMFTFLFSKKVPPVPLPEERREYPWKRARYAS
RMVFFWLWPVLIKGYKRTLVADDLW YLPTELTVEDMHRR YRENLDKILATRKDKEEE
WPVWAVPLALYKTFKFDYTLSCIFLAISFVCQALSPLITRRLIDFVQDRYFGLETTYNKGI
AYTIGAVVLIFINGLLLNHFFHKAMATGACVKLVLTKDVLVKSFALLAQLRRRFPAGQI
TSLMSTDLLRVDLAVGEFQPLVVCFPIPV VIAVVLLLHNIGVTSLVGIGLFFVSLVACVLLT
SKLFFTREAVVEHTDERIGLMREVLAHLKVIKFY AWELAYKANTTKVREREMRYLFTIK
VLRNFITAYAVTLPTLTSMVSFVTMWATGNMKQTGQVFLSLSLFSILAQAIMLLPIALAT
GADATIGFRRLREFLSAEEQGASGIEKPHAEWALQVEDADFQWGGGDGADEMDEKDE
ETKKWKRQTAEQTAEQTAERETPQVRRPAHVYRPDIARPAQNIRISVPRDDLADISTAEI
ATAQVARNIRNNRNNGNSTDNGNSTDNRDNKTKGFHLAHVTLAIPAGNFVVVTGAIGS
GKTTLLHALAGLMEKTHGKFAARETLLCGAPWIQNATVRQNILFGRPMDWARYHAVL
HACCLQODILREILPGGDQCEIGERGVTLSGGQKARLSL.ARAAYRGAPVMLEDDVLSAVD
ARVGKHIATHLFHGLLQGCTRIVATHQLSLVRSADQVVFLGDRIEVGRPRELLARSAGF
RLLMAHDSTDTHTNGGLDGDDGLDTANSDFDDDTLGSDNLSNASLRRKSDQFSAIVAE
DVAVNAVSWDVYRQYIVLGAGVFGRLAVPVFLFLVALATFCQLFTNTWLSFWMEGKF
RLLDRFY VAFYVLFAVLTVFVTGIQFTMLAYMNNRSAELLNVRAMEKVLHAPMSFMD
TNPMGRVLNRFTKDTDS VDNEIGEQLRLFIFPAATIVGIILCICYLPYFATAVPFLAGVFVE
LSDVYSGSAREIKRLEAVQRLVVYNNENETLTGMATIQA YRAEQDFVAKNDRLLDRMN
EAYLLSIATQRWLCVHLDVIALMFALVICMLCITEQFNISASLTGLLLNYVIQIVGLLSLT
VRAMTQVETEMNSVERLHDYAFHMPQEAAYEKAESRPAPEWPMAGYINFRDVSLRYR
PQLPLVLKDLSFGVYPGEKVGICGRTGAGKSSLMTALYRLTELESGQITIDGVDIAHIGLR
DLRSQLLIIPQDPVLFQGTVRRNLDPEGEYSDSVLRDAMRRAGGVLEKFALDRAVDDDG
GNFSLGEKQLVALARALVRGLKILILDEATSSVDYATDARIQETIAREFSHCTILCIAHRL
KTILNYDRILVMDQGRVVEKGTPW ALYQQKGVFSLMCHKAQIGEEDFGK
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SEQ ID NO: 19 Metschnikowia bicuspidata ABC transporter polypeptide sequence

MTELQLQNRLLTPFLPKTVPPIPEENERPEYPTTLNPLSYLFFWWLHPVMRVGYKRTLEFP
ADMFTLNEDIKVETLTRRFQGIFKRRLDTAQHQHVLAKIKQRSETSETSSVSFAEDVRDL
ELLKHFLTVALFLTFKWQYSLACIFLVLASVGLSTAPLLSKKLIEFVELRALGADVSIGSG
VGYALGSSFLVLVIGLLLNHTFQKSMLTGAQTNAVLVKAILDKSFRLNGQLRHDYPVSK
ITSIMSTDLARIDFALGFQPFLVSFPVAVGITIGILCDNIGAPAMRANKFIDSRVNYMKEV
LSNLEKMIKFYSWEAPYFDRITENRTDEMHIIFNMOMVRNTIVSVATSLTLFASMASFLVV
YATLGSTQSPAEIESSVSLENSLTQQVEFMLPLALSTAADAAVGIQRVAGFLAAEETDTLA
LETDVRPEMVEYMDREKKIAVKISNATFKWDSYQSAEPELTSSDSGTLHGDKLSKSGKH
VPLAALGKLDVSSSSSSEALEATIFDSLRNIDLEIRKGEFIAITGLIGTGKSSLLNAIAGFMS
RKDGAIDTVGSLLLCGAPWIQNTTVKENILFGSPLDEKRYQDVVYACSLESDLKILPAGD
QTEIGERGITLSGGQKARINLARAVYADKDIILMDDVLSAVDARVGKHIVNSCLMTLMA
EKTRILATHQLSLIGDADRIVFLKGDGTIEVGLLDDLQLRVAEFRELMAFNARAKDEEED
EENVPDGNAEKELIAKQLTRQSTAVDEEKVRHDY DANKHNDGRLIMDEARAVNAISFD
VVRNYIKYGSGVFKHYSIVPLLVLLTMISVFCQLFITNTWLSFWTELKFPGKSNGFYIGFY
VMFTILAFVFITIQFLLLTYMTIKASKVLHIKAVEQILRVPMSYMDTTPMGRIINRFTKDT
DTLDNEIGNQFRMVVNIFSTIVGVLILCVIYLPWFAIAIPALVAIFIVVSNFYQASAREVKR
LEAVQRSLVYNNFENETLGGMETIKAYKKETMFIDKNSTLINRMNESY YITIANQRWLAI
HLDFVATILVIVISLLCVFRVFDISASSVGLLLSYVLQIAGQLSLLVRMFTQLENEFNSVER
LSEYAFRLPQEAPALISETTPHESWPDTGMIRFENASLAYRPGLPLVLKSLNMDVKPREK
IGVCGRTGAGKSSIMAALYRLSELESGKIEIDGIDISQLGLHTLRSKLSIIPOQDPVLFKGTIR
KNLDPFGESSEEELWTALTRAGLIESGKMALIKAQAQLSDNLHKFHLEREVDHDGANFS
LGERQLISFARALVRGSKILILDEATSSVDYETDSKIQSTIVREFEDCTILCIAHRLKTILHY
DRILVLDKGEIKEFDTPWNLFTLKDSIFQOQMCSKSNIVAEDFLERE

SEQ ID NO: 20 Clavispora lusitaniae ABC transporter polypeptide sequence

MDHESAAFSLRAPPLRQNRLLSPLFSRKVPPVPQDHERHTYPLYGNPILWFFFTWLWPV
MITGYKRTLEPNDLYKLNDKLKADALAARFEAIFARRLAEDKRRHLEQAQDSSKILNSS
KNLLNSPDLADLADLADYVPSDTLCLWSLFETFKWQYLTACFLCALAQVGWTCNPLLS
KKLIAYVQRKALGIELDTGKGVGYALGVSLVVFCSDILFNQMY YLSSLTGAELKAIFTK
VMLDKSFRLNARSRRVYPASKITSIMSTDVSRIDLGLATAPMIIVAPVPLAISIGILIHNLK
APALLGIGIMILFLGFAGFLGSLLFKYRKLATTQTDARVSYMKEVLNNLKMIKFYSWEK
PYMAMIKAVREKEMTFLLEKMQVTRSINISVAVSLSLVASFASFMLLYGTASASKRNPASI
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FSSVALFNILALVFINLPLAIAGATDAYIGMRRVGQYLASDEHVEDEKRVTSETDRQLME

EKNLAITVSNANFEWEIFDIPDEEKIKEEKKKQKDKEKNDKKNKKKKLSLDESSHEAVT
KLEKPTSAATFKLRNIDLTIMKGEFVVVTGLIGSGKSSLLLALEGSMKRNSGQVKTNGSL
LMCGAPWIQSSTIRENVIFNNPYNKSWYEQVIDVCCMDSDLEILPAGDQTEIGERGITLS
GGQKARLSLARAVYARSDIILLDDVLSAVDAKVGKRIVDECILGVLRKKTVVLATHQLS
LIESADKIVFLNGDGTVDVGTSESLRRSNEAFQKILLSHSTTEKY AEEESSISSQTDESIKKV
VVEAQISRLTSVSSTNEKTDLQKQNEGKLIMEEEKSVNAIDADVY VRYIFAGIPGVKGA
MIFAAVIIFSILSVFFNLFTSTWLSFWVEYKWRNRSDGFYIGFY AAFTVLALVTLAFGFLG
VIYVMNLSSRTLNIRAAERILY VPMSYMNVTPMGRIINRFTKDTDVLDNEMGDRMGMII
YFASIIGGVLILCOYLPWFATAVPFLIVVFFGFANFYQASGREIKRLEAVQRSLVYNNFNE
TLTGLDTIRGYDKTDVFLSKNIRLIDKMNEAYFITVANQRWLDVAVSFLATIFANISFLCV
FRVFKINASSVGLLLSNTLQISGIOTTLVVVYTRVEQDMNSAERIIEY VDDLPQEAPYIISET
TPNSAWPQEGQIDFNHVNLAYRPGILPMVLKDFTVHIDPNEKIGICGRTGAGKSSIMVAL
YRMVELTSGNITIDGIDIRTLGLNNLRSKLSITPQDPVLFQGTIRKNLDPFGLATDEQLWET
LRRARIIKSEDLDEVKSQMDPSKMHKFHLDRDVDVDGENFSLGEKQLIAFARALVRGSK
ILILDEATSSVDY ATDKILQEAIVEEFSDCTILCIAHRLKTILNYDRVMVYMDQGQVVEFDK
PINLFKKQGTFFQMCEKAGINEKEFGH

SEQ ID NO: 21 Candida intermedia ABC transporter polypeptide sequence

MSEKPARHILTPLLLKKVPPIPTDDERRVYPKKMNPFSWIFFWWINPIMMAGYKRKLAP
EDLYKLNDDIQVKTMTDNFSMHFQKQVAKAEQKHLAAKLKARGESSVNLSKSLTEDLE
DFKVPKLIVIWTLMHTFGYQYFKACFFLMMSLVAQTCNPLLSKELIKFVQLKAMGLDPH
MGKGVGYAIGTSFLVVTSGILINHAFHSSMLTGAQVKGVLTKAMLDKSFRLSDGSKHKF
PTSKITSMMGTDLARIDFALGFQPFLFTFPIPIAISIGILCHNIGASAMVGVGLVFTYLISVM
ILTGKLFKFRRSANKYTDTRVNYIKEVLNNLKMIKFYSWETPYSKMIGENRSKEMHIVY
LMOQVGRNLITSGAMVLTLFASMAAFLTLYAVSNNTKSPAALFSSVSLFNSLAQQVFMLP
LALASGSDAIVGVIRAGEFLAAEEVDKAATTIDASPEMKEEMDKRNLALKVDHASFKW
ETFESDKTSLKEEALDEKHPNDNSEDGSNLEKTAAELELESKLERKMTNYSSTSTTLDAT
IFSGLEDINIEVOQKGEFLVITGVIGSGKTSLLNALSGFMKRTAGSVSINGSLLLCETPWIOQN
ATVKENILFGLPLDEKRYKEVIYSCSLESDLEILPAGDQTEIGERGITLSGGQKARINLAR
AVYAGKDIILLDDVLSAVDARVGKHIMNNCIMGLLKDKTRILATHQLSLIGSANRVIFLN
GDGTIDVGSLQSLEETNEAFQHLMAFNSEAKEKEEDVEEETDANEVAETERELIERQLT
ROQSTKVSKAVTEADEEAMRYEYNTNEEKDGHLMSKERAAENSIAFSVYKRY VKYGSGI
FKHYSILPLVVILTAVSVFCQLFTNTWLSFWSEQKFHGKSNGFYIGFYVMFTILALVFLST
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EFVILAYMCNKSATNLNLKAVEKILRVPMAYMDTTPMGRILNRFTKDTDTLDNEIGNQ

VRMVIFFFSNIVGIIILCITY LPWFAIAVPFLAFVFVAIANFY QSSGREIKRLEATQRSFVYN
NFNETMSGMDTIKAYKAQDRFITINENNIDNMNEAYYITVANQRWLATHLDLVATAFAL
LICLLCVFRVFQISPASVGLLLSNVLLIAGQLSLLVRTFTQLENEMNSVERICEY AFDLPEE
APYIIPETTPRELWPEQGSIRFENVSLAYRPGLPLVLKNLNLDVGSTEKIGICGRTGAGKS
SIMTALYRLSELDRGKIEIDGIDIGTIGLHNLRSKLSIIPQDPVLFRGTIRKNL.DPFGESSDE
RLWDSLRRAGLIEESKLSIVRQQNEDSENFHKFHLNREVEDEGSNFSLGERQLIAFARAL
VRGSKVLILDEATSSVDYETDSKIQATIAREFKDCTILCTAHRLRTILNYDRILVLDKGEIK
QFDTPWNLENSRDGIFRQMCERSNITREDFQ

SEQ ID NO: 22 Cyberlindnera jadinii ABC transporter polypeptide sequence

MTSPGSEKCTPRSDEDLERSEPQLOQRRLLTPFLLSKKVPPIPKEDERKPYPYLKTNPLSOQIL
FWWLNPLLRVGYKRTLDPNDFYYLEHSQDIETTYSNYEMHLARILEKDRAKARAKDPT
LTDEDLKNREYPKNAVIKALFLTFKWKYLWSIFLKLLSDIVLVLNPLLSKALINFVDEKM
YNPDMSVGRGVGYAIGVTFMLGTSGILINHFLYLSLTVGAHCKAVLTTAIMNKSFRASA
KSKHEYPSGRVTSLMSTDLARIDLAIGFQPFAITVPVPIGVAIALLIVNIGVSALAGIAVFL
VCIVVISASSKSLLKMRKGANQYTDARISYMREILQNMRIIKFYSWEDAYEKSVVTERNS
EMSIILKMQSIRNFLLALSLSLPAIISMVAFLVLYGVSNDKNPGNIFSSISLFSVLAQQTMM
LPMALATGADAKIGLERLRQYLQSGDIEKEYEDHEKPGDRDV VLPDNVAVELNNASFI
WEKFDDADDNDGNSEKTKEVVVTSKSSLTDSSHIDKSTDSADGEYIKSVFEGFNNINLTI
KKGEFVIITGPIGSGKSSLLVALAGEFMKKTSGTLGVNGTMLLCGQPWVQNCTVRDNILF
GLEYDEARYDRVVEVCALGDDLKMFTAGDQTEIGERGITLSGGQKARINLARAVYANK
DILLDDVLSAVDARVGKLIVDDCLTSFLGDKTRILATHQLSLIEAADRVIYLNGDGTIHI
GTVQELLESNEGFLKLMEFSRKSESEEEEDVEAANEKDVSLOQKAVSVVQEQDAHAGVLI
GQEERAVNGIEWDIYKEYLHEGRGKLGIFAIPTIIMLLVLDVFTSIFVNVWLSFWISHKFK
ARSDGFYIGLY VMFEFVILSVIWITAEFVVMGYFSSTAARRLNLKAMKRVLHTPMHFLDVT
PMGRILNRFTKDTDVLDNEIGEQARMFLHPAAY VIGVLILCITY IPWFAIAIPPLAILFTFIT
NFYIASSREVKRIEAIQRSLVYNNFENEVLNGLOTLKAYNATSRFMEKNKRLLNRMNEAY
LLVIANQRWISVNLDLVSCCFVFLISMLSVFRVEDINASSVGLVVTSVLQIGGLMSLIMRA
YTTVENEMNSVERLCHY ANKLEQEAPYIMNETKPRPTWPEHGAIEFKHASMRYREGLP
LVLKDLTISVKGGEKIGICGRTGAGKSTIMNALYRLTELAEGSITIDGVEISQLGLYDLRS
KLAITPQDPVLFRGTIRKNLDPFGONDDETLWDALRRSGLVEGSILNTIKSQSKDDPNFHK
FHLDQTVEDEGANFEFSLGERQLIALARALVRNSKILILDEATSSVDYETDSKIQKTISTEES
HCTILCIAHRLKTILTYDRILVLEKGEVEEFDTPRVLYSKNGVFRQMCERSEITSADFV
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SEQ ID NO: 23 Xylaria hypoxylon ABC transporter polypeptide sequence

MANETGEKGAKEADPITEANAPVKPESSTPYDDRDDHDDPEEEIRRREESLDERANREE
LKRTQSYATDTSTITRTTTRTSVPAASKKPWYKTPNPLLWGSVPPVPKEKQESREASAGF
FSRLTFQWMAPLMNVGYKRPLEEGDLWKVNPKRSVDIMASKCSEAFERRIKKGDKYPL
LWAIHETFLWEFWVGGLCQLMASIFQVLSPFVLRFLIAFAQEAWDNKKSGQAPPPIGRGI
GLVVGVVFMQIFQSLGTNHFIFRGMMIGGQVRAVLISLIFEKSMLISGRAKAGGKAVAN
GTTEEKIDDSKDDDQEESSKKNSKAKKLGIAGDGVGWSNGRVVNLMSVDTYRLDQSSA
LFHIVWTAPIQCIITLVVLLINLSYSALAGFAILVIGIPALTRAIRSLFRRRGLINKITDQRVT
LTQEILQSVRFVKYFGWEEAFVKRLGEVRDREIHGIQVLLAIRNAINSVSLSLPIY ASFLSF
ITYSLTDHGLGPAEVESSLALFNGLRLPLNLLPLVIGNIIDAWSSMKRIQDFMLSENQEDT
AVFEFSPENKSAVEIKHASFTWERTPTQGDDKAAAAGKKGAPKKGTKQPTNNDNGAETSE
SNSDTASTLIDEREPFKLEDLNLAIGRKENAVIGSVGSGKSSLLAALAGDMRKTSGEVVL
GASRAFCPQYAWIQNASVRKNILFGKNMNREWYKEVIKACALQPDIDMLPDGDATEIG
ERGITVSGGQKQRLNIARATYFDADIVLMDDPLSAVDAHVGRHIMDHAILGLLKDKCRIL
ATHQLWVLNRCDRIVWMDGGKIRAVDTFDKLMENEPGFRHLMETTAVEEKKDEDEVV
DEEKSDKKDKKKKKKAQGLMQAEERAVASVPWSVYARYVRASGSIFNALWVLLALVI
AQGGNIATSLWLSYWTADRFGYSQAVYIGVYAAIGTAQAIFLFIFAIMLTIFGTRASKTL
LRQAVTRTLRAPMSFFDTTPLGRITNRFSRDVDVMDNNLTDAMRMYFLTMVTVISVFA
LOAFFYYFATALVPLTIIFVLAASYYRASAREVKRFESVLRSVVFAKFSEGISGVASIRAY
GLOQGRLVEDLRNAIDDMNSAYFLTFSNQRWLSVRLDLVGNLLVFTTGILVVTSREFSVPP
SIGGLVLSYILSIVOMLQFSVRQLAEVENGMNAVERLLHYGTQLEEEAPEHTVDVRPSW
PENGEIVFENVEMRYRENLPLVLKGLSMHVKGGERIGIVGRTGAGKSSIMSTLFRLVEIS
GGHITIDGIDIATIGLHDLRSRLAIIPQDPTLFRGTVRSNLDPFSEHSDLELWSALRQADLYV
SVDAGPNDKDPGRIHLDSVVEEEGLNFSLGQRQLMALARALVRGSRIVCDEATSSVDM
ETDDKIQKTMAVGFKGRTLLCIAHRLRTIIGY DRICVLDAGRITELGTPLELWEIEGGIFR
GMCERSGIRHEDLAAATANMGSLGEAPMPASLALEDGANEKAGSL

SEQ ID NO: 24 Naumovozyma castellii ABC transporter polypeptide sequence

MPPPKKANRSSVISSSSLSSSSGDRSITDNSKLDDMIAGETINISPQDPFKDTPELDVTSAT

SGTISKMVSDDISSMMDSSLLPTGEYKLDRNKPETYLNSDDIEKVTQSDIFPQKRLFSFLH
SKKIPEVPSSDDERKEYPLFHANILSQLFIWWVIPIIKTGYKRTVQPNDLFKMDKRMSIET
LHDAFQKNMDY YFKKAEQKYLKSHPNATNEELAKHMKLPKWTVLKAIVFTFKRQLFV
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ATVFAILANCTSGFNPMITKRLIEFVEKKTFFHDMTVNAGIGY AIGACIMMFELNGVFFNH

FFHLSQLTGVQAKSVLTKAALNKMFRASNYAKHQFPNGKVTSFVTTDLSRLEFAISFQP
FLFGFPAVFAICIVLLIVNLGAISLVGIGVFFSAFFACLFIFKQILGLRVVANKFTDARVTL
MREILNNMKMVKYYAWEDAYEKNIQDVRGKEINTVRKMLFIRNFVIAMATALPSVASL
VTFLCMYKVNNMGRTPGNVFESSLSLFQVLSIQMFFLPIAISTGIDMVIGLGRLQSLLESPE
DDPDLQLERLPAPDI.NPNVALKMEDGAFEWENYELLDAQEKAEAEEKLKKEIEDYNQK
WYHFKKKTMPNPEELAKESTNAIDKTAELKLKKDLMEDKDAIEKIPFNGFHDLNFEIKK
GEFIIMVGPIGTGKTSLLNAFAGFMNKVSGRIQINGDLLLCGYPWIQNASVKDNIIFGSPY
NKAKYDEVIRVCSLKSDLDILPAGDLTEIGERGITLSGGQKARINLARSVYKQKDIYLFD
DVLSAVDSRVGKHIMDECFLGLLKDKTRILATHQLSLLERASRVIVLGNDGSFDIGTVEE
LKQRSSTLVNLLQFSSQTAEKEEDEENENQEEEMEKLEKQMTEISKVLSRKEAVDGHTT
MKEERAVNSISLKIYKEYLKAGVGKWGIVVVPCYLILIMCTTFCSLFSSVWLSYWTEDK
FKNRAPSFYMGLYSFFVFFSYILTTSQFTLLCCIGVLSSKWLNLRAVKRILHTPMSYLDTT
PLGRILNRFTKDTDSLDNELTES VRMLLYQFANIVGVCIMCITY LPWFAIAIPFLFVGFVLI
ADHYQSSGREIKRLEAIQRSFVYNNFNEVLGGMDTIKSYRSENRFIAKSDFLIDKMNEAG
YLVVAVQRWVAIFLDVIAVCFALITLLCVTRAFPISAASVGVLLTYVLQLPGLLNGVLR
SLTQTENDMNSAERLVTY ATELPLEADYRKPEVSPPEEWPTKGEIHFENVDFSYRPGLPT
VLKNLSLDIKSGEKIGICGRTGAGKSTIMSALYRLNEISSGKMIIDDVDISTIGLY DLRRKL
AIIPQDPVLFRGTIRKNLDPFNEHQDEHLWNALVRGGAIEQKELNEIKAQKPDEKGNHSE
MYKFHLDQLVEEEGANFSLGERQLLALTRALVRQARILILDEATSSVDYETDGKIQARIV
EEFGHCTILCIAHRLKTILTYDRILVLEKGEVAEFDTPKTLFAQEDSIFRSMCQRSGITEED
FI

SEQ ID NO: 25 Debaryomyces fabryi ABC transporter polypeptide sequence

MSHIYSSNASIDGEGPVNSPPYDSYLNKYNNTNLLQVTTNNSETTTTFVDNSITSRLAEN
NKKSPNATPGNENNNSSSNLNLEGQEILHNEKRLFSFLFSKKVPPVTAPEERTIYPWKKA
NVFSRMMFYWLWPVLYKGYKRTLLPDDLWYLTEELKVESMHERFDVNLNKRLEKDK
QKYLKKHNNLDGHVWSPYNIPLALFDTFKLQYSMSCIFLGLSFVCQALSPLITRRLIDFV
ONSYETRIFGVEVSYNEGIGYTIGAVVLIFVNGLLLNHFFHNAMVTGAQAKAILTKSLLL
KSESLSSKSRNQFSIGKITSLMSTDLARIDLAIGFQPLVVCFPIPVIAVVLLLKFIGVTSLAG
IGLFVVSLVLCVLLTKKLFTTREEVVLYTDERISLMREVLTNLKIKFYAWEMAYKVGIT
KVRTKEMKYLFTIKVLRNFVTAYAVTLPTLTSMVSFTSMWANNSMKGAGKVFEFSSLSLF
SILAQAIMLLPIALATGADALIGFRRCRDYLVAEEYDDDLEERLASDVDKRYIAGDTNSE
FEFKHESFDLSETGSYENTNKNANVIEVSHANFIWESFYTENSSSWDLNSSGSLSEKDPK

74

CA 03146593 2022-2-1



10

15

20

25

30

WO 2021/030617 PCT/US2020/046227
QKKKSKSKDIKYQIKEKDSFQESSRSSNETYCESPS VIEARNFPGLTDINLS VKQGEFITITG

SIGSGKSSLLAALSGFMKLENPSVGKVSIYDDLLLCSDPWIQNATVRDNIIFGKPYDETRY
NKVIRACCLEDDIKLLPARDLAEIGERGITLSGGQKSRINLARAAYADAGILLFDDVLSA
VDARVGKHIVNNLFENGLLKDKTKVLATHQLSLIESADKVVYLNGDGSIDFGTLNELLAR
NNQFKRLIEFNTDLTRDNESRKSETQRVYENYSDTDYDNNNGYEGARLIRQQSVVPESS
DIAGKIMGDEERATNAISWDIYKKYIDLGSGFFGWSAGPVFIFLISLATFCQLFTNTWLSF
WTEKKFPNKSDHFYVALYVMFAFLTVFFTAIEFTMLAYMNNRSAKLLNVKAVEKILHA
PMSYLDTNPMGRILNRFTKDTDSLDNEIGEQLRLFLFPLATHGIVILCICYLPWFATAVPFL
SFAFVFVANFYQGSSREIKRLEAVQRSLVYNNENETLSGMSTIKAYKVEETFIEKNDRYL
NKMNEAYY VSIANQRWLGVHLDITASIFALIICLLCITDQFHISASSTGLLLSY VIQIVGLLS
LTIRSMTQVENEMNSVERLHQYAFHLPQEGAYKKPESKPPAEWPPSGYIQFNNVSLKYR
DHLPTVLENLNFSVYPGEKVGICGRTGAGKSSIMSALYRLVELNEGSIIDGLNIAEMGL
YDLRSKILSIIPQDPVLFQGTIRRNLDPFNESTDEKLWDAIL RRSGLIDASQISKIKNTKLDOQ
NRNIGHDSLHKFHLDQLVADDGSNFSLGERQLIALARAMVRNSKILILDEATSSVDYETD
AKIQETIVNEFSHCTILCIAHRLKTILHYDRILVMDKGSLIEKGTPY NLFTDRNGVFROQOMC
DKTNIIDEDFQ

SEQ ID NO: 26 Saccharomyces cerevisiae ABC transporter polypeptide sequence

MTITVGDAVSETELENKSQONVVLSPKASASSDISTDVDKDTSSSWDDKSLLPTGEYIVDR
NKPQTYLNSDDIEKVTESDIFPQKRLFSFLHSKKIPEVPQTDDERKIYPLFHTNIISNMFFW
WVLPILRVGYKRTIQPNDLFKMDPRMSIETLYDDFEKNMIY YFEKTRKKYRKRHPEATE
EEVMENAKLPKHTVLRALLFTFKKQYFMSIVFAILANCTSGFNPMITKRLIEFVEEKAIFH
SMHVNKGIGY AIGACLMMFVNGLTENHFFHTSQLTGVQAKSILTKAAMKKMFNASNY
ARHCFPNGKVTSFVTTDLARIEFALSFQPFLAGFPAILAICIVLLIVNLGPIALVGIGIFFGG
FFISLFAFKLILGFRIAANIFTDARVTMMREVLNNIKMIKY YTWEDAYEKNIQDIRTKEIS
KVRKMQLSRNFLIAMAMSLPSIASLVTFLAMYKVNKGGRQPGNIFASLSLFQVLSLOMFE
FLPIAIGTGIDMIIGLGRLQSLLEAPEDDPNOMIEMKPSPGFDPKLALKMTHCSFEWEDYE
LNDAIEEAKGEAKDEGKKNKKKRKDTWGKPSASTNKAKRLDNMLKDRDGPEDLEKTS
FRGFKDLNFDIKKGEFIMITGPIGTGKSSLLNAMAGSMRKTDGKVEVNGDLLMCGYPWI
QNASVRDNIIFGSPENKEKYDEVVRVCSLKADLDIL PAGDMTEIGERGITLSGGQKARIN
LARSVYKKKDIYLFDDVLSAVDSRVGKHIMDECLTGMLANKTRILATHQLSLIERASRVI
VLGTDGOQVDIGTVDELKARNQTLINLLQFESSQNSEKEDEEQEAVVAGELGQLKYESEVK
ELTELKKKATEMSQTANSGKIVADGHTSSKEERAVNSISLKIYREYIKAAVGKWGEFIALP
LYAILVVGTTFCSLESSVWLSYWTENKFKNRPPSFYMGLYSFFVFAAFIFMNGQFTILCA
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MGIMASKWLNLRAVKRILHTPMSYIDTTPLGRILNRFTKDTDSLDNELTESLRLMTSQFA

NIVGVCVMCIVYLPWFAIAIPFLLVIFVLIADHYQSSGREIKRLEAVQRSFVYNNLNEVLG
GMDTIKAYRSQERFLAKSDFLINKMNEAGYLVVVLQRWVGIFLDMVAIAFALIITLLCV
TRAFPISAASVGVLLTYVLQLPGLLNTILRAMTQTENDMNSAERLVTYATELPLEASYR
KPEMTPPESWPSMGEINFENVDFAYRPGLPIVLKNLNLNIKSGEKIGICGRTGAGKSTIMS
ALYRLNELTAGKILIDNVDISQLGLFDLRRKLAIIPQDPVLFRGTIRKNLDPFNERTDDEL
WDALVRGGAIAKDDLPEVKLQKPDENGTHGKMHKFHLDQAVEEEGSNFSLGERQLLA
LTRALVRQSKILILDEATSSVDYETDGKIQTRIVEEFGDCTILCIAHRLKTIVNYDRILVLE
KGEVAEFDTPWTLFSQEDSIFRSMCSRSGIVENDFENRS

SEQ ID NO: 27 Saccharomyces cerevisiae ABC transporter polypeptide sequence

MPEAKLNNNVNDVTSYSSASSSTENAADLHNYNGFDEHTEARIQKLARTLTAQSMQNS
TQSAPNKSDAQSIFSSGVEGVNPIFSDPEAPGYDPKLDPNSENFSSAAWVKNMAHLSAA
DPDFYKPYSLGCAWKNLSASGASADVAYQSTVVNIPYKILKSGLRKFQRSKETNTFQIL
KPMDGCLNPGELLVVLGRPGSGCTTLLKSISSNTHGFDLGADTKISYSGYSGDDIKKHFR
GEVVYNAEADVHLPHLTVFETLVTVARLKTPQNRIKGVDRESYANHLAEVAMATYGLS
HTRNTKVGNDIVRGVSGGERKRVSIAEVSICGSKFQCWDNATRGLDSATALEFIRALKT
QADISNTSATVAIYQCSQDAYDLENKVCVLDDGYQIY YGPADKAKKYFEDMGY VCPSR
QTTADFLTSVTSPSERTLNKDMLKKGIHIPQTPKEMNDYWVKSPNYKELMKEVDQRLL
NDDEASREAIKEAHIAKQSKRARPSSPYTVSYMMQVKYLLIRNMWRLRNNIGFTLFMIL
GNCSMALILGSMFFKIMKKGDTSTFYFRGSAMFFAILFNAFSSLLEIFSLYEARPITEKHR
TYSLYHPSADAFASVLSEIPSKLIIA VCFNIIFYFLVDFRRNGGVFFFYLLINIVAVFSMSHL
FRCVGSLTKTLSEAMVPASMLLLALSMYTGFAIPKKKILRWSKWIWYINPLAYLFESLLI
NEFHGIKFPCAEY VPRGPAY ANISSTES VCTVVGAVPGQDY VLGDDFIRGTYQY YHKDK
WRGFGIGMAY VVFFFFVYLFLCEYNEGAKQKGEILVFPRSIVKRMKKRGVLTEKNAND
PENVGERSDLSSDRKMLQESSEEESDTYGEIGLSKSEAIFHWRNLCYEVQIKAETRRILN
NVDGWVKPGTLTALMGASGAGKTTLLDCLAERVTMGVITGDILVNGIPRDKSFPRSIGY
CQQQDLHLKTATVRESLRFSAYLRQPAEVSIEEKNRY VEEVIKILEMEKYADAVVGVAG
EGLNVEQRKRLTIGVELTAKPKLLVFLDEPTSGLDSQTAWSICQLMKKLANHGQAILCTI
HOQPSAILMQEFDRLLFMQRGGKTVYFGDLGEGCKTMIDYFESHGAHKCPADANPAEW
MLEVVGAAPGSHANQDYYEVWRNSEEYRAVQSELDWMERELPKKGSITAAEDKHEFS
QSITYQTKLVSIRLFQQYWRSPDYLWSKFILTIFNQLFIGFTFFK AGTSLQGLQNQMLAVE
MFTVIFNPILQQYLPSFVQQRDLYEARERPSRTFSWISFIFAQIFVEVPWNILAGTIA YFIY
YYPIGFYSNASAAGQLHERGALFWLFSCAFYVYVGSMGLLVISFNQVAESAANLASLLF
TMSLSFCGVMTTPSAMPRFWIFMYRVSPLTYFIQALLAVGVANVDVKCADYELLEFTPP
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SGMTCGQYMEPYLQLAKTGYLTDENATDTCSFCQISTTNDYLANVNSFYSERWRNYGI

FICYTAFNYIAGVFFYWLARVPKKNGKLSKK

SEQ ID NO: 28 Kluyveromyces marxianus ABC transporter polypeptide sequence
MAVSSSESTSSYSDVVHLQKETIPDTEIEILPDDLHSSSTGRRRTGSGAGSLKSASHVKEN
SVQIRNMYEIDKSKPETYLNHDDLEKVTESKIYEQKRLFRWFHSRKVPPIPETLEERPVYP
FRRANVISQLFFIWILPIVSVGYKRTLQPNDLWRMDDKMSIETLYERFDSHMKEFIEKAR
LEYRKEHPEATDQEVLKNAKLPKAALLKCLFYTFRYQYVTAFIFVLISNAASALTPLLTK
KLIAFVEKKSRFHDTKINSGVGYAIGSVLLMMINGIAFNHFFHLSALTGAEAKSLLIKTIL
HKSMKLSAYSKHKFSNGKITSLMSTDVSRLELAITFHPFLY AFPMVFEFVIALVLLLINIGVI
CLVGFAIFFAITFINFGAFKKILQFRLAATSITDKRVAMMREILNSIKMIKFY AWEDAYEE
NVKKVRAIESRLVKMMQLVRNTLVSLTMAFPNLASMVTFLAMYKVNKGGRSPANIFESS
LSLEFQIMMIQMFFIPMSISTGIDAY VGLGRVQELLEAEEESDRYIENEEDLVLDDDTVEKV
KNASFEWENFEFEEAKELAKEKGESMSFSDRSVDTEKEDPGAEKTRFNGFHDLNFEIKE
NEFIIITGAIGTGKSSLLNAMAGFMSRTSGSMAVNGDLLLCGYPWVQNATVRDNITFGSP
FDQEKYEKVLEICSLEADLDILPAGDNTEVGERGITLSGGQKARITLARAVYKDMDIYLF
DDVLSAVDSRVCQHIVEHCMMGYLKDKTRILATHQLSLIGQASRVIFLGTDGSFDIGTVE
ELLSRNKGFHKLMQFQNSKPVDGDEHSTNDENVFSEEDEESILKKQKSLTVGKKEEDGR
INEKEERAVNALSFKVYKEYVSSGLGKYALMMIPIFLFIVASATFCNLFSSVWLSFWTEN
KFKHRTTGFYMGLYVMFEFVLLGIIFMWIEFVSVGTMAVNASKWLNLKALHRLLHAPMG
FMDVTPIGRVLNRFTKDTDALDNEISESLRLFIYQTANLTGIHILCIIY MPWFAIAMPFMIF
AYVFIADHYQASGREIKRMDAIQRSFVFNNFNEVLGGIDTIKAYRSQERFLMKSDFLINK
MNEAGYLVASIQRWVSITLDLLAVVFALITALLCVTRQFHISPGSVGVLLTYVLQLPGLL
NGLLRSQTQTENDLNSAERLVNY AYDLPMEAQYRKLETQPNESWPSEGRIKFEHVSLSY
RPELPLVLKDVSIDIKGSEKIGICGRTGAGKSTIMSALYRLTELRSGKITIDDIDISTLGLYD
LRKKLAIIPQDPVLFKGDIRKNLDPFQECTDEQLWDALVRGGAIEKSELETVKLQKKDSH
GLSGNMHKFHLDQSVEENGSNFSLGERQLLALTRALVRGSKILILDEATSSVDYETDAKI
QSRIVEEFSRCTILCIAHRLKTILNYDRILVLDQGEVVEFDKPETLFNDHSTIFYQMCCGA
GITAEDFSS

SEQ ID NO: 29 Vanderwaltozyma poelyspoera ABC transporter polypeptide sequence
MLIGHTSSDSSSAGGDNNGAGNLRNADYDEKDYDKNGLSFQRSVNLSTLNSKSDASTDI
SYRFLPSGEYKVEANKPKTFLNQDDLEKVTDSEIYPQKRLFSFLHSKKIPPVPQDDDERKI
FPLYHANIISRIFIWW VFPIHKVGYKRTIQPNDLFITDKKMSIDAIYKSFEKNMNFYFEKYR
NEYKKLHPDATDQEVVENTELPRFTVLRALFFTFKYQYLWAVTCAILSNCASGLNPLLT
KRLIEFVEAKALVPSLHVNKGIGYAFGACIMIFVNGVFFNHFFCASQLTGSQAKSVLTKA
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ALSKMFRANGY AKHKFPNGKVTSFVTTDLARIEFAISFOQPFLAGFPAALAICIVLLIVNLG

PIALVGIGVFFASFFFSLFVFKQUGLRVTSLIFTDARVTMMREILNNMKMVKYYAWEDA
YEKNITDIRTNEIDKVRKMQFIRNFMIALAMSLPNIASLVTFLAMYKVNSSGRTPGNIFAS
LSLFQILSLOMFFFPIAISTGIDMILGLDRFONLLEAPEINQKLLDEMAPTSDIDPNTALRM
KNASFEWPDYEKIDAEQEAKQKDKNKNKKDKVKKKEESKKPSAKESSPVDLEKFAFSG
FKDINLEIHKGEFIMITGPIGTGKTSLLNAMSGLMEKTEGSVQINGELLMGGYPWIQNAT
VRDNIIFGSPFDKSKYNMVVKACCLDADLDILPAGDMTEIGERGINLSGGQKARINLARC
VYKNKDIYLFDDVLSAVDSRVGKLIMDECLLGLLNGKTRVLATHQLSLVENASRVIVLG
NDGSVDIGTVEELKKRNQTFITLMEHTTOQKQDEDEEQDEEFEIEVKELSELEKNLTKVTT
KSEVDGHIINKEERAVNSIGWYIYKSYLKAAVGKWGFLVIPLY VEFCVTATTFCSLFESSVW
LSFWTEDKFPTRSTSFYMGLY SFFVFGGYIFMTSQFTIVCFIGVNASKKLNLSAVRRILHT
PMAFLDTTPLGRILNRFTKDTDSLDNELTENVRLMLAQFANIIGVCVMCIYLPWFAIAIP
FILLIFVLVSNHYQSAGREIKRLEAIQRSFVYNNLNEVLGGMDTIRFYNSEERFMAKSDY
LIDKMNEAGYLVVCVQRWVAVLLDMIAVCFALIHTALLCVTRQFHISASSVGVLLTYVLQ
LPGLLNTVLRALTQTENDMNSVERLVSYATELPTEAAYRKPESSPDPSWPQEGKIDFEEV
SFAYRPGLPAVLKNLSMSINGGEKIGICGRTGAGKSTIMSALYRLNELESGRIIIDGVNISN
IGLFDLRRSLSITPQDPVLFRGTIRKNLDPFGERSDDELWDALSRGGSIDKESLEEVKTQKS
TOGNSKVQELHKFHLDQEVEEEGSNFSLGERQLLALARALVRNSKVLILDEATSSVDYET
DNKIQNRIEAFSECTILCTAHRLKTILNYDRILVLEKGEIAEFDSPYNLY KMDGIFTSMCM
RSGITEEDFKLK

