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Provided herein are compositions and methods useful for
reducing glucose inhibition in transporting xylose, arabinose
and other monosaccharides, into a yeast cell.
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1
ENGINEERED XYLOSE TRANSPORTERS
WITH REDUCED GLUCOSE INHIBITION

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/001,495, filed May 21, 2014, the disclosure of
which is incorporated herein in its entirety and for all
purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

This invention was made with government support under
grant no. CBET1067506, awarded by the National Science
Foundation. The government has certain rights in the inven-
tion.

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON A COMPACT
DISK

The Sequence Listing written in file 48932-
525001US_ST25.TXT, created on May 21, 2015, 171,093
bytes, machine format IBM-PC, MS Windows operating
system, is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The quest for an optimal xylose pathway in yeast is of
utmost importance along the way to realizing the potential of
lignocellulosic biomass conversion into fuels and chemicals.
An often overlooked aspect of this catabolic pathway is the
molecular transport of this sugar. Molecular transporter
proteins facilitate monosaccharide uptake and serve as the
first step in catabolic metabolism. In this capacity, the
preferences, regulation, and kinetics of these transporters
ultimately dictate total carbon flux (1-3); and optimization of
intracellular catabolic pathways only increases the degree to
which transport exerts control over metabolic flux (4, 5).
Thus, monosaccharide transport profiles and rates are impor-
tant design criteria and a driving force to enable metabolic
engineering advances (6-10). Furthermore, the presence of
other hexose sugars, such as glucose, can hamper efficient
transport of xylose by inhibiting sugar transporters. There is
a need in the art for efficient transport systems for xylose in
yeast when glucose is present. Provided herein are solutions
to these and other problems in the art.

BRIEF SUMMARY OF THE INVENTION

Provided herein are compositions and methods useful for
transporting xylose, arabinose, and galactose into a yeast
cell in the presence of glucose.

Recombinant transporter proteins are provided herein that
transport hexoses or pentoses. In one aspect, the recombi-
nant transporter is a recombinant xylose transporter protein
that includes a xylose transporter motif sequence and a
glucose mitigation mutation. In another aspect, the recom-
binant transporter is a recombinant arabinose transporter
protein that includes an arabinose transporter motif sequence
and a glucose mitigation mutation. In yet another aspect, the
recombinant transporter protein is a recombinant galactose
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transporter protein that includes a galactose transporter
motif sequence and a glucose mitigation mutation.

Also provided herein are nucleic acids that encode recom-
binant transporter proteins described herein. Thus, in one
aspect is a nucleic acid encoding a recombinant xylose
transporter as described herein, including embodiments
thereof. In another aspect is a nucleic acid encoding a
recombinant arabinose transporter as described herein,
including embodiments thereof. In yet another aspect is a
nucleic acid encoding a recombinant galactose transporter as
described herein, including embodiments thereof.

Recombinant yeast cells are described herein which
include a recombinant transporter protein as described
herein. In one aspect is a recombinant yeast cell that includes
a recombinant xylose transporter as described herein,
including embodiments thereof. In another aspect is a
recombinant yeast cell that includes a recombinant arabinose
transporter as described herein, including embodiments
thereof. In another aspect is a recombinant yeast cell that
includes a recombinant galactose transporter as described
herein, including embodiments thereof.

Methods of transporting xylose into a recombinant yeast
cell are also described herein. In one aspect, the method
includes contacting a recombinant yeast cell with a xylose
compound, where the recombinant yeast cell includes a
recombinant xylose transporter protein as described herein,
including embodiments thereof. The recombinant xylose
transporter protein transports the xylose compound into the
recombinant yeast cell. In another aspect, the method
includes contacting a recombinant yeast cell with a xylose
compound, where the xylose compound is the only sugar
(i.e. carbon source) in the media, and where the recombinant
yeast cell includes a recombinant xylose transporter protein
as described herein, including embodiments thereof.

In another aspect is a method of transporting arabinose
into a recombinant yeast cell. The method includes contact-
ing a recombinant yeast cell with an arabinose compound,
where the recombinant yeast cell includes a recombinant
arabinose transporter protein as described herein, including
embodiments thereof. The recombinant arabinose trans-
porter protein transports the arabinose compound into the
recombinant yeast cell. In another aspect, the method
includes contacting a recombinant yeast cell with an arab-
inose compound, where the arabinose compound is the only
sugar (i.e. carbon source) in the media, and where the
recombinant yeast cell includes a recombinant arabinose
transporter protein as described herein, including embodi-
ments thereof.

In another aspect is a method of transporting galactose
into a recombinant yeast cell. The method includes contact-
ing a recombinant yeast cell with a galactose compound,
where the recombinant yeast cell includes a recombinant
galactose transporter protein as described herein, including
embodiments thereof. The recombinant galactose trans-
porter protein transports the galactose compound into the
recombinant yeast cell. In another aspect, the method
includes contacting a recombinant yeast cell with a galactose
compound, where the galactose compound is the only sugar
(i.e. carbon source) in the media, and where the recombinant
yeast cell includes a recombinant galactose transporter pro-
tein as described herein, including embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: The growth of S. cerevisiae expressing mutants
(78 and 105), FIM, wild-type CiGXS1 transporters on
xylose medium supplemented with different concentration
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of glucose: X20: xylose 20 g/I., X20+G2.5: xylose 20
g/L+glucose 2.5 g/, X20+GS: xylose 20 g/ +glucose 5 g/L,
X20+G10: xylose 20 g/L+glucose 10 g/I, G20: glucose 20
g/L.
FIG. 2: SACS HMMTOP Prediction of the mutant 105
xylose transporter and mutant positions: mutations are indi-
cated with arrows.

FIG. 3: SACS HMMTOP Prediction of the mutant 78
xylose transporter and mutant positions: mutations are indi-
cated with arrows.

FIG. 4: Mutations to residue N326 to convert to a histi-
dine or phenylalanine were explored in the background of
the gxsl (FIM) mutant containing the xylose transporter
motif sequence G-G-F-I-M-G (SEQ ID NO:107). Mutations
in residue N326 improve assimilation rates and growth rates
in pure xylose over the wild-type GXS1 and N326H is a
better mutation than N326F.

FIG. 5: Mutations to residue N326 to convert to a histi-
dine or phenylalanine were explored in the background of
the gxsl (FIM) mutant containing the xylose transporter
motif sequence G-G-F-I-M-G (SEQ ID NO:107). Mutations
in residue N326 improve assimilation rates and growth rates
in a mixture of 2% glucose and 2% xylose over the wild-type
GXS1 and N326H is a better mutation than N326F.

FIG. 6: Mutations to residue N326 to convert to a histi-
dine (N326H) are compared with an additionally discovered
mutation T170N in the background of the gxsl (FIM)
mutant containing the xylose transporter motif sequence
G-G-F-I-M-G (SEQ ID NO:107). Both mutants improved
xylose growth rates over the wild-type transporter with the
mutation of N326H stronger than T170N.

FIG. 7: An additional round of mutagenesis and selection
was completed in the background of gxs1 (FIM) containing
N326H (SEQ ID NO:3). These experiments were conducted
in the presence of 4% glucose and 2% xylose. Several
mutations in the tail region of the transporter were identified
including a stop codon (dark dots on schematic of tail with
circle indicating location of stop codon). To assess the
potential inhibition of this tail region, several truncations of
this transporter protein were created (see vertical lines in the
sequence on the bottom).

FIG. 8: The gxs1 (FIM) strain with the N326H mutation
was truncated at various amino acid residues (indicated by
number) and assessed for growth in the presence of 4%
glucose, 2% xylose. Several truncations were superior with
respect to growth over the starting transporter with a trun-
cation after amino acid residue 497 giving the highest
performance. Truncations before residue 487 were detrimen-
tal to performance.

FIG. 9A-9F: Schematics of the transporter structures for
the wild-type GXS1 and gxs1 mutant showing the location
of the F-I-M xylose transporter sequence motif. FIG. 9A:
WT CiGXS1 (SEQ ID NO:1). FIG. 9B: CiGXS1FIM (SEQ
ID NO:2). FIG. 9C: CiGXS1FIM N326H (SEQ ID NO:3).
FIG. 9D: CiGXSIFIM T170N (SEQ ID NO:4). FIG. 9E:
CiGXSI1(FIMH)A497 (SEQ ID NO:5). FIG. 9F: CiGXS1
(FIMH-A497) with I1171F (SEQ ID NO:6).