SEQ ID NO: 30 Nakaseomyces bacilisporus ABC transporter polypeptide sequence
MYDRTDQTKADSTTSTESDEKYIVNEDHDDKNLSSNY YEQLS VSIANELQDSQGLTPTG
EYIVDKNKPVTYLNSNDIEKVTDSELFPQKRLFSFLHTKHIPAVPLDDSERTLYPMYHTN
LLSQLFIWWVFPIIRLGYKRTVQPNDLFKMDPRISIEKLHADFEHNMDY YFEKARRKLLK
ENPNATADDINNIKLPNHTVLRALFWTFKYQYLWSVWCAVLANCSSGFNPMITKRLIRF
VEEKAFFPNKKVNAGIGY AFGACIMMFVNGVFFNHFFHSSQLTGVQAKSVLIKATMKK
MFRANAYTKHKYPNGKVTSFVTTDLSRLEFALAFQPFLAGFPATNTAICIVLLIVNLGPISLV
GIGLFFASFVIALILFKQILKYRLAANVFTDARVTLMREVLSNMKMMKFYAWEDAYEE
NIKDVRAKEIKRVRKMQFVRNFLFALAISLPNIASLVTFLCLHKIDHLGTSNPSNVFESSLS
LFQVLSLOQMFFLPIALGTGVDMILGLTRLQGLLESPEEQSNHTLEHGNPNGSNVILSVND
ASFEWEDFEVQDIKEQKKEEVKATNGKKSKLFFKKSKPOQMTKDSPKNEPTEKNDDSTT
KMFTKFEKLNFEIKRGEFIMVTGPIGTGKTSLLNALAGFMKRVEGEVDCRGNLLMCGYP
WIQNATLKDNILFGSPYIKEKYDEVIRVCSLAADIDVLPAGDMTEIGERGITLSGGQKARI
NLARAVYKNKDIYLFDDVLSAVDSRVGKHIMDECLLGMLGNKTRILATHQLSLIERASR
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HNVLGTNGSFDIGTLEELKERNQTLNNLLQYASEEANKEKKTEGDEGDEGDEGANKLTK

RNSSIPTNGQTTSKEERAVNSIKLKIYNSYIHAAVGKWGIVVLPLY VLFVIATTFCNLFESS
VWLSYWSENKFKNRSSSFYMGLYSFFVFAGYLFMNGQFTILCLMGVTASKWLNLKAV
KRILHTPMAYLDTTPMGRILNRFTKDTDSLDNELTESLRLLLSQFANIIGVCVLCIVYLPW
FAIAIPFLFLIFVLVADHYQSAGREIKRLEAIQRSFVYNNINEVLNGMDTIKAYNAEERFL
AKTDYLINKMNEAGYLVVSVQRWVAILLDMIAIAFALNTLLCVTRQFHISPGATGVLLT
YVLQLPGLLNTIMRALTQAENDMNSAERLITYATELPQEAAYKKPEMTPPESWPDKGQI
TFENVSFAYRPGLPAVLHNIDLNIKSGEKIGICGRTGAGKSTIMNALFRINEVLEGDIHIDG
VNISNLGLYDLRRKLANIPQDPVLFKGTIRKNLDPFHQHSDEELWESLVRGGAIEKDELA
ETKLQKQDENGSFNQMHKFHLDOQMVEEEGGNFSLGERQVLALTRALVRQSKILILDEA
TSSVDYETDGKIQSRIMNEFGHCTILCIAHRLKTILSYDRILVLEQGRIAEFDTPWKLFSKK
ESIFRSMCERSSITDGDFIRKE

SEQ ID NO: 31 Nakaseomyces delphensis transporter polypeptide sequence
MGLFNKTTKSSASNNDALTTTESDISIDQKRGSSSSDSPKGOQNYELNVNEDSVSILTSGEY
AVKRNKPQTYLNSNDIEKVTQSDIYPQKRLFSFLHRKNIPEVPQSDEEREVYPLFHANPL
STFFLWWVIPIVKIGYKRTIQPNDLFKIDKRMSIETLFADFEKNLNFYFEKSRNDYMKRH
PDATPAEMLENSHLKKFTVLKVLFFTFKRQYLLSVLLAILANCASGFNPMLTKRLIRFVE
EKAYFPHLHVNKGVGYAIGACLMMFLNGILFNHFFHASMICGVQAKSVLIKAAMKKMF
KASGYARHKFPNGKVTSFVTTDLSRLEFALSFQPFLAGFPAILAICIVQLIVNLGPISLAGV
GVFFGGFCISLFAFKWILALRISANIFTDQRVTMMREVLTNMKMVKYYAWEDAYEKNI
QDIRSKEISRVRRMOQMLRNFLIAMAMSLPNIASLITFLSMYRVNNDARTNPAKVESSLSL
FQILSLOMFFLPIAIATGIDMIGLNRLQELLEAPESADPFDPESIVNLVHKNEKKIDPRSDI
ALAMKDASFEWEDYELNDAEEEKNSKDDKDAKKTNKEHVTELPIEIDNSSNSKMVKES
TPGLDKKTFTKFTELNFEIKKGEFIMITGPIGTGKSSLLNAMAGFMPQTSGELDINGHLLL
CGYPWIQNATVRDNIIFGAPYNKEKYRTVIEVCSLQADLDILPAGDLTEIGERGITLSGGQ
KARINLARAVYKNKDIYLFDDVLSAVDSRVGKHIMDECFLGAIKDRTRILATHQLSLIEK
ADRVIVLSTDGSVDVGTVEELKERNQTLINLLKFSSENKDEEEVIDEEEDEEEDPMKKEM
AEIEKEITRKSLAKEGLTMTKEERAVNSIGWNIYREYIVTAVGKWGIVIIPLYAFLIMATT
FCNLEFSSVWLSYWTENKFPHRQPSFYMGLY SFFVFGGYIFMNSQFTILCVMGIMASKWL
NLKAVKRILHAPMSYLDTTPLGRILNRFTKDTDSLDNELTENIRLMLSQFANLVGVCVL
CIVYLPWFAIAIPFLLLVFILIADHYQSAGREIKRLEAVQRSFVYNNLIEVLGGMDTIKAY
NSQERYLTKMDFLINKMNEASYLVVSVQRWVAIFLDMIAVAFALITALLCVTRQFKISPA
AVGVLLTYVLQLPGLLNTILRALTQVENDMNSAERLVTYATDLPQEAAYRKSDFSPPEY
WPRTGEIKFENVSFESYRPGLPIVLKNVNLSIGGGEKIGICGRTGAGKSTIMSALYRLNELT
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TGKILIDDVDTYKLGLYDLRRKLANMPQDPVLFRGSIRKNLDPFNEFSDDLLWNSLIRGGA

IENEDLAEVRQQKPDDNGSYSNMHKFHLDQVVEEDGANFSLGERQLLALTRALVRQAK
ILILDEATSSVDYETDGKIQARIATEFRDCTILCIAHRLKTILNY DRILVLEKGEIAEFDTPL
TLENQPDSIFRSMCSRSGINEEDFHEAA

SEQ ID NO: 32 Sacharomyces cerevisiae ABC transporter polypeptide sequence
MTITVGDAVSETELENKSQNVVLSPKASASSDISTDVDKDTSSSWDDKSLLPTGEYIVDR
NKPQTYLNSDDIEKVTESDIFPQKRLFSFLHSKKIPEVPQTDDERKIYPLFHTNIISNMFFW
WVLPILRVGYKRTIQPNDLFKMDPRMSIETLYDDFEKNMIY YFEKTRKKYRKRHPEATE
EEVMENAKLPKHTVLRALLFTFKKQYFMSIVFAILANCTSGFNPMITKRLIEFVEEKAIFH
SMHVNKGIGY AIGACLMMFVNGLTFNHFFHTSQLTGVQAKSILTKAAMKKMFNASNY
ARHCFPNGKVTSFVTTDLARIEFALSFQPFLAGFPAILAICIVLLIVNLGPIALVGIGIFFGG
FFISLFAFKLILGFRIAANIFTDARVTMMREVLNNIKMIKYYTWEDAYEKNIQDIRTKEIS
KVRKMQLSRNFLIAMAMSLPSIASLVTFLAMYKVNKGGRQPGNIFASLSLFQVLSLOMFE
FLPIAIGTGIDMIGLGRLQSLLEAPEDDPNQMIEMKPSPGFDPKLALKMTHCSFEWEDYE
LNDAIEEAKGEAKDEGKKNKKKRKDTWGKPSASTNKAKRLDNMLKDRDGPEDLEKTS
FRGFKDLNFDIKKGEFIMITGPIGTGKSSLLNAMAGSMRKTDGKVEVNGDLLMCGYPWI
ONASVRDNIIFGSPENKEKYDEVVRVCSLKADLDILPAGDMTEIGERGITLSGGQKARIN
LARSVYKKKDIYLFDDVLSAVDSRVGKHIMDECLTGMLANKTRILATHQLSLIERASRVI
VLGTDGQVDIGTVDELKARNQTLINLLQFSSQNSEKEDEEQEAVVAGELGQLKYESEVK
ELTELKKKATEMSQTANSGKIVADGHTSSKEERAVNSISLKIYREYIKAAVGKWGFIALP
LYAILVVGTTFCSLESSVWLSYWTENKFKNRPPSFYMGLY SFFVFAAFIFMNGQFTILCA
MGIMASKWLNLRAVKRILHTPMSYIDTTPLGRILNRFTKDTDSLDNELTESLRLMTSQFA
NIVGVCVMCIVYLPWFAIAIPFLLVIFVLIADHYQSSGREIKRLEAVQRSFVYNNLNEVLG
GMDTIKAYRSQERFLAKSDFLINKMNEAGYLVVVLQRWVGIFLDMVAIAFALIITLLCV
TRAFPISAASVGVLLTYVLQLPGLLNTILRAMTQTENDMNSAERLVTYATELPLEASYR
KPEMTPPESWPSMGEINFENVDFAYRPGLPIVLKNLNLNIKSGEKIGICGRTGAGKSTIMS
ALYRLNELTAGKILIDNVDISQLGLFDLRRKLAIIPQDPVLFRGTIRKNLDPFNERTDDEL
WDALVRGGAIAKDDLPEVKLQKPDENGTHGKMHKFHLDQAVEEEGSNFSLGERQLLA
LTRALVRQSKILILDEATSSVDYETDGKIQTRIVEEFGDCTILCIAHRLKTIVNYDRILVLE
KGEVAEFDTPWTLFSQEDSIFRSMCSRSGIVENDFENRS

SEQ ID NO: 33 Scheffersomyces stipitis ABC transporter polypeptide sequence
MEVRLESGSELVROQNRLLSFLLSKNVPHLPTDEERKIYPEGTTNFFYRFFFWWLNPVMR
TGYKRTLEPQDLFKLSDDIKIENMANRFYHYFERDLERARTKHVEKKCKERGETLATTK
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VDPEEDLKDFELSKFTTVFALFKTFKYQYSAACVFLCMANSASTCNPLLLKKLIQY VER

KALGVEEGIGRGLGYSFGASAIVFLIGVSINHFFYRSMLTGAQAKAVLTKALLDKSFRLS
AEAKHKYPVGKITSMMGTDLARIDFAIGFQPFLIIFPIPHIAVAILIVNIGVSALVGVAILAF
FFCAIAVSTRKLFAYRFTANKFIDARVDFIKEALNNLKIIKFYSWEPPYHENISDIRRKEM
RIOIYRMQVLRNIITAFSMCLTLFASMISFLVLY AVDKNRKDPASIFSSISLFNVLTQQVFLV
PMALSSGADAYLGIGRVGEYLSSSETNLEETRIHADGEKLIEMDKENVAIEIDGAHFEWD
TFDDDEEEDLDDEDDKDKAEEGHDEKPKQALSASAKHHTHKETFLEKKDSTKTFVPFP
GLTNINLTINKNEFVVVTGLIGTGKSSLLNAMSGFMRRTSGSVNVDGELLLCGYPWVQN
ATVRDNIVFGSEWDEEKYNNVIYACSLESDLEILPAGDQTEIGERGITLSGGQKARINLA
RAVYAERDIILMDDVLSAVDARVGRHIMNNCILGLLKDKTRVLATHQLSLIGSADKVVY
LNGDGTIDVGTFEELKARNISFANLMAYNSEAKEEEEEEEVEEDEEVVENEREMIQRQLS
KVTKPEDEEAEHKDFNKNEHRDGHLTEQEERAVNGINAEVYQQYIKLGSGKFSPWLFC
PLLVSLMILSTFCQLFTNTWLSFWTEFKFINKSNGFYIGFYVMFTVLSFILLTCEFVMLVY
LTNTASVRLNIMAIEKVLHAPMAFMDTTPMGRILNRFTKDTDVLDNEIGDQLRFLVFVF
ANNGVLILCVIYLPWFAIAIPFLGFLFVAVANYYQASAREIKRLEAVOQRSFVYNNENETL
SGMNTIKAYNAEYRFLEKNNELIDNMNEAY YLTIANQRWLAIHMDIIATIFALLIALLCV
NRVENITAASVGLLLSY VFQIAGQLSMLIRTFTQVENEMNSAERLASY AFHLPEEAPYLI
NERTPAPSWPDKGIVKFDNASLAYRPGLPLVLEKNLSFEVKPSEKIGICGRTGAGKSSIMT
ALYRLSELESGKITIDDVDIASLGLKDILRSKLSITPQDPVLFRGSIRKNLDPFNESSDSKLW
DALVRTGLIDPSRLDIVKKQVKTQSTEDEEGSITHKFHLDQQVEDEGSNESLGERQLIAFA
RALVRDSKILILDEATSSVDYETDFKIQTSIHKEFSQCTILCIAHRLKTIINYDRILVLDKGEI
KEFDTPWNLENISNGIFQOMCQKSNITEEDFANLKNF

SEQ ID NO: 34 Scheffersomyces stipitis ABC transporter polypeptide sequence
MSDYDLEENHLVRQNRLLSSLFSKELPPIPEDDERPEHPERDANFFSKIFFWWMIPVMNT
GYKRTLTPKEDLFTLSDDIKVETMAARFMAIFTSDVERAKLKHVKKKCKKRGETLESSSV
DFDTDVEDFKVSPIMFFFTIWKTYKYQYFAASVCLAIANSAQAVNPLLFKKLITYVGLK
AYGIEQGVGKGVGYAIGSCLIEFLGAVLFNHFFYKAMMTGAETKGVLTKALLEKSFRLS
AESKHKFPVGKITSMMGTDLSRIDLALGLOPFIFVFPIPIVISIAILIVNIGAVALIGIGVMLL
FMAVIGGTTAKLYSYRTKANKYTDIRVSYMKEVLNNLKMIKFYSWEPPYYENISSTRTK
EMDIIYNMQTLRSIVTALAMSLTGFASLVAFLVLFAVDNDRKNPASIFSSISLFNVLLTQV
FMLPMALATSADAFAGVGRVSTFLTTGEVDPKELETDISADVLQRMDKEDVVIEVNNA
SFEWEIFEDIEEKDPKKEKEEKKKAKKAAKETKKLAKQAKNSQTITPSEEELSKIDSPKFT
EKELSTESKSVEEKVFAGLNNINLSIKKNEFVVITGMIGSGKTSLLNALSGFMKKTSGEV
LVSSSLLLCGYPWIQNTTVRENIVFGSEWDEEKYNRVIFACSLESDIEILPGGDLTEIGERG
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ITLSGGQKARINLARAVYGGREINLMDDVLSAVDARVGKHIMNNCILDLLKDSTRILATH

QLSLIDSADRVIFLNGDGSISVGTNEELQKSNPGFAALMAHNAKTEEDDEDEKIDVDLD
KQKFEEHHEVEKELIQRQVTRASAVDEEAIRKDYNKNVEEDGHLIEDEDRGVNAIALDV
YLTYVKLGSGKYTAWGIVPPMLVEFMALATFCQIFTNTWLSFWTENKFSGKDDNFYIGIY
VMFTVLSFVFLALEFMSLVYMTNTAAVKLNIAAVQKVLKVPMAFMDTTPMGRILNRFT
KDTDVLDNEIGEQINFALFMLSNVVGIILCIITYLPWFAIAVPFLGFMFIAVSNYYQASARE
IKRLEAVSRSFVYNNFENEVLNGINTINAYKAESRFVAKNDRLINGMNESY YLTIGNQRW
LGIOMNITAVLESLLIALLCVNRVFKISPASVGLLLSYVESIGGTLSMLIRTFTQVENEMNS
VERISYYSFSLPQEAPSYITENSPPPEWPAKGEIHFKDTSLAYRPGLPLVLKNLNESIKGSE
KIGICGRTGAGKSSIMTALYRLSELDGGSIVIDDIDISTLGLHDLRSKLSITPQDPYMFRGTI
REKNLDPFDQSTDDQLWGALVRTGLVEADRLDVVKAQVEKVQKEDKSDHGDNNNGADK
KGAEEGSILHKFHLDQMVEDEGVNFESLGERQLIAFARALVRNSKILILDEATSSVDYETD
AKIQNSIVNEFADCTILCIAHRLKTIINY DKILVLDKGEIKEFNTPWNLFKTKDSIFQQMCI
KSNIVEEDFHRVSKF

SEQ ID NO: 35 Paraphaeosphaeria sporulosa ABC transporter polypeptide sequence
MSGSGTSSFNEKEVDWRIQDQEAAAVDSKQYESIVNKPLETAKVEKDLEAHVDKQSVR
GGRLLSRLHSAQSGASEWSSELSDTKSSASGRKKWYKRMNPLKWGNKPPVPETRLPSR
EYSAGFFSRLTFQWMAPLMTVGYKRPLEKNDLWTVNPDRSADVMVERLQASFKRRRE
AGEEKLLLGALFDTFKWEFIIGGACQLFASIIQSVAPFVLRYLISFALKAYIAQHNGGPAP
PIGEGIGLVIGITAMQFFQSMATNHFMYRGMMIGGEARAVLISVIFDKAMKILSGRAKAG
GKAVLEKPPPDVKAGSEAERRWYHKMLKKKQGKLAQGPQGVSGDGQGWANGRIINL
MSTDTYRVDQASGFFHMIWCSPIAILITVALLLINLTYSALPGIGLLIVITMPLLGRAVRSLF
RRRMAINKITDQRVSLTQEILQAVRFVKYFGWETSFLERVDAIRRKEIKGIQILLATRNGI
MAVGMSMPVFASMLAFITYSLTDHGLNPARIFSSLALFNSLRIPLNFLPLVIGQVIDANAS
VKRIQEFLLAEEAQEDTEWNYDAKEAVVIKDADFTWERHPTREDEDGPPGKGAPGKKI
KENKDKRKSVQSTASSGSGSATNSAEKAGEEDLPFQLKELNLSIGRKELIAVIGGVGSGK
SSFLAALAGDMRRTKGEVMIGASRAFCPQY AWIQNATVRENIVFGKDFRQDWYNKVV
DACALRPDLDMLPNHDKTEIGERGITVSGGQKQRMNIARAIYFDADIVLMDDPLSAVDA
HVGRHIMDNAICGLLQDKCRILATHQLHVLDRCDRIVWIEEGRIQAVDTFPNLMANNRD
FROLMTMTATEETKDEQEHAIEDEIEDEKKMAQKKKKKKPAALMQEEDRATKAVDWD
VWLAYLRAGGGLWVGPIVVALLILSQGANIATSLWLSWWTSNKFGYSEGAYIGVYAAL
GASQALLMFAFSIAVSVFGTEAGKVMLHRAIHRVLRAPMSFFDTTPLGRITNRESKDIDV
MDNTLTDAIRMYFMTLAMIISVFILIISYYYYYAIALGPLFLVFMFSAAYYRASAREVKR
HESVLRSNVFARFSEAVMGTSTIRAYGLEHQFSRSVRAAIDDMNSAYYLTFANQRWLSV
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RLDVIGILLVFTTGILVVTSRFSVNPSIAGLVLSYILTIVOMIQFTVRQLAEVENNMNATER

IHHYGTMLEEEAPLKMGEVRKTWPEHGEIVFQNVEMRYRDGLPLVLKGLDMHVAAGE
RIGVVGRTGAGKSSIMSTLFRLTELSGGSHIDGVDISTIGLHDLRSKLAIIPQDPTLFKGTIR
SNLDPFNEHSDLALWGALRQADLVSNEATLDDKSGRIHLDSIVEEEGLNFSLGQRQLMA
LARALVRGSQIUVCDEATSSVDFETDQKIQKTIVDRFRGKTLLCIAHRLKTHGYDRICVM
DAGTIAELDKPIHLYDRGGIFKSMCDRSGIRREDFFTA

SEQ ID NO: 36 Wickerhamomyces anomalus ABC transporter polypeptide sequence
MSSNASVAESKDLVDLEQNILSKQRPVHRLLTPFLTKKVPEIPKESERKPYPLYHTNLLS
KFFFFWLIPLLNKGYKRTLLQEDLWHLDEKTSIDY VYERFEANLTKRIVTYHLKNPDLE
NKDEIPRFAIVMAILETFKWEYFIASFARVLGNIAITFSPLVSRDLINFIQQKSLNPDLKVN
KGVGYSIGLTLLLIASAILFNQSLQYAKLVGGHSKTILTKALLNKSLIANAETRYKYPSGK
OSFMSADLSRIDLALGFFPLVVAFPVPIINGIVLLIVNLGVSALAGIAIFILTFIVMSTPASAM
FKLRIKANKFTDERVSLMREILQSMKMVKFYSWEDAYEKLVTVIRNKEIKY VFKIQLVI
NIOSTIALNSASITSMGAFLVLYAVRSHGNPAAVFSSLSLFNLLAVQVTNIPIILSYCADAL
SAIDRITKYLQSPVEFDAVENFYDNSIIDPKSKVAVKIENGEFEWPEFEELKEDDTKDVK
KTKPKPKKKWSLFDKKPETSNDAQEVKTESEEKELNELPNESTEEHEKKFSGLHDINLN
VYQGEFIVVTGSTGSGKSSLLSAIASFMAKRSGSIGVNGSLLLCGQPWVOQNSTVKENILF
GEQYDSKRYKSVIEVCALESDLKSLPAGDLTEIGERGVTLSGGQKARVNLARAVYSLNK
DIYLLDDILSAVDANVGKHITKYCLMEYIGDRTRILATHQLSLIKKADRVVEFVNNDGTID
VGTENELREKNPQFVALMEFNKEHESGDHKENDQIAKVTSVNDEAKPGEENGALFGEE
ERAYDSIPESIYKQYAQAGQGVFGFSAFIILLFLMILAVFLTLFTNVWLSFWVGNRFEKSLS
NGTYIGLYVGFTILSCVFIALEFTMMGYINTEASKVLNLQAVKRVLHTPMSFMDTTPIGR
IINRFSKDTNSLDNEISLQLKLFLHFGAVIGILILAITYLPWFAITIPFLLIMFLVITNYYQAS
SREVKRLEAINRSFVYNNFNEVLNGLNTIKAYGAQNRFMKKNDKFVDRLNEVYFVVIA
NQRWIAVNLDTLAGLIVFIVAMLSVTRQFNISPSSVGLLTY YMIEFSQLLSFISTSYTEVEN
EMNSVERVCHY ANNLEQEAAYRRSEFKPAPEWPTKGEVSFQNVSSRYREGLPLVLNNL
SFVVDGSSKIGICGRTGAGKSSLVSTLYRLSELAGGEILIDGVDISQLGLFEDLRSKLSIIPQD
PVLFQGTIKKNLDPFNEATDDELWDAMRRGGLISTEKFGTIKTQTENQDKFHLNSKVED
EGANFSLGERQLLALARALVRRSKILIMDEATSSVDFETDAKIQKTIAEEFKECTILCIAH
RLKTHKYDKILVLEKGELEEYGEPTELFSKGGIFREMCESSDITADDFK

SEQ ID NO: 37 Kerivoula Africana ABC transporter polypeptide sequence
MGPNINHTVDNIPSNSSSKMDEDDEY YKTSSNTSSLDSSSDEFSYLPTGEYKVQKNKPKT
YLNIDDIERVTDSEIFPQKRLFSFLHSKKIKEVPTNDDERPIYPFFHANIISRTFVWWVMPI
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LKVGYKRTIQPNDLFRMDPYFSIEKMSSDFDKNMDYYFQKTYNKYRKEHPNATEDEVY

EHAKLPKLTVFKALFWTFKRQYITSCICAILANCASAFNPMITKRLLEFVERKAVLKHMK
VNDGIGY AIGACLMMLENGILENHFFHNSQICGVQAKSILTAAALNKMFRASKY ARHKF
PSGKVTSFVTTDLARIEFALSFQPFLIGFPPLLIICIVLLIVNLGAIALVGIGLFFVVAVFEFVM
VIFKKIVDLRMSANTFTDARVTKMREILNNMKMVKY YAWEDAYEKNIQEIRSEEISRVR
KMQYIRNGVIALAISLPNIASLATFLSMYKVNNMGRTPANVESSLSLFQVLALQMFFMPI
ALATGIDMMIGLGRLQDLLQAPEEHSRLIEDRKPDPEVEKSNIALKLDNCSFEWDDFEEL
DLLEEAEKKKKEKKKNKKKKDDPKAKTKKSLKKEKENNEIEKAFSKFSNLDFEIRKGEF
IMITGPIGTGKSSLLNAFAGFMNKTEGRIQVNGDLLFCGYPWIQNATVKDNILFGSPFIKE
KYENVLRVCSLDADLKVLPAGDKTEIGERGINLSGGQKARINLARAVYKTKDIFLFDDV
LSAVDSRVGKHIMDECLLDLLEGKTRILATHQLSLIEKADRVIVLGTDGSFDIGTVDELK
QRNQTLTNLLDYSTTERENENRDESPVADEENDELLIQEELKIQLLQTTTRNEDAEDVSG
GDGHLIEKEERAVNSIGWEIYKQYHDAGVGKWGFEFVVIPAYILFIVITSFCQVESSVWLSFW
TEDKFPTRSPSFYMGLY SFFVFGGFVFMCVQFTTLCSIGVLASKWLNLNAVHRVLHAPM
SYLDTTPLGRILNRFTKDTDSLDNELTESVRLMLFQVGNIVAVIVMCIVYLPWFAIAVPFE
LFFMFEFVLIADHYQSTSREIKRLDAIQRSFVYNNLNEVLGGMDTIKSY KGQKRFQAKSDY
LINKMNEAGYLLVSVQRWYVSIFLDMVAINIFALIHALLSVTGVFSLSASSVGVLLTYVLQLP
GLLNSVLRALTQTENDMNSAERLVNYATKLPLEAAYKKPELSPPESWPSKGEIRFLDVD
FAYRSGLPVVLKGLNLDIKSGEKIGICGRTGAGKSTIMSALYRLNELTSGKILIDDVDIST
LGLYDLRRKLSITPODPYVLFKGTIRKNLDPFSNYDDSLLWDALIRSGAIEKESVEKVKSEM
VNEEGTHTDMHKFHLDQLVEEEGSNEFSLGERQVLALTRALVRQSKILILDEATSSVDYE
TDGKIQKRIVEEFDNCTILCIAHRLKTILQYDRILVLEKGVIAEFDQPFKLFESDKDSIFRSM
CERSNITESDFKIQK

SEQ ID NO: 38 Naumovoezyma castellii ABC transporter polypeptide sequence
MPPPKKANRSSVISSSSLSSSSGDRSITDNSKLDDMIAGETINISPQDPFKDTPELDVTSAT
SGTISKMVSDDISSMMDSSLLPTGEYKLDRNKPETYLNSDDIEKVTQSDIFPQKRLFSFLH
SKKIPEVPSSDDERKEYPLFHANILSQLFIWWVIPIIKTGYKRTVQPNDLFKMDKRMSIET
LHDAFQKNMDY YFKKAEQKYLKSHPNATNEELAKHMKLPKWTVLKAIVFTFKRQLFV
ATVFAILANCTSGFNPMITKRLIEFVEKKTFFHDMTVNAGIGY AIGACIMMFLNGVFFNH
FFHLSQLTGVQAKSVLTKAALNKMFRASNY AKHQFPNGKVTSFVTTDLSRLEFAISFQP
FLEFGFPAVFAICIVLLIVNLGAISLVGIGVFFSAFFACLFIFKQILGLRVVANKFTDARVTL
MREILNNMKMVKYYAWEDAYEKNIQDVRGKEINTVRKMLFIRNFVIAMATALPSVASL
VTFLCMYKVNNMGRTPGNVESSLSLEQVLSIQMFFLPIAISTGIDMVIGLGRLQSLLESPE
DDPDLQLERLPAPDLNPNVALKMEDGAFEWENYELLDAQEKAEAEEKLKKEIEDYNQK
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WYHFKKKTMPNPEELAKESTNAIDKTAELKLKKDLMEDKDAIEKIPEFNGFHDIL.NFEIKK

GEFIIMVGPIGTGKTSLLNAFAGFMNKVSGRIQINGDLLLCGYPWIQNASVKDNIIFGSPY
NKAKYDEVIRVCSLKSDLDILPAGDLTEIGERGITLSGGQKARINLARSVYKQKDIYLFD
DVLSAVDSRVGKHIMDECFLGLLKDKTRILATHQLSLLERASRVIVLGNDGSFDIGTVEE
LKQRSSTLVNLLQFSSQTAEKEEDEENENQEEEMEKLEKQMTEISKVLSRKEAVDGHTT
MKEERAVNSISLKIYKEYLKAGVGKWGIVVVPCYLILIMCTTFCSLFSSVWILSYWTEDK
FKNRAPSFYMGLYSFFVFFSYILTTSQFTLLCCIGVLSSKWLNLRAVKRILHTPMSYLDTT
PLGRILNRFTKDTDSLDNELTES VRMLLY QFANIVGVCIMCITY LPWFAIAIPFLFVGFVLI
ADHYQSSGREIKRLEAIQRSFVYNNFNEVLGGMDTIKSYRSENRFIAKSDFLIDKMNEAG
YLVVAVQRWVAIFLDVIAVCFALIITLLCVTRAFPISAASVGVLLTY VLQLPGLLNGVLR
SLTQTENDMNSAERLVTYATELPLEADYRKPEVSPPEEWPTKGEIHFENVDFESYRPGLPT
VLEKNLSLDIKSGEKIGICGRTGAGKSTIMSALYRLNEISSGKMIDDVDISTIGLYDLRRKL
ANMPQDPVLFRGTIRKNLDPFNEHQDEHLWNALVRGGAIEQKELNEIKAQKPDEKGNHSE
MYKFHLDQLVEEEGANFSLGERQLLALTRALVRQARILILDEATSSVDYETDGKIQARIV
EEFGHCTILCIAHRLKTILTYDRILVLEKGEVAEFDTPKTLFAQEDSIFRSMCQRSGITEED
F1

SEQ ID NO: 39 Cyberlindnera fabianii ABC transporter polypeptide sequence
MAKDGIVTSTEAPLKDAESGQLVLERRLLTPLLSKKVPPIPTDEERKFYPFKKANPISKVF
FWWLNPIMNVGYKRTLTPQDLFKLTPDMTIDHTYEKFDRYLTKIVEKDRAAALKKDPS
LTPEDLERREYPKFAIIKALFLTFKWEYSTAIMFKVFADVCGVCNPLLSKELIKFVSRKTL
NADIAVNDGVGY AFGCTLLLAFSGIFINQFLHLSITTGAHCKGILTTALLKKSFRADAETR
HKFTSGRITSLMSTDLARIDLAIGLOQPFGWTFPIPVIIAIALLIVNIGVASLAGIAVFIISILVI
GGSAKALLKMRRGANKFTDKRISLMREILQSMKMIKY YSWEDAYESSVVEQRNSEVGY
ILKMQSIRNFLLAFSISLPSFITSMIAFLVLYGISSNRNPANIFPSISLFGSLAQQTMMLPMAL
ATGTDAMIGLNR VREFLQSGVDLEDPEAPQGNDQDSQDANVEKLPEDVALSVKNATFI
WETFDDEEDEGADKPKADTATEKKDSDIATPATSTKDTHSDSELKNTASSTEEEGHESY
TKSVFEGFHNINLDVKKGEFVIVTGAIGSGKSSLLIALAGFMKQTGGTLTAAEDVLLCGA
PWVONTTVRENITFGLPYEEERYERVIDACALRDDLKLFAGGDLTEIGERGITLSGGQKA
RINLARAVYADKSIVLFDDVLSAVDARVGKHIIDDCFGEYMKGKTRVLATHQLSLVDK
ADRVVFLNGDGTLHIGTVEELLTSNEGFIKLMEFSKKSSEDDEEEDEDIDEEEQENTALQK
SQSLAVIQSKENNNDAAAGVLVNEEERAKNKISSKVYTEYLREGGGILGKFAAPIAILLL
ILDVFTTIFINVWLSFWITYKWKNRSDGFYIGFY VMEFVVLNICFIASCFVLLGYISTTSARE
LNLKAMRRILHAPMAYLDVTPMGRILNRFTKDTDVLDNELGEQLRLFLHPTAFVIGVIIL
COYLPWFALVIPPLLVVESCVTSYYQSSSREVKRLEAVQRSFVYNNFNEVLNGMSTLKA
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YRATSRFLKKNNVSVDRMNEAYFVVIANQRWISIHMDMVAVCLLFVVAMLAVTRQFSI

SAASAGLVVTYVMQIGGLMSLIMRAYTTVENEMNSVERLCQYANDLVQEKPYRINETK
PSPSWPESGSIEFEGVSLRYRDGLPLVLRNLTLAVAGGEKIGICGRTGAGKSSIMTALYRL
SELAEGRILIDGLDISKMGLFELRSKLSIIPOQDPVLFQGTIRRNLDPEGESDDQHLWDSLRR
AGLIDSSVLATIKAQGKEDKNFHKFHLDQAVEDDGSNFSLGERQLLALARALVRNSRILI
LDEATSSVDYETDAKIQSTIKSEFSECTILCIAHRLKTILDYDKILVLEAGEIEEFGTPMTL
YENDGIFROQMCDRSDITREDFVHDL

SEQ ID NO: 40 Lachancea mirantina ABC transporter polypeptide sequence
MPTIRQELRHSSSGSENEKAESLY VKNEGKLDKVATQNSYYEVDRNRPETFMNSDDLE
KVTESEIYPQKRMFSFLHSKKIPPIPTDEERPVYPLFHANWISRIFFWW VFPILRVGYKRTL
QPGDLWEKMDDRMSIETLYADFERYLEVYREKARVQYRKEHPNATEEEIIENAVMPKHT
LVKVLLYTFKWQYFLAFAAMALSNAASAFLPMVTKRLIDFVSEKSFYPGLKVNAGVGY
AIGSCVMMLLNGVLFENHFFHNSQLTGVQAKSVLIKAILTKSMKLSGFSRHRFPSGKITSI
MSTDLSRLELANMFQPLLGAFFVAVAICIVLLINLGPIALVGVGIFVVAMFFSAYAFKRLIS
VRKKTNIFTDARVTMMREILNSMKMIKFYAWEDAYEASVHDQRSKEISKTRIMQFTRNF
VTALAVCLTNISSMVTFLALYKVRNHGRTPANIFSSLSLFQVLSIQMFFLPMALGTAVDG
SIALNRCQELFEATEEEHDIDVDFPPCDDPDLALKVVNGSFEWQDFEAEENRLATLMEIE
EKKKKKTKSKKDKAPEPKHEAASIKPGHLSDTERESFKGFHNLNFEVKKGELIOITGSIGT
GKTSLLNALAGFMRKTEGDVYKNGSLLLCGYPWVQNATVRDNILFGSPYDKARYKEVI
RVCSLQADLDILPANDKTEIGERGITLSGGQKARINLARSVYKSMDTYLFDDVLSAVDA
RVGKHIMDECMLGRLGNKTRILATHQLSLIDRASRVIFLGTDGSFDFGSVTELKKRNAGF
NKLMEFANKSSDKEEGELDSTEASGDDVSTAEELEHFRDDDGQREMDASRLKKELSKR
SYESSVDENEAAGRLMAKEERAVNSIGFDVYKNYISAGVGKKGFVLLPFYVILLAVTTF
SLLFSSVWLSFWTEDKFKRQAGFYMGMYIFFVFFNYFCTTGQFTLLCYLGLTASKMLNL
KAVKRILHTPMSFIDTTPIGRILNRFTKDTDTLDTELTESVRLFVYQTANIIGVVIMCIOYLP
WFAIAVPFLVIIFALVANHYQSSSREIKRLEAIQRSHVFNNFNEVLGGIDTIRAYRGQERF
LMKNDFLTNKMNEAGYLVVAVQRWVSIALDMIAMAFALIIALLCVTRQFHISPSSVGVL
LTYVLQLPGLLNTLMRAMTQGENDMNSAERLIAYATDLPLEANYRKPEMTPAEPWPSH
GEIVFDDVSLAYRPGLPLVLKNVSIDIGSGEKIGICGRTGAGKSTIMTALYRICELHSGTV
SIDGVDISKIGLYDLRSKLSIIPQDPVLFKGSIRRNLDPFNERTDEQLWDALVRSGAVEAS
EIAEVKAQSPETSGAY ANMHKFHLRQEVEDDGSNFSLGERQLLALTRALVRQSKILILDE
ATSSVDYETDAKIQAKIVQEFSSCTILCTAHRLNTILDYDRILVLEQGSVAEFDTPKALFR
AGGIFTEMCQRSGITSADFKEN
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SEQ ID NO: 41 Pachysolen tannophilus ABC transporter polypeptide sequence