FIG. 10: The inhibition fraction (the ratio of the trans-
porter capacity in 4% glucose compared to the transporter
capacity in pure xylose) for various mutants. The gxsl
mutant with the F-I-M xylose transporter sequence motif
and the N326H mutation along with the tail region after
truncating past residue 497 and the T171F mutation per-
formed best and was the least inhibited by high glucose
levels.
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DETAILED DESCRIPTION OF THE
INVENTION

Unless defined otherwise, all technical and scientific
terms used herein generally have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. Generally, the nomenclature
used herein and the laboratory procedures in cell culture,
molecular genetics, organic chemistry, and nucleic acid
chemistry and hybridization described below are those well-
known and commonly employed in the art. Standard tech-
niques are used for nucleic acid and peptide synthesis. The
techniques and procedures are generally performed accord-
ing to conventional methods in the art and various general
references (see generally, Sambrook et al. MOLECULAR
CLONING: A LABORATORY MANUAL, 2d ed. (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., which is incorporated herein by reference), which are
provided throughout this document.

“Nucleic acid” refers to deoxyribonucleotides or ribo-
nucleotides and polymers thereof in either single- or double-
stranded form, and complements thereof. The term “poly-
nucleotide” refers to a linear sequence of nucleotides. The
term “nucleotide” typically refers to a single unit of a
polynucleotide, i.e., a monomer. Nucleotides can be ribo-
nucleotides, deoxyribonucleotides, or modified versions
thereof. Examples of polynucleotides contemplated herein
include single and double stranded DNA, single and double
stranded RNA (including siRNA), and hybrid molecules
having mixtures of single and double stranded DNA and
RNA. Nucleic acid as used herein also refers nucleic acids
that have the same basic chemical structure as a naturally
occurring nucleic acids. Such analogues have modified
sugars and/or modified ring substituents, but retain the same
basic chemical structure as the naturally occurring nucleic
acid. A nucleic acid mimetic refers to chemical compounds
that have a structure that is different the general chemical
structure of a nucleic acid, but that functions in a manner
similar to a naturally occurring nucleic acid. Examples of
such analogues include, without limitation, phosphorothi-
olates, phosphoramidates, methyl phosphonates, chiral-
methyl phosphonates, 2-O-methyl ribonucleotides, and pep-
tide-nucleic acids (PNAs).

“Synthetic mRNA” as used herein refers to any mRNA
derived through non-natural means such as standard oligo-
nucleotide synthesis techniques or cloning techniques. Such
mRNA may also include non-proteinogenic derivatives of
naturally occurring nucleotides. Additionally, “synthetic
mRNA” herein also includes mRNA that has been expressed
through recombinant techniques or exogenously, using any
expression vehicle, including but not limited to prokaryotic
cells, eukaryotic cell lines, and viral methods. “Synthetic
mRNA” includes such mRNA that has been purified or
otherwise obtained from an expression vehicle or system.

The words “complementary” or “complementarity” refer
to the ability of a nucleic acid in a polynucleotide to form a
base pair with another nucleic acid in a second polynucle-
otide. For example, the sequence A-G-T is complementary
to the sequence T-C-A. Complementarity may be partial, in
which only some of the nucleic acids match according to
base pairing, or complete, where all the nucleic acids match
according to base pairing.

Nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed
as a preprotein that participates in the secretion of the
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polypeptide; a promoter or enhancer is operably linked to a
coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a
coding 15 sequence if it is positioned so as to facilitate
translation. Generally, “operably linked” means that the
DNA sequences being linked are near each other, and, in the
case of a secretory leader, contiguous and in reading phase.

The terms “polypeptide,” “peptide” and “protein” are
used interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial
chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid
polymers and non-naturally occurring amino acid polymer.

The term “amino acid” refers to naturally occurring and
synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
y-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, i.e., an a
carbon that is bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that is different from the general chemical structure of an
amino acid, but that functions in a manner similar to a
naturally occurring amino acid.

Amino acids may be referred to herein by either their
commonly known three letter symbols or by the one-letter
symbols recommended by the ITUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be
referred to by their commonly accepted single-letter codes.

A “conservative substitution” as used with respect to
amino acids, refers to the substitution of an amino acid with
a chemically similar amino acid. Amino acid substitutions
which often preserve the structural and/or functional prop-
erties of the polypeptide in which the substitution is made
are known in the art and are described, for example, by H.
Neurath and R. L. Hill, 1979, in “The Proteins,” Academic
Press, New York. The most commonly occurring exchanges
are isoleucine/valine, tyrosine/phenylalanine, aspartic acid/
glutamic acid, lysine/arginine, methionine/leucine, aspartic
acid/asparagine, glutamic acid/glutamine, leucine/isoleu-
cine, methionine/isoleucine, threonine/serine, tryptophan/
phenylalanine, tyrosine/histidine, tyrosine/tryptophan, glu-
tamine/arginine, histidine/asparagine, histidine/glutamine,
lysine/asparagine, lysine/glutamine, lysine/glutamic acid,
phenylalanine/leucine, phenylalanine/methionine, serine/
alanine, serine/asparagine, valine/leucine, and valine/me-
thionine. The following eight groups each contain amino
acids that are conservative substitutions for one another: 1)
Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic
acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R),
Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W); 7) Serine (S), Threonine (T); and 8) Cysteine (C),
Methionine (M) (see, e.g., Creighton, Proteins (1984)). In
some embodiments, there may be at least 1, at least 2, at least
3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, at least 15, at least 20, at least 25, at least 30,
at least 35, or at least 40 conservative substitutions. In some
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6
embodiments, there may be 1, 2,3, 4,5,6,7, 8,9, 10, 15,
20, 25, 30, 35, or 40 conservative substitutions.

As to amino acid sequences, one of skill will recognize
that individual substitutions, deletions or additions to a
nucleic acid, peptide, polypeptide, or protein sequence
which alters, adds or deletes 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 provid-
ing functionally similar amino acids are well known in the
art. Such conservatively modified variants are in addition to
and do not exclude polymorphic variants, interspecies
homologs, and alleles of the invention.

An amino acid or nucleotide base “position” is denoted by
a number that sequentially identifies each amino acid (or
nucleotide base) in the reference sequence based on its
position relative to an N-terminus (or 5'-end). Due to dele-
tions, insertions, truncations, fusions, and the like that must
be taken into account when determining an optimal align-
ment, in general the amino acid residue number in a test
sequence determined by simply counting from the N-termi-
nus will not necessarily be the same as the number of its
corresponding position in the reference sequence. For
example, in a case where a variant has a deletion relative to
an aligned reference sequence, there will be no amino acid
in the variant that corresponds to a position in the reference
sequence at the site of deletion. Where there is an insertion
in an aligned reference sequence, that insertion will not
correspond to a numbered amino acid position in the refer-
ence sequence. In the case of truncations or fusions there can
be stretches of amino acids in either the reference or aligned
sequence that do not correspond to any amino acid in the
corresponding sequence.

The terms “numbered with reference to” or “correspond-
ing to,” when used in the context of the numbering of a given
amino acid or polynucleotide sequence, refers to the num-
bering of the residues of a specified reference sequence
when the given amino acid or polynucleotide sequence is
compared to a reference sequence. In embodiments the
reference sequence is a Candida intermedia GXS1 protein
having SEQ ID NO: 1. In embodiments, the comparison to
the reference sequence is a sequence alignment between the
given amino acid or polynucleotide sequence and the refer-
ence sequence.

“GXS1 protein” or “Candida intermedia GXS1 protein”
is used according to its common, ordinary meaning and
refers to proteins of the same or similar names and func-
tional fragments and homologs thereof. The term includes
recombinant or naturally occurring forms of GXS1 protein
(e.g. Genbank ID: CAI44932.1; GI: 85057135; SEQ ID NO:
1), or variants thereof that maintain GXS1 protein activity
(e.g. within at least 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, or 100% as compared to SEQ ID NO: 1). The term
includes recombinant or naturally occurring forms of GXS1
protein or variants thereof that have sequence identity to
SEQ ID NO: 1 (e.g. about 65%, 70%, 75%, 80%, 85%, 90%,
95%, 99% or 100% identity to SEQ ID NO: 1). GXSI
protein may refer to variants having mutated amino acid
residues that modulate (e.g. increase or decrease when
compared to GXS1 protein) GXS1 protein activity, expres-
sion, cellular targeting, or protein translocation. GXS1 pro-
tein may be modified as described herein (e.g. modified with
a transporter motif sequence and/or glucose mitigation
mutation).
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SEQ ID NO: 1:

MGLEDNRMVK RFVNVGEKKA GSTAMAIIVG LFAASGGVLF

GYDTGTISGV MTMDYVLARY PSNKHSFTAD ESSLIVSILS

VGTFFGALCA PFLNDTLGRR WCLILSALIV FNIGAILQVI

STAIPLLCAG RVIAGFGVGL ISATIPLYQS ETAPKWIRGA

IVSCYQWAIT IGLFLASCVN KGTEHMTNSG SYRIPLAIQC

LWGLILGIGM IFLPETPRFW ISKGNQEKAA ESLARLRKLP

IDHPDSLEEL RDITAAYEFE TVYGKSSWSQ VFSHKNHQLK

RLFTGVAIQA FQQLTGVNFI FYYGTTFFKR AGVNGFTISL

ATNIVNVGST IPGILLMEVL GRRNMLMGGA TGMSLSQLIV

AIVGVATSEN NKSSQSVLVA FSCIFIAFFA ATWGPCAWVV

VGELFPLRTR AKSVSLCTAS NWLWNWGIAY ATPYMVDEDK

GNLGSNVFFI WGGFNLACVF FAWYFIYETK GLSLEQVDEL

YEHVSKAWKS KGFVPSKHSF REQVDQQOMDS KTEAIMSEEA

SV

Residues corresponding to positions 36-41 are underlined
and bolded for reference. Residues corresponding to posi-
tions 155, 225, 326,354,361, 407 and 446 are underlined for
reference.

The term “recombinant” when used with reference to, for
example, a cell, nucleic acid, or protein, indicates that the
cell, nucleic acid, or protein, has been modified by the
introduction of a heterologous nucleic acid or protein or the
alteration of a native nucleic acid or protein, or that the cell
is derived from a cell so modified. Thus, for example,
recombinant cells express genes that are not found within
the native (non-recombinant) form of the cell or express
genes otherwise modified from those found in the native
form of a cell (e.g. genes encoding a mutation in a native or
non-native transporter protein, such as a transporter motif
sequence as described herein). For example, a recombinant
protein may be a protein that is expressed by a cell or
organism that has been modified by the introduction of a
heterologous nucleic acid (e.g. encoding the recombinant
protein).

The word “expression” or “expressed” as used herein in
reference to a DNA nucleic acid sequence (e.g. a gene)
means the transcriptional and/or translational product of that
sequence. The level of expression of a DNA molecule in a
cell may be determined on the basis of either the amount of
corresponding mRNA that is present within the cell or the
amount of protein encoded by that DNA produced by the cell
(Sambrook et al., 1989 Molecular Cloning: A Laboratory
Manual, 18.1-18.88).

The term “gene” means the segment of DNA involved in
producing a protein; it includes regions preceding and
following the coding region (leader and trailer) as well as
intervening sequences (introns) between individual coding
segments (exons). The leader, the trailer as well as the
introns include regulatory elements that are necessary during
the transcription and the translation of a gene. Further, a
“protein gene product” is a protein expressed from a par-
ticular gene.

The term “isolated” refers to a nucleic acid, polynucle-
otide, polypeptide, protein, or other component that is par-
tially or completely separated from components with which
it is normally associated (other proteins, nucleic acids, cells,
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8

etc.). In embodiments, an isolated polypeptide or protein is
a recombinant polypeptide or protein.

A “yeast cell” as used herein, refers to a eukaryotic
unicellular microorganism carrying out metabolic or other
function sufficient to preserve or replicate its genomic DNA.
Yeast cells may carry out fermentation of sugars described
herein. In embodiments, fermentation may convert the sugar
to a biofuel or biochemical as set forth herein. Yeast cells
referenced herein include, for example, the following spe-
cies: Candida intermedia, Cryptococcos neoformans,
Debaryomyces hansenii, Saccharomyces cerevisiae, Schef-
fersomyces stipitis, or Yarrowia lipolytica. A “recombinant
yeast cell” is a yeast cell which expresses a recombinant
transporter protein.