MAEDESSSIQVFEKEKNGKSHAMIEEA QPVEYMKQRRLFSFLFSKK VPPIPTPDERKPYP
FRKANITY KIFFWWLMPLMNTGYKRTLQQEDLW YLDGDLKIEEY Y AIFEKRLAKRTQK
AREAHLKLLEEKKKNGTFDPNEDNEFEFEYPRYSLVWALFDTFKWEYSLSIVFVALADV
GFTLNPLLSKALIDFVEDRVLGYKTNIGHGVGYAIGCSALVSVSGILINHFFNLSTQVGA
KSKATLTKAMLEKSFKLNAKGRHNYPASKITSMLGTDLSRVDLGIGFQPIAIVFPIPVAISI
ALLIVNIGVSSLAGIGIFISTIIALATKKLFSYRKKITKFTDSRINYMKELLNNVRIIKYYS
WEPSYKETIADVRTSEMYNIFKLQILRNFLTAYAVCLPQISSMVSFLVMYAVDKNRSAG
QIFASLSLFNVLSQQIMMLPLALATGSDALVGIDRVRGLLQSGEDDPKDRESSY VDVDEL
IEKKLAISVRNATFQWKTFEQIDES VSPSKEEEEKEKQIEREEERLNNINKQLSGNFDQSS
SLSVKHTKFPGLKHLDFDIKQGEFIITGNGSGKSSLLNALAGFMDKEEGELKINGSLLLC
GYPWIQNAPVKENILFDSEYDEKKYKDTIY ACSLDADLDILPAGDRTEIGERGITLSGGQ
KARINLARAVYAVNDIILLDDVLSAVDARVGKHIMDNCFMGLLKDKTRILATHQLSMIN
SADRVIFLNGDGTVDIGTPDELLKSNAAFLNLMEFSNDEKNTEEEQKEMNDEEDKELKR
OMTEKSLLNDNDEDDEESRKDFTSKTGEAQLIQKEERAINGISFSIYKNYVMAGSGALK
AGMTPVFFFFVILATFFQLFTNTWLSFWTEEKFPGRSSGFYIGLY VAFTCLTIFVSTEFSLI
VFITNKASKLLNIAAVTNLLHAPMSFFDTTPIGRILNRFTKDTDALDNEISQQLRLFIYPTA
NVCGVLILCITY LPWFAIAVPFLV ALFIGFANFYQASSREIKRLEALARSFVYNNFNETLG
GMTTIKSFKAESRFLIKNNLYINRMNEAYFISLSNQRWLGIHLDLVASAFALIIALLSVTR
QFQISAASVGLLVSYVMQIAGQLSLLIRAMTQVENEMNSVERLDY YAFHLPSEAPFDIPE
TAPPPTWPQHGVVEFKNVSLAYRPGLPLVLNNISFSVKAGEKIGICGRTGAGKSSIMTAL
YRLAELANGEINIDGINIAKIGLNSLRSKLSIIPQDPVLFRGNIRKNLDPFNKHNDDELWG
ALRRSGLIEESELSKVKCQALTDPQLHKFHLDQVVEDDGSNFSLGEKQLIALARAVVRN
SKILILDEATSSVDYETDAKIQKTIVQEFSSCTILCIAHRLKTIVDYDRILVLDKGQVQQFN
TPWVLFNKEGIFQKMCERSKITALDFNRKS

SEQ ID NO: 42 Colletotrichum higginsianum ABC transporter polypeptide sequence
MADKGEKTNITASDPLAAAVEPITPRDPEDTTFAIEIDETDGNDGGSDSDEKRVRPELRS
TKSHATDTSVATTAATRRQPQSKPWYKTPNPLKWGGIPPVPEERIVSREHRAGFFSLLTF
QWMAPLMSAGYKRQLEPTDIWTVNPDRAADVMTDKLKAAFKKRVDRGDKYPLLWAL
HETYLFEFWLGGMLQLMSTVFQVMSPFTLRYLIQFANDAWDASQQGSPPPAIGRGIGLV
LGVTFMQIFQSLGTNHFIYRGMMIGGQSRAVLISVIFEKAMSLSGRAKAGGIKEPAGSPP
VDEKGKKKDNKGKGKKGEATKGPGISGDGTGWGNGRIVNLMSVDTYRIDQASALFHL
TWTAPISCIITLVVLVINLSYSALAGFALLVAGIPLLTRAIRSLFKRRKAINKVTDQRVGLT
QEILQSVRFVKYFGWESAFLERLKGIRRREIHAIQILLAIRNAINAVSLSLPIFASMLSFVT
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YAKTNNALNPALVESSLALFNGLRIPLNLLPLVLGQVVDAWSSLKRIQDFLLAEEQEED

VVLKLDGENALEMTNASFTWERTTTQESEKSAAGTGKGGKKGTTQPLVASKPATKSEE
PLASSGDSTGDGASTLVGEEREPFKLQDLNFEIKRDELVAVIGTVGSGKTSLLAALAGD
MRKTSGEVVLGASRAFCPQYAWIQNATVRDNILFGKDMDKAWYQEVINACALRPDLA
MLPNGDLTEIGERGITISGGQKQRLNIARAIYFDSDIVLMDDPLSAVDAHVGRHIFDNAIL
GLLKGKCRILATHQLW VLNRCDRVIWMEGGKIQA VDTFDNLMRDHRGFQQLLETTSQE
EEKDETAPVNLTEAPQGDKKKNKKGAALMQQEERAVASVPWKVYGDYIRASGSMLN
APFLIFLLLLSQGANIMTSLWLSYWTSRRYPLSDGQYIGIYAGLGALQAVLMFVFSLLLSI
LGTKSSKVMLRQAVTRVLRAPMSFFDTTPLGRITNRFSRDVDVMDNNLTDAMRMYFFT
LAMILSVFALIAFFHYFAIALGPLFVFFILASSY YRASAREVKRFESVLRSTVFAKFGEGL
SGVASIRAYGLKAHFIGDLRKAIDEMNAAYYLTFSNQRWLSTRLDLIGNLLVFTVGILVV
TSRFSVPPSIGGLVLSYILGIVQMIQFTVRQLAEVENGMNAVERIQYYGTQLEEEAPLHTI
EVRPSWPEKGEIVFDNVEMRYRANLPLVLSGLSMHVRGGERIGIVGRTGAGKSSIMSTL
FRLVELSGGHITIDGVDISTIGLHDLRSRLATTIPQDPTLFKGTVRSNLDPFGEHTDLELWSA
LRQADLVPADANLEDPRSKESS VIHLDSIVEEDGLNFSLGQRQLMALARALVRGSRIIVC
DEATSSVDMETDDKIQNTIATSFRGRTLLCIAHRLRTIIGYDRICVMDAGRIAELDTPLAL
WQQEGGIFRSMCDRSGIRLEDVRMASEGMALEVQVGQSSQGGL

SEQ ID NO: 43 Candida auris ABC transporter polypeptide sequence

MSNHDY YRDLYGPRSDRNPYEAPHNDNFVATPSYHYYVQQQQRHQGNPAGTTHLHPT
ISDHSDTTTTY VEY QSDDSLADEPSMQQQQQRQHEKKKAKKKKVPRVPRFRRDKRAGA
GAGAGAGSGSGQGDLENGKAELVNEKRLFSFLFSKKVDPVPLPDERKPYPWKLTNWA
NRAVFYWIWPILIRGYKRTLQPDDLWYLTDELTVEHLHREYRKNLKKILDKSKNKHIEK
KGGGEGSDDDWEWPEFY AVPLALFNTFRFQYTMSCIFLALSFVCQATSPLITRRLIDFVEY
RYFGIETTYNKGIGYTIGAVILIFVNGLLLNHFFHNAMVAGAACKAILTKDVLIKSFKLSA
KAKHRFTTGRITSLMSTDLSRIDLAIGFQPLVVCFPIPVVIAVVLLLTNIGVTSLVGIGLFV
VSLVVCVLLTSKLFFTRETVVKYTDKRISLMREVLNNLEKIKFYAWELAYKANITKVRN
QEMKYLFTIKVLRNFITAYAVTLPTLTSMISFVTMWKTGNMRDAGRVFESSLSLFESILAQA
IMLLPIALATGADAMIGFRRCKDFLSATEYDSDLDRKLKQEEDEY VIGSDESVSGFEFKG
NHKDNDSFENSDTY YGTEQEKISSLPPNVDIQISHADFVWDQYQGEEDDDSDSLWEPVSK
KSDGINEKTANVKMSSESHSKDAKNSSFPGLLDINLTINSGEFVVITGVIGSGKTSLLNAI
AGFMKMTNPGVGSVTISKDLLLCSQPWIQNATVRONILFGSPMDRNRYKAILKACCLED
DLKELTHGDQTEIGERGITLSGGQKARINLARAVYRGGDTMLFDDVLSAVDARVGKRIT
DELFFGFLKNTTRVLATHQLSLVASADKIVFLNGDGTIDVGTTEELKARNPGFGKLIEFS
KEDASGAPREETIQSNDNVCLLPSGVGVENEEDVKLAVTSSILPENGAAGDIVGRTVEDE
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DKAVNAISWTVYKNYINLGAGIFGYTAAPVFLFLVAIATFCQLFTNTWLSFWMEKRFKQ

LSDHFYVGFYVAFAFLTVFFTGIQFTMLAYMNNRSAELLNVKAVEKILHCPMSFMDTNP
LGRVLNRFTKDTDSLDNEIGEQLRLFIFPLAMIGIILCICYLPWFAIAVPFLGCAFFFLADI
YSGSSREIKRLEAVQRSVVYNNFNEILTGMHTIKAYKEEVNFIKKNDSLLNRMNEAYYL
SIANQRWLCVHLDTIAALFALIISMLCITEQFENISPOQSTGLLLNY VIQIVGLLSLTVRAMTQ
VENEMNSVERLHQY AFDLPQEAAYEKSETKPPPHWPPYGYVQFNNVNLRYRENLPLVL
KDLTFGAYPDEKVGICGRTGAGKSSIMTALYRLSELESGSITIDNLDISQOMGLRDLRSKLS
NPQDPVLFQGTVRRNLDPFDQYTDDVLWDSLRRSGLISEEQLERVKQTGLVDNNYDQL
HKFHLDOQNVEDDGGNFSLGEKQLLAL ARALVRGSKILILDEATSSVDYETDAKIQETIIR
EFKKCTILCIAHRLKTILTYDRILVMDQGRIVEKGTPWTLYRKNGLFRKMCDKARIVPED
FPPPPNDY

SEQ ID NO: 44 Glomerella cingulata ABC transporter polypeptide sequence
MADKEEKTNITAPDPQAAAVEPITPKEPEDAAY VIDIDGTDEKNESSDVDEKTARPELKA
TKSHATDTSVATTTANRQPESKPWYKTPNPLRWGGVPPVPEERIVSREYKAGFFSQLTF
QWMAPLMSTGYKRQLEPNDIWTVNPDRAADVMTDKLKAAFQKRVDRGDKYPLLWAL
HETYFFEFWLGGFLQLMSTIFQVMSPFTLRYLIQFANDAWDAANQGQPPPAIGKGIGLV
LGVTVMOQILQSLGTNHFIYRGMMIGGQSRAVLISAIFEKSMSLSGRAKAGGLKEGAKSQ
TDDKGKKKETKGKKGDAKGPAISGDGTGWGNGRIVNLMSVDTYRIDQACALFHLTWT
APISCVITLVVLCINLSYSALAGFALLVAGIPLLTRSIRSLFKRRKAINKTTDQRVSLTQEIL
QSVRFVKYFGWESAFLERLKEIRSREIHAIQILLAIRNAINAVSLSLPIFASMLSFITYAKTN
NALNPAEVFSSLALFNGLRIPLNLLPLVLGQVVDAWSSLKRIQEFLLAEEQEEEVVYKPE
GENALEMHNGGFTWERTPTQESEKTVGGKGGKKAPAQPAAAKKTEEPVTSSGDSTGD
GASTLVEEEREPFKLQDLNFEIKRDELVAVIGSVGSGKTSLLAALAGDMRKTSGEVVLG
ASRAFCPQYAWIQNASVRDNILFGKDMDKAWYQEVINACALRPDMAMLPNGDLTEIGE
RGITISGGQKQRLNIARAIYFDSDVVLMDDPLSAVDAHVGRHIFDNAILGLLKGKCRVLA
THQLWVLNRCDRVIWMEGGKIQAIDTFDNLMRDHRGFQQLLETTAVEEKEDDAPPTNL
TEAPAVDKKKNKKGAALMQQEERAVSSVPWKVYTDYIRASGSILNAPFLIFLLLLSQGA
NLMTSLWLSYWTSKKYPLSDAQYIGVYAGLGAVQALLMFIFSLLLSILGTNSSRVMLRQ
AVTRVLRAPMSFFDTTPLGRITNRFSRDVDVMDNNLTDAMRMYFFTLAMIISVFALIIAF
FHYFAIALGPLFVFFILAASYYRASAREVKRFESVLRSTVFAKFGEGLSGVASIRAYGLKS
HFIADLRKSIDEMNAAYYLTESNQRWLSTRLDLIGNLLVFTVGILVVTSRESVPPSIGGLV
LSYILGIVOMIQFTVRQLAEVENGMNAVERIQYYGTQLEEEAPLHTIEVRPSWPEKGEIV
FDNVEMRYRANLPLVLSGLSIHVRGGERIGIVGRTGAGKSSIMSTLFRLVELSGGHITIDG
VDISTIGLHDLRSRLAIIPQDPTLFRGTVRSNLDPFSEHTDLELWSALRQADLVPAGANLG
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DPRSKDPSRIHLDSVVEEDGLNFESLGQROQLMALARALVRGSRIIVCDEATSSVDMETDD

KIQNTIATSFRGRTLLCIAHRLRTIIGY DRICVMDAGRIAELDTPLALWQREGGIFRGMCD
RSGIRLEDIRGASEEMGSKDQAGESSQI

SEQ ID NO: 45 ABC transporter polypeptide sequence
MKSDNIAMEDLPDSKYLKQRRLLTPLMSKKVPPIPSEDERKAYGEY YTNPVSRMMFWW
LNPILKVGYRRTLTENDLFYLEDRQRTETLYEIFRGY LDEEIARAWKKSQESSDDPREFK
LPIYIIPLCLFKTMKWEYSRGILQKILGDCASATTPLLQKKLINFVQVKTFSNVGNTGQGV
GYAIGVCLMIFFQVLMLTHAFHNEFQISGAKAKAVLTRLLLDKSLTVDARGNHYFPASKI
QSMISTDLNRIDLAVGFAPVGFVTIFPIIICIALLIWNVGVSALVGIGVFIANIFVLGLFVSSL
MLYREKAMVFTDKRVNLVKELLKNFKMIKFYSWENSYQDRIENARNNEMKYILRLQLL
RNFVFSLAFAMPVLASMATEFCTAFKITDGKSAASVESSLSLFEVLSLQFILAPFSLNSTVD
MMVSVKKINQFLOQHKDTNPNEFSVEKFSDSTLAIKVDNASFEWDTFEDEEKDYEEEAKT
KDNIEDEDHNCATETIKGKITVDYKSDSDSISSTLTKGVKTAFPGLNNINLEIAKGEFIVV
TGAIGSGKSSLLQAISGLMKRTSGEVYVDGDLLLCGYPWVONSTIRENILFGLPFNKERY
DQVVYSCSLQSDFDQFQGGDMTEVGERGITLSGGQKARINLARSVYADKDIILLDDVLS
AVDAKVGKHIVNTCILGLLGGKTRIMATHQLSLIDSADRMVFLNGDGTIDFGTIPELRKR
NQKLIELLQHQRDPGQDKEDLSNDLDIQGSTDEGQQIEHADEHKEIVKIIGDEEKAVNAL
SFQVYYNYCKLAFGKLGYISMLVFIIVSSLETFTQIFTNTWLSFWIEDKFVSRSKNFYMGI
YIMFAFLY AIMLCFFLFLLGYFCVKAAERLNIKASRKILHVPMSFMDISPIGRVLNRFTKD
TDVLDNELLEQLIQFLSPLFENCFGIILCIVYIPWFAIGVPIILGFYFIHASY YQASAREIKRLE
AVKRSFVFGHFHEVLTGKDTIKAYNAIDRMKLKLNKLIDEQNEAYYLTIANQRWLGAN
LAIVSEFSMVFVISFLCIFRVENISAASTGLLLTY VIALTDSITMIMRAMTQVENEFNSVERV
NHY AFDLIQEAPYEIPENDPAEDWPQHGKIEFKDVSMRYRPELPFVLKNINLS VREQEKI
GFCGRTGAGKSTFMTCLYRITEYEGLISIDGVDISRLGLHRLRSKLTIIPQDPVLFVGTIRE
NLDPFTEHSDDELWEALAISGLIEREDLEVVKGQEKIGGNDSGKLHKFHLVRMVEDDGI
NFSLGERQLIALARALVRKSKILILDEATSSVDYATDSKIQRTIASEFRDCTILCIAHRLNTI
LGYDKIVVMDNGEIVEFENPKLLFMRENSVFRSMCEQANITINDFE

SEQ ID NO: 46 Wickerhamomyes anomalus ABC transporter polypeptide sequence
MPFFKRKISQETFKSNKEKAQVDSSTVTDIESNANEVLEKNPTLKKTSPVIRTIIGKTPAPIE
ONHETYPFLKANFFQALTFITWVAPLIKKGYLRRIEDEDLYQLDGDLKVREMTEKFEQSL
AKRVEEWKRKNPDKEKYTKIVVIKAINDTFEKTRYWKGGVSKVFADLSQILNPLLVRTLI
KYIQHKGDNKVVPQTGHSVGTAIGISVMLIFSSLMISSFFHLSMLTGAQCKALLTNVIYR
KAFKLSAKARLDFPNGKVNSLVMADLSRIDLAVGTFHFVWAFPISFIVALIVLVVYLGAP
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ALLGLALILILLGFMMYATRKLKNLRRQSTVYIDKRVRSINEIINTLKMIKFYCWEKPYY

ETVEKFRLNEKRFILKMQLLKAILNSGVSSVAVLATMVVFLTMQKTSTNFQSYNIFSAVT
LFEFNTLRFPLNVLPMAVGFLVDALLAMDRVAEFLQAEEGEDTVERYEYDESDNAIVIENG
CFKWDVEEDEDFKLKAQMTRQSMKPHQTNEDEEGEDLSFPGLLNIDLTVKKNELVIVT
GSIGTGKTSLLNAIEGSMRKESGDSKIYGSLTFCSYPWIQNETIKENILFGLPFIRSKYESIV
KACALDVDFDVLPDGDQTEVGERGITLSGGQKARINLARAVYADRDIILLDDVLSAVDA
RVGKHIMNECICGLLKDKTRLLATHQLSLIGAADRIIVLDGSGSIDIGTYNELMASNSAFA
KLMEFNKEQEDEEEEEEQLEEQEEMELERQKTQISRIQSEKQEDEDARKEKGRITVAEDR
GTONISFGIYANYMILGSGKLGVAIVPLFLLIVVLNGFFQLFYSVWLSFWISHKFEDISDST
YKGLYIMFCFLATEFSFVTLESAMAALNNKAGLHLFNLSAQKLLKTPMWFEFMDVTPIGRIM
NRFTKDVDVLDTDMIEQLRLEVQSVSLVGGVVILCGVYIPWFFLVLPFVFTLYYYLAHY
YKTSALDIKRLESVKRSFVESHFNESLSGMKVIKSYSSSERFKDKYESLIDSMDAAYFLTL
ANQRWILSIRLDCISSLVSFFVAMLCIFGVFNMDGASSGLLVSYHNQIASMMSLLIL. RSMTQL
ENDMNSVERLFEY AKKLPEEGPFELEDNKPDESWPEQGGIEFDDVCLSYREGLPLVLKN
VSFKVNPSEKIGIVGRTGAGKSTIMNALFRVTELAQGRVIIDGVDISKIGLNDLRSKLSIIP
QDPVLFHGTIRQNLDPFGASSDFDLWDALKRSWLVEDGAAGTGQFVAGKSDIKTLHKF
HLDQKVEDDGANFSLGERQLLALARALVRNTRVLILDEATSSVDYETDSKIQSTIINEFR
QCSILCIAHRLKTILNYDRILVLDKGEVKEFDTPLNLFKLGGIFTEMCERSNITETDFGA

SEQ ID NO: 47 Wickerhamomyces ciferrii ABC transporter polypeptide sequence
MVDVEQQTVYPEGYNKDDMILQKRLMTPLLSKKVPQIPNQDERKRYPYMHSNYISRIFF
WWIIPLLNIGYKRTLTSNDLYKLEDDMSINHTYPIFESHLNKIVAKSRSKALKKNPNLTEE
ELENIPYPKYSLVKALFLTFKVKYSLAIIFKALADIAQTLNPLLTKALINY VEERVYKPSTP
LGKGIGYAFGVAFVLLANGILINHFLHNSLTTGAHCKAILTTALLKKSFNADAKTRHTY
NAGKVTSLMGTDLARIDLAVGFQPFAITFPLPVIIAIVLLIVNIGVSALAGIAIFIISIAIIGAS
AKRLLLMRKSANQYTDKRIGFMREILQSMKIKFYSWEDAYQKNVTEQRNKEVSIIFKM
QTIRNFLMAYSVTLPTFTSMVAFLVLYGVKNDRNPANIFSSLSLFSALANQVLMLPMAL
ATGADAMIGIGRVREYLQCPDGKPLENNEDFDNNDGSQMINEKLAIKVKNASFEWEEFP
EVEEIKPIGKEKKGLRSRFQKKKKVDELDEKSNVILETSTSTDQSLKTNDQEINSDPETTA
AYTKNVFKGFHDINFEIKKGEFIIVTGPIGSGKSSLLTALSGFMKKTQGNLGINGSLLLCG
QSWVQNATVRENILFGLEFDEVRYRQVLKVCALTDDLKSFTGGELTEIGERGITLSGGQ
KARINLARAVYANKDVLLLDDVLSAVDARVGKHIMDNCLVDYLHGKTRILATHQLSLV
NDADRITYLNGDGTINMGTVDELLATTPGFVTLMEYSKKSQDEENSEDDDDGKPEVIGE
ADVTLQATKSNTVSEKAGNAETGALIKAEEKAVNQTSWKVYLTYLKAGNGIFGIFASPL
AILSLVIEVFCGLFVNVWLSFWIEYKFKTRSDGFYIGIYVMFVFLYTGFSSCTFVLMGYIT
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IFAAKVLNLRAMQKILHAPMSYIDTTPIGRIMNRFTKDTDALDNETGEQIRLFLHPTESVG

GILIMCIIYLPWFAIAIPPLGVVFVCVTNY YQSSSREIKRLEA VKRSFVYNNFNEVLGGMN
TIKAYNASDRFILKNSELLDNMNEAYFLVIANQRWISIHLDAVACVLSLIVSLLS VSRQFN
ISPASAGLVVTYTLNMAGLLSLILRAYTQVENEMNSVERLCHY ANDLDQENAYRKPET
QPSSNWPEFGSLKFQNVSLRYRDGLPLVLKNLNVNIKGGEKIGICGRTGAGKSSIMTALY
RLSELAEGDIIDDINIKQLGLYELRSKLSIIPQODPVLEQGSIRKNLDPFDEHDEDKLWDAL
RRSGLIEDEQVLEVIKKODKLDENFHKFHLNQQVEDEGANFSLGERQLLALARALVRDS
KILILDEATSSVDYETDAKIQTTIANEFKDCTILCIAHRLKTILG YDRILVLEQGEIEQFDEP
VTLENEVDGIFRQMCDRSDIKSSDFLKDSYVYNSS

SEQ ID NO: 48 Kuraishia capsulate ABC transporter polypeptide sequence
MSEPPRQKRILSWALSKKVPPITQEEDRLEYPFKRANILSKIFFSWLDPLLHKGYRRTLEP
EDLWYLTDELKLEHYYSVFLAQFEPDLAARREAHLEAKCKARGETFETSTVTEDEDLA
DEFVYPWPKFGLILLKTFFRQY VGACVLKTIGDLASTTAPLLQKALINYVTKRAKGLEPN
VGTGVGYAIGCALFVTLEGLMVNHYFYHAMVTGSQVKAILTKFMLEKSFRQTGRSRHD
FPTGKVNSIMGTDLARIDFAIGFLPFLFCFPVPAIVSIVLLINIGPSSLVGIAIFFLALIALGS
TIKRLMFFRLRANKFTDGRVNLVKELLEKNFKMIKYYSWEPSY VKNIEETRTAEMHNVFL
MQIMRNIMVAFAIALPTVCSMISFLVLYGINSSRSVADIFSSLTLFQVLAMQLIMVPLALA
SGSDALIGIRRVLEFVCSGDIDEEDSQVELSLIKEKMESSGSVLRVVNASFEWETFDADEE
DIASTNESVSENERKPDPSLEGLESTSFPGLNNINLDIRKGEFVVVTGLIGSGKSSLLYALS
GFMHRTQGHVATIGDLLLCGNPWIQNATVKDNISFGMPFDQQKYDNVIHACSLEADLD
LLPAGDHTEVGERGITLSGGQKARLNLARAVYADRDIILLDDILSAVDARVGKHIMDEC
LLGLLKDKTRLLATHQLSLISAADRVIFLNGDGSIDVGTTAELLARNEGFTKLMEFSTQE
KNDTTTESGEAAHSGPELEDEKELIRIQTLTKSLAEAESNSDYQHKDADGVLMQLEDRA
VNAIELGVYGKYLKLGAGAFGIGIIPLLLGLVACSVFCSLFTNTWLTFWTEKKFDRSNGF
FIGIYVMFTMLTIVEMVLEFSLLVYLTNTASRLLNIYAIRRLMHVPMSFMDTTPMGRILN
RFTKDTDVLDNELPEQIRLLVHFTGTITGILVLCIIY LPWFAISVPILAFCYIACASYYQAS
AREVKRIEALQRSFVYSNFNETLQGMEVITAYKAEKRFIARNDALIDKMNEAYYLTFAN
MRWLSIRIDVLAAVLVLIVSLLCVMRVFHISPASVGLLLSYTLNIAGMMSMLLNVSTQIE
NEMNSVERLEY YGFRVVQEAPFKISEKTPPPEWPHDGRIQFENVTLCYRQGLPAVLKNL
NMDVKGAEKIGICGRTGAGKSSIMTALYRLAEMESGGRILIDDIDISTLGLHDLRSRLSIIP
QDPVLFRGSIRGNLDPFHEHKDELLWDALRRSGLIEGSKLDQVKHQTLDDENLHKFHLG
ONVEDDGTNFSLGERQLLALARALVRNSKILILDEATSSVDYETDSKIQTTISTEFAGCTI
MCIAHRLKTIVNYDRILVLDKGEISEFDKPWALFQDESTIFRQMCNKSGVVAEDFEKQN
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SEQ ID NO: 49 Saccharomyces cerevisiae ABC transporter polypeptide sequence

MTSPGSEKCTPRSDEDLERSEPQLQRRLLTPFLLSKKVPPIPKEDERKPYPYLKTNPLSQIL
FWWLNPLLRVGYKRTLDPNDFYYLEHSQDIETTYSNYEMHLARILEKDRAKARAKDPT
LTDEDLKNREYPKNA VIKALFLTFKWKYLWSIFLKLLSDIVLVLNPLLSKALINFVDEKM
YNPDMSVGRGVGYAIGVTFMLGTSGILINHFLYLSLTVGAHCKAVLTTAIMNKSFRASA
KSKHEYPSGRVTSLMSTDLARIDLAIGFQPFAITVPVPIGVAIALLIVNIGVSALAGIAVFL
VCIVVISASSKSLLKMRKGANQYTDARIS YMREILONMRIIKFYSWEDA YEKSVVTERNS
EMSITLKMQSIRNFLLALSLSLPATISMVAFLVLYGVSNDKNPGNIFSSISLFSVLAQQTMM
LPMALATGADAKIGLERLRQYLQSGDIEKEYEDHEKPGDRDV VLPDNVAVELNNASFI
WEKFDDADDNDGNSEKTKEVVVTSKSSLTDSSHIDKSTDSADGEYTKS VFEGFNNINLTI
KKGEFVIITGPIGSGKSSLLVALAGFMKKTSGTLGVNGTMLLCGQPW VQNCTVRDNILF
GLEYDEARYDRVVEVCALGDDLKMFTAGDQTEIGERGITLSGGQKARINLARAVY ANK
DILLDDVLSAVDARVGKLIVDDCLTSFLGDKTRILATHQLSLIEAADR VIYLNGDGTIHI
GTVQELLESNEGFLKLMEFSRKSESEEEEDVEAANEKDVSLOKAVSVVQEQDAHAGVLI
GQEERAVNGIEWDIYKEYLHEGRGKLGIFAIPTIIMLLVLDVFTSIFVNVWLSFWISHKFK
ARSDGFYIGLY VMFVILSVIWITAEFVVMGYFSSTAARRLNLKAMKR VLHTPMHFLDVT
PMGRILNRFTKDTDVLDNEIGEQARMFLHPAAY VIGVLILCITY IPWFAIAIPPLAILFTFIT
NFYIASSREVKRIEAIQRSLVYNNENEVLNGLQTLKAYNATSRFMEKNKRLLNRMNEAY
LLVIANQRWISVNLDLVSCCFEVFLISMLS VFRVFDINASSVGLVVTSVLQIGGLMSLIMR A
YTTVENEMNSVERLCHY ANKLEQEAPYIMNETKPRPTWPEHGAIEFKHASMRYREGLP
LVLKDLTIS VKGGEKIGICGRTGAGKSTIMNALYRLTELAEGSITIDGVEISQLGLYDLRS
KLAITPQDPVLFRGTIRKNLDPFGQNDDETLWDALRRSGLVEGSILNTIKSQSKDDPNFHK
FHLDQTVEDEGANFSLGERQLIALARALVRNSKILILDEATSSVDYETDSKIQKTISTEFS
HCTILCIAHRLKTILTYDRILVLEKGEVEEFDTPRVLY SKNGVFRQMCERSEITSADFV

SEQ ID NO: 50 Cyberlindnera jadinii ABC transporter polypeptide sequence
MASPGSEKCTPRSDEDLERSEPQLQRRLLTPFLLSKKVPPIPKEDERKPYPYLKTNPLSQI
LFWWLNPLLRVGYKRTLDPNDFYYLEHSQDIETTYSNYEMHLARILEKDRAKAREKDP
TLTDEDLKNREYPKNAVIKALFLTFKWKYLWSIFLKLLSDIVLVLNPLLSKALINFVDEK
MYNPDMSVGRGVGYAIGVTFMLGTSGILINHFLYLSLTVGAHCKAVLTTAIMNKSFRAS
AKSKHEYPSGRVTSLMSTDLARIDLAIGFQPFAITVPVPIGVAIALLIVNIGVSALAGIAVF
LVCIVVISASSKSLLKMRKGANQYTDARISYMREILQNMRIIKFYSWEDAYEKSVVTERN
SEMSIILKMQSIRNFLLALSLSLPAIISMVAFLVLYGVSNDKNPGNIFSSISLEFSVLAQQTM
MLPMALATGADAKIGLERLRQYLQSGDIEKEYEDHEKPGDRDVVLPDNVAVELNNASF
IWEKFDDADDNDGNSEKTKEVVVTSKSSLTDSSHIDKSTDSADGEYIKSVFEGFSDINLTI
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KKGEFVIITGPIGSGKSSLLVALAGFMKKTTGTLGVNGTMLLCGQPWVQNCTVRDNILF

GLEYDKDRYDRVVEVCALGDDLKMFTAGDQTEIGERGITLSGGQKARINLARAVYANK
DILLDDVLSAVDARVGKLIVDDCLTSFLGDKTRILATHQLSLIEAADRVIYLNGDGTIHI
GTVQELLESNEGFLKLMKESKKSESEEEENVEAANEKDVSLQKAVSVVQEQDAHAGVL
IGQEERAVNGIEWDIYKEYLHEGRGKLGIFAIPTIIMLLVLDVFTSIFVNVWLSFWISHKF
KARSDGFYIGLYVMFVILSVIWITAEFVVMGYFSSTAARRLNLKAMKRVLHTPMHFLDV
TPMGRILNRFTKDTDVLDNEIGEQARMFLHPAAY VIGVLILCIHYIPWFAIAIPPLAILFTFI
TNFYTASSREVKRIEAIQRSLVYNNFENEVLNGLQTLKAYNATSRFMEKNKRLLNRMNEA
YLLVIANQRWISVNLDLVSCCFVFLISMLSVFRVEDINASSVGLVVTSVLQIGGLMSLIMR
AYTTVENEMNSVERLCHY ANKLEQEAPYIMNETKPRPTWPEHGAIEFKHASMRYREGL
PLVLKDLTISVKGGEKIGICGRTGAGKSTIMNALYRLTELAEGSITIDDVEISQLGLYDLR
SKLANIPQDPVLFRGTIRKNLDPFGONDDETLWDALRRSGLVEGSILNTIKSQSKDDPNFH
KFHLDQTVEDEGANFSLGERQLIALARALVRNSKILILDEATSSVDYETDSKIQKTISTEF
SHCTILCIAHRLKTILTYDRILVLEKGEVEEFDTPRELY SKNGVFRQMCERSEINSADFV

SEQ ID NO: 51 Cryptococcus alhidus ABC transporter polypeptide sequence
MSQSDQLPDQLEVENQPIIKNEKRLLSWMLSKKVPSVPSQDERTLYPLHRTNIISRIMFW
WLFPVLNKGYKRTLVAEDLWIVDKDLTIEDMSTKFYNNLNRRIDAAKLKFENKPNKED
DEKFQWPEKLIOVSSLFETFKVQYLLAILYLALSSVVQSLTPLLTKKLISFVEGRVLGTETTS
NKGIGYSFGAFCLVFLNGLFTNHFFHNSMLTGAQIKSVLTKSLLDKSFRLNAKAKHDFPT
GKITSLMGTDLARIDLAIGFQPFICCFPISMIISIALLIHNIGVSALAGIGVEFVISILLITASTK
ALFKIRKSVNFFTDKRVGLMREVLTSIKVIKFYAWEDAYKDNIADVREKEMASLFKIKII
RNFITAFAISLPTLTSMVAFCVMYAVKRGQNPADIFSSVSLESVLSQAIFLVPVALATGAD
AYAGLDRVRLYLSSGEESSDDDLSMTETASTEEEKETEIAIKVSHASFKWEQFYDNEEEN
EKTANDKNEGTESKAAKKARKLAKDKKKEQMKEITKTKSHISNQLPAIESESFAGLTDL
DFTIEKNEFIHITGLIGSGKSSLLSALAGFMPRQSGFVESNGSILLCGYPWVQNATVEKENIL
FGQPFDEEKYKSVIYACALEADLDILPAGDRTEIGERGITLSGGQKARINLARAVYNDQD
NELMDDVLSAVDARVGKHIMDHCFMGLLKEKTRILATHQLSLIGSADRIFLNGDGSMN
MGTAEELAGSSSNFLKLMEFNSKSNDDEEESDGDVEDEILKDSKIVTVNEEEIRTKYGDK
TKSGILMTTEEKAVNSIPWSIYKTYINLGSGFFKFSATPIFLLLVILSTFCQLFTNVWLSFW
TEKKFHGYSDGFYIGLYIMFTFLTVFFLTGFFSMLAYTITNKAAERLNLMAVQKMVHAP
MGFMDTTPMGRILNRFTKDTDSLDNEIAEQLRLLFYPLSTIIGVIILCITYLPWFAIAVPFLV
GLFIVISNY YQASSREVKRLEAIQRSFVYNNFNEVLNGMSTIKAYSAQQFFIQKSDGLINR
MNEAYFITIANQRWISIHLDLIASIFALITALLCVTRTESISAASTGVLLSYVLQIVGLMSLFI
RALTQVENEMNSVERLCHYAQDLPQEAPYRINERQPSPEWPMNGELEFEDVSLSYRPGL
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PLVLKDLTFGIKAGEKIGICGRTGAGKSSIMTALYRLSELTKGKINDGIDISTLGLYDLRS

KLSITPQDPVLFQGTVRKNLDPFSEHSDDSLWDTLRRSGLIEESQLAQVSRSTKNENNTYE
DLHKFHLDQLVEDEGANFSLGERQLLALARALVRNSKILILDEATSSVDYETDSKIQSTI
VNEFSHCTILCIAHRLKTILNYDRILVLDKGEIEELDTPINLFNKKDGIFRQMCERSNIMEQ
DFGSSF

SEQ ID NO: 52 Candida haemulonii ABC transporter polypeptide sequence
MDQRRQKRLLTPFLSKKVPPVPYDDERIVYPKRPNIFSAIFFWWLHPVMSTGYKRTLDT
ADLYKLNDENEVEAMTARFEGIFERRLHDARQKHIAAKCKARGETIENSSVPAEEDLEG
YQPPKLLCAWAILETFKWQYGLACLYNTLANTAAVTNPLLSKKLIQFVERHAMGLDTQ
TGKGVGYALGASFMVLIIGILINHGFQNAMLTGAQVKGVLTKAFLDKSFRLSDRARHDY
PASKITSMMGTDLARIDFALGFQPFLVSFPIPIAVAIGILIWNIGAPALVGIGLVFLFLGFIM
VFTGKLFAYRKKANKYTDARVNYIKEVLNNLKIKY YSWEEPYNDVIGENRAKEMNITY
KMQVGRNVILSSAMCLTLFASMASFLVLYATSGSTKDPASLFSSISLFNSMAQQVIMLPL
ALATGSDAAVGIMRAAQFLAAEEVDANATAIYAPPETRDOQMEKDGLSISIKNASFEWES
FDNSSDDDEDEVKPKNDLEITEKGEAKENQGQSDDKSSSSTNTMKESDAEPKLTTYSTG
SSTMEATIFTGLSNIDLS VQKGEFIVITGLIGSGKTSLLNALAGFMKRVAGHVDVNGSLLL
CENPWIQNTTVRENILFGEEFDQDTYDSVLYACSLESDLEILPAGDQTEIGERGINLSGGQ
KARINLARAVYANKDIVLLDDVLSAVDARVGKHIMNNCLLGLLKDKTRILATHQLSLIG
AADRVVFLNGDGTVDVGTLEDLRKTNAGFEHLMEKFSSESADDDEEETSPEEALGEDPEI
EEREMIERQLSQKQSTIPDEEAERHDYNVNEKQDGRLMSQENRAVNRIKGVVYKRYIK
YGSGIFKYYTGVPHITLTIVAVFCQLFTNTWLTFWSDFKFDGKDNGFYIGFY VMFTVLAF
IFLSSEFIIVAYMTNEAAKVLNLKAVSRVLRAPMSFMDTTPMGRILNRFTKDTDTLDNEI
GNQIRMLIYFLSNIGVIVLCVIYLPWFAIAIPFLGAIFVSVGNFYQASAREIKRLEATQRSF
VYNNFNETLSGMNTIKAYKAQTRFRKKNSTFIDNMNEAY YLTIANQRWLAIHLDLIAML
FAINICFLCIFRVFDIGPAATGLLLSY VLQIAGQLSMLVRTYTQVENEMNAVERICEY AFH
LEQEAPYTYENSVLPPSWPEEGGIRFINASLAYREGLPNVLKSLNMDINPLEKIGICGRTG
AGKSSIMTALYRLAELNEGSIEIDGVDIGSIGLRDLRSKLSITPODPVLFRGSIRKNLDPFGA
SPDDVLWDAMRRAGLIEASKLSTIRNQSKSSENLFKFHLDREVEDNGSNFSLGERQLISF
ARALVRGSKILILDEATSSVDYETDSKIQETIKREFNDCTILCIAHRLKTIVNYDRILVLDK
GEIKEFDTPWNLFNSKHSITFQOQMCEKSNITKEDFVARDR

SEQ ID NO: 53 Debaryomyces fabryi ABC transporter polypeptide sequence
MSHIYSSNASIDGEGPVNSPPYDSYLNKYNNTNLLQVTTNNSETTTTFVDNSITSRLAEN
NKKSPNATPGNENNNSSSNLNLEGQEILHNEKRLFSFLFSKKVPPVTAPEERTIYPWKKA
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NVEFSRMMEYWLWPVLYKGYKRTLLPDDLWYLTEELKVESMHERFDVNLNKRLEKDK