The term “biofuel” as used herein refers to a convenient
energy containing substance produced from living organ-
isms (e.g. biomass conversion to a fuel). Thus, biofuels may
be produced through, for example, fermentation of carbo-
hydrates (e.g. sugars) found in biomass (e.g. lignocellulosic
biomass). Biofuels may be solid, liquid, or gas forms.
Biofuels include, for example, ethanol, biodiesel, vegetable
oil, ether (oxygenated fuels), or gas (e.g. methane).

The term “biochemical” as used herein refers to produc-
tion of chemicals by living organisms. Biochemicals herein
include production of alcohols (e.g. methanol, butanol,
ethanol, isobutanol, 2,3-butanediol, propanol); sugars (e.g.
erythritol, mannitol, riboflavin); carotenoids (e.g. p-caro-
tene, lycopene, astaxanthin); fatty acids (e.g. ricinoleic acid,
linolenic acid, tetracetyl phytosphingosine); amino acids
(e.g. valine, lysine, threonine); aromatics (e.g. indigo, van-
illin, sytrene, p-hydroxystyrene); flavonoids (e.g. narin-
genin, genistein, kaempferol, quercetin, chrysin, apigenin,
luteolin); stillbenoids (e.g. resveratrol); terpenoids (e.g.
p-amyrin, taxadiene, miltiradiene, paclitaxel, artemisinin,
bisabolane); polyketides (e.g. aureothin, spectinabilin, lov-
astatin, geodin); acetone; or organic acids (e.g. citric acid,
succinic acid, malic acid, lactic acid, polylactic acid, adipic
acid, glucaric acid). See e.g. Curran K. A., Alper H. S.,
Metabolic Engineering 14:289-297 (2012).

A “transporter motif sequence” as used herein refers to an
amino acid sequence that, when present in a protein (e.g. a
sugar transporter protein such as a MFS transporter protein),
increases the ability of the protein to transport a sugar or
sugar-containing compound into a yeast cell. In embodi-
ments, the transporter motif sequence imparts a hexose
sugar transport preference or pentose sugar transport pref-
erence to the protein. Correspondingly, a transporter motif
may refer to the specific sugar it transports into a yeast cell.
For example, the transporter motif sequence may impart
preference to hexose sugars to a transporter protein, thereby
allowing the recombinant transporter protein to preferen-
tially transport hexoses into a yeast cell. Such transporter
motif sequences may be referred to herein as a “hexose
transporter motif sequence.” In embodiments the transporter
motif sequence imparts preference to a single hexose. The
hexose may be galactose or mannose. Such transporter motif
sequences may be referred to herein as a “galactose trans-
porter motif sequence” and a “mannose transporter motif
sequence” respectively. In embodiments, the transporter
motif sequence imparts preference to more than one hexose
sugar.

The transporter motif sequence may impart preference to
pentose sugars to a transporter protein, thereby allowing the
recombinant transporter protein to preferentially transport
pentose into a yeast cell. In embodiments the transporter
motif sequence imparts preference to a single pentose (e.g.
xylose). The pentose may be xylose or arabinose. Such
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transporter motif sequences may be referred to herein as a
“xylose transporter motif sequence” and an “arabinose trans-
porter motif sequence” respectively. In embodiments the
transporter motif sequence imparts preference to more than
one pentose sugar (e.g. xylose and arabinose). Such trans-
porter motif sequences may be referred to as a “xylose/
arabinose transporter motif sequence.”

In embodiments, the transporter motif sequence imparts
preference to a hexose and a pentose. That is, in embodi-
ments, the recombinant transporter protein having such a
transporter motif sequence preferentially transports one hex-
ose and/or one pentose. Such transporter motif sequences
may be referred to by the sugars which are transported (e.g.
galactose and arabinose). Accordingly, in embodiments, the
transporter motif sequence imparts preference to galactose
and arabinose. Such a transporter motif is herein referred to
as a “galactose-arabinose transporter motif sequence” (i.e. a
recombinant transporter protein that transports both galac-
tose and arabinose, or transports galactose or arabinose).