QKYLKKHNNLDGHVWSPYNIPLALFDTFKLQYSMSCIFLGLSFVCQALSPLITRRLIDFV
ONSYETRIFGVEVSYNEGIGYTIGAVVLIFVNGLLLNHFFHNAMVTGAQAKAILTKSLLL
KSFSLSSKSRNQFSIGKITSLMSTDLARIDLAIGFQPLVVCFPIPVIIAVVLLLKFIGVTSLAG
IGLFVVSLVLCVLLTKKLFTTREEVVLYTDERISLMREVLTNLKIKFY AWEMAYKVGIT
KVRTKEMKYLFTIKVLRNFVTAY AVTLPTLTSMVSFTSMWANNSMKGAGKVFSSLSLF
SILAQAIMLLPIALATGADALIGFRRCRDYLVAEEYDDDLEERLASDVDKR YIAGDTNSE
FEFKHESFDLSETGSYENTNKNANVIEVSHANFIWESFYTENSSSWDLNSSGSLSEKDPK
QKKKSKSKDIKYQIKEKDSFQESSRSSNETYCESPS VIEARNFPGLTDINLS VKQGEFIIITG
SIGSGKSSLLAALSGFMKLENPS VGKVSITYDDLLLCSDPWIQNATVRDNIIFGKPYDETRY
NKVIRACCLEDDIKLLPARDLAEIGERGITLSGGQKSRINLARAAYADAGILLFDDVLSA
VDARVGKHIVNNLFNGLLKDKTKVLATHQLSLIESADKVVYLNGDGSIDFGTLNELLAR
NNQFKRLIEFNTDLTRDNESRKSETQRVYENYSDTDYDNNNGYEGARLIRQQSVVPESS
DIAGKIMGDEERATNAISWDIYKK YIDLGSGFFGWSAGPVFIFLISLATFCQLFTNTWLSFE
WTEKKFPNKSDHFY VALY VMFAFLTVFFTAIEFTMLAYMNNRSAKLLNVKAVEKILHA
PMSYLDTNPMGRILNRFTKDTDSLDNEIGEQLRLFLFPLATIGIVILCICYLPWFAIAVPFL
SFAFVFVANFYQGSSREIKRLEA VQRSLVYNNFNETLSGMSTIKAYKVEETFIEKNDRYL
NKMNEAYY VSIANQRWLG VHLDIIASIFALIICLLCITDQFHISASSTGLLLS Y VIQIVGLLS
LTIRSMTQVENEMNSVERLHQY AFHLPQEGA YKKPESKPPAEWPPSGYIQFNNVSLKYR
DHLPTVLKNLNESVYPGEKVGICGRTGAGKSSIMSALYRLVELNEGSIIDGLNIAEMGL
YDLRSKLSIIPQDPVLFQGTIRRNLDPFNESTDEKLWDALRRSGLIDASQISKIKNTKLDQ
NRNIGHDSLHKFHLDQLVADDGSNFSLGERQLIALARAMVRNSKILILDEATSSVDYETD
AKIQETIVNEFSHCTILCIAHRLKTILHYDRILVMDKGSLIEKGTPYNLFTDRNGVFRQMC
DKTNIIDEDFQ

SEQ ID NO: 54 Spathaspora passalidarum ABC transporter polypeptide sequence
MSEDPHFLQQKRLLTFMLSKKVPPIPTEEERDPYPVKKANISRILFWWLGPVMHTGYRR
TLOQPEDLFYLTDDIKVQTMADRFYNYMTNDIERARQQHIAEKCKERGETPETSSVDRGK
DLADFELSKFLTVWALAKTYKWQYTWACTLLCLSSVGQOQTTLPLLTKKLIRY VELKSMG
VETGIGRGIGYSFGSAINFIIGVLINHFFYRSMLTGAQAKAVLTKALLDKSFKLNAAARH
KYPVGKITSMLGTDLSRIDFALGFQPFLICFPVPIGIAIGILIWNIGVAALVGVAILLVFMV
CIAVSTGALFKYRKKANKYTDSRVDHIKEALNNLKIKFYSWEPPYHENISEIRKKEMKII
YRMQVLRNVVTSFAFSLTLFASMTAFLVLYAIAANRKDPASIFSSLSLYNILTQQVFLLP
MALATGADAFMGISRVGEFMSQGEIDPALSNIDATPEKKLLMENDETAIEVDHASFEWE
VFGNDEDDEEESESKKGEKKSMEKKVHKTEVHYHEKTGSIEKDSLTTSSSGRGEEESQF
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PGLKDINFKIKKGEFVVITGLIGSGKTSLLNAISGFMKRVHGDVSTNGSLLLCGYPWVQN

STVKENILFGEPYDEKKYKQVIY ACSLEADLEILPAGDRTEIGERGITLSGGQKARINLAR
AVYANRDIILLDDVLSAVDARVGKHIMNNCIMDLLKDKTRILATHQLSLIGSADRVIFLN
GDGSVDVGTFEELSSSNPGFSKLMTENSEAHNDEEEEED VPESEDELEQEREMIKRQLTR
LSTRASTKADPEDEEARHREFNTDESADGKLIDEEERAVNAISMRVYGRYIELGSGAVG
PYVYGPLLLIFLMFATFCSIFTNTWLSFW VERRFPLEDKVYIGVYIMFTFLAFIFLTIEFILL
VYLTNTASVKLNILAMKKVLHAPMSFMDTTPLGRILNRFTKDTDVLDNEIGDQLRFFLF
TLSNIIGVLILCITYLPWFAISIPFLGFLFVAIANY YQASAREIKRLEAIQRSFVYNNFNETLS
GMTTIKAYHAVPRFLEKNNFLIDRMNEAYYLTIANQRWLATHMDMVASLFALLIALLCV
NRVFRISAASVGLIVAYVFQIAGQLSMLIRTFTQVENEMNSVERLDSY ASNLPEEAPY VIT
EKTPPPQWPDKGSIEFRSASLA YRPGLPLVLKNLNFTIKPSEKIGICGRTGAGKSSIMTAL
YRLSELESGKIFIDDLDIAELGLKDLRSKLSIIPQDPVLFRGTIRKNLDPFNQSSDDKLWDA
LRRTGLIEEGRLEQVKLTNKPSDGSSETNLHKFHLDQS VEDEGTNFSLGERQLIAFARAL
VRDSKILILDEATSSVDYETDSKIQHTIIREFSHCTILCIAHRLKTIIN YDRILVLDKGEIREF
DTPWNLFKSNGSIFQQMCQRSNITDQDFENITSF

SEQ ID NO: 55 Hansenula polymorpha ABC transporter polypeptide sequence
MSLELSNSTLCDSYWAVDDFTACGRQLVESWVSVPLVLSALVVAFNLLRNSLASEKTD
PYSKLDAEQQPLLONGHALYTSSIESDNTDIFQRHFDIALLKPVKDDGKPIGVVRIVYRD
TAEKLKVALEEILLISQTVLAFLALSRLEDISESRFLLVKYINFSLWLYLTVITSARLLNVT
KGFSANRVDLWYHCAILYNLQWENSVMLFRSALLHHVSGTYGYWFYVTQFVINTLLCL
TNGLEKLSDKPAIVYEEEGVIPSPETTSSLIDIMTYGYLDKMVESSYWEKPITMEEVWGLR
YDDYSHDVLIRFHKLKSSIRFTLRLFLQFKKELALQTLCTCIEALLIFVPPLCLKKILEYIES
PHTKSRSMAWFY VLIMFGSGVIACSFSGRGLFLGRRICTRMRSILIGEI'Y SKALRRRLGST
DKEKTTEEEDDKSAKSKKEDEPSNKELGGIINLMAVDAFKVSEIGGYLHYFPNSFVYMAA
VAIYMLYKLLGWSSLIGTATLIAILPINYMLVEKLSKYQKQOMLLVTDKRIQKTNEAFQNI
RIKYFAWEDKFADTIMKIREEELGYLVGRCVVWALLIFLWLVVPTIVTLITFYAYTVIQG
NPLTSPIAFTALSLFTLLRGPLDALADMLSMVMQCKVSLDRVEDFLNEPETTKYQQLSA
PRGPNSPLIGFENATFYWSKNSKAEFALKDLNIDFKVGKLNVVIGPTGSGKSSLLLALLG
EMDLDKGNVFLPGAIPRDDLTPNPVTGLMESVAYCSQTAWLLNATVKDNIFASPFNQE
RYDAVIHACGLTRDLSILEAGDETEIGEKGITLSGGQKQRVSLARALYSSASYLLLDDCL
SAVDSHTAVHIYDYCINGELMKGRTCILVSHNVSLTVKEADFVVMMDNGRIKAQGSVD
ELMQEGLLNEEVVKSVMQSRSASTANLAALDDNSPISSEAIAEGLAKKTQKPEQSKKSK
LIEDETKSDGSVKPEIY YAYFRYFGNPALWIMIAFLFIGSQSVNVYQSYWLRRWSAIEDK
RDLSAFSNSNDMTLFLFPTFHSINWHRPLVNY ALOPFGLAVEERSTMYYITIYTLIGLAFA
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TLGSSRVILTFIGGLNVSRKIFKDLLDKLLHAKILRFFDQTPIGRIMNRFSKDIEAIDQELAL

YAEEFVTYLISCLSTLVVVCAVTPAFLVAGVLILLVYYGVGVLYLELSRDLKRFESITKSP
IHQHFSETLVGMTTIRAYGDERRFLKQNFEKIDVNNRPFWYVWVNNRWLAYRSDMIGA
FIIFFAAAFAVAYSDKIDAGLAGISLSFSVSFRYTAVWVVRMYAYVEMSMNSVERVQEY
IEQTPQEPPKYLPQDPVNSWPSNGVIDVQNICIRYSPELPRVIDNVSFHVNAGEKIGVVGR
TGAGKSTHTSFFRFVDLESGSIKIDGLDISKIGLKPLRKGLTHPQDPTLESGTIRSNLDIFGE
YGDLOMFEALRRVNLISVDDYQRIVDGNGAAVADETAQARGDNVNKFLDLDSTVSEG
GGNLSQGERQLLCLARSILKMPKILMLDEATASIDYESDAKIQATIREEFSSSTVLTIAHR
LKTIIDYDKILLLDHGKVKEYDHPYKLITNKKSDFRKMCQDTGEFDDLVNLAKQAYRK

SEQ ID NO: 56 Kluyveromyces lactis ABC transporter polypeptide sequence
MSGSNSNSNLDAISDSCPFWRYDDITECGRVQYINYYLPITLVGVSLLYLFKNAIQHYYR
KPQEIKPSVASELLGSNLTDLPNENKPLLSESTQALYTNPDSNKTGFSLKEEHFSINKVTL
TEIHSNKHDAVKIVRRNWLEKLRVFLEWVLCALQLCIYISVWSKYTNTQEDFPMHASIS
GLMLWSLLLLVVSLRLANINQNISWINSGPGNLWALSFACYLSLFCGSVLPLRSIYIGHIT
DEIASTFYKLQFYLSLTLFLLLFTSQAGNRFAIIYKSTPDITPSPEPIVSIASYITWAWYVDKF
LWKAHQNYIEMKDVWGLMVEDYSILVIKRFNHFVQNKTKSRTFSFNLIHFFMKFIAIQG
AWATISSVISFVPTMLLRRILEY VEDQSTAPLNLAWMYIFLMFLARILTAICAAQALFLGR
RVCIRMKAIISEITYSKALRRKISPNSTKEPTDVVDPQELNDKQHVDGDEESATTANLGAIL
NLMAVDAFKVSEICAYLHSFIEAIIMTIVALFLLYRLIGWSALVGSAMICFLPLNFKLASL
LGTLQKKSLAITDKRIQKLNEAFQAIRIKFFSWEENFEKDIQNTRDEELNMLLKRSIVWA
LSSLVWFITPSIVTSASFAVYIYVQGQTLTTPVAFTALSLFALLRNPLDMLSDMLSFVIQS
KVSLDRVQEFLNEEETKKYEQLTVSRNKLGLOQNATFTWDKNNQDFKLKNLTIDFKIGKL
NVIVGPTGSGKTSLLMGLLGEMELLNGKVFVPSLNPREELVVEADGMTNSIAYCSQAA
WLLNDTVRNNILFNAPYNENRYNAVISACGLKRDFEILSAGDQTEIGEKGITLSGGQKQR
VSLARSLYSSSRHLLLDDCLSAVDSHTALWIYENCITGPLMEGRTCVLVSHNVALTLKN
ADWVIIMENGRVKEQGEPVELLQKGSLGDDSMVKSSILSRTASSVNISETNSKISSGPKA
PAESDNANEESTTCGDRSKSSGKLIAEETKSNGVVSLDVYKWYAVFFGGWKMISFLCFI
FLFAQMISISQAWWLRAWASNNTLKVFSNLGLQTMRPFALSLQGKEASPVTLSAVFPNG
SLTTATEPNHSNAYYLSIYLGIGVFQALCSSSKAIINFVAGIRASRKIFNLLLKNVLYAKLR
FFDSTPIGRIMNRFESKDIESIDQELTPYMEGAFGSLIQCVSTIHVIAYITPQFLIVAAIVMLLF
YEVAYFYMSGARELKRLESMSRSPIHQHFSETLVGITTIRAFSDERRFLVDNMEKKIDDNN
RPFFYLWVCNRWLSYRIELIGALIVLAAGSFILLNIKSIDSGLAGISLGFAIQFTDGALWVV
RLYSNVEMNMNSVERLKEYTTIEQEPSNVGALVPPCEWPQNGKIEVKDLSLRYAAGLP
KVIKNVTFTVDSKCKVGIVGRTGAGKSTITALFRFLDPETGYIKIDDVDITTIGLKRLRQS
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ITHPODPTLFTGTLKTNLDPYNEYSEAEIFEALKRVNLVSSEELGNPSTSDSTSVHSANMN

KFLDLENEVSEGGSNLSQGQRQLICLARSLLRCPKVILLDEATASIDYNSDSKIQATIREEF
SNSTILTIAHRLRSIIDYDKILVMDAGEVKEYDHPYSLLLNRDSIFYHMCEDSGELEVLIQ
LAKESFVKKLNAN

SEQ ID NO: 57 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSSTDEHIEKDISSRSNHDDDY ANSVQSYAASEGQVDNEDLAATSQLSRHLSNILSNEEG
IERLESMARVISHKTKKEMDSFEINDLDFDLRSLLHYLRSRQLEQGIEPGDSGIAFKNLTA
VGVDASAAYGPSVEEMFRNIASIPAHLISKFTKKSDVPLRNIIQNCTGVVESGEMLFVVG
RPGAGCSTFLKCLSGETSELVDVQGEFSYDGLDQSEMMSKYKGY VIYCPELDFHFPKIT
VKETIDFALKCKTPRVRIDKMTRKQYVDNIRDMWCTVFGLRHTY ATKVGNDFVRGVS
GGERKRVSLVEAQAMNASIYSWDNATRGLDASTALEFAQAIRTATNMVNNSAIVAIYQ
AGENIYELFDKTTVLYNGRQIYFGPADKAVGYFQRMGWVKPNRMTSAEFLTSVTVDFE
NRTLDIKPGYEDKVPKSSSEFEEYWLNSEDYQELLRTYDDYQSRHPVNETRDRLDVAK
KQRLQQGQRENSQYVVNYWTQVYYCMIRGFQRVKGDSTYTKVYLSSFLIKALIIGSMF
HKIDDKSQSTTAGAYSRGGMLFYVLLFASVTSLAEIGNSFSSRPVIVKHKSYSMYHLSAE
SLQEIITEFPTKFVAIVILCLITYWIPFMKYEAGAFFQYILYLLTVQQCTSFIFKFVATMSKS
GVDAHAVGGLWVLMLCVYAGFVLPIGEMHHWIRWLHFINPLTY AFESLVSTEFHHREM
LCSALVPSGPGYEGISIANQVCDAAGAVKGNLYVSGDSYILHQYHFAYKHAWRNWGYV
NIVWTFGYIVEFNVILSEYLKPVEGGGDLLLYKRGHMPELGTENADARTASREEMMEAL
NGPNVDLEKVIAEKDVFITWNHLDYTIPYDGATRKLLSDVFGY VKPGKMTALMGESGA
GKTTLLNVLAQRINMGVITGDMLVNAKPLPASFNRSCGYVAQADNHMAELSVRESLRF
AAELRQQSSVPLEEKYEY VEKIITLLGMQNYAEALVGKTGRGLNVEQRKKLSIGVELVA
KPSLLLFLDEPTSGLDSQSAWSIVOQFMRALADSGQSILCTIHQPSATLFEQFDRLLLLKKG
GKMVYFGDIGPNSETLLKYFERQSGMKCGVSENPAEYILNCIGAGATASVNSDWHDLW
LASPECAAARAEVEELHRTLPGRAVNDDPELATRFAASYMTQIKCVLRRTALQFWRSPV
YIRAKFFECVACALFVGLSYVGVNHSVGGAIEAFSSIFMLLLIALAMINQLHVFAYDSRE
LYEVREAASNTFHWSVLLLCHAAVENFWSTLCQFMCFICYYWPAQFSGRASHAGFFFFF
YVLIFPLYFVTYGLWILYMSPDVPSASMINSNLFAAMLLFCGILQPREKMPAFWRRLMY
NVSPFTYVVQALVTPLVHNKKVVCNPHEYNIMDPPSGKTCGEFLSTYMDNNTGYLVNP
TATENCQYCPYTVQDQVVAKYNVKWDHRWRNFGFMWAYICFNIAAMLICYYVVRVK
VWSLKSVLNFKKWFNGPRKERHEKDTNIFQTVPGDENKITKK
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SEQ ID NO: 58 Hansenula polymorpha ABC transporter polypeptide sequence

MSEYHINGHFYEPSATYDLQRVSTFWEQLVMDLTSSGFNNAIGLNNSTGSRCGCYDGEG
YKFSSDLQDPSPCLVSGVFASLVSLVFVIGGLVQVHKLRKTRNVNSKVEWWFVLKLSLI
AVQIVFQLTLATLAVRMSPSPLSDVLVLSSGLNFIALGVAFALSYIENFKTFVSEAALITY
WLLYLFIGFLKIVNLGLRNDKSSRLPITVLSTVNNLILLVIETYFAPKAPVDPTQTENLYDS
ANIFGKVTFTWLTPLMQKGSIKYLTQFDLPALPSFLKSDHIL.SGVLESHWAKQILRSKKPSL
AIALAKSFGGPFLV AALFKVVQDCCAFIQPQLLKQLIRFVNEYHEDPTIPLTKGFMIVAS
MFILSVLQTASLHQYFTRVFDTGIKVKSSLTSLIYKKSLVLSIEAKQKKSSGDIVNLMSVD
TQRLQDLCQNLNVIWSGPFQILCLISLYNLLGNAMWLGVLFLCISVPMNTWVEGQQKK
LOKTQMKVKDERTGLISEMLNNIKSLKLY AWEIPYKKKLMY VRNNKELSNLRKIGIFQA
CSQFIFNTTPYLVSTSTFALFIVAYKGVPLSTDIVFTALSLFNLLGFPLAVLPWTIGNIIEAQ
VAISRITGFLESDELDTSTVTRLPAPTEIGQDVVNIVNADFLWSKDPYKAALENINFTAKK
GQLNCIGRVGAGKTALLQSLLGDLHKPTGTVIVRGSVAYVPQTAWIMNGTIKENILFGC
KYDPDFYDKTIKACALTHDLNVLTDGDATQVGEKGISLSGGQKARLSLARAVYARADL
YLLDDILSAVDEHVGKHLINNVLGPDGLLSTKCRILATNNLNVLKFSDHISLLQNGKITES
GHYDDIISAQKSELYNVINDSGAKKKDDEVSEDVSETVIDKESSEDTQSVSSELDEDIKK
CASKDLPKAELEDFKAVVSRKNETLTGREEKHEQGKVKTAIYRAYAKACGVKNVIFFL
VTVILSMGASVLANIWLKHWSDINTRLGYNPQPWKYLGTYFGLCVASTFFLLCQTLVQ
WLAVSIQGSKYLHQIMLDGVLRAPMQFFETTPIGRILNRESPDIYKIDEQLARVFAMFEFT
NSIKVTFTMLVITY STWQFVFLVVPLAVLYRFYQLYYLATSRELRRLDSVSKSPIFAHFQE
TLSGVATVRAYDQLERFMYMNQQKMDVNMSAYHPSVSANRWLAVRLEFLGSLILGA
SSLLVATLRSGRVTPGLVGLSISY ALQTTQSLNWIVRMTVEIETNIVS VERVLEYAALEPE
APAIIENKRPPSHWPSKGTINFKNYSTRYRPDLDLVLKNINLAIKEKEKIGIVGRTGAGKS
SLTLAIFRIIEAFEGHIEIDDLNTSEIGLFDLRSKLSITPQDSQIFEGTLR ANIDPIEQY SDDEI
WQALELSHLKDHVMVMYEESTNKEDIKMDPLLVRINEGGSNLSAGQRQLMCLARALV
KKESKVLILDEATANVDYQTDAIVQETIRSAFKERTILTIAHRLNTIDSDRIIVLEKGEVA
EFDTPQONLLKKKDSLFYSLCKEGGLVE

SEQ ID NO: 59 Pichia pastoris ABC transporter polypeptide sequence
MNSLDFIADSVQHLFEQTSMNILPSSGLNSGSLQNESLPVTCSWGCFDEEGWGPMSPY S
DLTTCFINGALINFSSLFLVLVGGYQLVALRRSRTTNTNIDWTLPLKLVLISFQIILNVNLA
ANYFYESVDFKHDIKFVTPVFSSVALIVALFAHY VEVFKTSVPLGSLLFYWLFTFVSGCF
NLGNLIVRSNYANPTLVTTVFTIVIALILLILESAFPIRPASPAGYEIFYPLSPFDTAHVFESRI
TFQWMSGLMKKGHESFLGEDDLPPLPKYLTAKMTSEKFNYNWTHQLRTKKDQLSLTW
ALAKSFGAPFLVGGIFKACQDILAFTQPQLLRILIKFVYNDYNDGNGTVPLTKGFMIVISMF
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LVSIVOQTGCLHQYFQRAFDMGMKIKTALTSSIYSKSLTLSNEEKSKYATGDIVNLMSVDT

QRLQDLVONIQIIWSGPFQILCLFSLHGLVGNSMWMGVVIMIMIPLNGALAKYQKKLQ
KIQMKNKDQRTRIVSEILNNIKSLKLYGWESPYKERLTY VRNEKELKNLKKMGIFQAFS
TFTWSCAPFLVSCSTFAVFVLTNKNSPLTTDIVFPALALFNLLSFPLA VIPMVITSIVEAQV
AISRLTKFLTGSELQNDSVIRLPRSKKVGETV VRIKSGQFLWCREPYKVALKDVNFAAR
KGELSCIVGKVGAGKSSLIRSILGDLYKSEGTVIRGSVAY VSQVPWIMNGSIKENILFGC
KYEPEFYKKTLEACALDTDLSILTDGDATQVGEKGISLSGGQKARLSLARAVYARADVY
LMDDVLSAVDEHVGKHITTHVLGPSGLLSSKCRILATNNINVLKHSSHVSLIQEGSIIEEG
NYQTVVSNSSSKLSVLIKEFSKAASSTDNSGTNSTAEVTPVPSQLGISKSVSDTVSLRRAS
LESFSKSTSNNLDEESKQKINKEHHEQGQVKFNVYKVYANACNPKAVCFLLFLIILAMFT
SVLGNIWLKHWSEVNTEYGGNPNIALYLGIYFALGIASSLLSLLKTAMQWIYCTISGSKY
LHKTMTDS VFRAPMEFFETTPIGRILNRFSSDIY KVDEILGRVFEQFFTNAVKVFFTVAVI
CYSTWQFIFMILPILMLYVYYQQYYLRTSRELRRLDSVSRSPIFAHFQETLTGTSTIRAYN
QLDRFRYMNQSKVDFNISA YHPAISANRWLAVRLEFLGS VIILGASGLSIFTLKSGGITAG
MVGLSVSYALQITQSLNWIVRMTVEVETNIVSVERIIEYSTLKSEAPAIIEDNRPPKDWPF
EGKIEFKNYSTRYREGLDLVLKDINVSINPKEKIGIVGRTGAGKSSLTLALFRIIEAAQGSI
WIDGIDTSKIGLEDLRHKLSIIPQDSQVFAGTLRENLDPTNQYSDDEIWKAIELAHLKPLV
ISMAEGDATGLEVRLAEGGSNLSVGQRQLICLARALLIKSHILVLDEATAAVDVETDQV
LQETIRKEFKDRTILTIAHRLNTIMDSDRIIVLDNGRIAEFDTPANLLKNKESLFYSLSSEG
GTIE

SEQ ID NO: 60 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MQAQGSQSNVGSLRSNCSDNSLPNNHVMMHCDESSGSPHSEHNDYSYEKTNLESTASN
SREHRDNQLSRLKSEEY VVPKNQRRGLLPQLAIIPEFKDARDYPPMMKKMIVFLIAFSSM
MGPMGTSIIFPAINSITTEFKTSVIMVNVSIGVYLLSLGVFPLWWSSLSELEGRRTTYTITSF
ALLFAFNIGSALAPDINSFIALRMLCGAASASVQSVGAGTVADLYISEDRGKNLSYYYLG
PLLAPLLSPIFGSLLVNRWPWRSTQWFMVILSGCNVILLTVLLPETLRKQDSKGAIAQILA
ERRIQVDNNERGEIQEDYQRGEDETDRIENQVATLSTEKHNY VGEVRDQDSLDLESHSS
PNTYDGRAGETQLQRIYTEASRSLYEYQLDDSGIDATTAQVTRIRSTDPKLARSIRENSLR
KLQTNLEEQVKKVLSSNGGEIAPKQVSAVRKVWDTFFVYFIKPLKSLHFLEYPPVALAIT
FSAISFSTVYFVNMTVEYKYSRPPYNFKPLYIGLLYIPNSVTYFFASIYGGRWVDMLLKR
YKEKYGILAPEARISWNVVTSVISFPIALLIFGWCLDKKCHW VTPLIGTALFGYAAMMTI
GATLSYLVDSLPGKGATGVALNNLIRQILAATAVFVTTPMLNGMGTGWAFTMLAFIVL
GASSVLILKKHGDYWRENYDLQKLYDKID
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SEQ ID NO: 61 Pichia pastoris ABC transporter polypeptide sequence

MERDTHEADPAQPVLSHNNSSGDEVLSYRAEDEQAQLEGVNLDRLQSLTKQMSHVTAS
EMATMVDLNDFDLTRILA VFAEKAEQRGLPIKSTAVELKDVSVLGVNDSASLLPTVSDL
LYLPSTIARKIRNRKPALRHILKGVDFHTVPGEMCLVLGRPGAGCSSLLKTIAGETSHFV
RVEGDIAYNNIPQAEMVKRFKNELIYNPELDLHFPHLTVEETLSFALACKTPRIRIDDISR
KKHVDNWLKILLTVYGLGHTRNTIVGNDFVRGVSGGERKRVSIAEAMAANGTVYCWD
NATRGLDASTALEFTES VRATTNLEQTTSFVTLYQPSERIYELFDK VLVLYEGRQIYFGP
ADAAKQFFVDMGYDCPPRQTTGEFLTA VTDPLQRYPRPGFENRVPINADEFQEYWRAS
STYSDLONQFQETLKAGLSETTKETFLKAAANEKMKGVSDNSKYTVNYFEQLRLCIVR
GFQRIKGDINYTIVMVVSALIQGLVVGSLYWNTPENSSGVFGRAGVIFFAILFFVLMSLA
EIANIFKDRPVLAKQIGYSLYHPSTEVIANALIQIPVKFIASLFFSIVV YFLANMKRQPGPFF
AFLLFVNLGSQTMAALFNLVAAVSPTLAVANAFDGLLVLSSVLYTS YMIQRPSMVPWE
EWFSYMNPMLYAFESMLTNEFHGSIIDCSDVDLIPNGPGYEDYPDQYRSCAITGANGRT
YVDGDTYLDLSFEYSYSHIWRNMGILFLFY VAFLVIHS VMSEIMNMSTSTADRLIFLKAN
DLPVEVAAALNGSASSNDEETGQDTSLNEK YELERDKSEVKVSDKLLGSDEVFTWKDV
NYVIPYQGSERTLLDHVQGY VKPGTLTALMGESGAGKTTLLNVLSQRIDVGVVTGDML
VNGNPVSASFKRRTGY VQQQODLHISELTVRESLIFAAKLRRPLSVPVAEKIQYVDQVIEIL
OMTKYKDAVAGELGAGLNVEQRKKLSIATELVSKPDLLLFLDEPTSGLDSQSSWAIVKL
LRQLADAGQAILCTIHQPSATLFEQFDRLLLLRKGGQTVYFGDIGENSSVITGYFERNGA
RKCSPAENPAEYILEVIGAGATASITENWFDVWIKSPESQEVSQEISTLVTRAGNSTSSVD
DAAHLGTFATPWHYQYQLVLQRTAQQFFRDMEYFMAKFMLLLSGGLLIGFSFWDVKH
TIVGMQNAMFAVFSAMILSAPLSNQIQSKAIASRELYEARESKSNTFHWSALLLSQFLVEI
PYSVVESTIFYICW YFPVQLDNAPERAGVWWLHYCIFFQLYYISFALATVYFAPDLPTAN
VILSFLENFIFAFCGVVQPVDMMPGFWTFMNKVSPYTYFVQSFLGNVLHGREVHCAAN
EMTYIQPPSEQSCGEYLTPFIEEHTGY VANPGAFEDCGFCKFAVGDQYLSTVGIKYSYG
WRNVGFYWVYIVENLSAMLFLY YMFKVRKQSIFAPIIGLFGRKQKD

SEQ ID NO: 62 Pichia pastoris ABC transporter polypeptide sequence
MNSYNESAPTGCSFWDNDDISPCIRKSLLDS YLPAAIVVGSLLYLLLIGAQQIKTHRKLY
AKDETQPLLEPANGSPTDYSNTYGTIDYEEEQSTAELTTSQKHFDISRLEPLKDDGTPLGL
VKYVQRDGWEKVKLILEFVILIFQLVIAVVALFVPSLNQEWEGYKLTPIVRVFVWIFLFA
LGSIRALNKSGPFPLANISLLY YIVNIVPSALSFRSVLIHPQNSQLVNYYYSFQFINNTLLFL
LLGSARVFDHPSVLFDTDDGVKPSPENNSNFFEIVTY SWIDPLIFKAYKTPLQFNDIWGLR
IDDYAYFLLRRFKDLGFTRTFTYKIFYFSKGDLAAQALWASIDSMLIFGPSLLLKRILEYV
DNPGMTSRNMAWLY VLTMFFIQISDSLVSGRSLYLGRRVCIRMKALIIGEVYAKALRRR
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MTSPEELIEEVDPKDGKAPIADQTSKEESKSTELGGIINLMAVDASKVSELCSYLHFEVNS

FFMIIVAVTLLYRLLGWSALAGSSSILILLPLNYKLASKIGEFQKEMLGITDNRIQKLNEAF
QSIRIIKFFAWEENFAKEIMKVRNEEIRYLRYRVIVWTCSAFVWFITPTLVTLISFYFY VVF
QGKILTTPVAFTALSLFNLLRSPLDQLSDMLSFMVQSKVSLDRVQKFLEEQESDKYEQLT
HTRGANSPEVGFENATLSWNKGSKNDFQLKDIDIAFKVGKLNVIGPTGSGKTSLLLGLL
GEMQLTNGKIFLPGSTPRDELIPNPETGMTEAVAYCSQIAWLLNDTVKNNIVFAAPFNQ
ORYDAVIDACGLTRDLK VLDAGDATEIGEKGITLSGGQOKQRVSLARALYSNARHVLLD
DCLSAVDSHTAAWIYENCITGPLMKDRTCILVSHNVALTVRDAAWIVAMDNGRVLEQG
TCEDLLSSGSLGHDDLVSTVISSRSQSSVNLKQLNVSDTSEIHQKLKKIAESDKADQLDE
ERLSPRGKLIEDETKSSGAVSWEVYKFYGRAFGGVFIWFVEVAAFAASQGSNIMQSVWL
KIWAAANDKLVSPAFTMSIDRSLNALKEGFRASVASVEWSRPLGGEMFRVYGEESSHSS
GYYITIYALIGLSYALISAFRVYVVFMGGIVASNKIFEDMLTKIFNAKLRFFDSTPIGRIMN
RFSKDTESIDQELAPY AEGFIVSVLQCGATILLICITPGFIVFAAFIVIIYYYIGALYLASSR
ELKRYDSITVSPIHQHFSETLVGVTTIRAYGDERRFMRQONLEKIDNNNRSFFYLWVANR
WLALRVDFVGALVSLLSAAFVMLSIGHIDAGMAGLSLSYAIAFTQSALWVVRLYSVVE
MNMNSVERLEEYLNIDQEPDREIPDNKPPSSWPETGEIEVDDVSLRYAPSLPKVIKNVSF
KVEPRSKIGIVGRTGAGKSTIITAFFRFVDPESGSIKIDGIDITSIGLKDLRNA VTIIPQDPTL
FTGTIRSNLDPFNQYSDAEIFESLKRVNLVSTDEPTSGSSSDNIEDSNENVNKFLNLNNTV
SEGGSNLSQGQRQLTCLARSLLKSPKIILLDEATASIDYNTDSKIQTTIREEFSDSTILTIAH
RLRSIIDYDKILVMDAGRVVEYDDPYKLISDQNSLFYSMCSNSGELDTLVKLAKEAFIAK
RNKK

SEQ ID NO: 63 Calathea utilis ABC transporter polypeptide sequence
MSSTEKSSEDSIDTNDGVNTYRGFDADVQEQVQDLARILTNKSYSSSCQNKADSDLLSR
VSTVAPGVDPITGLEQLDPRLDPNSSDESSRYWIKNFRALMDKDPEHYNNYSLGITYKN
LRAYGEATDADYQSNVVNAPAKLFGGLYKKYFRTSSAKEKVQFDILKSMDGIKPGEV
VVVLGRPGSGCTTLLKTIASNTHGFDIAPESEITYDGLTPQEVVKSFRGEIVYNAEADIHF
PHLTVWQTLYTAAKFRTPENRIPGVSREEFAAALTKVYMATYGLTHTKNTRVGSELVR
GVSGGERKRVSIAEVSLAGSKLOQCWDNATRGLDAATALEFIRALRTSADVLDTTALIAI
YQCSQEAYDLFDKVSVLYEGYQIYFGRGDKAREYFIKMGWDCPQRQTTADFLTSVTSP
RERVARKGYESKVPKTGKEFEAYWKASPEYAELMKEIDANLHQTSQSSTKDVILSAKH
ARQSKNMRKSSPFTVSFPMQVRYLLTREFQRIRNDIFFHAFSVLSNSLMSLVLSSIFYNLQ
NDTASFYYRGAAMFLAVLFENSFASFLEIMSLFEARPIIEKHKQFALYHPAADALASVISQ
TPFKMITALFFNLVFYFMVNLRRDPGRFFFYFFVNILATFTMSHAFRLIGSMSNSLAQAL
VPAHIILLGLVMFLGFTLPTPYMLGWCRWMNYLNPLAYTFEALMANEFHDREFDCTQFI
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PGNPNEHPEWPSAAWVCDAVGAVAGEYSVSGDAYLSLSYDYSNGHKWRNVGILIAFL

VVLLAVYMLFAEFNESAKQKGEVLLFQWSTLRKIKKDKASNDLEAGKERDVTEQNDE
GDDVNVEALQAGKDIFHWRDVHYTVKIKTEEREILAGVDGW VKPGTLTALMGASGAG
KTTLLDVLASRVTMGVVTGNMFVNGHLRDSSFQRSTGYVQQQDLHLDTATVREALRFS
AYLRQPSSVSKKEKDDY VEEVIKILDMQKYADAVVGVAGEGLNVEQRKRLTIGVELAA
KPKLLLFFDEPTSGLDSQTAWSICQLMRKLANHGQAILCTIHQPSAILMQEFDRLILFLAR
GGRTIYFGDLGKNCQTLIDYFESHGSPKCPPEANPAEWMLHVIGAAPGSHANQDYHQV
WLESDERKAVLAELDHMEKELVKLPKDESIGNDEFAAPFYKQFLLVTERVFQQTFRTPS
YIWSKLCLSIPSIYIGFVFFNANATMQGLQNQMFS VLMFITIFNPLLQQMLPTYVAARDL
YEMRERPSKTFSWKAFMLSEIVSEIPWNALIGTIAFFCWYYPAGFYHNSHSTAEVNQRG
AYAWFFCVMFFVYIGTMAHMCIAPIRLEDMAGTIAYLFFTLCITFCGVMVSPDILPGFWI
FMYRVSPMTYFVSGYLANAVAHADVICAENEYRVVTPPPGVSSCGEYFESYIEAAGTGY
LINPNAADQCQFCPLSSTDDWLHSVGISYGEKWRNLGLLWVYMIFNVVAAIFLYWLAR
VPKKSGRVKEQASSKPSTQKEKSS

SEQ ID NO: 64 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MAGATSSIIRENDFEDELAERMQSYNRETADKLALTRTESVKPEPEITAPPHSRFSRSFKT
VLIAQCAFTGFFSTIAGAIY YPVLSVIERKFDIDEELVNVTVVVYFVFQGLAPTFMGGFAD
SLGRRPVVLVAIVIYFGACIGLACAQTYAQIIVLRCLQAAGISPVIAINSGIMGDVTTRAE
RGGYVGYVAGFQVLGSAFGALIGAGLSSRWGWRAIFWFEFLAIGSGICFLASFLILPETKRN
ISGNGSVTPKSYLNRAPILVLPTVRKSLHLDNPDYETLELPTQLNLLAPFKILKAYEICIL.M
LVAGLQFAMYTTHLTALSTALSKQYHLTVAKVGLCYLPSGICTLCSIVIAGRYLNWNYR
RRLKYYQNWLGKKRSKLLEEHDNDLNLVQRIIENDPKYTEFNIFKARLQPAFVTLLLSSSG
FCAYGWCITVKAPLAAVLCMSGFASLESNCILTFSTTLIVDLFPTKTSTATGCLNLFRCIL
SAVFIAALSKMVEKMEKFGGVFTFLGALTSSSSILLFILLRKGKELAFKRKKQELGVNQEI
KLLESKENVPFDRSTTEKEELV

SEQ ID NO: 65 Hansenula polymorpha ABC transporter polypeptide sequence
MSDSISVKSGDSQYFGFDSNVETQVRGLARELSHVSAYETEKNDNDARSLIRTLTNYSQ
VPGVNPFVEDGIDSRLNPDSDDFDSKLWIQNMRKLMDSDPEY YKPASLSVAFRNLRASG
VVSSEDYQTTILTAPIKFVMENFNNTFRKHVESRYFDILKPMDGLILPGTFTLVLGRPGA
GCSTFLKTVASQTYGFKVAPESIISYDGFSPKDIESNYRGEVTFSAEKDEHYPQLTVRQTL
GFAAKLKAPRNRPQGVSAQAYADHMTKVYMAMYGLSHTADTKVGNDFVKGVSGGER
KRVSTAELSLCGSKIQCWDNSTRGLDSATALEFLRALKTSATVLRTTPITSVYQCSEDSY
NLFDNVLLLYEGYQIYYGPASHAKQFFQKMGY VCPPRQTTADFLTSLTSPKERIPREGM
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ENRVPRTPKEFNDYWRQSPEYADMVAQTDAYIKKSAADDLREQFHQSHVARQEKGSR

SRSPYTSTYWTQVRENMRRYWWKIKGDPSLLYFHIFFRVAISLVISSLYYNLKNTTSDLY
YRGACMFFATMFNAMS VMMEVITCFEARQIAEKHKKYALYHPSTDALASVITEIPNK VI
INTGFNLVFYFMVNFRRTPGHFFFYLLTNLTSTFTMSHMMRSLASLFRTLSEAMTPSMFL
VSLLVLYTGFAVPVKDMHGWSRWINYLDPIAYAFEALIANEFHGRQFECNDFIPGYPGV

PQENTICNTLGAEAGETTISGTKYTALAYKYYAKHKWRNWGINLSFAIFFLGVYLLLVEN
SKSAMQKGDVLLFLSSWFKTPTHARAKSDIETANNIESVNYAKDEAGSSSDSGRLATGN
GIFHWRDVCFDIKVGKKPKRILDHVDGW VKPGTLTALMGASGAGKTTLLDVLANRVTI

GVVTGSIFVNGQERNQSFQRFTGYAQQQDLHIQTATVRESLRFSAYLRQDASVSKQEKD
DY VEENIRVLEMESYADAVVGEAGQGLNIEQRKRLTIGVELVAKPQLLLFLDEPTSGLDS

QTAWSICQLMRKLSNSGQAILCTIHQPSARLLQEFDRLLFLAAGGKTVYFGELGPNCQTL
IDYFEKNGAKPCPPHANPAEWMLEVIGAAPGSHAKRDYHEVWTHSPERAAVLEELHRL

EETADEKTHQEEAKQRQFATSFATQYHLVTKRMVQQYIRTPSYIYSKLLMAIGVSMENG
FTFFHANHTKQGLQDQMLSIYLMCMSGMVYFQQLLPLIEEERNVYEVRERPSKLYSWY

AFVSATFTAELPWSFITGTLSFVTWYLPLGLYRDAEQTNS VSERAGLVWLYLTFFYMYA
TTLGYFCSFGLQVMSNGMNNSFMVEMLSMNESGVLIYPTGFWTWLYHVSPLTWWIGGI
VPAGIRDTRIRCASDEY VKFPPLSGQTCGQYMQEFITKNGGGY VVNPDATDMCEFCSMS
NSNQFLLGRHMNPDHMWRNFGLIIAYTAFNIICTY AFY YIFR VPKKGSRVEKETFFIEEED
EEDEKAAPKKWWQKLGKKN

SEQ ID NO: 66 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MGSCCSCLKDSSDEASVSPIADNEREAVTLLLGYLEDKDQLDFYSGGPLKALTTLVYSD
NLNLQRSAALAFAEITEKY VRQVSREVLEPILILLQSQDPQIQVAACAALGNLAVNNENK
LLIVEMGGLEPLINQMMGDNVEVQCNAVGCITNLATRDDNKHKIATSGALIPLTKLAKS
KHIRVQRNATGALLNMTHSEENRKELVNAGAVPVLVSLLSSTDPDVQYYCTTALSNIAV
DEANRKKLAQTEPRLVSKLVSLMDSPSSRVKCQATLALRNLASDTSYQLEIVRAGGLPH
LVKLIQSDSIPLVLASVACIRNISIHPLNEGLIVDAGFLKPLVRLLDY KDSEEIQCHAVSTL
RNLAASSEKNRKEFFESGAVEKCKELALDSPVSVQSEISACFAILALADVSKLDILLEANIL
DALIPMTFSQNQEVSGNAAAALANLCSRVNNYTKIIEAWDRPNEGIRGFLIRFLKSDYAT
FEHIALWTILQLLESHNDKVEDLVKNDDDIINGVRKMADVTFERLQRSGIDVKNPGSNN
NPSSNDNNSNNNDTGSEHQPVEDASLELYNITQQILQFLH

SEQ ID NO: 67 Kluyveromyces marxianus ABC transporter polypeptide sequence
MGQSERAALIAFASRNTTECWLCRDKEGFGPISY YGDFTVCFIDGVLLNFAALFMLIFGT
YOQVVKLSKKEHPGIKYRRDWLLESRITLVGCFLLFTSMAAYYSSEKHESTALTSQYTLTL
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MSIFVALMLHWVEYHRSRISNGIVLFYWLFETLFQGSKWVNFSIRHAYNLNHEWPVSYS

VYILTIFQTISAFMILILEAGFEKPLPSYQRVIESYSKQKRNPVDNSHIFQRLSFSWMTELM
KTGYKKYLTEQDLY KLPKSFGAKEISHKFSERWQYQLKHKANPSLAWALLSTFGGKILL
GGIFKVAYDILQFTQPQLLRILIKFVSDYTSTPEPQLPLVRGVMLSIAMFVVSVVQTSILH
QYFLNAFDTGMHIKSGMTSVIYQKALVLSSEASASSSTGDIVNLMSVDVQRLQDLTQW
GOIWSGPFQIILCLVSLYKLLGPCMWVGVIIMIIMIPINS VIVRIQKKLQKIQMKNKDERT
RVTSEILNNIKSLKVYGWEIPYKAKLDHVRNDKELKNLKKMGCTLALASFQFNIVPFLV
SCSTFAVFVFTEDRPLSTDLVFPALTLFNLLSFPLAVVPNAISSFIEASVSVNRLY AFLTNE
ELQTDAVHREPKVNNIGDEGVKVSDATFLWQRKPEYKVALKNINFSAKKGELTCIVGK
VGSGKSALIQSLLGDLIRVKGYAAVHGSVAYVSQVAWIMNGTVKDNITFGHKYDPEFYE
LTIKACALAIDLSMLPDGDQTLVGEKGISLSGGQKARLSLARAVYARADTYLLDDPLAA
VDEHVAKHLIEHVLGPHGLLHSKTKVLATNKISVLSIADSITLMENGEIQQGTYEETNNT
TDSPLSKLISEFGKKGKATPSQSTTSLTKLATSDLGSSSDSKVSDVSIDVSQLDTENLTEA
EELKSLRRASMATLGSIGFDDDENIARREHREQGKVKWDIYMEY ARACNPRSVCVFLFF
IVLSMLLSVLGNFWLKHWSEVNTGEGYNPHAARYLLIYFALGVGSALATLIQTIVLWVF
CTIHGSRYLHDAMATSVLKAPMSFFETTPIGRILNRFSNDIYKVDEVLGRTFSQFFANVV
KVSFTIIVICMATWQFIFIILPLSVLYTY YQQY YLRTSRELRRLDSVTRSPIY AHFQETLGGL
TTIRGYSQQTRFVHINQTRVDNNMSAFYPSVNANRWLAFRLEFIGSITLGSSMLAVIRLG
NGTLTAGMIGLSLSFALQITQSLNWIVRMTVEVETNIVSVERIKEYAELKSEAPYIIEDHR
PPASWPEKGDVKFVNYSTRYRPELELILKDINLHILPKEKIGIVGRTGAGKSSLTLALFRI
EAASGHINDGIPIDSIGLADLRHRLSIIPQDSQIFEGTIRENIDPSKQYTDEQIWDALELSHL
KNHVKNMGPDGLETMLSEGGGNLS VGQRQLMCLARALLISSKILVLDEATAAVDVETD
QLIQKTIREAFKERTILTIAHRINTIMDSDRIIVLDKGR VTEFDTPANLLNKKDSIFYSLCVE
AGLAE

SEQ ID NO: 68 ABC transporter polypeptide sequence
MAAFSSLVASQDVLYRLLADLARKDTKSFRRTLAQLDRRTRLIIALVSALSSASVVALY
RHNAKSAKQEATRARELHRQNSAVKLNDGSQEIFVPSGGSKGGQSRVVIRPTRRVTFEA
HRRLFLKSPEKTTMGGEHKTGINRTFMREFGAIWSITVPHLKSKTSGLLFIHALFLAARTY
LSLLVAKLDGRIVRDLIAGHGRQFARGIVLWLLLAIPASYTNAMIKFMQAKISIAFRTRL
VRYIHDIYLDAKLGYYKVSNIDGGIEGADQYITADVTRFCDAAAALYSNLGKPSVDFAIF
SYQLYQNLGPLALIGIFGNYMATAWVLKRLAPPFGWLTAVEARLEGEYRSGHTKLITNA
EEIAFYDGTGLERSILRDTYRRLTRHVANILRIKVSYNMFEDFMLKYSWSAMGYIFASLP
VFLPTWAGANSHALVEAKDHEEKPHSASIATARRDFQERSRMREFITNKRLMLSLADAG
GRMMYSIKDLAELAGYTSRVYQLLSTLHRVHASAYDRAPGSGPIEPYSLADVRGTVQQ
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GFKGVRFEHTPVVVPGLGKDNSPGELLIKDLDIRINPGDHILISGANGVGKSATARVIGGL

WPVYRGLVSKPMPSDISFVPQRPYLSNGTLRDQIYPASHADMLDAKRSDDELMEILKK

VKLEYLPSREGGWETKKQWKDVEFSGGEKQRVMFARILYKKPMFAVIDEGTSAVSADV

EGLLYETCKKQGITLITISHRPSLLOQYHNAQLKIGLGDHRDEWVLEKTDTEEGRLSVEHE
IEELEKQLSQVDAWKARRHEIDALLSGKSQ

SEQ ID NO: 69 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MRGLTPKNGVHIETGPDTESSADSSNFESTGFSGKIRKPRSKVSKACDNCRKRKIKCNGKF
PCASCEIYSCECTFSTRQGGARIKNLHKTSLEGTTVQVKEETDSSSTSFSNPQRCTDGPCA
VEQPTKFFENFKLGGRSSGDNSGSDGKNDDDVNRNGFYEDDSESQATLTSLQTTLKNLK
EMAHLGTHVTSAIESIELQISDLLKRWEPKVRTKELATTKFYPNKSIETQLMKNKYCDV
VHLTRYAAWSNNKKDQDTSSQPLIDEIFGLY SPFQFLSLQGIGKCFQNYRSKSKCEIFPRT
AKETIYIMLRFFDVCFHHINQGCVSIANPLENYLQKMNLLPSTPSSISSAGSPNTAHTKSH
VALVINHLPQPFVRNITGISNSELLSEMNNDISMFGILLKMLDMHKNSYKNFLMEITSNPS
VAKNTQSIDVLQEFIHYCQAGEALIALCYSYYNSTLYNYVDFTCDITHLEQLLYFLDLLF
WLSEIYGFEKVLNVAVHFVSRVGLSRWEFY VGLDENFAERRRNLWWKAFYFEKTLAS
KLGYPSNIDDSKINCLLPKNFRDVGFLDNRDFIENVHLVRRSEAFDNMCISDLKY YGELA
VLQIVSHEFSSSVLFNEKFTSIRNTSKPSVVREKLLFEVLEIFNETEMKYDAIKEQTGKLFDI
AFSKDSTELKVSREDKIMASKFVLFYEHHFCRMVNESDNIVARLCVHRRPSILIENLKIYL
HKIYKSWTDMNKILLDFDNDYSVYRSFAHYSISCIILVSQAFSVAEFIKVNDVVNMIRVF
KRFLDIKIFSENETNEHVFNSQSFKDYTRAFSFLTIVARIMLLAYGESSSTNLDVISKYIDE
NAPDLKGIIEELVLDTNSCAYRFLLEPVQKSGFHLTVSQMLEKNRKFQEPLMSNEDNKOQMK
HNSGKNLNPDLPSLKTGISCLLNGIESPQLPFNGRSAPSPVRNNSLPEFAQLPSFRSLSVSD
MINPDY AQPTNGONNTQVQSNKPINAQQQIPTS VOQVPEFMNTNEINNNNNNNNNNKNNI
NNINNNNSNNFSATSFNLGTLDEFVNNGDLEDLYSILWSDVYPDS

SEQ ID NO: 70 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MRWDVIILYAISRPYATRRTGSHTHPRDSRYIAANQRRPPSACRVGPSPAKQRKDIPIFEL
LDTTLIKNALFALTSFLYYRTNILTCPFLNFLYLSRTGQLDKFCKDQTVTQILAT

SEQ ID NO: 71 Pinchia pastoris ABC transporter polypeptide sequence
MKENDTPRVGISVRDLAVVTKKSRRAFESSSSKRNDVPTSKVLLEATSFDIEPGTITAIMG
GSGSGKTTMLNCLANGNENSGNINIQGTIAYNGKTNINTISHAY VIQQDILLPNLTCYETL
MYSAELRLKEPKEKLVEIVDQVILELGLKDCRNTLVGNDTHKGLSGGEKRRLSIGIQML
CNPSVLFLDEPTTGLDAYSALLLIQTLKNLANQGKTFVLSIHQPRSDIFFLFDNLILLSRGK
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TCYSGPLDKVIPYFEQIGYHVPKQVNPADYFIEIVSINMKDQETENKCWESLSKISDHWK

DSHDFEPISVDPTFVSKVKSPVSFSKKIKILTRRDMLLSFRSPLILLSLLIETIAVSLICGWVF
FIPGSSLRGIRTMTGALYTTNGLQPYLFLLFEVYRLSSVDIKIYDRERSEGVVSAPSFLISR
RISKFFTEDVWIPILESIIGYFMFGLRTDSPRHFFIYFAAVYIAHLVSMCFAMACVSISREY
ALASLMANLNFTLQSMACGYLANSRVIPVYVRWTKYIAYLWYGYGAVISNQFTGFRGE
CFQDTSQPNIDEVCAAYYGNNIIRNLGFWPNFIALPLCVEVAMAFGFYLFAGLMLTYKT
KSRSALSQEVSSSSKRKSLKSSTQDATKEAEVLVRDGLTITLKDASLKVRVRKVLERTST
EKEILHGVNAEFKPGQLNTIMGPSGSGKSSLLNLISGRLHSNVTTSY TSIGDIFLDSQLASF
QDMDEICSYVSQDGDHLIPSLSVRETLLFAARLRLNLERHQVEKRVDEIILKMGLRDVAT
VLVGSEFVKGISGGERKRLSIAIQLINDPPILLLDEPTSGLDAFTAGSILKVLQTLCDENKT
VVLTIHQPRLDLFHSLGSILLLAKGGHVAFKGTPNEMLEHFESMGYPCPAFVNAADHVL
DVISVNVQNEINETISRKRVNLFLDEWKSRDNQETKLLAVNTFSMEDVAIKKRSSFMKG
YTILLQRQALCIRRDTNILFGRIAQIAGLGIILALFYSPLKHDYTSIQQRLGALQQMTALYF
IGMLNNIMIFPLERTSFYTEYKDKVVSAESFFMAYLTLELPFELVSGAFESVFMVMVIGFP
RTPGLFFAMY YASICIVNCGESLGVIENVIFDEVGFAVNIISIFLSIATFMTGVMSLNMGAF
LRGINWLSPLYYAVMGVLNLAFPPSLRLTCEDDFRNPDGSCIFSNGTDVLEIYQLKKNW
QLLLGLLIVVVFVYRGIGYVMLKLKVRGF

SEQ ID NO: 72 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSTNKFVVRITNALFKSSLASNSPPVYPKRIRHFEILPNEKW VIWGPGKGKFLDVLNNKY
ICEPPLSLRFGFLKESSNILPRIEQVAFKGVMPTAHLSARYEYFKDDYDQTCKQFIFDKAS
GSNAVSYKVETNNRQINMELYNALVENLNLSSLOQDRWVMGLSNGOQMRRARLARSILK
EPDLLLIDDPFLGLDPAATATISQFLAKYDSIEVSGGCPIVIGLRYQDTIPAWCTHICCVDE
KNGILFEGPIEKLQSKMDETRSRALKELEQLKKASNSKEDISINDLICIHPMYGKKEHEIIK
MPHLIELDGLSVSYKGEAVLENLHWKVQPGSKWHIRGDNGSGKSTLLSLLTAEHPQSW
NSRVIDNGVPRRTGKTNYFDLNSKIGMSSPELHAIFLKNAGGRLNIRESVATGYHEASSN
NYLPIWKRLDKNSQDIVNMYLKYFGLDKDADSVLFEQLSVSDQKLVLFVRSLIKMPQILI
LDEAFSGMEVEPMMRCHEFLEEWPGTVLVVAHVAEETPKCAHYLRLISPGEYEIGDME
N

SEQ ID NO: 73 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MTELCPVYAPFFGAIGCASAIIFTSLGAAYGTAKSGVGICATCVLRPDLLFKNIVPVIMAG
HAIYGLVVSVLVCYSLGQKQALYTGFIQLGAGLSVGLSGLAAGFAIGIVGDAGVRGSSQ
QPRLFVGMILILIFAEVLGLYGLIVALLLNSRATQDVVC
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SEQ ID NO: 74 ABC transporter polypeptide sequence

MANVSTLRPLLIEALQDPVKLRAFISTYLASLRQMSPRRLRVIAVVAFLLVGSCTGIAGQ
ALLDNLNTKKSKKKVPLHRMDSAVKLSDGSKQIVVPYKEGQTTVTIKPTKQVTFEAHR
RLFLRPDDSEGGEAKSGINGRFLRQFSALWVIMVPRLOQSRESLILLVHALFLFLRTWISLL
VAKLDGQIVRDMIAGDGRKFLRGLGYWFAIAVPASYTNAVIKYLQAKLSLAFRTRLTR
YVHDLYLDADLAYYKIADIDGGNVGTSADQFITTDLARFCDKAAALYSNLGKPFVDFLI
FTFQLSKNLGPMALIGIFANYGLTAYLLRRLAPSFGKLAAIQAKLEGEYRAAHSKLITNA
EEIAFYDGTSLERTILEKAYIRLARHIRGIYRIKIFYNMFEDILKYTWSAIGYMFASLPVEL
PAWTSIKEKTKETTASAVTASMDESEQDHMRDFITNKRLMLSLADAGGRMMY SIKDLA
ELSGYTSRVYMLLSVLHRVHARAYTSRILKTPIKEAASKEAKEEGIVIGEKPDPDSSSELS
EEEQFTLNSISGTIQPRYPGVRFEGVPIVAPSAVGSGELLVRDLNVLIKPGEHILISGPNGC
GKSAVARVIGGLWPVYRGLLSRPDISEIGFLPOQRAYLSIGSLRDQIIYPDSHADMISKNVT
DADLQTILDRVHLGYLPSREGGWNTRKEWKDVFSGGEKQRVMFARILYHRPKFAVIDE
GTAAVSSDVEGSLYENCKKDGITLITISHRPSLMKYHKAQLKLGLGNDGKDWDLEIVGS
KEARLSVEKEIQSLEEKLSKVDEWKKRKTEVEAIL RGEVKHEQKPGFQEIVTENVQNTG
DDTGVLLKTDTIVGVGKESEEEDVKEMKQQLGSVVKAEGDAAVKEQAAKELNEATEK
LEAAKEKTDKGDVKVEGGADKPAAAKTSNPKKSEKK

SEQ ID NO: 75 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSSIHEVVALIEELYSPHPKHDVNQIQQSLQSIQKSEQGFHLANELLSDDKYSANVKYFG
ALTLTVQLNTRGENDYETLWNVFEFRSNLLYLTKFSTLYVSNPNMYGQSLIIKKLMSNLSL
IFTKINDPQLNNAGNENMIKQWNNPINTFIQLMS VONQONINADQLLLDSINCSLTYEQLS
QFVSLSQKHNELALTFTEVIVEDLTKFQTKRHSMSQIHEVVHEHLYISTMALINLNLTAQ
AVFNPTVFDCITAWINYISLTRSVSSSGRMDLSEIFQNLIDLMYQSTEGSDGYENAEKILTI
FGNVFANDPLLMSYDLROQQIECIFLGVVRPDSGITDISNKNSWMLQYMNYLVTNDFFSE
LKELAICIVDFLQINTLSVCNKLFTNIQAADNGQVQDEYIQEYIKVLLOMTNFPLTPVLQE
FFSVEMVDFWLDLSDAYTNLASETLRPNSIELSTOQIFQQLINIYLPKISLSVKQRIIEEEGES
TSVNEFEDFRNAVSDLAQSLWSILGNDNLTNVLIDGMGQMPAASDETLIKDTDVLFRIE
TMCFVLNTILVDMTLSESPWIKNIVDANKFFNQNVISVFQTGFQTSASTKVSQILKLDFV
RTSTTLIGTLAGYFKQEPFQLNPY VEALFQGLHTCTNFTSKNEQEKISNDKLEVMVIKTV
STLCETCREELTPYLMHFISFLNTVIMPDSNVSHFTRTKLVRSIGYVVQCQVSNGPEEQA
KYILQLTNLLSGSIEHCLASSVQLQEQQDYINCLLYCISELATSLIQPTEIIENDALLQRLSE
FQSFWSSDPLQIRSKIMCTIDKVLDNSIYCKNSAFVEIGCLIVGKGLNLPDGEPYFLKYNM
SEVMNFVLRHVPNCELATCLPYFVYLLEKLISEFRKELTPQEFDFMFEKILLVYYDAYIIN
DPDLLOMTIGFVNNVLDVKPGLAIGSKHWTSFILPQFLKLIPSREKFTIVAVAKFWTKLIN
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NKKYNQEELTTVRQQVSSIGGDLVYQIMYGLFHTQRSDLNSYTDLLRALVAKFPIEARE

WLVAVLPQICNNPAGHEKFINKLLITRGSRAAGNVILQWWLDCTTLPNYQG

SEQ ID NO: 76 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSTDESEDVYSDLYSHSQVTSNTANDIEQLPYALTFKTSLIFVGATIGGLLFGYDTGVISG
VLLSLKPEDLSLVVLTDVQKELITSSTSVGSFFGSILAFPLADRYGRRITLAICCSIFILAAI
GMAIARTLTFLICGRLLVGIAVGVSAQCVPLFLSEISPSRIRGFMLTLNIIAITGGQLVSY VI
ASLMKEIDNSWRYLFALSAIPAILFLSILDFIPESPRWSISKGDILYTRDSLRMLYPTASTY
HVNSKIKQLIELDKLRLYEDASEPLLVQSQSVIRYMDSSTSGTLSPPNIKRLSSNTERTSN
TMSSSSAYLSALRGPAPNGALASNKKKRHRMEPRTIRALIVGCMLMFFQQITGFNAFMY
YAAIIFSKFNIKNPLLPPILIASTNFIFTFFAMY TMDSLGRRAILLRTILIMTVGLLLCSVGF
GHDQVNLLLISVVIYVAAYASAMGSVPWTCVEFLPLNRRSFGASCIACTNWLTNAFVS
MTYLSTINTIGDENTMLIFAFFTVCAWFFVYFWYPEVKGLSLEEVGRVFDNGIDVHY VF
RTYH

SEQ ID NO: 77 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MAETERLMPNGGSRETKPLITGHLILGTIVACLGSIQYGYHIAELNAPQEFLSCSRFEAPD
ENISYDDTWVGQHGLKQCIALTDSQYGAITSIFSIGGLFGSYYAGNWANRYGRKY VSM
GASAMCMYVSSLLLFFSNSYLQLLFGRFLVGMSCGTAIVITPLFINEIAPVEWRWAMGSM
NQVSINLGILLTQTLALKYADSYNWRWLLFSGSVIAVANILAWLKVDESPRWLVSHGFV
SEAETALFKLRPGTY QQAKQEIQDWQRSHGHNRDPESSEETHSGPTLWQY VTDPSYKKP
RTVILAILSCQQFCGINSIHFYGVKVIGKILPDYSIQVNFAISILNVVVTLAASAIIDHVGRRP
LLLASTTVMTAMSLLISVGLTLSVSFLLVTATFVYIAAFAIGLGPIPFLIIGELSYPQDAAT
AQSFGTVCNWLATFIVGYLFPIGHGLMGGY VFAIFAAIAAMFATY VYKRVPETKGKTTY
SEVWAGY

SEQ ID NO: 78 Kluyveromyces lactis ABC transporter polypeptide sequence
MIMLQVPNATCEFGLRPYISPEVNALNPCFISWVCVIFVAHFIAIGGFQYVSLRNKETGPA
TFETKRFWTFRNMSIFHVIHMINVLFQCVLLLIQLSWVEKDEPTWTKWSISLNLFYVAIVY
LNSTWLAYYKSSCAQGHGLFYFIIYSFVVAFEIGQRYFHAGTERYNVIKNGASAMIVDIL
LWFNSMSIFCYDTFLFKCSPQLTNYFAVNNIYPPVNVLAGISFTWMNKLIMDTYHANKIE
DPSNMPLPPFDLDIAEATTAVEANWEYELWTDRKSLLLALLKTFGPTIAIAMSYEVSRSL
LSVIQPQLFRKFIEVFNPDSRDLPILNGFFVAIGLFLLSILSTOSNQFFINIFEAGLKIRGSLM
SLVYQKSLRLSAEAREDKANGDVLNLMSVDVIRIQRFFENAQILVGSPIQLIGVLISLY VL
LGNATIGGLVSIVIMVPINSYMTRLYKKLFKTQMQYKDKRIKTVTEILNSMKSIKLYAWE
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KPMLDRLNHVRNDLELHNMKKIAIVSNEFMFFCWNIVPLLVTCSTFVLESYLTDQVLSPQI

IFPSLTLFSMLNDALFTVPTMISNIIEIGVSLKRLKGYLLAEELDTSFIEHARATASDPTVEI
SNAVFLWKSPKSAASSEDTDEEAEISSPGVALKSIENFSAKKAQLTCIVGRVGSGKSTFL
QAILGQLPCVSSDSASGVKPKVVIRADNLAYCPQQPWIMNASLKDNILFGYKYDEAMY
KKTIKACQLLPDLEILPDGDQTLVGEKGISLSGGQEKARLSLARAVYSRADLYLLDDVLS
AVDSHVCKSIIDDVLDRQKGLLKNKTVILTTNAVNVLVHSDMIYLLKNGKIVESNSYEE
VMSKDRNNGEKSSLRENEEFASNESEETAEKKSESSTIDDKNVGSSSEDDGDLEGAPQPP
EHLLNYEAAKNPDNNTITAYEEDQENADLARVASRRASIATLKPRPLIDMNKDERKTAQ
KAETKEEGRVKSSVYLSYIKACGILGVALFFVLMISMKLLDLAKNFWLKHWSEDNLTH
GANKDIWKYVAVYALIGVTSSAFELARTIIMMLECSIRASKLFHNQMAHSVVMAPMSFEFF
ETTPVGRIVNRESSDVNSIDEDFQHIOSFFFRSMLDYLITIVIITVSMPWFLLENTILLGIYYY
YQTLYVVLSRELKRLTSISYSPVMSLLSETLGGHVVINAYKHANIFNY YNFENIQTNINFI
FNFRSTNRWLSMRILQTIGAVIVLITSLMALASLGTSNPISAGLIGLLMSYALQVSSSLMWI
IRMAVNIETTIVSVERIIEY RDLKPEGIRVIEDSRPPKNWPKRGEITFEHY TTKYRENLDPV
LKDIDLRIKHQEKIGVVGRTGAGKSTLTLALFRILEPFEGKITIDGIDISTLGLYDILRRSLSIT
POQDAQAFEGTVRSNLDPENRHTDAEIWKALELSHLKPHIERIVSELPDDENKPTDLLDTQ
ISDNGNNLSMGQRQLLCLSRALLNPSKILILDEATAAVDRETDKHQETIRTAFKDRTILTI
AHRIDTVLDSDKIMVLDKGEVKEFDTPDNLLEKNKESLFY GLCEKGGYLKEE

SEQ ID NO: 79 Pichia pastoris ABC transporter polypeptide sequence
MSSLNSSSKEDDSASLEKQILPEMARQKRLFSFLLPSTIPPLPTDQERKPYPAGVQFSDIPY
HOWVPAFISRIFFWWVVPLLKTGY VRTIFPNDLY YLERSLKVEALADKFKKVYQKEVD
KRASPNEPMKLTTFMKPLFKTIGVYYFYAIGFKIIFDCGTTLAPLLTKELIKYVSLKSVGV
EPGIGKGVGYALGASFLITVPGICLNHSLYYSTLCGQVLYSVLNKMVLEKSFRLDGVAEH
NYPIAKINSMLGTDLSRLELAFTFSPFMMTIPVTMAIAITLLIINIGVSALAGLGMFFLCLVI
VESAIPLIIKIRIKIMGSTDKRVSHIKELANYLKFVKFYSWENSYESSLTNARTTEMKYTER
MHAIRNSLTALAVSTPALSSMLAFVVAHAVSRDRTPAEIFSSLSLFNVLSMIVFLLPMCLF
LSADALLGLKRVCNFLQAPEAHLYDEQETLKTDVALQAKNGTFYWETFENEDDTVAID
HKTTENNKAFSRLKNINLEVKKGEFLVITGLIGTGKSSLLAALSGOMKRESGSVSHQGSL
LLCGEPWIQNTTIRENIVFGQPFDETKYWEVIKCCALTQDLDMLDHGDITEVGERGITLS
GGQKARINLARAVYNDRDILLMDDVLSAVDARVGKHIMDNCIMGLLHDKTRILATHQL
SLISTADRICFLNGDGTIDVGTFEELSARNQNFTNLMVFENSESSESKDEEKELKLIKSTTLT
IEEKLPRFHDINDGKLMKKEQRAINGIPIDVYKTYISMGSGVFGKLEFSPMFILVVAVTTFC
QLFTNVWLSFWTSNRFSHLSEGIYIGIYIMFTFLSMITVTTEYTLIAYLTNKASTKLNIAA
MKRFLHVPMSYLDTTPIGQINRFTKDTDTLDNEIGEQFRMVVYPSANVIGVLIMCIAYLP
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WFAIALPFLFLLFLLICSFYQATAREVKRIESIQRSFVESHVNEVLNGMHTIKSYQREDSFI

SKNDLLLNNMNEASFITNVAQRWLA VILDTIGAGFAFLITMLCVTRQFDIGPSSVGLLVT
YLEQIVGOMSLLIRSITQLENNMNS VERLYEYSYNLPQEASYDSPSRPSPPSTWPENG VID
FKDVSLRYRPGLPLVLKNINIHIPSRFRVGICGRTGAGKSSIMTALYRINELAGGQIVIDDV
DISTLNLYDLRSNLSIIPQDPVLFKGTIRKNLDPFGEKEDDVLWAALLKSGIVESSSELEQ
VKLQKKKGQEELHKFHLDQVVEDEGSNFSLGERQLIALARAIVRDSKILILDEATSSVDY
KTDAKIQSAIVREFNKCSILCIAHRLKTIVNYDRILVLEAGQVAEFDTPWRLYHKSSGIFR
AMCEKANIMEHDFDNRS

SEQ ID NO: 80 ABC transporter polypeptide sequence
MSSKADEDNIEAYNADSEGTDSMNEVHELARQITNQSIRSGTGSLHNPFVDSKDPALDP
NSDDFDSRKWLRQVMNIKLRDPDNYPPGIAGVAFKNLGAFGYGTSADYQKTFLNATLE
VVSLAKRIVGLEKKTKITILREFNGLVRPGEICIVLGRPGSGCTTLLKTLSQNTHGFHLTD
ETVLNYQGIPPEAIHKHFRGEFITYNAETDTHFPHLTVGQTLKFAALARTPKNRIEGVTRD
QYATHLRDVTMATFGLSHTLNTKVGDDFIRGVSGGERKRVSLAEAFVNGSALQCWDNS
TRGLDSATALEFIKTLKNHADYADVCCFVSLYQASQDAYDLFHKVTVLYEGRQIYEGPT
DRAKKFFTDMGFVCPDRQTTGDFLTSLTNPDERIVAPGFEEKVPRTADDFEAVWRNSED
YROQLIAEIDEYNAAYPVGGEAFQQFQHSMVTKKANRARHGSPYTLNFGMQVQLCITRG
FQRLFGDLSMAATTVEGNNAMALIVASIFYNMSQDTNSFFSRSALLFFSILMNAFSSALEI
LVLYAQRPIVEKHTRY AFYHPSAEAFASMLVDMPTKIITTLFFNIITYFMTNLRREPGFPFFI
FYLFSFVCMLVMSMVFERTIAACSRTISEAMTPASIFILALVMYTGFAIPTRYMVVWERWI
NYINPIGY AFETLMINEFNGRQFKCSGMMPTFENATGTERTCY VQGYNAPKGAEYIDGG
EYIASAFGY YHAHKWRNFGILIGFMFFFLGTYLVATELIQAAKSKGEVLVFKKGHVPYG
KGNDPEAGDVPAGAIRDPADSSGMISEKSSGQINLQKQTGIFQWMDVCYDIKVKGPEKT
RRILTHVDGWVKPGTLTALMGASGAGKTTLLDVLASRVTMGVVTGDMLVNGEKLRDES
FQRKTGYVQQQDLHLETSTVREALTFSAVLRQPKSVPKEEKIAYVDEVIRILEMESYAEA
VVGVPGEGLNVEQRKRLTIGVELAAKPELLLFLDEPTSGLDSQTAWSICSLMRKLANNG
QAILCTIHQPSAMLFQQFDRLLFLAKGGRTVYFGDIGENSRTMIDYFERNGADPCPPDAN
PAEWMLTVIGAAPGSHANKDYHEVWVNSPERVTLRKELEEMAENLRNTPDDNNDNEL
HRSFASSLSTQLVEVTKRVWQQYWRTPSYIWAKIVLTTISPAFIGFSFWQAKNDMQGL(Q
NQMFAFFMLITIFGNLIQQIMPHFVTQRALYEARERPSKTYSWPAFIISNVVVELPWQTL
VSVLSFVVVYYPVGFYRNASWTDSVHERGALFFMLIWVYYLFVSTFAHMVIAGIETAD
TGGNIGNLLFTLTLLMCGVLATPSALPGFWIFMYRVSPFTYLIAGFMGSGIGNAPMKCSS
RDYVHFDAPAGMTCQEY VGDFAASSGGYLLDGNATSCEYCPMSNTNQYLGALEMQFPN
DGWRNFGILFAYVAFNIFGALFFYWLLRVPKKRKIAKTKKE
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SEQ ID NO: 81 Kluyveromyces marxianus ABC transporter polypeptide sequence
MMLRISMSALLVYMWLTLAANAKLMNNEGVFDQVSVPPRNRRPPSDDQCPPCFNCML
PIFECKQFSECNSFNGRCECIDGFGGDDCSVPLCGALSSGNSKRPLRSNETNTCECESGW
GGINCNICEEDY VCDAFMPSGLKGTCNKNGMIAKSLHQGCDVTNPKILEILKGSKPQVT
FACNKTSELCNFQFWIDQVESFYCGLDTCSFEYDLQONTTHYKCDNVKCKCVPGQMLC
GKKGSIDISDFLTETIKGPGDFSCDLESKKCQFSEPSMNDLILTVFGDPYITLKCESGECLH
YSEIPGYKTPDKSKLSTGSILVLVLSSAGVLVAISISVYFISKSPIFANSPIMLPDDSSDDDF
DLYKTNSTATLTFENITYKVFPTKNTSTTILNEVTGSVKPGEMLAIMGGSGAGKTTLLDI
LAKKNKTGKVTGSIKVNGTEIDKEEY SKIGFVDQDDYLLPTLTVYETVLNSALLRLPRQ
LSFKAKQKRVYDVLEQLRIYDIKDRVIGSEYERGISGGEKRRVSIACELVTSPQVLFLDEP
TSGLDANNANNVIECLVRLANHYNKTLVVSIHQPRSSIFQLFDKLVLLSDGEMVYSGEA
YKVSEFLKNEGYVCPQDYNIADYLIDVTFEPSKFITKATIDDVNATIPSTEAQNPIHR VEH
ARRSLTGTATQTEWEHLAIHRDEFRGLLAQSENEEQTIGEVNSQLLHSLFKDGQYFQKL
KFEINELSSSGTEEELRIPHAY KAATFMQQVSILSSRTFKNVYRNPKLLLGNYMLTIFLGF
FLGTLY YDVDNDISGFOQNRLGLFFFILTYFGFLTFTGLSSFALERLIFIKERSNHYYSPLAY
YMAKVISDILPLRVVPPILLGLOIYPLVGLNMANNGFGRFTLILVLFNLAVSLEILTVGIIFE
DLNNSIIVSVLILASLLESGLFINTKDIENYFFKYLKNLSVFY YAYESLIINEVKSLMLREK
KYGLNIEIPGATILSTFGFIVONFVEDIEILVLENVLFLVLGYLALQLIVVEQK

SEQ ID NO: 82 ABC transporter polypeptide sequence
MVSIRLVGLAVLSVTGVLATTSPLESDRPDECPPCFNCMLPAFSCKQFATCNEFNGRCEC
PDGFGGDDCSEPVCGGLSDGRNRPIRQGDECQCKEGWGGINCNMCEENDACDAFMPG
GEAGTCYKGGILVNKNHQMCDVTNRKIVDILKGKKPQVTFSCNRTEAECNFQFW VDQR
ESFFCGLHDCEFETDFLSDKNVTRY SCPKIDCACVPGRMLCGEKGSIDISDFLTETIRGPG
YFECDSKDDNCKFSEPSMNDLIKNVEGDSYITLTCDASECLHYTELPGYHEPVKRVNRA
FVLSTSAIALAILILGGLGVNYLIQVSQEKKVNRIALPSDDDRAKLMMSHKPTSLQFDNV
SYVDNDRQILSNAFGTVESGQVMAILGGSGAGKTTLLDILARKKKKGQAAGDIYVNGK
QYSSKQYKRVIGFVDQEDYLMPTLTVYETIATSALLRLPKTMSDDAKRLRALETMNELG
ILDIKDQIGDESNRGISGGEKRRVAIACELVTSPSILFLDEPTSGLDAYNAHNVIESLVNL
ARNFDRTVVVTIHQPRSNIFSLFDKVILLAQGKVVYSGAQIRAAEHFSELGYTCPPSYNL
ADYLIDLTMKNSDSSSGESTEGTSSSLLERTQEDDEDLHNPLARAGTDIDVTREWRHYA
SHRDEDRQLLRQRNTGDGSNGARAGGSGSGSRTTGTTAKVEELVEMFEFNGSTAYAEVK
DDIQRATGNAAAAATSSSDEDDEGQELRGYETVGLVRQFTILSIRTFKNLYRNPMLLLT
HY VIAIILGMFCGVLYFNISNDISGFQNRLGLFFFLLALFGFSTLTTLNLFAQERIVFVRER
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ANGYYRPIAYYCAKVLFEDIIPLRVFPPIILGMITYPLAGLSTDNNAFWKFLLILTLFNLTAA

SICLVIGIVIQDSGVANLVGSLVMLFSLLFAGLFLNPDSMPPGTKWFEYASIFHYAYEALA
VNEVRYLTLTERKFGLSIEVPGATILSTFGFDVGALWADVWGLVIFFLVFITWGYVAMH
YMLIERR

SEQ ID NO: 83 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MTKQQTSVMRNASIAKEEHEGSDNNNVDRSSSDAISDNDAERSNSHSEIDNESNFDMVP
YSRFSHKQKMLLVVQCAFTGFFSTVAGSIY YPVLTIIERKFENITEELANVTIVVYFIFQGV
APSIMGGLADTFGRRPIVLWAILAYFCACIGLACAHNY AQILALRCLQAAGISPVIAINSG
IMGDVTTKVERGGYVGLVAGFQVVGTAFGALIGAGLSSRWGWRAIFWFLAIGSGICLVF
STLLMPETKRTLVGNGSVTPRSFLNRSLILHVGSVKKTLHLDDPDPETLEPRTSVDFLAFPL
KILHIREIDILLSIAGLOQFSTWTTHQTALTIVLSKKYNLSVAKIGLCFLPAGISTLTSIISAGR
YLNWSYRTRKVKYNRWIKEQELQLMEKYKGDKNKVAELIHSNSHYTEFNLVEARLHPA
FVTLLLSSIGFTAFGWCISVKTPLAAVLCTSAFASLESNCILTFSTTLIVDLFPSKASTATGC
LNLFRCLLSAIFIAALTKMVEKMRYGGVFTFLSAITSSSSLLLFYLLKNGKQLSFDRIRAN
DKSAGRSVGKNSEKVST

SEQ ID NO: 84 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MTHSLEKALFALLFLYTAAVNAGVIGIFNALPPPNTKPINGESPLY QCDILDKQLVEIKEVN
LDPNPPVRGENLTISANGEVFETIEEGAYIDVEVRLGYIRLLSQTFDLCETLEDNDIEGLSC
PIEPGEYNIKKIVEIPGEVPPGKYVVVARAYTEKDDLITCLTGEVIFPPR