10

15

10

The transporter motif sequence as described herein cor-
responds to residues corresponding to positions 36-41 of the
Candida intermedia GXS1 protein (“GXS1 motif
sequence”). One skilled in the art will immediately recog-
nize the identity and location of residues corresponding to
positions 36-41 of the Candida intermedia GXS1 protein in
other transporter proteins with different numbering systems.
For example, by performing a simple sequence alignment
with Candida intermedia GXS1 protein the identity and
location of residues corresponding to positions 36-41 of the
Candida intermedia GXS1 protein are identified in other
yeast transport proteins as illustrated in Table 1. Insertion
(e.g. substitution) of a transporter motif sequence into a
yeast transport protein may thereby be performed resulting
in a functional yeast transporter protein with an altered sugar
transport preference (e.g. changing a preference for hexoses
to a preference for pentoses). For example, amino acid
residue positions 75-81 of S. cerevisiae HXT7 protein
correspond to amino acid residue positions 36-41 of the
Candida intermedia GXS1 protein (see Table 1).

TABLE 1

Sequence alignment of 54 sequences from major facilitator superfamily sugar

transporter proteins

appearance in Table 1).

(SEQ ID NOs: 51-104, respectively in order of

Putative transporter motif sequences are illustrated

in the box and corresponds as described herein to residue positions 36-41 of

C. intermedia GXS1 protein.

Dh2C02530p KFRNFLDKTPNIYNVFVIASISCISGLMFGIDISSMSLFIGDDKYIKYFHK--------- 63
Dh2E01166p KLRLFLDKLPNIYNIYVIATISCISGLMFGIDISSMSAFLSNDAYLKYFGT--------- 63
Dh2E01298p KFRNFLDKFPNIHNVYIVVGISCISGMMFGIDISSMSLFIGDDKYLDYFNS--------- 63
SSHGT2 KFRTFLDRLPNIYNVYIIASISCISGMMFGFDI SSMSAF IGEDDYKNFFNN - - - - - - - - - 63
Dh2A14300p SLNKELDKFHTTYNIYVIAMITTISGMMFGFDVSSISAFISEPSYRRFFNY --------- 61
Y10B06391p QVGALQHRFPKLHNPYLTAAVAT! FGFDISSVSAFVDTKPYKEYFGY - - ---- - - - 59
Y10B01342p MYKVHNPYLTAAVAT FGFDISSVSAFVGEDNYMNYFGH------ - - - 43
BmHGT2 MGRITNPYVLTALAC FGFDISSMSAI ISSPNYLTYFGPKDLTVECPD 52
At5g59250  LASDAPESFSWSSVILPFIFP-A FGYDIGATSGATLSLQSP- - - -ALSGTTWENF 139
At5g17010  ---HVPENYSVVAAILPFLFP-A GYEIGATSCATISLQEPMTLLSYYAVPFSAV 89
SSAUT1 LNAEATNKWHI PPRLIGVIALGS GMDESVINGANLFYPKAFGVD- - - -TMHNSD 161
Y10D00132  LNREITNKWDHPMKVYYLVVCCS GMDETVINGANI IFPAQFGIKEDSGVVSRKS 180
BmSTLL ~ ----- FLGMRGIKLNWAIGFAAS FGYDQGVLGSLYTLPSWNAQFPEINTAAVGDS 73
S8XUT6 AKTNS YLGLRGHKLNFAVS CFAG FGYDQGVMGSLLTLPSFENTFPAMK- - - - - - - 75
Dh2E01386p - -KTNTMGLRGKPLRVAITICCT 59
Dh2B05060p - -RTNTMGLRGKRLRVMETVVAT 60
S8STL1 - -RRNRMGLRGKRLRVMFTVVAT 60
SeSTL1 - -RTSHWGLTGKKLRYFITIASM 70
BmHXT10 - -- - IDVGLRGNWLLTVITASC 66
S8XUT2 GKQVSYAVTFTCE 53
CnBC3990p - -HKTQRRLVGHNLLYSVSVFLST 62
Y10F06776p ----- MFSLTGKPLLYFTSVFVS 49
BmXUT3 VGATGAKGLIKNARTFAIAVFAS 78
SsXUT1 AGKSGVAGLVANSRSFF IAVFASLGCLVYGYNQGMFGQI SGMY SFSKATGVEKIQD- - -~ 77
S8XUT3 AHGNVVTIMMKDPVVFLVILFASLGGLIFGYDQGVISGIVTMESF - - GAKFPRIFM- - - - 63
SsXUT3-A AHGNVVTIMMKDPVVFLVILFASLGGLIFGYDQGVISGIVTMESF - - GAKFPRIFM- - - - 63
SsXUT3-B AHGNVVTIMMKDPVVFLVILFASLGGLIFGYDQGVISGIVTMESF - - GAKFPRIFM- - - - 63
DhXy1HP SKGNIITVMSKDPLVFCIIAFAS IGGLUFGYDQGVISGIVTMESF - - AAKFPRIFS--- - 64
SCGAL2 PIEIPKKPMSEYVTVSLLCLCVAHGGFMFGWDTGTISGFVVQTDFLRRFG- MKHKDGT- - 113
SCHXTS EVVVPEKPASAYATVSIMCLCMAFGGFMSGWDTGTISGFVNQTDFLRRFGNYSHSKNT- - 109
SCHXT1 AVAPPNTGKGVYVTVSICCVMVAFGGF IJFGWDTGTISGFVAQTDFLRRFG- MKHHDGS - - 107
SCHXT3 VLTNPNTGKGAYVIVSICCVMVARGGFVFGWDTGTISGFVAQTDFLRRFG- MKHKDGS - - 104
SCHXT7 VVEIPKRPASAYVIVSIMCIMIAHGGFVFGWDTGTISGF INQTDFIRRFG- MKHKDGT- - 107
SCHXT9 PIDLPQKPLSAYTTVAILCLMIAHGGF IFGWDTGTISCGFVNLSDF IRRFG- QKNDKGT- - 103
SCHXT2 NAELPAKPIAAYWIVICLCLMIARGGFVFGWDTGTISGFVNQTDFKRRFG-QMKSDGT- - 98
SCHXT10 SLDIPYKPIIAYWTVMGLCLMIAHGGF IFGWDTGTISGF INQTDFKRRFG- ELQRDGS- - 91
CiGXF1 QVDAPQKGFKDYIVISIFCFMVARGGFVFGFDTGT ISGFVNMSDFKDRFG- QHHADGT - - 86
SCHXT13 NVEPPKRGLIGYLVIYLLCYPISHGGFI/PGWDSGITAGF INMDNFKMNFGSYKHSTGE- - 100
BmGXF1 -MVFQVRGTPIGALTLF IAMLASMGCFLFGWDTGQISGLTQMADFRQRFATVDNPDAIG- 58
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TABLE 1-continued