SEQ ID NO: 85 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MKPPLNMSRSNKPLTQEANSSAHIDRAHQLAQDFNSKQDDTALTSLPHKNPDIFRFENNI
TAHSSRRGSLYRDSDATVVLPLSEHTPRLSMDDPYRQLLQQAEISQLRSKKKRHSSRVL
RTSFISFVVLVSSLSGLDQGLISGNVMTLSFQKYFHYPLTSPLGNIVSIVNLGAFMASLEV
YSGILEPCSRKKMLOQISTMIYSLGAIVQVLALNQWCLLLGRFLLGVGMGFAFSMVITYQF
EFPLPCIRKRTLISIQCVSSVIAYSFGIWINCAFRYLGFAWRYPLSTHVALGIILNLMSFYLI
LESPSWLLKQKNDVEALVLISNVFDDGNFEENQTQLKFRVLKRDILLKSHLQKNSYPYA
YILKDFSSHKLLIGFQLLTRTNGVDAFLYYSPLILQOMGRGERKSIYLTGLNALIYSIVILA
YVPLVLRKRKEKTNVLLGSIVMCALLFTISFTDWFPKSTTRYISILFAVFLFTHFISWDSIG
WVMTIELLPHLSQAPVILLVSNFYWIFKWFVSLITPILIDRLSWKFYLIPSLSSFISIIFVLKIF
PIETRDERLDSDDDSTGNGSGNHDDVEFDDTGSEFSSSPSEFSAYQINTLGSSIKQNNQAYSS
IQNEQILPKNGNLSNQTHGSAQNVYFITSDSGPSRTGEFFSFHNRTDPNISDNIAANKPSS
GGGONSPGDMAVA
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SEQ ID NO: 86 Calathea utilis ABC transporter polypeptide sequence
MSGERCSRFWDFDDLSPCAREELIGTQWPLVLLCASVATITVKGVYNYVHLGKRVSLR
DDGESEPLLTASQGAPLYTESSAEFTEDVKRSHFDSSSLPPVKLNGEPHGCKTLYKRSGV
EKVRVAVEELFVLAQLVLOQSYRYQNTQSASSLANLLLWLWLLSSTTFRILNLNDKYEKI
QAIVPNLWVSNILIYFFLWFPAVLTFRSALLNHTGDDKLYYIVNESVITLQIFNLATSKVG
YRCPQVYLSDQHRKPDPEPFTDLLTLVTEFSWVTPMMNQAFKVPLTQDDVWDLKMEDF
SYFVLKSFKKFSQGSTLGFSNRVILFFLPFLLVQAFWAVVESLILFAPTILLKRILEFVEDR
NTGNLPLAWFEFY VILMFASKFFSNLSSGQALFFGRRVCIRLKSVVIGEIYAKALRRKLTTK
SSSTDQADAGLDKSPSPVSVNPTEEPEEQDKENETKSANLGAININLMAVDAFKISEVCAY
LHAFFGATCMIIVSIYLLWKLMGWSALVGAFATTALSPLNFMMSRKLGELQKKALAVTD
RRIQKLNETLQSIRIIKFFAWEKKFEEQILKIRDEELEMLEKSRSVIWSFLVVLWCILPTIVT
VISFGCYIFIDEKKVLTTPVAFTALSLENLLRNPLDQISDMLSFAIQSKVSLDRVSEFLSQEE
TTKYEQLTHVKNTGRVGESKASFSWDSTSDADFKLRDLDVDFTVGKLNVIIGPTGAGKT
SLLLALLGEMEITKGEVHLPGFLPREDLEIGPDGYTESVAYCSQAAWLLNDTIRNNIVEG
SPFNRDRYNKVVSACGLARDFEILKAGDQTEIGEKGIALSGGQKQRVSLARALYSNSRHI
LLDDCLSAVDSHTALHIYENCIAGPLMKNRTVLLVSHNVALTIKSADFVVVLNNGRITN
SGTPEQLLADGALGDDEMIKSTVYSRANSSVDLVQKSKQEEDAVLKVKEALNNMKPIE
NPEDEELENLKKGKLIEEEQKSEGVVSLEVYKWFESIFGGWEFIVAVLLGLFLVANVINFG
QSWWVRKWAKDASNDVHISIAGTLSESQY YGAMSQFIAKPLNVFVFKYHQIQNSMSVL
KETNISVYYIHVYGILGVSYALIVGLRIVYGFFMGIKASRRVFAKVLNKILRAKILRFFDSTP
IGRIMNRFSKDIESVDQDLIPFIDGAVSCAVSVLFTLAMIMAITPGFLIFAILILVMYYLVA
VFYLSSSRELKRFDSITKSPIHQHFSETLVGASTIRAYGIERRFLQENLNKIDENNRPFFYM
WITNRWLSFRNDMIGASVIFLAGAFILFSLDKIDAGLAGISLSYAIVENDTALWIVRLY AN
VEMAMNSVERLKEYTDVDEEPAEEVPENEPPESWPEHGALEVCDLSLRY APHLPLVIKN
VSENVEPSNKIGIVGRTGAGKSTIITALFRFLDPETGYIKIDGVDITSIGLKRLRQSITIIPQD
PTLFTGTIRSNLDPEGNYSDAFIFEALKRVNLITEDELANQGGSSSGSSSSDENANKFLNL
NSDVSEGGGNLSQGQRQILMCLARSLILRDPKIMLLDEATASIDYDSDAKIQQTIRQEFSNS
TILTTAHRLRSIIDYDKILVMDAGEVVEFDHPYKLISDKSTTFYSMCVDSGELDVLTQIAK
EAFKRTV

SEQ ID NO: 87 ABC transporter polypeptide sequence

MESTPPDYTGLDPTIDAEIRSIAESVHKDRVDDYDTEKGTVGNEKLLRSDTVQPNLDVN
PYIDNSDPQLDPLSDEFNARKWIKTVLGLKQRFGATKHITAGVSFKNLAAYGYGGGSQY
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OQOKTFSNSVLAIGPMIMELFGGNKGTKVQILRHFDGLVRAGETCVVLGRPGSGCTTFLKS

VACETYGFHIEDKTEWNYQGEYELLRSPL

SEQ ID NO: 88 Kluyveromyces marxianus ABC transporter polypeptide sequence
MNFGIKSQSEPSNYQPEYHGFDQQVERQVKELARSLSRASIDKQRYPAAFNSHISTNDES
EHDDNKSITSIFSGVHEGVNPVYLDPSAPGYDARLDPNSEHFSSAAWIKNMVAFSMQDP
EYYKHYTIGCCWKDLRAFGDSNDVSYQSTVTTLPGKYLGKIKRHFSATKEEDLFDILKP
MDGLVKPGELLVVLGRPGAGCSTLLKTISANVEGYSIDPNSTISYNGLDPKVIKKHFRGE
VVYNAEGDIHFPHLTVYETLYNVALLATPSNRIKGVSREEFAKHITEVAMATYGLSHTK
NTKVGGDLVRGVSGGERKRVSIAEVTICGSKFQCWDNATRGLDSATALEFIRALKTSTD
ISGSTAVIAIYQCSQDTYDLFDKVCVLDEGFQIFFGY AKDAKKYFENMGY VCPPRQTTA
DFELTSVTNPAERIVNQDYVKEGRFIPSTAKEMEEY WRNSPEYKQLRADIEEELSKDSAKS
LQELEESHIARQSDGQRKGSPYIVNYGMQVKYLTLRNILRIRRSYSITLGTIVSNTCMSLI
LGSAFYKSMKHTTTNTFFFRGAALYISVLFNAFSSMLEIFSLYEARPIIEKHKRYSLYHPS
ADALASMISELPGKFITAVFFNVILYFMANFRREPGPFFFYFMMNFLSTLVMSSIFRCLGS
AAKTLPEAMVPSSVLLLIOTLY VGFTIPKKNMLGWSKWLWYINPVSY VFESLMINEFNGR
DFPCAVFIPSGPGYENVSATEKVCNTVGSKPGLPY VSGKDFIVQSYGYDPSHRWRGFGIA
LAYFIFFSAVYLLFCEYNESAVQKGEILVFPKAVLKKAKKEALSRPKSDVETGEDPEGGI
TDRKLLOQDSQEDSNESVDEKQSAIALEKSGAIFHWRNVCYDVQIKKETRRILSNVDGWY
KPGTLTALMGSSGAGKTTLLDCLASRVTMGVITGDMFVNGHLRDNSFPRSIGYCQQQD
LHLSTATVRESLRFSAYLRQPSSVSIEDKNRYVEHVIRMLGMEKYADAVVGVTGEGLN
VEQRKRLTIGVELAARPKLLLFLDEPTSGLDSQTAWSVCQLMRKLADHGQAILCTIHQP
SALLMQEFDRLLFLQKGGKTVYFGDLGHGCQTMIDYFERNGAHKCPEGANPAEWMLE
VIGAAPGSSTTVDYHEIWRNSEEYRMVQKELDWMEVELAKKPMDTTEEQKEFGTSLPY
QFKIVTKRLFQQYWRTPSYIWSKVMLTVLPQILLGFTFFKAKLTLQGLQNQLFAIFTFTTV
FSPACEQYLPMFVSQRDLYEARERPSRTEFSWLAFIFSQFVVEIPEFNVILGTVAFFVFYYPV
GFYNNASYAGQLHERGVLFWLLCIEFYTYISSMGQLCMGGLEHDALAANIASIFFMISLL
FSGVFGGPGVLPGFWNFMYRVSPLTYLMDGLISTGIANTKTQCAPYEFVHFSPREGQNC
GTYMTPFIKSHGGYLONPEDNSDCRFCRISESNTFLKNYKSDYREDGGTLVYFLCTSEST
GAAVCSCTG

SEQ ID NO: 89 Hansenula polymorpha ABC transporter polypeptide sequence

MDEKDFYGSPVTITSVLDTSRVTKVSHEKPWLFTFVEKAKDCWLLLPALIFTILSAMVPAT
VAVLLARVFNKLEGFGRNDYSSSHDFVADVQWFCFAIAFVGIGATLFNWLGLTCFLLV
GERQQKRCRQEVYQSLLRKELEWFDRKSDLNSNLMQVNRCIEEFRMGVSECLEMLIKS
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LAMLCALLILSFYYSWRLTLLVMATIPVIVLVTSGWGILIGKYTTLENKHSENTVKVLEW

NLLNYMWIKIVDSSLLEKRKLDAATKLTSHSFLKMKLFFNLNAGMVKFLALMMFIQSF
WYGSFLVRNHLNSSGDIISCFYSCLTVSRIFSTISSQIVSLKTAHISLKY VFKSVDCSNVSY
EGGFQPKHVMMGNIKISNVSFKYPVRDDWGLKNITLQIPANHLLYIVGKSGSGKSTLAS
LILGLYHFDGKITCDDYDISRLDRSWLASQITLVQQQCTLFRGTIFENLSLASPTPVAPKL
LNEALQITGLDQLIASLPGGLNTKLGGGPGSITLSGGQQQKVALCRAIIRDTPVLILDEAL
SAVDYNQRILILEKLKRNRRRRSTVIMTHDYSEIADSDY VVLMENGKIEEQGLKIDLLNG
KTRFASLQYQLDTPDNPFEHGIEEEEVGERLDLLHDLESQAHKEVSILQLLRQLWHVLTF
GSRVCFLLGIIVSVVNASMTPLFTFFLSKLILGIVSVGQQVSSTYMVKWSLVLLCVALMD
GLSLFTSKMALSQSSETLVDQLRNRAFDKILVQPVCWFQSANPSALSSLLINDIKDLRTMI
SDAPSQLISVIALILIALVWSLIVCWKLALVGLSFAPLFAMFSILFSIVLQKYETEYKQASD
NVEGVVYESVLGMKTVVSLNLQNHFQARFNNHMNQMNHAGKQRALIISIAMAAQNIAI
YLSQAIMLYYGIKLVSEKSITLVQMMQVVALIMFTVGYVSAMLSSMPNVNKGVLVFEMK
ILTLIQLPENLQES YGTAKPIMKPNKPLLKFQNVQFESYDPNSSPVLNNFNFSLYMNEITCI
VGKSGCGKSTLLNLLLRLYSPQKGSIKFCGANLDQLDMSELKKEVAIVTQNHYFFDGTIF
ENLTYNLQKPVTSAQINEVLELVDMAKFVHSLPDNLFSRIGGSSNLLISGGQLQRLCIAR
ALIRSPKVLILDECTASLDPQNTKRVAKIILGLKKHVTIMISHQREMMQIADTVAYMED
GIKEKGHYNTLSNRKNLFYQLIN

SEQ ID NO: 90 Hansenula polymorpha ABC transporter polypeptide sequence
MSEKTSDITKSHSIEPLEYTPFNETGYEDTEENISFTKTHPVSIN VHNLQISARKGPKKIFG
RNAKKNSNESTKKQILHPMSFHIPENTLACIIGGSGSGKTTLLNRLAGKQITSSTLIQEGSV
TYNNDSDLSKIRHAY VIQOQDILIPNLTCFETLMFAAELKLPKLTSKTARAKLVNEIIMELG
LKECRDTLVGDRVNKGLSGGEKRRLSVAIQLVSNPSLLFLDEPTTGLDSYNAYLLCESL
KRLTKRLDKTIVLSIHQPRADIFRLFDQVYILSKGHMCYGDTYENVFNHFASLGYPIPEN
VNPADFLIDTTSIDSRNPEQEAISSKRVYFIVEQWKQRMAKIELPVYKDKNTDHGDETFEQ
KVGRAPFWRELRILIRRNFILERRDPIGYAALLMEAILLGLMTGWLYFKPGSSLVGLRSIQ
GSLYTVSSLQAYLFLLYESYRLCSLDLRVYDRERSEHCISIPGFLLARRIAKLFSEDIIIPLL
FSLCTYFMVGLRTDSSIYFFRFFAANILFHLNSMAFATLAASLTRDVALATLICNLNFTFQ
TMTNGMYVNAKQOMPVYVRWCKYVAYQWYSYGLLISNQFTGYRGDCFKEHADSPNVE
DICRAYTGSYITNSLGFWENWIALPFGVLVAFFVGTFVVAGVILKIKPEDVTMAKEVKQ
SESKSATSTEIPRALPQSDQPLDIRVCDVNLY VENKLARRGKKQILNNVSCNFQSGKLNII
MGPSGSGKTSLLNLMSGRLKSTLFTRYSSSGVVYLNDCQTEFDTIRPICSYVVQDDHHLL
PSITVRETLRFSARMRLSKAKLSSSQINALVDRLILOVGLRDCADTLVGNELIKGISGGEK
RRLSIAIQLLSSPKMLILDEPTSGLDSFTASSILECLDHLASSGTTVIMTIHQPRTLEGFGRI
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LLLAKGGQVAFNGTQEELVDHFTSIGYPIPKFTNLADYVIDMISYSTTHEEVERRTRERYV

RHIVGAWKTENLHLIPRRKLTSKTDLYSEFHAFVKQPVDFVTGLY VLTQRQILSLIRDKN
ILFARCTQVIGMGVILSLFFARLKHNNTSIQNRLGLIQQIVSIYFIGMLNNMAAYPRERDF
FYEEYTDDATNLYSFFVSYTLIEIPFEIFNALVESVFLVFVVGFQYDVGLFFTMVYTSALYV
INAGESVGLSFNTMFDHPGFALNVISIICSVGVAMAGLLAMTLDSFLRALNYLSPAHYCV
MSISNLVFTKKLKLYCTDEERVNNGQCLFNTGEDVMESYNLKVNLKLYLILIVIVTICHR
LIPLVLLRLKLVKFSVMRPGHSSS

SEQ ID NO: 91 Kluyveromyces marxianus ABC transporter polypeptide sequence
MTDISVRTKVLKLLVQLHYQFLKLDLRKVQLKGYVPALLRHCWTLLRSADVSDSRNRG
FKRHARFVIWAFAAICGGSGISLATAVNRVIKICTRRRTRNLVSSSAKNQNLONGTRELYI
KEDGGKEKKVLVVPTDSDQYEHDRYLFKNLGNNVESQLFSSKFLQQLNVLSPILIPKFLH
KNSLLLASQIFFLILRTWLSLMVARLDGQIVKDIISRRPKRFAYDMTCWLLIAFPASYTNS
AIKYIQRKLSLNFRLRLTRYIHDMYLDKRLVFYKTSFDHEATNSIIRNIDNSITNDVQKFC
DAITNVFANIAKPMIDLIFFSIFLRDSLGTLGV AGIFFNYFSTGYILRKYSPPLGKFVSLKSK
SEGDYYNYNLNMINNSEEIAFYQGTEVEHSKVNELYDKLMDHMLLVDRSKVEYNIVED
YILKYTWSAWGYAFASIPIVIQTWASDAVNESGNMKEFIMNKRLMLSLADAGTRLMHSI
KDISQLTGYTNRIFTLLKVLHRVHDSNFDYGVLHDGEEPSAAELNSIIGNGVTKSSPAIRG
TVQHDFGGIRFENIDIIVPSSKGVNGSLLVKSLTFQIPQEIAPEPASSKQISLTNIRDPFDAS
KLINQRGMGSSLLILGPNSCGKSSIERILTEIWPIYNKNGLLSVPPAHDLFCVPQRPYFTQG
STFRDQIIYPMSYEEFYEKGFKDSYLKQILREVRLDYLLKRDRGLNYFDAVTDWKDILSG
GEKQRVNFARIMFHRPRFVVLDEATNAISTDMEDHLFTMLKRYRFENFISISQRPSLIKYH
DYLLELTSGTNWNLQTLGSDEAILTIEHEIDSIQQKLSNVKSSEKQRDEIQRKLNMM

SEQ ID NO: 92 Hansenula polymorpha ABC transporter polypeptide sequence
MLRNLLLALCLVGPLGAFSRNSDEFSTFIKGDWQQLQDNMLDQLATNAIGDSAPDKDDK
CPPCFNCNLPNFECKQFSKCNPFSGRCECLDGFGGDDCSVYPLCGALPDGSNRPKREVNE
TCHCEEGWGGINCNLCQIDS VCDAFVPGGLKGTCYHSGILVNRNFOQMCDVTNSKILEVL
NGKKPQVTFSCNKTAEKCNFQFWIAEEESFYCDLSKCKFNYDLGANTTHYNCEDVACK
CLPGKMLCGQAGSIDISDFLTETIAGPADFSCDVAHKDCKFSEPSMNDLITNVFEGDPYITL
HCESGECLHESEIPGSDQPGKPKFGVIDVLRIGTIVGCAANGLGFYGIKRSPLFMDEGTV
QLPPDDNPDLODSLLDDYKPAIFSFENVSYTVAGKKVLNNAFGLVEPGECMAIMGGSG
AGKTTLLDIAGKNKGGEASGTFY VNGERITTKQDLMHFQKSVGFVNQEDFLIPTLSVYE
TVLNSALLRLPKNMSMATKKAKVNQILAELRILHIKDKLIGSDFERGISGGEKRRVAIAC
ELVTSPSILFLDEPTSGLDGYNAFNVVECLVRLAKDYNRTVIFTIHQPRSNIVALFDKLML
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LSEGQLVYSGLMSDCSNFFAGNGY VCPAGYNIADYLIDITSGGSPIAMLSPVDGENHEH

DIHTLLPANDVDDPTGEWQHYASHRDEFGNRVKSAGATSKASSAAVASIFEQSLNAERL
HLDIKELAEKFNNAQQDNNSAGSFFKSQGGKTRAGFWTQLTILCSRTFKNS YRNPKLLM
SHYALALIMGLFCSYLY YDVENNISGFQNRLGLFFFLLTLFGFSTLTGLHSFSVERLVFVR
ERSNNYYHPLSYYVSKLLCDVIPLRLFPPVILMAITY PLVGLNMEGNKFWLSMLILVLFN
LAASLEILIGILVKEPGSATMVGVLVLLFSLLFAGLFINKDTIPVQISWFENISVFHYGYE
ALAVNEVNGLVLKEKKYGLDINVPGAVILSTFGFDVGAVGFDICWLAGMFGAFVVLGY
LGLHYFVYETR

SEQ ID NO: 93 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MAGILSKTLSEVHPSLRTNGMGIGNTHRRISLGFLPPNKKNPLVRKFRARTRNIDQRSFRS
LTDDFGSNVHEPNPYLGNIDEEPDLY YHDEEDGELSRTISLPSRVSETPELSPQDVDWILH
EHERRYSSVCNSDNEEASQSNTPDRIQEYSGRELEYDEFMNRLQAQKQKLTRSAVTDAK
GTSHHRRPSFVSVTSRGSVPTIY QEIDENDSEALAELAHSHVTFKSEARVLASYSFPLIFTF
LLEQIFPMVCSLTVGHLGKNELAAVSLASMTSNITLAIFEGIATSLDTLCPQAYGSGRFYS
VGVHLQRCIAFSLVIYIPFAVMWWYSEPLLSYIIPEKELINLTSRFLRVLILGAPAYIFFENL
KRFLQAQGIFDAGIYVLTICAPLNVLVSYTLVWNKYIGVGFIGAAIAVVLNFWLMFFLLL
FYALYIDGRKCWGGFSRKAFTHWNDLGHLAFSGIIMLEAEELSYELLTLEFSAYYGVSYL
AAQSAVSTMAALLYMIPFAIGISTSTRIANFIGAKRTDFAHISSQVGLSFSFIAGFINCCILV
FGRNLIANIYSKDPEVIKLIAQVLPLVGIVONFDSLNAVAGSCLRGQGMQSLGSIVNLMA
YYLFGIPLALILSWFFDMKLYGLWIGIGSAMLLIGLVEAYYVLFPDWDKIMTYAEILKET
EDDEVDSDEYLTDSDDPDENTALLGA

SEQ ID NO: 94 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MNRILSSASLLSNVSMPRQNKHKITKALCYANIVASIGSIQFGYHLSELNAPQQVLSCSEF
DIPMEGYPYDRTWLGKRGYKQCIPLNDEQIGIVTSVECIGGILGSYFATSLANIYGRKESS
LINCTLNIVGSLIIFNSNSYRGLIIGRILVGISCGSLIVIIPLFIKEVAPSGWEGLLGSMTQICI
RLGVLLTQGIALPLTDSYRWRWILFGSFLIAVLNFFMWFIVDESPKWLLAHGRVTDAKL
SLCKLRGVTFDEAAQEIQDWQLQIESGDPLIEPTTTNSISGSNSLWKYLRDRTNVKSRHVI
TVLLFGQQFCGINSIVLYGTKIISQLYPQHAIRINFFISMVNVLVTILVSLLIHSLPRKPLLM
TSTVLVSVTAFIMGIAMNHNKMNLLIVFSFIYMGVFIMGLNPLPFIIMREVSKPQDMVLA
QRYGTICNWVGTFIHAYTFPIIHDVLSGY VFIIFAITIACSISAFIWKKVPETKRSG
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SEQ ID NO: 95 Yarrowia lipolytica ABC transporter polypeptide sequence

MDRLKTSAVGQKVVSYVSARSPVWGATYLRHRSKILWSIYMVLFLSNFAGVGSKRSKK
KARKEEKEEERKAEREVLGSANAIPEKK VKSEINREFFLKFKRVIKVMFPNGLRSKEFWL
LCLHTMFLIMRSVISLYVANLDGKLVSDLVRGKGRAFLWGIVWWMVVSVPATFTNSIL
SYLQCILALRYRNNLTQHIVGEYLPESGNPVYYSIHNLDDRIKNADQLIAVDVQRLSHSY
SHLYSNLAKPTLDMFLYSWSLSRNLGGEGMLLVGFLIQGSAVVMRALTPPFGRYAATE
AALEGEFRFEHTRLIEYAEEVALYNGQEHEKTILDKGYFALIKHKNRILVRRLYHSFMED
FIIKYFWGALGLALCSIPIFFKVPGVDVASAAASGSRTEKFVTNRRMLLSCSDAFGRIMES
YKEIAQLSGYTARVVALMDVMEDIKHGNFDKNQISGKQVDARHEKTLASVTESSLVKT
RYSDPSEASGKTIGSDIIFDRVPVVSPSGDVLVPELSFEVKY GRHLLIVGPNGCGKSSLFR
ILGGLWPVYAGTLTKPPSSDIFYTPQRPYLSRGTLRQQVIYPSTEAENKTSDKELEEILKIV
KIDHIVEAVGGWDAEREWREDLSMGVQQRIAMARLFYHKPKFAILDECTSSVTADMEY
VMYTHSQELGISLLSVSHRTSLWKYHDLILQFDGQGGYLFGDLDPEERLKVEEESRQLD
AYIRSVPDMEERLAMLKASVAQ

SEQ ID NO: 96 Hansenula polymorpha ABC transporter polypeptide sequence
MNTEQAFEKHLALQRRPLTFLLSKNVPPLPLQEERKTFPHYKTNPLYRCFFWYLTPLLR
VGYKRTLOPEDLFVLDEQQTIDYMYTKFKSTFEPEVEKLLAQHIARKCQERGETPETSSV
SPEEDADDFEIKVSVLGKHLFYTFGWQYSRAAFVKVLADIAGTLMPLLQKKLVDFVETR
GYGASTNTGKGVGYAIGACAMILFSGICINHYFYNSITTGAKVEAVLTKALLEKSFKLD
ARGKHRFPVGKINSIMGTDLARVDLAIGFFPELFIFPIPVIIVVVMLIVNIGVSALAGIAVEV
FFTLFTGFLIRYLFKLRVSANVFTDQRVNLIKELLKNFKMIKLYGWENSYLRSFQKIRSQE
MSTLFKMQGGKNVLIGISLWMPLAASMVAFLVLHSLKSSRSVGDIFSSLTLFQVLTQQFL
LVPASLAMSSDMVIGLKRVCQLLSCPEDKELDKFFDDLDDEKLAMKIENASFQWHTFE
DDETEDKNESVKSTKSTKSSTMSEEQEVVEKESHEREELSKTDFPGLLNLNLSIKKGDFV
VVTGSVGSGKSSLLNALCGFMPKTEGRVCKNGSVMLCGAPWVOQNATVKDNITFGRPED
QEKYDSVVKVCSLKGDFDQLPGGELTEVGERGITLSGGQKARINLARAVY ADRDIIMLD
DVLSAVDAKVGKFIMDECILGYLRDKTRILATHQLSLIGSADKIMFLNGDGSVDCGTFA
ELRSRNTEFVRLMEFSHDVEKDDDEETLENEKKGFFDDEDKGKLVQAEEKAVNAISW(Q
VYKSYINTGSGKLRALLPMLFFLVIALTTFLTLFTNNWLSFWIVDRFHRPKKFYEGIYIMF
TMLVMVFNVLQFMILVYFCNRAALRLNIMAFKRVLHAPMSFMDTSPMGRVLNRFTKD
TDALDNEIQDQLRMFLNPAATIIGTLVLCIITYLPWFAIAIPFLAMLFFLVSSFYLSSSREVK
RLEAVKRSVVYSHFNEALSGMDTIKAHGSTERFLKVNEKLIDDMNESYYVVVAIQGWL
AISLDSVATLLCLIVALLCCFRVFNISGAYTGLLLTYVLTIAGLLSFMLRSLTEVENQMNS
VERVNY YATSIKQEAPFEIPENDPEPSWPAVGAVKFIDVSMRYREELPLAVKHLDINVRG
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GEKIGICGRTGAGKSSIMYCLFRLAEFEGQILIDGVDISRIGLHKLRSRLSITPODPVLESGT

VRSNLDPFGEHDDETLWTSLGKAGLIDRDLLPQVKEQSKGDPNLHKFHLSRTVEDDGSN
FSLGEKQLIALARALVRGTKILVLDEATSSVDYETDAKVQTTITKEFSDCTVLCIAHRLK
TIVKYDRILVMDKGQIAEFDTPRKLYDQKGIFRSMCNKSGVSEADLK

SEQ ID NO: 97 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MECVSVEGTATSFLEGQTFGDILCLPWTIHKGIRERKNRNKMKILKNVSLLAKSGEMVL
VLGRPGAGCTSFLKSAAGETSQFAGGVTTGHISYDGIPQKEMMQHYKPDVIYNGEQDV
HFPHLTVKQTLDFAISCKMPAKRVNNVTKEEYITANREFY AKIFGLTHTFDTKVGNDFIS
GVSGGERKRVSIAEALAAKGSIYCWDNATRGLDSSTALEFARAIRTMTNLLGTTALVTV
YQASENIYETFDKVTVLY AGRQIFCGKTTEAKDYFENMGYLCPPRQSTAEYLTAITDPN
GLHEIKPGFEYQVPHTADEFEKYWLDSPEYARLKGEIQKYKHEVNTEWTKKTYNESMA
QEKSKGTRKKSYYTVSYWEQIRLCTIRGFLRIYGDKSYTVINTCAAIAQAFITGSLFYQAP
SSTLGAFSRSGVLFFSLLYYSLMGLANISFEHRPILQKHKVYSLYHPSAEALASTISSFPFR
MIGLTFFIILYFLAGLHRSAGAFFTMYLLLTMCSEAITSLFQMVSSLCDTLSQANSIAGV
VMLSIAMYSTYMIQLPSMHPWFKWISYILPIRYAFESMLNAEFHGRHMDCGGTLVPSGP
GFENILPENQVCAFVGSRPGQSWVLGDDYLRAQYQYEYKNTWRNFGIMWCFLIGYIVL
RAVFTEYKSPVKSGGDALVVKKGTKNAIQRSWSSKNDEENLNASIATQDMKEIASSND
DSTSADFEGLESTGVFIWKNVSFTIPHSSGQRKLLDSVSGYCVPGTLTALIGESGAGKTTL
LNTLAQRNVGTITGDMLVDGLPMDASFKRRTGYVQQQDLHVAELTVKESLQFSARMR
RPQSIPDAEKMEY VEKIISILEMQEFSEALVGEIGYGLNVEQRKKLSIGVELVGKPDLLLF
LDEPTSGLDSQSAWAVVKMLKRLALAGQSILCTIHQPSATLFEQFDRLLLLGKGGQTIYF
GEIGKNSSSVIKYFEKNGARKCQQNENPAEYILEAIGAGATASVQQOQNWPDIWQKSHEY A
NINEKINDMIKDLSSTTLHKTATRASKYATSYSYQFHHVLKRSSLTFWRNLNYIMAKMM
LLMISGLFIGFTFFHVGVNAIGLOQNSLFACFMAIVISAPATNQIQERATVAKELYEVRESK
SNMFHWSLLLITHYLNELPYHLLESTIFFVSSYFPLGVFTEASRSSVFYLNYAILFQLYYIG
LALMILYMSPNLQSANVIVGFILSFLLSFCGAVQPASLMPGFWTFMWKLSPYTYFLQNL
VGLLMHDKPVRCSKKELSLFENPPVGQTCGEFTKPFFEFGTGYIANPDATADCAYCQYKYV
GDEYLARINASFSYLWRNFGFI

SEQ ID NO: 98 Pichia pastoris ABC transporter polypeptide sequence
MSSTSSSINDKDKESSNIDSPKDTVPYEPTRFVGDLENQNEDDIYSEQLSRILTQSEAVQKI
QSLARTMSRMTKKELAAFEVNQDDFDLKILLHYLRAKSEEQGIESCSAGVAFKNLTATG
IDVSAAYGPTVDEMLRNFFMWPIRFAKREHVKTRQIRNFTGSIEAGELCLVLGRPGAGC
STLLKCCTGNTSELLSVEGEFSYDGLDQAEMMKDYKGYVIYNPELDTHFPHITVKQTID
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FALKMKTPAKRVDGIPRKKYIDTMRDLWCTVFGLRHTYGTKVGNDFIRGVSGGERKRYV

SIVEALATGASVYAWDNATRGLDASTALEFTQAIRTSTNLLNASGMVAIYQAGENIYEL
FDKVCVLYNGKQVYFGPAEKARKYFEDMGW YKPPRMTTPEFLTA VIDPSGRFIREGFK
NKVPENSEDFEQYWLNSPEYQECLRSHDQYIQDHNPEETRQRLATAKSQTRQKAVRSK
SRFVASYPNQIAYCVTRGFQRTKGEIAYTLVYLSSFLTKGFIVGSMYWNIPKDTSGLFSR
SGILFYCLLFCAVTSLSEISHTYTNRPILKQKSYSLYHQSAESLQEITELPTKLVAVIILAL
TTYFMPGLRLSDGGSAFWMYLLFLLLIQQCMSFMFKLIATLTRDAGTAHACGGLLALM
MCVYTGFIIPLPYMHHWIKWFENWINPMRYCYESLLATELHSREMKCSEYIPNGPDYEGI
SMENSACTTTAYNHTTGLVSGNAFLTATYNYRYSHVWRNFGINIAWTAGFIIINTILSEF
VKNVEGGGDMLLYKRGHMPKEGIEAVDGK VASKQEMMEALNGPDVDLKKVIAERDV
FTWQHLDY VIPYGGATRQLLNDVQGYVKPGTMTALMGESGAGKTTLLNTLSQRINFGT
ITGDIFVNGRPLDSSFKRRTGFVQQSDLHLAEYSVRESLRFAVNLRQSEKVPQAEKYEYV
EKIINLLGMQNY AEAIIGKIGRGLNVEQRKKLSIAVELVAKPSLLLFLDEPTSGLDSQSAW
STIQFLRALSDSGQAILCTIHQPSATLFEVFDRLLLLKKGGRTVYFGDIGPNSSTMLS YFER
ESGIKCGVSENPAEYILNCIGAGATAHASADWGDLWVSSPEHAAVTEEISRLNTELQKRP
LPENIEDLQSKFATSYPHQIKILFLRTMVQFWRSPVYIRAKFLEAVVCAIFVGFSFVKVGH
GLQEAQFGLTSIFMMLIISLAMINQMHVFAFDSRELFEARESASNTFHWSTLLLAQTWW
ETTWCMACQFLCFVCYYFPAGFSGTAHHAGYFFLQFVIIFPIY YCSYGLW VLYFSPDVPS
AGMINSNFFAAMLLECGVLQPPQFMPGFWTFMYKLSPYTYFVQSFVAPLVHNRKLVCR
TNEYTLITPPEGQTCSEFLDPFIESDGGYLGNPDATESCEYCPYTYQSQVMEQENIKWSY
RWRNFGFFFAYIIFNY VALLSCY YLMR VKVWNMKSILNFKKWFNGPRKERHDPETNIFA
AQPADAKLAVLKKKE

SEQ ID NO: 99 Vanderwaltozyma pelyspora ABC transporter polypeptide sequence
MLIGHTSSDSSSAGGDNNGAGNLRNADYDEKDYDKNGLSFQRSVNLSTLNSKSDASTDI
SYRFLPSGEYKVEANKPKTFLNQDDLEKVTDSEIYPQKRLESFLHSKKIPPVPQDDDERKI
FPLYHANIISRIFIWW VFPIHKVGYKRTIQPNDLFITDKKMSIDAIYKSFEKNMNFYFEKYR
NEYKKILHPDATDQEVVENTELPRFTVLRALFFTFKYQYLWAVTCAILSNCASGLNPLLT
KRLIEFVEAKALVPSLHVNKGIGY AFGACIMIFVNGVFFNHFFCASQLTGSQAKSVLTKA
ALSKMFRANGY AKHKFPNGKVTSFVTTDLARIEFAISFQPFLAGFPAALAICIVLLIVNLG
PIALVGIGVFFASFFFSLFVFKQIIGLRVTSLIFTDARVTMMREILNNMKMVKYYAWEDA
YEKNITDIRTNEIDKVREKMQFIRNFMIALAMSLPNIASLVTFLAMYKVNSSGRTPGNIFAS
LSLFQILSLOMFFFPIAISTGIDMILGLDRFQNLLEAPEINQKLLDEMAPTSDIDPNTALRM
KNASFEWPDYEKIDAEQEAKQKDKNKNKKDKVKKKEESKKPSAKESSPVDLEKFAFSG
FKDINLEIHKGEFIMITGPIGTGKTSLLNAMSGLMEKTEGSVQINGELLMGGYPWIQNAT
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VRDNIIFGSPFDKSKYNMVVKACCLDADLDILPAGDMTEIGERGINLSGGQKARINLARC

VYKNKDIYLFDDVLSAVDSRVGKLIMDECLLGLLNGKTRVLATHQLSLVENASRVIVLG
NDGSVDIGTVEELKKRNQTFITLMEHTTQKOQDEDEEQDEEFEIEVKELSELEKNLTKVTT
KSEVDGHIINKEERAVNSIGWYIYKSYLKAAVGKWGFLVIPLY VECVTATTFCSLFESSVW
LSFWTEDKFPTRSTSFYMGLYSFFVFGGYIFMTSQFTIVCFIGVNASKKLNLSAVRRILHT
PMAFLDTTPLGRILNRFTKDTDSLDNELTENVRLMLAQFANIIGVCVMCIIY LPWFAIAIP
FILLIFVLVSNHYQSAGREIKRLEAIQRSFVYNNLNEVLGGMDTIRFYNSEERFMAKSDY
LIDKMNEAGYLVVCVQRWVAVLLDMIAVCFALITALLCVTRQFHISASSVGVLLTYVLQ
LPGLLNTVLRALTQTENDMNSVERLVSYATELPTEAAYRKPESSPDPSWPQEGKIDFEEV
SFAYRPGLPAVLKNLSMSINGGEKIGICGRTGAGKSTIMSALYRLNELESGRIIMDGVNISN
IGLFDLRRSLSIIPOQDPVLFRGTIRKNLDPFGERSDDELWDALSRGGSIDKESLEEVKTQKS
TGNSKVQELHKFHLDQEVEEEGSNFSLGERQLLALARALVRNSKVLILDEATSSVDYET
DNKIOQONRIEAFSECTILCTIAHRLKTILNYDRILVLEKGEIAEFDSPYNLYKMDGIFTSMCM
RSGITEEDFKLK

SEQ ID NO: 100 Yarrowia lipelytica ABC transporter polypeptide sequence
MDRLKTSAVGQKVVSYVSARSPVWGATYLRHRSKILWSIYMVLFLSNFAGVGSKRSKK
KARKEEKEEERKAEREVLGSANAIPEKKVKSEINREFFLKFKRVIKVMFPNGLRSKEFWL
LCLHTMFLIMRSVISLYVANLDGKLVSDLVRGKGRAFLWGIVWWMVVSVPATFTNSIL
SYLQCILALRYRNNLTQHIVGEYLPESGNPVYYSIHNLDDRIKNADQLIAVDVQRLSHSV
SHLYSNLAKPTLDMFLYSWSLSRNLGGEGMLLVGFLIQGSAVVMRALTPPFGRYAATE
AALEGEFRFEHTRLIEYAEEVALYNGQEHEKTILDKGYFALIKHKNRILVRRLYHSFMED
FIIKYFWGALGLALCSIPIFFKVPGVDVASAAASGSRTEKFVTNRRMLLSCSDAFGRIMES
YKEIAQLSGYTARVVALMDVMEDIKHGNFDKNQISGKQVDARHEKTLASVTESSLVKT
RYSDPSEASGKTIGSDIIFDRVPVVSPSGDVLVPELSFEVKYGRHLLIVGPNGCGKSSLFR
ILGGLWPVYAGTLTKPPSSDIFYIPQRPYLSRGTLRQQVIYPSTEAENKTSDKELEEILKIV
KIDHIVEAVGGWDAEREWREDLSMGVQQRIAMARLFYHKPKFAILDECTSSV

SEQ ID NO: 101 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MLLLPRCPVIGRIVRSKFRSGLIRNHSPVIFTVSKLSTQRPLLFNSAVNLWNQAQKDITHK
KSVEQSSSAPKVKTQVKKTSKAPTLSELKILKDLFRYIWPKGNNKVRIRVLIALGLLISAK
ILNVQVPFFFKQTIDSMNIAWDDPTVALPAAIGLTILCYGVARFGSVLFGELRNAVFAKV
AQNAIRTVSLOQTFQHLMKLDLGWHLSRQTGGLTRAMDRGTKGISQVLTAMVFHIIPISF
EISVVCGILTYQFGASFAAITFSTMLLYSIFTIKTTAWRTHFRRDANKADNKAASVALDS
LINFEAVKYFNNEKYLADKYNGSLMNYRDSQIKVSQSLAFLNSGONLIFTTALTAMMY
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MGCTGVIGGNLTVGDLVLINQLVFQLSVPLNFLGSVYRDLKQSLIDMETLFKLRKNEVK

IKNAERPLMLPENVPYDITFENVTFGYHPDRKILKNASFTIPAGWKTAIVGSSGSGKSTIL
KLVFRFYDPESGRILINGRDIKEYDIDALRKVIGVVPQDTPLENDTIWENVKFGRIDATDE
EVITVVEKAQLAPLIKKLPQGFDTIVGERGLMISGGEKQRLAIARVLLKNARIMFFDEAT
SALDTHTEQALLRTIRDNFTSGSRTSVYIAHRLRTIADADKIIVLDNGR VREEGKHLELL
AMPGSLYRELWTIQEDLDHLENELK DQQEL

SEQ ID NO: 102 Scheffersomyces stipitis ABC transporter polypeptide sequence
MEVRLESGSELVROQNRLLSFLLSKNVPHLPTDEERKIYPEGTTNFFYRFFFWWLNPVMR
TGYKRTLEPQDLFKLSDDIKIENMANRFYHYFERDLERARTKHVEKKCKERGETLATTK
VDPEEDLKDFELSKFTTVFALFKTFKYQYSAACVFLCMANSASTCNPLLLKKLIQY VER
KALGVEEGIGRGLGYSFGASAIVFLIGVSINHFFYRSMLTGAQAKAVLTKALLDKSFRLS
AEAKHKYPVGKITSMMGTDLARIDFAIGFQPFLIIFPIPOIAVAILIVNIGVSALVGVAILAF
FFCATIAVSTRKLFAYRFTANKFTDARVDFIKEALNNLKIIKFYSWEPPYHENISDIRRKEM
RIIYRMQVLRNIITAFSMCLTLFASMISFLVLY AVDKNRKDPASIFSSISLFNVLTQQVFLV
PMALSSGADAYLGIGRVGEYLSSSETNLEETRIHADGEKLIEMDKENVAIEIDGAHFEWD
TFDDDEEEDLDDEDDKDKAEEGHDEKPKQALSASAKHHTHKETFLEKKDSTKTFVPFP
GLTNINLTINKNEFVVVTGLIGTGKSSLLNAMSGFMRRTSGSVNVDGELLLCGYPWVQN
ATVRDNIVFGSEWDEEKYNNVIYACSLESDLEILPAGDQTEIGERGITLSGGQKARINLA
RAVYAERDIILMDDVLSAVDARVGRHIMNNCILGLLKDKTRVLATHQLSLIGSADKVVY
LNGDGTIDVGTFEELKARNISFANLMAYNSEAKEEEEEEEVEEDEEVVENEREMIQRQLS
KVTKPEDEEAEHKDFNKNEHRDGHLTEQEERAVNGINAEVYQQYIKLGSGKFSPWLFC
PLLVSLMILSTFCQLFTNTWLSFWTEFKFTNKSNGFYIGFY VMFTVLSFILLTCEFVMLVY
LTNTASVRLNIMAIEKVLHAPMAFMDTTPMGRILNRFTKDTDVLDNEIGDQLRFLVFVF
ANIIGVLILCVIYLPWFAIAIPFLGFLFVAVANY YQASAREIKRLEAVQRSFVYNNFNETL
SGMNTIKAYNAEYRFLEKNNELIDNMNEAY YLTIANQRWLAIHMDIIATIFALLIALLCV
NRVFNITAASVGLLLSYVEFQIAGQLSMLIRTFTQVENEMNSAERLASYAFHLPEEAPYLI
NERTPAPSWPDKGIVKFDNASLAYRPGLPLVLKNLSFEVKPSEKIGICGRTGAGKSSIMT
ALYRLSELESGKITIDDVDIASLGLKDLRSKLSITPOQDPVLFRGSIRKNLDPFNESSDSKLW
DALVRTGLIDPSRLDIVKKQVKTQSTEDEEGSITHKFHLDQQVEDEGSNFSLGERQLIAFA
RALVRDSKILILDEATSSVDYETDFKIQTSHKEFSQCTILCIAHRLKTIINYDRILYV
LDKGEIKEFDTPWNLFNISNGIFQQMCQKSNITEEDFANLKNF
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SEQ ID NO: 103 Candida pseudohaemulonii ABC transporter polypeptide sequence

MSVPVIPTTPIARKRLVNASFDNYNEEEDPTFVDEPTEVSDSEDLISVISNVLLSDDDSVE
TKGGNGDIKNLSTPAQKETWKEWAIRHEVPRKLLHLLIGPFSLWLYTLGATMNQILWPL
VELTAVLFINDY VRLHNPEVNKVMTRVFGLILRQSEINGYNGTLFYALGVLLVFTSAPK
DIAVMAVLLLSWADTAALTVGRLWGKYTPKVMPGKSLAGCLASFATGVFLCYLFYGY
FCVAYAHVNKPGMIFWTEETSKMSLHVYAIATGLAASILEASDIGGIDDNFIIPVMSAILL
YVLKRLLTPFLSKKVPPIPYEDERIVYPKRPNFISAVFFWWLHPVMSTGYKRTLQTQDLY
RLNDENEVAAMTARFEGIFERRLSNSRRKHIAAKCKARGETPETSSVPAEEDLADHQPP
KMLCAWAILETFKWQYGLACLYNTLANTASVTNPLLSKRLIQFVEKHALGLDTQVGKG
VGYALGASFMVLLIGILINHGFQNAMLTGAQVKGVLTKAFLDKSFRLSDRARHDY PGS
KITSMMGTDLARIDFALGFQFPFLVSFPVPTAVAIGILIWNIGAPALVGIGLVFVFLFAIMVL
TGKLFQYRKKANKYTDARINYIKEVLNNLKIIKFYSWEEPYNDVIGENRSKEMNITYKM
QVGRNIILSLAMCLTLFASMASFLVLY ATAGSTKDPASLFESSISLENSLAQQVIMLPLALA
TGSDALVGIFRAAQFLSAEEVDANATAIYAPPDVQDEMDYQNLAISLKGACFEWETFDQ
NDDDEEENDEKNPESKKDSKNEKGTIEELQADNKLSLSTNTAKESEVEPKLTTYSTGDS
TMEATIFSGLSNINLDVQKNEFIVITGLIGSGKTSLLNALAGFMKRVSGSVDVNGSLLLCE
TPWIQNATVRENILFGEEFDQEKYDSILFACSLESDLEILPAGDKTEIGERGINLSGGQKA
RINLARAVYANRDIVLLDDVLSAVDARVGKHIMNNCILGLLKDKTRILATHQLSLIGAA
DRVVFLNGDGTVDIGTFDELKKSNPGFDHLMKFEFSSESAEEEEEETLPEEALGEDPEVEDR
EMIQROQLSQKQSTVPDEEAERHNYNVNEQQDGRLMSQEGRAVNRIKGVVYKNYVKYG
SGVFKLYSGVPIVITLTIFAIFCOQLFTNTWLTFWSEFKFDGKDNGFYIGFY VMFTVLAFIFL
SSEFVIVAYMTNEAAKVLNLKAVSRVLRAPMSEMDTTPMGRILNRFTKDTDTLDNEIGN
QIRMLIYFLSNIVGVILCVVYLPWFAIAIPFLGMIFVSVANFYQASAREIKRLEATQRSFV
YNNFNETLSGMNTIKAYNAQERFKKKNSTFIDNMNEAY YLTIANQRWLAIHLDIIAMLF
ANIICFLCIFRVFDIGAAATGLLLSY VLQIAGQLSMLVRTYTQVENEMNAVERICEY AFHL
EQEAPYTFENSNLPATWPEQGSISFVNASLAYRPGLPNVLKSLNMDIKPLEKIGICGRTG
AGKSSIMTALYRLSELNEGMIEIDGVDISKLGLRDLRSKILSIIPODPVLFRGSIRKNLDPFG
ASPDDDLWDAMRRAGLIESSKLSTIKNQTKSSDNLFKFHLDREVEDNGSNFSLGERQLIS
FARALVRGSKILILDEATSSVDYETDSKIQETIQREFTDCTILCIAHRLKTIVNYDRILVLD
KGE IKEFDTPWNLFNLKHSIFQOQMCEKSSITKDDFAHKG

SEQ ID NO: 104 Candida tanzawaensis ABC transporter polypeptide sequence

MSDNEAAQLHSQKRLLTKFLSKRIPHLPSPDERPPYPSSTANVESKVFFWWLHPVMRTG
YKRTLEPEDLFTLTDDIKVEKMAADFYRHFTAGVAKAETKHIAAKCKARGETPATSSVS
SADDLADFTVSKYVTVWALFLTFKWQYSMSCLFLSLSSVGQTTNPLLTKKLITFVERRA
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LGIETSINKGLGYSFGSCLVIMMVGIFINHFFYRSMLTGAQAKAVLTKAMLDKAFRLNA

ESKHKYSVGKITSIMGADLARVDFAFGFQPFLFTFPIPVAIAIAILVVNIGVAALVGVALYV
VLFLVFIFTLAKRLFGLRFKAMKFIDLRVNYLKEALNNLKVIKYYSWEAPYEANIADAR
HKEMKIOYKMQVMRNILIAVAMSLTLEFSSMIAFLVLY AIRTGNRSPADIFSSISLEFNVLSQ
QVILLPMALSSGTDALLGITRVGEFLCADELDPEELRIEADGPKREQMEKENLALEVQNA
SFEWETFDLDDNAEEANEKKQEKVAKTDSSDKDEKYESESDASSEIVESGLHNIDLKIQK
NEFVVITGLIGSGKSSLLSALSGFMKRTQGAIDVNGSLLLCGYPWVQNATVKENIIFGNE
YDEQRYKDTIYACSLEADLDVLPGGDATEIGERGITLSGGQKARINLARAVYADKDIILL
DDVLSAVDASVGKHIMNNCLLGMLKDKTRILATHQLSLISAANRVIFLNGDGSVDIGTT
SELKERNPGFEKLMAFSSEQKDEEEDEENIEEELDVIEGAPKKSKKENRADEEAIHKTYK
NDTTGGKLTEEEERAVNGIKFEVYANYANEGSGKVGPWVVVPSYLLLMILATFCQLFT
NTWLSFWTEYKFKDKPDKFYIGIYVMFTVLSFVFLLSEFIVLVSLSNSAAINLNIRAVKRI
LHAPMSFMDTTPMGRILNRFTKDTDVLDNELGDQARFI MFTLSNIIGVLILCVIYLPWFA
TALPFLGFLFVAVANFYQASAREIKRLEAIQRSFVYNNFENETLSGMPTIKAYNAEARFVA
KSDNYLNVMNEAYYLSIANQRWLTLHMDILAAIFALLICLLCVGRVESISPASVGLLLAY
VIQIANQLSLLIRTFTQVENEMNSVERLSQYAFGLPEEAPY VITETTPKESWPEQGEITFK
DVSMAYRPGLPLVLKDLSFQVKPAEKIGICGRTGAGKSSIMTALYRLTELEKGSIVIDGV
DISNLGLHALRSKLSHNPQDPVLFRGSIRKNLDPENERSDDKIL.WDALRRTGLIDSTRLEAV
KKQVKTDDTDDESAMHKFHLDQSVEDDGSNFSLGERQLIAFARALVRDSKILILDEATS
SVDYETDSKIQETIIREFSQCTILCIAHRLKTIINYNRILVLDKGELQEYDTPINLFNTDGSIF
QOMCERSNITEEDFKDVQNF

SEQ ID NO: 105 Metschnikowia bicspidata ABC transporter polypeptide sequence
MTELQLOQNRLLTPFLPKTVFPPIPEENERPEYPTTLNPLSYLFFWWLHPVMRVGYKRTLEP
ADMFTLNEDIKVETLTRRFQGIFKRRLDTAQHQHVLAKIKQRSETSETSSVSFAEDVRDL
ELLKHFLTVALFLTFKWQYSLACIFLVLASVGLSTAPLLSKKLIEFVELRALGADVSIGSG
VGYALGSSFLVLVIGLLLNHTFQKSMLTGAQTNAVLVKAILDKSFRLNGQLRHDYPVSK
ITSIMSTDLARIDFALGFQPFLVSFPVAVGITIGILCDNIGAPAMRANKFTDSRVNYMKE
VLSNLKMIKFYSWEAPYFDRITENRTDEMHIIFNMOMVRNTIVSVATSLTLFASMASFLV
VYATLGSTQSPAEIFSSVSLFNSLTQQVFMLPLALSTAADAAVGIQRVAGFLAAEETDTL
ALETDVRPEMVEYMDRKKLAVKISNATFKWDSYQSAEPELTSSDSGTLHGDKLSKSGK
HVPLAALGKLDVSSSSSSEALEATIFDSLRNIDLEIRKGEFIAITGLIGTGKSSLLNATAGFM
SRKDGAIDTVGSLLLCGAPWIQNTTVKENILFGSPLDEKRYQDVVYACSLESDLKILPAG
DQTEIGERGITLSGGQKARINLARAVY ADKDIILMDDVLSAVDARVGKHIVNSCLMTLM
AEKTRILATHQLSLIGDADRIVFLKGDGTIEVGLLDDLQLRVAEFRELMAFNARAKDEEE
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DEENVPDGNAEKELIAKQLTROQSTAVDEEKVRHDYDANKHNDGRLIMDEARAVNAISF

DVVRNYIKYGSGVFKHYSIVPLLVLLTMISVFCQLFTNTWLSFWTELKFPGKSNGFYIGF
YVMFTILAFVFITIQFLLLTYMTIKASKVLHIKAVEQILRVPMSYMDTTPMGRIINRFTKD
TDTLDNEIGNQFRMVVNIFSTIVGVLILCVIYLPWFAIAIPALVAIFIVVSNFYQASAREVK
RLEAVQRSLVYNNFNETLGGMETIKAYKKETMFIDKNSTLINRMNESY YITIANQRWLA
IHLDFVATILVIVISLLCVFRVFDISASSVGLLLSYVLQIAGQLSLLVRMFTQLENEFNSVE
RLSEY AFRLPQEAPALISETTPHESWPDTGMIRFENASLAYRPGLPLVLKSLNMDVKPRE
KIGVCGRTGAGKSSIMAALYRLSELESGKIEIDGIDISQLGLHTLRSKLSITPOQDPVLFKGTI
RKNLDPFGESSEEELWTALTRAGLIESGKMALIKAQAQLSDNLHKFHLEREVDHDGANEFE
SLGERQLISFARALVRGSKILILDEATSSVDYETDSKIQSTIVREFEDCTILCIAH
RLKTILHYDRILVLDKGEIKEFDTPWNLFTLKDSIFQOMCSKSNIVAEDFLERE

SEQ ID NO: 106 Clavispora lusitaniae ABC transporter polypeptide sequence
MDHESAAFSLRAPPLRQNRLLSPLFSRKVPPVPQDHERHTYPLYGNPILWFFFTWLWPV
MITGYKRTLEPNDLYKLNDKLKADALAARFEAIFARRLAEDKRRHLEQAQDSSKILNSS
KNLLNSPDLADLADLADYVPSDTLCLWSLFETFKWQYLTACFLCALAQVGWTCNPLLS
KKLIAYVQRKALGIELDTGKGVGYALGVSLVVFCSDILFNQMYYLSSLTGAELKAIFTK
VMLDKSFRLNARSRRVYPASKITSIMSTDVSRIDLGLATAPMIIVAPVPLAISIGILIHNLK
APALLGIGIMILFLGFAGFLGSLLFKYRKLATTQTDARVSYMKEVLNNLKMIKFYSWEK
PYMAMIKAVREKEMTFLLEKMQVTRSIISVAVSLSLVASFASFMLLYGTASASKRNPASI
FSSVALFNILALVFINLPLAIAGATDAYIGMRRVGQYLASDEHVEDEKRVTSETDRQLME
EKNLAITVSNANFEWEIFDIPDEEKIKEEKKKQKDKEKNDKKNKKKKLSLDESSHEAVT
KLEKPTSAATFKLRNIDLTIMKGEFVVVTGLIGSGKSSLLLALEGSMKRNSGQVKTNGSL
LMCGAPWIQSSTIRENVIFNNPYNKSWYEQVIDVCCMDSDLEILPAGDQTEIGERGITLS
GGQKARLSLARAVYARSDIILLDDVLSAVDAKVGKRIVDECILGVLRKKTVVLATHQLS
LIESADKIVFLNGDGTVDVGTSESLRRSNEAFQKILLSHSTTEKY AEEESSISSQTDESIKKV
VVEAQISRLTSVSSTNEKTDLOQKONEGKLIMEEEKSVNAIDADVYVRYIFAGIPGVKGA
MIFAAVIIFSILSVFFNLFTSTWLSFWVEYKWRNRSDGFYIGFYAAFTVLALVTLAFGFLG
VIYVMNLSSRTLNIRAAERILY VPMSYMNVTPMGRIINRFTKDTDVLDNEMGDRMGMII
YFASIIGGVLILCIHYLPWFAIAVPFLIVVFFGFANFYQASGREIKRLEAVQRSLVYNNFNE
TLTGLDTIRGYDKTDVFLSKNIRLIDKMNEAYFITVANQRWLDVAVSFLATIFANIISFLCV
FRVFKINASSVGLLLSNTLQISGIOTTLVVVYTRVEQDMNSAERIIEY VDDLPQEAPYIISET
TPNSAWPQEGQIDFNHVNLAYRPGLPMVLKDFTVHIDPNEKIGICGRTGAGKSSIMVAL
YRMVELTSGNITIDGIDIRTLGLNNLRSKLSITPQDPVLFQGTIRKNLDPFGLATDEQLWET
LRRARITIKSEDLDEVKSQMDPSKMHKFHLDRDVDVDGENFSLGEKQLIAFARALVRGSK
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ILILDEATSSVDY ATDKILQEAIVEEFSDCTILCIAHRLKTILNYDRVMVMDQGQVVE

FDKPINLFKKQGTFFQMCEKAGINEKEFGH

SEQ ID NO: 107 Kiuyveromyces marxianus ABC transporter polypeptide sequence
MAVSSSESTSSYSDVVHLQKETIPDTEIEILPDDLHSSSTGRRRTGSGAGSLKSASHVKEN
SVQIRNMYEIDKSKPETYLNHDDLEKVTESKIYEQKRLFRWFHSRK VPPIPETLEERPVYP
FRRANVISQLFFIWILPIVSVGYKRTLQPNDLWRMDDKMSIETLYERFDSHMKEFIEKAR
LEYRKEHPEATDQEVLKNAKLPKAALLKCLFYTFRYQYVTAFIFVLISNAASALTPLLTK
KLIAFVEKKSRFHDTKINSGVGYAIGSVLLMMINGIAFNHFFHLS ALTGAEAKSLLIKTIL
HKSMKLSAYSKHKFSNGKITSLMSTDVSRLELAITFHPFLY AFPMVFVIALVLLLINIGVI
CLVGFAIFFAITFINFGAFKKILQFRLAATSITDKRVAMMREILNSIKMIKFY AWEDAYEE
NVKKVRAIESRLVEMMQLVRNTLVSLTMAFPNLASMVTFLAMYKVNKGGRSPANIESS
LSLEFQIMMIQMFFIPMSISTGIDAYVVGLGRVQELLEAEEESDRYIENEEDLVLDDDTVFKV
KNASFEWENFEFEEAKELAKEKGESMSFSDRSVDTEKEDPGAEKTRFNGFHDLNFEIKE
NEFIIITGAIGTGKSSLINAMAGFMSRTSGSMAVNGDLLLCGYPWVQONATVRDNITEGSP
FDQEKYEKVLEICSLEADLDILPAGDNTEVGERGITLSGGQKARITLARAVYKDMDIYLF
DDVLSAVDSRVCQHIVEHCMMGYLKDKTRILATHQLSLIGQASRVIFLGTDGSFDIGTVE
ELLSRNKGFHKLMQFQNSKPVDGDEHSTNDENVFSEEDEESILKKQKSLTVGKKEEDGR
NEKEERAVNALSFKVYKEYVSSGLGKYALMMIPIFLFIVASATFCNLFSSVWLSFWTEN
KFKHRTTGFYMGLYVMEVLLGIIFMWIEFVSVGTMAVNASKWLNLKALHRLLHAPMG
FMDVTPIGRVLNRFTKDTDALDNEISESLRLFIYQTANLTGIILCOIY MPWFAIAMPEFMIF
AYVFIADHYQASGREIKRMDAIQRSFVFNNFNEVLGGIDTIKAYRSQERFLMKSDFLINK
MNEAGYLVASIQRWVSITLDLLAVVFALITALLCVTRQFHISPGSVGVLLTYVLQLPGLL
NGLLRSQTQTENDLNSAERLVNYAYDLPMEAQYRKLETQPNESWPSEGRIKFEHVSLSY
RPELPLVLKDVSIDIKGSEKIGICGRTGAGKSTIMSALYRLTELRSGKITIDDIDISTLGLYD
LREKLAIIPQDPVLFKGDIRKNLDPFQECTDEQLWDALVRGGAIEKSELETVKLQKKDSH
GLSGNMHKFHLDQSVEENGSNFSLGERQLLALTRALVRGSKILILDEATSSVDYETD
AKIQSRIVEEFSRCTILCIAHRLKTILNYDRILVLDQGEVVEFDKPETLFNDHSTIFY QM
CCGAGITAEDFSS

SEQ ID NO: 108 Pachysolen tannophilus ABC transporter polypeptide sequence
MSARDIEKQDLLESLKAQKRFLSVFFPKEIPPLPSEAERNPYPASDVNIFSRIFFY WLNKL
YVKGYRRTLEPADLWYLANDYEVNHYFERFNSHYQLSLKKKSENYALINESIYQQDDV
LDESSKERSKKLTSLHTNIVVLCVFKTFAKEIVLVWLCFLFAMFESSAGAAIFSKYLILFVE
STTSSIGAGVGYAIGTSICTWLLSVGENQFFYNAQVLSYKVSSILIKLTMTKALKLDARG
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RFKYPSSKISSHGGDLSRIQDGCLYFIALLGVPLPLILFIGILIWNIGVSSLAGIGVFLLLIGC

TSSFATKLFSLRSDINIWSDKRLSYIKEILNNFRIKYYTWENYYFKKIYDVRKKEMNY VF
TSQFIRTVMISHISSTYLSTMISFLVLY YSKSSKRNVANIFSSISMENILSTLIAAFPFFVSSST
DAYAGLKRFGELFSCGESDENLLLKYNDIEDDLEFEDENFKMRKGSNEPAIKIENASFEW
ETFEIDDDDVDVENEKEEKKTKKNKKKCKKNNENENKNQESKISKSKDFSLIDLNLSIDR
GEFIIVTGVVASGKSSLLNAMSGFMKCIEGSIEVNDSILLCGESWVQNATIKDNILFGKEY
DKKKYKEVLYACDLTADLKNFPAGDNTEIGERGITLSGGQKARLSLARACFDSKNIILM
DDVLSAVDAKVGKHIMENCILGYLKDKTRILATHQLSLVGAADRVIFLNGDGTIDVGTS
QELLETNEGFISLMQHATDNNNEDSIVEAEEVEAGKDESQDLLRIRSTKLMVTTSIQSIDD
NESKCIGKLVEVEERAVNSIQYDVYRNY VKLGSGIFGVFFLPVLFVILSLGIFASIFQTVW
LSYWTEYRFSSLTNNEYVGIYIAINIATIIFVLCINTLLVYISNNAGRLLTVKGVERLLHAP
TSFMDSTPMGRILNRFTKDTNCVDIELSEYLRLFVTPVGLVVGTVILSIVYIPWVAVAVPF
FAFIFFCITNY YQASSREIKRI EAVQTSFVESHENETLNGMNTVKAYKAEKRFKSKNDFY
INQRNEALFLTTANNSWIKISLGTFSSLFILFVSLLCVSGVFSLGAGATGVLLSNLLNIADQ
LTTALVQFTNLENSMNSVERLYHYAFKLPQEAAYEIRETQPSPOWLTVNSNIEFRNVFM
QYSKNSPFVLNRLNFEIGTGEKVGICGRTGAGKSSIMTALYRLCEITEGEIIIDQVDISKIG
LETLRSHLANIPQDPIMFSSTLRKNLDPFDKFESDDKLYDVLKIVTLVDDIEKVKRQDGYH
GETLHKYNLNQSVSEAGSNYSLGERQLVSLARAILHDSKILIMDEATSSVDYDTDEKVQ
RIKQQFSHCTILCIAHRLKTIIDYDRILVLEKGEVIEFDTPYNLEFCTEDGVFKEMCEKSRIV
ESDFNKVN

SEQ ID NO: 109 Kerivoula Africana ABC transporter polypeptide sequence
MGPNINHTVDNIPSNSSSKMDEDDEY YKTSSNTSSLDSSSDEFSYLPTGEYKVQKNKPKT
YLNIDDIERVTDSEIFPQKRLFSFLHSKKIKEVPTNDDERPIY PFFHANIISRTFVWW VMPI
LKVGYKRTIQPNDLFRMDPYFSIEKMSSDFDKNMDY YFQKTYNKYRKEHPNATEDEVY
EHAKLPEKLTVFKALFWTFKRQYITSCICAILANCASAFNPMITKRLLEFVERKAVLKHMK
VNDGIGY AIGACLMMLFENGILFNHFFHNSQICGVQAKSILTAAALNKMFRASKYARHKF
PSGKVTSFVTTDLARIEFALSFQPFLIGFPPLLIICIVLLIVNLGAIALVGIGLFFVVAVFVM
VIFKKIVDLRMSANTFTDARVTKMREILNNMKMVKYYAWEDAYEKNIQEIRSEEISRVR
KMQYIRNGVIALAISLPNIASLATFLSMYKVNNMGRTPANVESSLSLFQVLALQMFFMPI
ALATGIDMMIGLGRLQDLLQAPEEHSRLIEDRKPDPEVEKSNIALKLDNCSFEWDDFEEL
DLLEEAEKKKKEKKKNKKKKDDPKAKTKKSLKKEKENNEIEKAFSKFSNLDFEIRKGEF
IMITGPIGTGKSSLLNAFAGFMNKTEGRIQVNGDLLFCGYPWIQNATVKDNILFGSPFIKE
KYENVLRVCSLDADLKVLPAGDKTEIGERGINLSGGQKARINLARAVYKTKDIFLFDDV
LSAVDSRVGKHIMDECLLDLLEGKTRILATHQLSLIEKADRVIVLGTDGSFDIGTVDELK
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ORNQTLTNLLDYSTTERENENRDESPVADEENDELLIQEELKIQLLOTTTRNEDAEDVSG

GDGHLIEKEERAVNSIGWEIYKQYINAGVGKWGFVVIPAYILFIVITSFCQVESSVWLSFW
TEDKFPTRSPSFYMGLYSFFVFGGFVFMCVQFTITLCSIGVLASKWLNLNAVHRVLHAPM
SYLDTTPLGRILNRFTKDTDSLDNELTESVRLMLFQVGNIVAVIVMCIVYLPWFAIAVPF
LFFMFVLIADHYQSTSREIKRLDAIQRSFVYNNLNEVLGGMDTIKSY KGQKRFQAKSDY
LINKMNEAGYLLVSVQRWVSIFLDMVAINIFALIHALLSVTGVFSLSASSVGVLLTYVLQLP
GLLNSVLRALTQTENDMNSAERLVNYATKLPLEAAYKKPELSPPESWPSKGEIRFLDVD
FAYRSGLPVVLKGLNLDIKSGEKIGICGRTGAGKSTIMSALYRLNELTSGKILIDDVDIST
LGLYDLRRKLSITPQDPVLFKGTIRKNLDPESNYDDSLLWDALIRSGAIEKESVEKVKSEM
VNEEGTHTDMHKFHLDQLVEEEGSNESLGERQVLALTRALVRQSKILILDEATSSVDYE
TDGKIQKRIVEEFDNCTILCIAHRLKTILQYDRILVLEKGVIAEFDQPFKLFSDKDSIFRSM
CERSNITESDFKIQK

SEQ ID NO: 110 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSEACKLEAIDAVDASSSAGSVDSQYYNELQQKIQVKKGWPLLKLLVGKEPQPITPSDK
KYPYYTANLWSLLTFAWAFEIIKKGYLRRVEDEDMYELPDNIKIKAMTELFEDNFRKRR
EAFSLKYGDDVPFTKWVVIRALNDTFFKEFWLIAGTAKVVMDLAQVLSPLLVRQLVRY1
QLKSSHDPGVGNAIGYSIGISAMIMLTSVSLSHFFHSSMVVGGCVKAVLTNVIYKKAFN
VSSKVRFQYPNGKINSLVMADLARIDLAVGVFHFIWAFPLSLSIATIVLCCYLGAVALIGI
ATVVLFLVSIFWFNAKLKQLRIKANVFIDKRVRAINEIINNMKMIKLYSWEIPYKERLAE
YRGVEKEFIFKVQMLKSIMNSGINSITGIATMLTFIALFYLSGSHFQSYNVFSAVTLFNMI
RMPINLLPMATSFATDALIAMDRVTGFLQAEDDELTVSRLPVEGSTNAIEIHDATYQWDI
EPRDDLITSVTSETLEKDLSFPGLRNINLTIKRGDLIITGSIGTGKSSLLNAIEGTMRQESG
DAKVYGSLTFCSYPWVQNATIKENILFGMPYNREKYHSVVSACGLDVDFKALPGGDQV
EVGERGITLSGGQKARINLARAVYADRDILLDDVLSAVDATVGKHIMKECICGLLKDK
TRLLATHQLSLIDAADRIOILDGTGSLQIGTQSELLQTSPTEFSNLMNFSRQPEEQEREKEED
VMIDDEEEKELQRVQTQISTAKKEKAESREEQRSMESISIKVYLNYLALGSRLFGRFIIPIF
FLTIAVSGFLQLFFSVWLSFWLSDRFEFGYSSQLYTGLYVLLVMLSTLAFVCLFTLMASLNN
TAGLRLFNMSSSKLLKTPMWEMDITPIGRILNRFTKDVDVLDTDLIEQLRLFVTSSSTVC
CTIILCACYIPWFLIAVPVALFIY VHLFIFYKSSALDIKRLESVNRSLVFSLFNESLNGMKVI
KSYSSVERFQHRFESLINKMNSAYFLTFANQRWLSIRLDCIGSLLTLFICIMCVCDVFHLS
GSSSGLLVSYIIQVSSLMSLLLRSMTMVENDMNS VERLFEY AMDLPEEGPFEIEETKPRES
WPEKGAIAFNNVSLSYRENLPLVLKNVSFDVKPGEKIGVCGRTGAGKSTIMNALFRVSP
VREGFITIDGVDTSTIGLSDLRSKLSIIPQDPVLFHGTIRENLDPFGSSSDAELWDALRKSW
LVEDGARGTGSYKIGETNITTLHKFHLDQLVEDDGANFSLGERQLLALARALVRDSKVL
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ILDEATSSVDYETDVKIQSTIANDFAHCTILCIAHRLRTILNYDRILVLDKGQ

VVEFDTPLNLFKLGGIFSGMCQRSGITEREFP

SEQ ID NO: 111 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MGDHTGDDNSSVESVGRYQGFDSQVEGQIQDLVRTLTQKSEAAFQEGQNESDGESVLS
RALSRVSTIAPGVNPMGEDLEELDPRLNPDNPDFSSRYWIKNIRAFMDKDEAHYQNYSF
GIAYKNLRASGEATDADYQTTTLNAPYKFAKMYAKQLFTTKAQKAKSQFDILKPMDGL
IKPGEVVVVLGRPGSGCTTLLKSIASNTHGFEIGEESKISYEGLSPNEIKKHFRGDVVYNA
ESDIHFPHLTVWQTLYTAAKFRTPONRIPGVSREDFATAMTNVYMATYGLLHTKNTKYV
GSELVRGVSGGERKRVSIAEVSLAGAKLQCWDNATRGLDAATALEFIRALRTSADVLD
TTATAIYQCSQDAYDLFDKVSVLYDGYQIFFGRADEAKEYFIKMGWECPQRQTTADFL
TSVTSPRERIPRKGYEDKVPRTAKEFEAYWEKASQEYSFLVKEIDATISQNEQTNQSSEYY
ASKHARQSNHMRKSSPYTVSFFMQTRYLLTREFQRIRNDIGFHAFSVLSNSLMALVLSSI
FYNLPSTTSSFY YRGASMFFAVLENGFQSFLEIMSLFEARPIVEKHKGYGLYHPAADALA
SVTSQLPFKLFTSLFFNLIY YEFMVNFRREPGNFFFYLFVNILATLTMSHFFRLVGSMSSTL
PQALVPAHVIMLAMILFTGFTIPINYMLGWCRWINYLDPMAYAFESLMVNEFHNRIFEC
SSYIPGNPADNPSWPSDSWVCNAVGASAGETYVNGTLYLKTSFRYSHGHKWRNVGILI
VEMIGLLAAYTLFAEFNESAKQKGEILLFQSSTLRQLKKDKANNDIEAGKERDITEAPEE
EDVNVDAIQAGKDIFHWRDVHYTVKIKSEYREILSGVDGWVKPGTLTALMGASGAGKT
TLLDVLASRVTMGVVTGSMFVNGHLRDSSFQRSTGYVQQQDLHLETATVREALRFSAY
LRQPSSVPKQEKNEY VEEVIKILDMQKYADAVVGVAGEGLNVEQRKRLSIGVELAAKP
KLLLFFDEPTSGLDSQTAWSICOQLMRKLANHGQAILCTIHQPSAILMQEFDRLLFLARGG
RTIYFGDLGKNCQTLIDYFESHGSPKCPPEANPAEWMLHVIGAAPGSHANQDYHQVWL
ESDERKEVLKELDYMERELVKLPYDSTVGHREFATSIPYQFVVVLKRVLQLYWRTPSFT
WAKLFLSISSCIFIGFVFFDADLTIQGLONQMFALFMFLTIFNPMIQQQLPMFVSQRDLYE
VRERPSKTFSWKAFMAAQIVADIPWNIVLGTIAYFVFY YPAGFYHNAEPTHQVNQRGA
YAWFFSCLFFVFMGTFGSLCVAPLOQLADSAGNVAMLCFTLCLTFCGVLVGPDALPGFWI
FMYRVSPFTYYIDGFLSNALGNAQVTCSQAELRVLNPPDSNMTCSEYLGDYIEAAGTGY
LVDGSATSECALCPMSSTNAFLRSVSCSYSRKWRNVGIFCAYIVINIVGALFFYWLARVP
KKRNRVKDERPEATTSVGEGKEV ESNLEKASSD

SEQ ID NO: 112 Saccharomyces cerevisiae ABC transporter polypeptide sequence

MFNNRAVKDIDNFITRDVDRFASSLAALFSNIGKPMMDLVFFAVYLRDNLGTAGITGIFV
NYFTTAYILKCFTPPFGKLSKEKSSLEGEY YNDHLNLINNGEEIAFYNGTMLEKIKINKVY
NNMMDHIFKINRIKVRY TFLEDYLLKYTWSALGYLYISIPIFLASLODDVKRSTEDRNMR
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QFIVNKRLMLSMADAGSRIMYSLKDISKLTGYTDRVFTLLTVLHQVHAAEENYGDESD

VNTLRGTVQYHYNGLRFEKINVIIPSKNGHDGIKLIKELDFSLKSNQSILILGMNGCGKTS
IERITIAGLWPLYDGLLSKPSEDDVIYLPQRPYFSTGTLRDQIIYPLSY ADMLDRGVTDLDL
VQILREVKLEYLLDRECGLSYLDSVQEWKDVLSGGEKQRVQFARILFKNPKFVILDEAT
NAISSDIEAYLFDLLKQKKFAFITLSHRPLLIKYHDYLLEIQENGDWIFETMGSDQAITSIE
KEIKQIEEKLKDVAKLEGRKHTLELLLDGHEVNDTIVTASKMLESSVEVIQEIETEPATIS
NATSKPSAKPLPKPLAKPGANLGRASPMKASHPSKPNATTTSGGSPRPSKPSPKPSLSSLK
RSPSIISNSSSKSSSSTSSSKPPSKPGRGLKNTLKKAVSKKPPTSK

SEQ ID NO: 113 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MDNLILPHKLLSKRQLKWLAQLNIRWTSKPVLLFLTAVLSSVAGISAYNIAKLIQNIRNY
LLKRSKNRPFLORGNRIAKQIEVPYKNSTISVDIPYPNYDRISVDNLVFKQYIKEEMLLKDS
PGATSFWKAINSRFLNKLFIIWKLILIPKWLDKNSYLLVAQLSLLILRTYLTLLVTKLDGSI
VEKNLIGLQGKKFIRDODYWFLLAVPASYTNSSIRY VTKRLSLSFRTNLLRYCHDLYMDNR
LVFYKMQFNTNEMLPKEYQLDSKYIDQYLTDDIKQFTSTLASLFTNTGKPFMDLIFFALY
LRDNLGTAGIVGIFINYFITCWFLRLKAPKFSKMLKKKANLEGIY YNYNLNLIYNAEEIS
FFKGIPLENRKIKSIFGDLQKQIFKEMVQRFHYGFWEDYILKYTWSCLGYLYSAIPILLAP
TSKRTSNSSKNMKNFIVNKRIMLSMADAGSRIMYSIKDVSKLSGYTDRIFTLLLNLHQV
HDSGFQYGLDLTNGQQTSLARLPSLRILSSFTNLNHLSSQNMKSLGFINGIIQTNYDGLRL
ENIPOVPSPKGANGPKLIESLSFTIKKGNNLLIIGKNGCGKTAFMRCLAGLWPIYEGLLSK
PLDSNIMY VPQRPYFLSAGTLRDQIYPLSSETSKVDDELLIGLLKDVGLEYLFERFNSDL
NERPSIKNDNVTASNGTERDSGNISKNSWFSLLSGGERQKMIIARVLFHNKTYVVLDEPT
NAISYDMEDYLFKLLKKRGLTHOTISHRSSLEKYHDYCLELVSDLNEKVVELDDEKTSEM
PITTHKWKFKNLREDSDDSDSLDDEISDYRHKIRDLYKNHRNTDSEGSSVEDRNELAKE
EIKILKNELSKLEELEKRKLEVLNYLDNE

SEQ ID NO: 114 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MRLFKRKKDPEKEHLDEKDAQFKNPDDQLNEKFDQLDPATREVLEGQLKGVSFKASILA
DLYGLLRGWEYLIAFIAYVCSITAGAALPLMTLVVGDMAQQFTNYFTGVLGRSEFEDKI
RDNSLYFVYLGIGLTVFQYLATFLHIVISEITASRVRQKFVWSILHQNVAFLDSMGSGEIT
ESITSDTRLIQEGVSEKIGMTVECLATVVSALVVAFAKYWKLALVLLSVMVGLIMSATP
TTLMLIKMYMKSLESYGKASSIAEETFSAIRTATAFGAHEFQLSRYNIFILESRGY GFKKA
LWLSLMIGSVWFIVENTY ALAFWQGSRFMVSDNSGIGKILTACMAMLFGAMTIGNVTT
HMKDVSVGIGAASKLLAVINREPYLDSSSEDGSKLERVDGSISFRNVTTRYPSRPDITVLS
DFTLDVKPGNTVALVGESGSGKSTVIGLLERFYEYLDGDILLDGVSVKDLNIKWLRQOQI
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ALVQQEPVLFAASIYENICYGLVGTKYEDAPEEVKRDLVEKACKDANAWEFITOQMSHG

LDTEVGERGLSLSGGQKQRIAIARA VISQPKILLLDEATSALDTKSEGIVQDALNRLSESR
TTLVIAHRLSTIQNADLIVVMSNGRIIERGTHQELIKLRGRY YQLVQVQNINTKINSTQVT
KSIAASTISDSENDKPNDSESLIYEPSPEIASDLPPQKKPS VGQLFLMLLKISKGEYHLIIPA
MFCALIAGMGFPGLSLLMGHIVEAFQVSGPDEYPHMRSQINKLTGYLFMIGVIEFINYIFL
ISSLVMASEYLIYKMRYRCFKQYLRODMAFYDQPONKVGSLVTMLAKDPQEIEGLSGG
TAAQITVSVIIVVVGIINSLITNWRLGLVCTSTVPLLLGCGFFRVYLIIMFEERSLKSYQGSA
SYACEQVSALRTVISLTREKGIYDKYSKSIKAQVRRSTQSVAKTAIMHGLIQGMVPWIFA
LGFWYGSKLMIEGRCTNREFFTVLIAILFGAQSAGQIFSYAPGMGKAKQAAANVKKVLD
TFPNVIDIESEEGAIVDPSEVKGGIEFRNVTFRYPTRMEVPVLQDLNLTIKPGQYIGLVG
ASGCGKSTTVGLIERFYDPLSGEVLLDGVDIRNLHLRTYRQALALVQQEPVLFGGSIRDN
ILLGSIDEVSDDEVIEACREANIYDFVSSLPEGLDTLCGNRGAMLSGGQKQRIAIARALIR
NPRVLLLDEATSALDSESEKAVQEAIDRASKGRTTITIAHRLSTIQNCDVIHVFEGGKI
IESGKHDELLALGGKY YDLVQLQGLESQN

SEQ ID NO: 115 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MTAEESSSQSSVDIRDGEKSGGRIPSTPDVSNYSPGIDGESEHRPYFGLENDIQEQQHIQK
LARTLTNLSMASRNSSGAHIPAGSHKAEDHDSIAEAAKSITNDTLQRSLSRASHTLEGGP
VDVPFDENARELDFPRLDPDSPEFDSKFWVQTMHHLFNSDPEY YKPMRLGVCLKDLRVS
GVSNDADYQITVANVPLEKVYEKVKSWVTKRDESRYFDILKPMDALFEPGRVCVVLGRP
GAGCSTLLKTVSARTYGLTVRPESVISYDGIDQKTIVNHYRGDVIYSPEIDFHFANLTVG
YTLEFAARCRCPSSRPAGISREQYYKHYAAVTMATYGLSHTYNTKVGDDYVRGVSGGE
RKRVSIAEVSLAGAKVQCWDNATRGLDSATALEFVRALKTNASVTGTTPLIATYQCSQD
AYDLFDDVLVLYEGYEIFFGTADSAKDYFVDMGWECPPRQTTADFLTSITSPSERKPRPG
FEKTVPRTAEEFYDRWRSSPEHAELRNRIDAYLNKHSNGQAAQTMHDHHTARQSKHSK
PTSPFLISFGMQVKAVMDRNWQKIKGDPSVYCFENIISNCIMALIISSMEFYNQKANTGSFY
YRTSAMFTGLLFNSFSSLLEILALFEARNIVEKHKTYAFYRPSADALASIMTEMPSKFLIA
VGFNLIYYFMINFRRSVGHFFFYFLIALTSMFAMSHLFRTVGSACVSLOQQAMIPASILLILI
LSIYVGFIIPKGNILGWSKWLY YLNPIARSMEAMVANEFAGREFECSQFVPSGGDYDKLP
LOQNKICSVVGSEPGKSMVSGTKYMRLSFDYRNGHRWRNWGIVVCYAAFFLGTYLLLIE
YNKGEMQKGEMTIFPRSTLKKLKKKQGLKNDIESNDSLLKDETVADSHDEKSHSSSGD
GAVEGIGSDQVVFWRNICYDVQIKSETRRILSNIDGWVKPGTLTALMGSSGAGKTTLLD
TLANRVTTGVITGDVFVNGRPTDESFQRSTGYCQQQDLHGRTQTVREALTFSAYLRQPY
KVPKKEKDEY VEKIIDLLEMRSYADALVGVTGEGLNVEQRKRLTIGVELVAKPKLLLFL
DEPTSGLDSQTAWSVCQLMRKLASHGQAILCTIHQPSAILMQEFDRLLLLOQKGGRTVYFE
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GELGKGCSKMIEYFESKGSEKFPPDCNPAEFMLHVIGAAPGSHVTTDYHQVWLESQEYQ

DVQKELGELMKRANQPIEDNDEDLHKEFATPFWYQLMIMTKRVLEQHWRSPGYIVAKL
WTVAFSAIFIGFSFFK ANNTLQGLONQMFESLEMLMMIFNPLVQQOMLPQYTDQRELFEVK
ERPSKTCDWKTFVLAQLLAELPWCLVTGSLAFFCFYYPVGLYRNCPDHYQLHERGALF
WLICVSFTLFTTTFGQVCIAGLERRENAALVANTCFMMCISFCGVLVSKEHLPGFWKFM
YYISPFTYLIAAMMATGISNTEVICAKKEYLHFPPPNGQTCGKYMKAYMEKAGGYLLDE
NSTTECTFCTMSQTNAYLKTLDIHYSQKWRNWVIFTCYSIFNVFLFVLLYWLFRVPRDH
VFFKKLAGKKEEWVASRKKKKDA KDAANQV

SEQ ID NO: 116 Calathea utilis ABC transporter polypeptide sequence
MDGSHFPMTSTTGEPVLSGKKGKRRKVIKSCAFCRKRKLKCSQARPMCQQCVIRKLPQ
CVYTEEFNYPLSNTELFEQVPNVALVQKIENLOTLLKENDNNNAKPVYCRSSENPLRSL
RTSVLGDNGSRYVFGPTSWKTLSLFEQNKFQTEFOQNLWKVLKPLPECTKSQLNENDVV
ADLPSFPOMESCIKSFFAGPLFDILHIENQDDILSLLDRLFIRDTTDKNLVILLDLOGNAKD
KYNLGIVLQILCLGY YNQDIPSSVSREFLHSLSAASLSSSSSNFVEKLQFFLLSYISVMINCT
DGVWDATQGVDLINELCQGCISLGLNDIDKWYLNESEETKQNLRCIWFWALFLDVSTS
YDIGNPPSISDDLFDLSIFTAQNFQSPSIDFRRVKLMHDFLDVSRFTTREIHKREMNEKLTT
FSLRLIEFIQSNFSPIEHYTNSVY YSDIDPEDILILSRSLSIVASIY NIEMIIAQQSRIIDKNRM
VQFLLISISVCVNTMVFHFKEPINDQENVLTEGLKLSIILINPLLIRIVSQVYSLAFNRLIFRE
KGFLFLIDLDTGKKIQFIKYEEENFDELLTGFDVRTDKFLSFSGTIRFYEIVDSIFAVNERN
KRLLKAVSNFYQLTSTLAFERVSRVLFDKASQARIETEKIWLKKGINME
HESDLMIEDFINDVWKTFKEISKDLWSIDKKKFYKQYHFDL

SEQ ID NO: 117 Calathea utilis ABC transporter polypeptide sequence
MSDQESVVSFENSQNTSMVDVEGQQPQQY VPSKTNSRANQLKLTKTETVKSLQDLGVTS
AAPVPDINAPQTAKNNIFPEEY TMETPSGLVPVATLQSMGRTASALSRTRTKQLNRTAT
NSSSTGKEEMEEEETEEREDQSGENELDPEIEFVTFVTGDPENPHNWPSWVRWSYTVLL
SILVICVAYGSACISGGLGTVEKKYHVGMEAAILSCSLMVIGFSLGPLIWSPVSDLYGRR
VAYFVSMGLY VIFNIPCALAPNLGCLLACRFLCGVWSSSGLCLVGGSIADMFPSETRGK
AJIAFFAFAPYVGPVVGPLVNGFISVSTGRMDLIFWVNMAFAGVMWIISSAIPETYAPVIL
KRKAARLRKETGNPKIMTEQEAQGVSMSEMMRACLLRPLYFAVTEPVLVATCFYVCLI
YSLLYAFFFAFPVIFGELY GYKDNLVGLMFIPIVIGALWALATTFYCENKYLQIVKQRKP
TPEDRLLGAKIGAPFAATALWILGATAYKHIIWVGPASAGLAFGFGMVLIYYSLNNYTIID
CYVQYASSALATKVFLRSAGGAAFPLFTIQMYHKLNLHWGSWLLAFISTAMIALPFAFS
YWGKGLRH KLSKKDYSIDSVEM
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SEQ ID NO: 118 Calathea utilis ABC transporter polypeptide sequence
MTLGNRRHGRNNEGSSNMNMNRNDLDDVSHYEMKEIQPKEKQIGSIEPENEVEYFEKT
VEKTIENMEYEGEHHASYLRRFIDSFRRAEGSHANSPDSSNSNGTTPISTKDSSSQLDNEL
NRKSSYITVDGIKQSPQEQEQKQENLKKSIKPRHTVMMSLGTGIGTGLLVGNSKVLNNA
GPGGLIIGYAIMGSCVYCHQACGELAVIYSDLIGGFNTYPLFLVDPALGFSVAWLFCLQW
LCVCPLELVTASMTIKYWTTSVNPDVFVVIFYVLIVVINVEFGAKGY AEADFFFNCCKILM
IVGFFILAINIDCGGAGTDGYIGSKYWRDPGAFRGDTPIQRFKGVVATFVTAAFAFGMSE
QLAMTASEQSNPREKAIPSAAKKMIYRILFVFLASLTLVGFLVPYTSDQLLGAAGSATKAS
PYVIAVSSHGVRVVPHFINAVILLSVLSVANGAFYTSSRILMSLAKQGNAPKCFDYIDRE
GRPAAAMLVSALFGVIAFCASSKKEEDVFTWLLAISGLSQLFTWITICLSHIRFRRAMKY
QGRSLGEVGYKSQVGVWGSAYAVLMMVLALIAQFWVAIAPIGGGGEKLSAQSFFENYL
AMPIWIALYIFYKVWKKDWSLFIPADKVDLVSHRNIFDEELLKQEDEEYKERILRNGPYW
KRVLD FWC

SEQ ID NO: 119 Pichia pastoris ABC transporter polypeptide sequence
MGIHIPYLTSKTSQSNVGDAVGNADSVEFNSEHDSPSKRGKITLESHEIQRAPASDDEDRI
QIKPVNDEDDTSVMITENQSLSPFIITLTFV ASISGFMFGYDTGYISSALISIGTDLDHKVLT
YGEKEIVTAATSLGALITSIFAGTAADIFGRKRCLMGSNLMFEFVIGAILQVSAHTFWOQMAYV
GRLIMGFGVGIGSLIAPLFISEIAPKMIRGRLTVINSLWLTGGQLVAYGCGAGLNYVNNG
WRILVGLSLIPTAVQFTCLCFLPDTPRYYVMKGDLARATEVLKRSYTDTSEEIIERKVEEL
VTLNQSIPGKNVPEKVWNTIKELHTVPSNLRALIGCGLQAIQQFTGWNSLMYFSGTIFET
VGFKNSSAVSIIVSGTNFIFTLVAFFSIDKIGRRTILLIGLPGMTMALVVCSIAFHFLGIKFD
GAVAVVVSSGESSWGIVIIVFIIVFAAFY ALGIGTVPWQQSELFPONVRGIGTSYATATN
WAGSLVIASTFLTMLONITPAGTFAFFAGLSCLSTIFCYFCYPELSGLELEEVQTILKDGF
NIKASKALAKKRKQQVARVHELKYEPTQEIEDI

SEQ ID NO: 120 Pichia pastoris ABC transporter polypeptide sequence
MAIWEQLEVSKAHVAYACVGVESSIFSLVSLYVKEKLYIGESTVAGIFGLIVGPYVCLNWE
NPLKWGNSDSITLEITRIVLCLQIFAVAVELPRKYMLKHWVSVTMLLLPVMTAGWLIIGL
FVWILIPGLNFSASLLISACITATDPILAQSVVSGKFAQRVPGHLRNLLSAESGCNDGMAF
PFLFLSMNLILHPGNGREIVKDWICVTILYECLFGCLLGCFIGY VGRITIRFAEKKNIIDRES
FLAFYVVLAFMCAGFGSILGVDDLLVSFAAGATFAWDGWESQKTQESNVSTVIDLLLN
YAYFIYFGAIIPWSQFNNGEIGTNVWRLIILSIVVIFLRRIPAVMILRPLIPDIKSWREALFV
GHFGPIGVGAIFAAILARGELESTFSDEPTPLNVVPSKEESKHWQLIACIWPITCFFIVTSII
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VHGSSVAINITLGRHLNTITLTKTFTTHTTNGDNGKSSWMOQRILPSLDKAGRSFSLHRMDT

OMTLSGDEGEAEEGGGRKGLAGGEDEEGLNNDQIGSVATSGIPARPAGGMPRRRKLSR
KEKRLNRRQKLRNKGREIFSSRSKNEMYDDDELNDLGRERLQKEKEARAATFALSTAV
NTOQRNEEIGMGGDEEEDEY TPEKEYSDNYNNTPSFESSERSSSLRGRTYVPRNRYDGEET
ESEIESEDEMENESERSMASSEERRIRKMKEEEMKPGTAYLDGNRMIIENKQGEILNQVD
IEDRNEARDDEVSVDSTAHSSLTTTMTNLSSSSGGRLKRILTPTSLGKIHSLYVDKGKDKN
KNSKYHAFKIDNLLIENEDGDVIKRYKINPHKSDDDKSKNRPRNDSVVSRALTAVGLKS
KANSGVPPPVDEEKAIEGPSRKGPGMLKKRTLTPAPPRGVQDSLDLEDEPSSEEDLGDSY
NMDDSEDYDDNAYESETEFERQRRLNALGEMTAPADQDDEELPPLPVEAQTGNDGPG
TAEGKKKQKSAAVKSALSKTLGLNK

SEQ ID NO: 121 Kiuyveromyces marxianus ABC transporter polypeptide sequence
MRGLTPKNGVHIETGPDTESSADSSNESTGFSGKIRKPRSKVSKACDNCRKRKIKCNGKF
PCASCEIYSCECTFSTRQGGARIKNLHKTSLEGTTVQVEKEETDSSSTSFSNPQRCTDGPCA
VEQPTKFFENFKLGGRSSGDNSGSDGKNDDDVNRNGFYEDDSESQATLTSLQTTLKNLK
EMAHLGTHVTSAIESIELQISDLLKRWEPKVRTKELATTKFYPNKSIETQLMKNKYCDV
VHLTRYAAWSNNKKDQDTSSQPLIDEIFGLY SPFQFLSLQGIGKCFQNYRSKSKCEIFPRT
AKETIYIMLRFFDVCFHHINQGCVSIANPLEN YLQKMNLLPSTPSSISSAGSPNTAHTKSH
VALVINHLPQPFVRNITGISNSELLSEMNNDISMFGILLKMLDMHKNS YKNFLMEITSNPS
VAKNTQSIDVLQEFIHYCQAGEALIALCYSYYNSTLYNYVDFTCDITHLEQLLYFLDLLF
WLSEIYGFEKVLNVAVHFVSRVGLSRWEFY VGLDENFAERRRNLWWKAFYFEKTLAS
KLGYPSNIDDSKINCLLPKNFRDVGFLDNRDFIENVHLVRRSEAFDNMCISDLKY YGELA
VLOQIVSHFESSSVLFNEKFTSIRNTSKPS VVREKLLFEVLEIFNETEMKYDAIKEQTGKLFDI
AFSKDSTELKVSREDKIMASKFVLFYEHHFCRMVNESDNIVARLCVHRRPSILIENLKIYL
HKIYKSWTDMNKILLDFDNDYSVYRSFAHYSISCIILVSQAFSVAEFIKVNDVVNMIRVF
KRFLDIKIFSENETNEHVFNSQSFKDYTRAFSFLTIVARIMLLAYGESSSTNLDVISKYIDE
NAPDLKGIELVLDTNSCAYRFLLEPYQKSGFHLTVSOMLKNRKFQEPLMSNEDNKOMK
HNSGKNLNPDLPSLKTGISCLLNGIESPQLPFNGRSAPSPVRNNSLPEFAQLPSFRSLSVSD
MINPDY AQPTNGQNNTQVQSNKPINAQQQIPTS VQVPFMNTNEINNNNNNNNNNK
NNINNINNNNSNNFSATSFNLGTLDEFVNNGDLEDLYSILWSDVYPDS

SEQ ID NO: 122 Saccharomyces cerevisiae ABC transporter polypeptide sequence
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MEDKDITSVNEKEVNENTNSRIIKYDAERRATRTETSKKDKWKNIVTIHHASGFALISDGY

VNGSMSMLNKVFVMEYGKKNYSSKVSTRVSNAALVGIIFGQFFMGIAADY YSRKSCIL
VATAILVIGSALCAASHGTTVPGMFWMLTVMRGLVGIGVGAEYPTSTLSANESANEYTT
TKRGGILVMVTNLPLAFGGPFATIIFLIVYKICSGTKHLEAIWRTVFAIGCFWPLSVFYFR
WKTATTEVYEKGRIKRNIPY FLALKFYWKRLLGTCGTWFMYDFVTFPNGIFSSTIISSVIK
DONDLVKVAEWNLLLGVLAVLGVPIGAYLSDRIGRKYTLMFGFSGYITIFGLIGCAYDRL
KKITPLFIIFY AFMNMLGNAGPGDMLGVISSEASATAVRGVEYGLSAVTGKIGSVVGVEC
FQPIRDNLGARWTFITAAICGLIGINTYFFVPHSLESDLMKQDVEFHNYLVSNGWTGKMG
FDETDEESMVRTIEVEENGTNCSKKNAEIISVRQVDQS

SEQ ID NO: 123 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSEGRTFLSQLNVENKENYQFSSSTTKKEVSNSTVDADNGASDFEAGQQFATELDQGE
KQLGILSCIGLICNRMLGTGVFAVSSTIYTLCGSVGLALIMWAVGAITAISGLYVYMEFGT
AIPKNGGEKNYLEAIFRKPKFFITCMYAAYIFFLGWAAGNSINTAIMFLTAADTEVTKWN
QRGIGVAVVFFAFLINSLNVKIGLYLOQNILGIFKIGIVLFISITGWVALGGGLKDGYQSHNF
RNAFEGTETATAYGIVNALYSVIWSFVGYSNVNYALGEVKNPVRTLKIAGPTSMVFELAIIL
YIFVNIAYFAVVPKDKLISSKLILAADFFDIVFGGQAKRAAAALVGLSALGNVLSVIFSQG
RIIQQLGREGVLPFSNFFASSKPFNSPMVGLFQHFIVCTVTILAPPPGDAYLLVQNLISYPM
NIINFAISAGLLWIYWQRRQGKIEWNPPIKAGVFVTGFFTLSNLYLIIAPY VPPSNGESVYS
SMPYWIHCVIAWGIFFFGGVYYVVWAQLLPRWGHYKLVSKDVLGEDGFWRVKIA
KVYDDTIGDVDTQEDGVIETNIIEHY KSEQEKSL

SEQ ID NO: 124 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MTDRKTNLPEEPIFEEAEDDGCPSIENSSHLSVPTVEENKDFSEYNGEEAEEVVVPEKPAS
AYATVSIMCLCMAFGGFMSGWDTGTISGFVNQTDFLRRFGNYSHSKNTY YLSNVRTGLI
VSIFNVGSAIGCLFLSKLGDIYGRCMGLIIVIVVYMVGIVIQIASIDKWYQYFIGRIAGIGA
GSISVLAPMLISETAPKHIRGTLLACWQLMVTFAIFLGYCTNYGTKTYSNSVQWRVPLG
LCFAWAIIMIGGMTFVPESPRFLVQVGKIEQAKASFAKSNKLSVDDPAVVAEIDLLVAG
VEAEEAMGTASWKELFSRKTKVFQRLTMTVMINSLOQQLTGDNYFFYYGTTIFKSVGMN
DSFETSIVLGIVNFASCFFSLYSVDKLGRRRCLLLGAATMTACMVIYASVGVTRLYPNGK
SEPSSKGAGNCTIVFTCFYIFCFSCTWGPVCY VIISETFPLRVRSKCMSVATAANLLWGFL
IGFFTPFITSAINFYYGYVFMGCLAFSYFY VFFFVPETKGLTLEEVDEMWMDGVLPWKSE
SWVPASRRDGDYDNEKLQHDEKPFYKRMF

SEQ ID NO: 125 Saccharomyces cerevisiae ABC transporter polypeptide sequence
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MSOQDAAIAEQTPVEHLSAVDSASHSVLSTPSNKAERDEIKAYGEGEEHEPVVEIPKRPAS

AYVTVSIMCIMIAFGGFVFGWDTGTISGFINQTDFIRRFGMKHKDGTNYLSKVRTGLIVSI
ENIGCAIGGIILSKLGDMYGRKVGLIVVVVIYIGIHIQIASINKW YQYFIGRISGLGVGGIA
VLSPMLISEVSPKHLRGTLVSCYQLMITAGIFLGYCTNFGTKNYSNSVQWRVPLGLCFA
5 WALFMIGGMTFVPESPRYLAEVGKIEEAKRSIAVSNKVAVDDPSVLAEVEAVLAGVEAE
KLAGNASWGELFSSKTKVLORLIMGAMIQSLQQLTGDNYFFYYGTTIFKA VGLSDSFET
SIVLGIVNFASTFVGIY VVERYGRRTCLLWGAASMTACMVVYASVGVTRLWPNGQDQP
SSKGAGNCMIVFACFYTFCFATTWAPIPYVVVSETFPLRVKSK AMSIATAANWLWGFLIG
FFTPFITGAINFYYGY VFMGCLVFMFFYVLLVVPETKGLTLEEVNTMWEEGVLPWKSAS
10 WVPPSRRGANYDAEEMTHDDKPLYKRMFSTK

SEQ ID NO: 126 Saccharomyces cerevisiae ABC transporter polypeptide sequence
MSSSITDEKISGEQQQPAGRKLY YNTSTFAEPPLVDGEGNPINYEPEVYNPDHEKLYHNP
SLPAQSIQDTRDDELLERVYSQDQGVEYEEDEEDKPNLSAASIKSY ALTRFTSLLHIHEFS

15 WENVNPIPELRKMTWONWNYFEMGYFAWLSAAWAFFCVSVSVAPLAELYDRPTKDIT
WGLGLVLFVRSAGAVIFGLWTDKSSRKWPYITCLFLFVIAQLCTPWCDTYEKFLGVRWI
TGIAMGGIYGCASATAIEDAPVKARSFLSGLFFSAY AMGFIFAIIFYRAFGYFRDDGWKIL
FWESIFLPILLIFWRLLWPETKYFTKVLKARKLILSDAVKANGGEPLPKANFKQKMVSM
KRTVQKYWLLFAYLVVLLVGPNYLTHASQDLLPTMLRAQLGLSKDAVTVIVVVTNIGA

20 ICGGMIFGQFMEVTGRRLGLLIACTMGGCFTYPAFMLRSEKAILGAGFMLYFCVFGVW
GILPIHLAELAPADARALVAGLSYQLGNLASAAASTIETQLADRYPLERDASGAVIKEDY
AKVMAILTGSVFIFTFACVFVGHEKFHRDLSSPVMKKYINQVEEYEADGLSISDIVEQKT
ECASVKM IDSNVSKTYEEHIETV
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WHAT IS CLAIMED IS:

1. A yeast cell genetically modified to produce one or more human milk oligosaccharides,
wherein the yeast cell comprises (1) a heterologous nucleic acid encoding a human milk
oligosaccharide (HMOQ) ABC transporter polypeptide; and (11) one or more heterologous nucleic
acids that each independently encode at least one enzyme of a human milk oligosaccharide

biosynthetic pathway.

2. The yeast cell of claim 1, wherein the ABC transporter exports the human milk

oligosaccharide 2’ -fucosyllactose.

3. The yeast cell of claim 1 or 2, wherein the ABC transporter has at least 95% identity to
any one of SEQ ID NOS: 1-27.

4. The yeast cell of claim 3, wherein the ABC transporter comprises the amino acid

sequence of any one of SEQ ID NOS: 1-27.

5. The yeast cell of claim 3, wherein the ABC transporter has at least 95% identity to SEQ
ID NO: 1, SEQ ID NO: 2, or SEQ ID NO-: 3.

6. The yeast cell of claim 5, wherein the ABC transporter comprises the amino acid

sequence of SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3.

7. The yeast cell of claim 1, wherein the ABC transporter exports the human milk

oligosaccharide lacto-N-neotetraose.

8. The yeast cell of claim 1 or 7, wherein the ABC transporter has at least 95% identity to
any one of SEQ ID NOS: 28-98.

9. The yeast cell of claim 8, wherein the ABC transporter comprises the amino acid

sequence of any one of SEQ 1D NOS: 28-98.

10. The yeast cell of claim 8, wherein the ABC transporter has at least 95% identity to any
one of SEQ ID NOS: 28-55

11. The yeast cell of claim 10, wherein the ABC transporter comprises the amino acid

sequence of any one of SEQ ID NOS: 28-55.

12. The yeast cell of claim &, wherein the ABC transporter has at least 95% identity to any
one of SEQ ID NOS: 28-38 and 55.
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13. The yeast cell of claim 12, wherein the ABC transporter comprises the amino acid

sequence of any one of SEQ ID NOS: 28-38 and 55.

14. The yeast cell of claim 8, wherein the ABC transporter has at least 95% identity to any
one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, and
SEQ ID NO: 55.

15. The yeast cell of claim 14, wherein the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, and SEQ ID NO: 55.

16. The yeast cell of claim 1, wherein the ABC transporter exports the human milk

oligosaccharide 6'-siallylactose

17. The yeast cell of claim 1 or 16, wherein the ABC transporter has at least 95% identity to
any one of SEQ ID NOS: 99-126.

18. The yeast cell of claim 17, wherein the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NOS: 99-126.

19. The yeast cell of claim 17, wherein the ABC transporter has at least 95% identity to any
one of SEQ ID NOS: 99-102.

20. The yeast cell of claim 19, wherein the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NOS: 99-102.

21. The yeast cell of claim 17, wherein the ABC transporter has at least 95% i1dentity to any
one of SEQ ID NOS: 99 and 100.

22. The yeast cell of claim 21, wherein the ABC transporter comprises the amino acid

sequence of any one of SEQ ID NOS: 99 and 100.

23. The yeast cell of any one of claims 1-22, wherein the heterologous nucleic acid encoding
the ABC transporter polypeptide is integrated into the genome of the yeast cell and/or the one or
more heterologous nucleic acids that each independently encode at least one enzyme of a human

milk oligosaccharide biosynthetic pathway is integrated into the genome of the yeast cell.
24. The yeast cell of any one of claims 1-22, wherein the heterologous nucleic acid encoding the

ABC transporter polypeptide and/or the one or more heterologous nucleic acids that each
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independently encode at least one enzyme of a human milk oligosaccharide biosynthetic pathway

are encoded by one or more plasmids.

25. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise 2’-fucosyllactose.

26. The yeast cell of claim 25, wherein the enzymes encoded by the one or more
heterologous nucleic acids that independently encode at least one enzyme of the human milk
oligosaccharide biosynthetic pathway comprise one or more of a GDP-mannose 4,6-dehydratase,

a GDP-L-fucose synthase, an a-1,2-fucosyltransferase, and a fucosidase.

27. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise 3-fucosyllactose.

28. The yeast cell of claim 27, wherein the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-

fucose synthase, an a-1,3-fucosyltransferase, and a fucosidase.

29. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise lacto-N-tetraose.

30. The yeast cell of claim 29, wherein the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a B-1,3-N-acetylglucosaminyltransferase, a

B-1,3-galactosyltransferase, and a UDP-N-acetylglucosamine diphosphorylase.

31. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise lacto-N-neotetraose.

32. The yeast cell of claim 31, wherein the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a B-1,3-N-acetylglucosaminyltransferase, a

B-1,4-galactosyltransferase, and a UDP-N-acetylglucosamine diphosphorylase.

33. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise 3’ -sialyllactose.

34. The yeast cell of claim 33, wherein the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a CMP-Neu5Ac synthetase, a sialic acid
synthase, a UDP-N-acetylglucosamine 2-epimerase, a UDP-N-acetylglucosamine

diphosphorylase, and a CMP-N-acetylneuraminate-B-galactosamide-a-2,3-sialyltransferase.
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35. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise 6’-sialyllactose.

36. The yeast cell of claim 35, wherein the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a CMP-NeuSAc synthetase, a sialic acid
synthase, a UDP-N-acetylglucosamine 2-epimerase, a UDP-N-acetylglucosamine

diphosphorylase, and a B-galactoside-a-2,6-sialyltransferase.

37. The yeast cell of any one of claims 1-24, wherein the one or more human milk

oligosaccharides comprise difucosyllactose.

38. The yeast cell of claim 37, wherein the enzymes encoded by the one or more
heterologous nucleic acids comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-

fucose synthase, an a-1,2-fucosyltransferase, and an ¢-1,3-fucosyltransferase.

39, The yeast cell of any one of claims 1-38, wherein expression of the heterologous nucleic
acid of (1) and/or expression of the at least one heterologous nucleic acid of (ii) is driven by an
inducible promoter or is negatively regulated by the activity of a promoter that is responsive to a

small molecule.

40). The yeast cell of any one of claims 1-39, wherein the yeast cell is a Saccharomyces sp. or

a Kluveromyces sp.
41. The yeast cell of claim 40, wherein the yeast cell 1s a Saccharomyces cerevisiae cell.

42. The yeast cell of claim 41, wherein the enzymes encoded by the one or more

heterologous nucleic acids further comprise a protein that transports lactose into the yeast cell.

43. The yeast cell of claim 42, wherein the protein is a lactose permease.

44, The yeast cell of claim 42 wherein the protein is a lactose transporter.

45. The yeast cell of claim 40, wherein the yeast cell is a Kluveromyces marxianus cell.

46. The yeast cell of claim 45, wherein the yeast cell further comprises a deletion of at least a

portion of a nucleic acid encoding f3-galactosidase.

47. A method of producing one or more human milk oligosaccharides, the method

comprising culturing a population of genetically modified yeast cells of any one of claims 1-46
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in a culture medium under conditions suitable for the yeast cells to produce the one or more

human milk oligosaccharides.

43. The method of claim 47, wherein the culture medium comprises sucrose and lactose,

optionally wherein the mass ratio of the sucrose to the lactose is less than 4(.

49, The method of claim 48, wherein prior to the culturing, the method comprises growing
the population of genetically modified yeast cells in a growth medium comprising a small
molecule, wherein expression of at least one of the one or more nucleic acids is negatively
regulated by the activity of a promoter responsive to the small molecule, and wherein the
concentration of the small molecule in the culture medium during the culturing is sufficiently

low that the promoter is no longer active.

50. The method of claim 48, further comprising adjusting the mass ratio of the sucrose to the
lactose, thereby altering the production of at least one of the one or more human milk

oligosaccharides.

51. A fermentation composition comprising:
a population of genetically modified yeast cells comprising the yeast cell of any one of claims 1-
46; and a culture medium comprising one or more human milk oligosaccharides produced from

the yeast cells.

52. A method of recovering one or more human milk oligosaccharides from the fermentation
composition of claim 51, the method comprising:

separating at least a portion of the population of genetically modified yeast cells from the culture
medium; and contacting the separated yeast cells with a heated aqueous wash liquid; and

removing the wash liquid from the separated yeast cells.

53. The method of claim 52, wherein the heated aqueous wash liquid has a temperature

greater than 48 °C.

54. The method of claim 52, wherein one or both of the separating and removing comprises

centrifugation.

335. The method of claim 52, wherein the culture medinum and the wash liquid together
comprise at least 70% by mass of at least one of the one or more human milk oligosaccharides

produced from the yeast cells.
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56. A method of genetically modifying a yeast cell to produce one or more human milk
oligosaccharides, the method comprising:

(a) (1) introducing a heterologous nucleic acid encoding an ABC transporter polypeptide into the
yeast cell; and (i1) introducing one or more heterologous nucleic acids that each independently
encode at least one enzyme of a human milk oligosaccharide biosynthetic pathway into the yeast
cell; or

(b) introducing a heterologouns nucleic acid encoding an ABC transporter polypeptide into the
yeast cell, wherein the yeast cell comprises one or more heterologous nucleic acids that each
independently encode at least one enzyme of a human milk oligosaccharnide biosynthetic pathway

into the yeast cell.

57. The method of claim 56, wherein the ABC transporter exports the human milk

oligosaccharide 2’-fucosyllactose.

58. The method of claim 56 or 57, wherein the ABC transporter polypeptide has at least 95%
identity to any one of SEQ ID NOS: 1-27.

59. The method of claim 58, wherein the ABC transporter polypeptide comprises the amino
acid sequence of any one of SEQ ID NOS: 1-27.

60. The method of claim 58, wherein the ABC transporter polypeptide has at least 95%
1dentity to the amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3

61. The method of claim 60, wherein the ABC transporter polypeptide comprises the amino
acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3.

62. The method of claim 56, wherein the ABC transporter exports the human milk

oligosaccharide lacto-N-neotetraose.

63. The method of claim 56 or 62, wherein the ABC transporter polypeptide has at least 95%
identity to any one of SEQ ID NOS: 28-938.

64. The method of claim 63, wherein the ABC transporter polypeptide comprises the amino
acid sequence of any one of SEQ ID NOS: 28-98.

65. The method of claim 63, wherein the ABC transporter polypeptide has at least 95%
identity to any one of SEQ ID NOS: 28-55
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66. The method of claim 65, wherein the ABC transporter polypeptide comprises the amino

acid sequence of any one of SEQ ID NOS: 28-55.

67.  The method of claim 63, wherein the ABC transporter polypeptide has at least 95%
identity to any one of SEQ ID NOS: 28-38 and 55.

68. The method of claim 67, wherein the ABC transporter polypeptide comprises the amino
acid sequence of any one of SEQ ID NOS: 28-38 and 55.

69.  The method of claim 63, wherein the ABC transporter has at least 95% identity to any
one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NQO: 30, SEQ ID NO: 31, SEQ ID NO: 32, and
SEQ ID NO: 55

70. The method of claim 69, wherein the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, and SEQ ID NO: 55.

71. The method of claim 56, wherein the ABC transporter exports 6’-siallylactose.

72. The method of claim 56 or 71, wherein the ABC transporter has at least 95% identity to
any one of SEQ ID NOS: 99-126.

73. The method cell of claim 72, wherein the ABC transporter comprises the amino acid
sequence of any one of SEQ ID NOS: 99-126.

4. The method cell of claim 72, wherein the ABC transporter has at least 95% 1dentity to
any one of SEQ IID NOS: 99-102

75. The yeast cell of claim 74, wherein the ABC transporter comprises the amino acid

sequence of any one of SEQ ID NOS: 99-102.

76. The method cell of claim 72, wherein the ABC transporter has at least 95% identity to
any one of SEQ ID NOS: 99 and 100

77. The method cell of claim 76, wherein the ABC transporter the amino acid sequence of
any one of SEQ ID NOS: 99 and 100.

78. The method of any one of claims 56-77, wherein the heterologous nucleic acid encoding

the ABC transporter polypeptide is integrated into the genome of the yeast cell and/or the one or
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more heterologous nucleic acids that each independently encode at least one enzyme of a human

milk oligosaccharide biosynthetic pathway is integrated into the genome of the yeast cell.

79. The method of any one of claims 56-77, wherein the heterologous nucleic acid encoding
the ABC transporter polypeptide and/or the one or more heterologous nucleic acids that each
independently encode at least one enzyme of a human milk oligosaccharide biosynthetic pathway

are encoded by one or more plasmids.

80. The method of any one of claims 56-79, wherein the one or more human milk

oligosaccharides comprise 2’ fucosyllactose.

81. The method of claim 80, wherein the enzymes encoded by the one or more heterologous
nucleic acids that independently encode at least one enzyme of the human milk oligosaccharide
biosynthetic pathway comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-

fucose synthase, an a-1,2-fucosyltransferase, and a fucosidase.

82. The method of any one of claims 56-79, wherein the one or more human milk

oligosaccharides comprise 3-fucosyllactose.

83. The method of claim 82, wherein the enzymes encoded by the one or more heterologous
nucleic acids comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-L-fucose

synthase, an a-1,3-fucosyltransferase, and a fucosidase.

84. The method of any one of claims 56-79, wherein the one or more human milk

oligosaccharides comprise lacto-N-tetraose.

85. The method of claim 84, wherein the enzymes encoded by the one or more heterologous
nucleic acids comprise one or more of a B-1,3-N-acetylglucosaminyltransferase, a 3-1,3-

galactosyltransferase, and a UDP-N-acetylglucosamine diphosphorylase.

86. The method of any one of claims Error! Reference source not found.79, wherein the

one or more human milk oligosaccharides comprise lacto-N-neotetraose.

87. The method of claim 86, wherein the enzymes encoded by the one or more heterologous
nucleic acids comprise onc or more of a B-1,3-N-acetylglucosaminyltransferase, a p-1,4-

galactosyltransferase, and a UDP-N-acetylglucosamine diphosphorylase.

88.  The method of any one of claims 56-79, wherein the one or more human milk

oligosaccharides comprise 3’-sialyllactose.
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89. The method of claim 88, wherein the enzymes encoded by the one or more heterologous
nucleic acids comprise one or more of a CMP-Neu5Ac synthetase, a sialic acid synthase, a UDP-
N-acetylglucosamine 2-epimerase, a UDP-N-acetylglucosamine diphosphorylase, and a CMP-N-

acetylneuraminate-[3-galactosamide-qa-2,3-sialyltransferase.

90. The method of any one of claims 56-79, wherein the one or more human milk

oligosaccharides comprise 6°-sialyllactose.

91. The method of claim 90, wherein the enzymes encoded by the one or more heterologous
nucleic acids comprise one or more of a CMP-NeuSAc synthetase, a sialic acid synthase, a UDP-
N-acetylglucosamine 2-epimerase, a UDP-N-acetylglucosamine diphosphorylase, and a B-

galactoside-a-2,6-sial yltransferase.

92. The method of any one of claims 56-79, wherein the one or more human milk

oligosaccharides comprise difucosyllactose.

93. The method of claim 92, wherein the enzymes encoded by the one or more heterologons
nucleic acids comprise one or more of a GDP-mannose 4,6-dehydratase, a GDP-1L-fucose

synthase, an a-1,2-fucosyltransferase, and an a-1,3-fucosyltransferase.

94. The method of any one of claims 56-93, wherein expression of the heterologous nucleic
acid encoding the ABC transporter protein and/or expression of the least one heterologous
nucleic acid encoding the at least one enzyme of the human milk oligosaccharide biosynthetic
pathway is driven by an inducible promoter or is negatively regulated by the activity of a

promoter that is responsive to a small molecule.

95. The method of any one of claims 56-94, wherein the yeast cell 1s a Saccharomyces sp. or

a Kluveromyces sp.
96. The method of claim 95, wherein the yeast cell is a Saccharomyces cerevisiae cell.

97. The method of claim 26, wherein the enzymes encoded by the one or more heterologous

nucleic acids further comprise a lactose transporter or a lactose permease.
O8. The method of claim 95, wherein the yeast cell is a Kiuveromyces marxianus cell.

99. The method of claim 98, wherein the yeast cell further comprises a deletion of at least a

portion of a nucleic acid encoding B-galactosidase.
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