12

Sequence alignment of 54 sequences from major facilitator superfamily sugar

transporter proteins
appearance in Table 1).

(SEQ ID NOs: 51-104,

respectively in order of
Putative transporter motif sequences are illustrated

in the box and corresponds as described herein to residue positions 36-41 of

C. intermedia GXS1 protein.

SCHXT14 GQAAKISHNASLHIPVLLCLVISLGGFIFGWDIGTIGGMTNMVSFQEKFGTTNIIHDDET 105
BmGXS1 GPVARPASVKQSLPAILVAAASA [FGYDTGTISGLIVMPNFQETFGKPVPGSTTGA 74
BmMRGT2 GPVARPASVKQSLPAILVAAASA [FGYDTGTISGLIVMPNFQETFGKPVPGSTTGA 74
CiGXs1 FVNVGEKKAGSTAMAI IVGLFAAS FGYDTGTISGVMTMDYVLARY------ PSNK- 64
CiGXS1-2A FVNVGEKKAGSTAMAI IVGLFAAS GYDTGTISGVMTMDYVLARY------ PSNK- 64
CiGXS1-B FVNVGEKKAGSTAMAI IVGLFAA [SGYDTGTISGVMTMDYVLARY - -- -~ - PSNK- 64
Dh2D01474 YVNVGEKRAGSASMGIFVGAFAA FGYDTGTISGIMAMNYVKGEF------ PANK- 64
DhOD02167p YVNVGEKRAGSASMGIFVGAFAA FGYDTGTISGIMAMNYVKGEF------ PANK- 64
SsRGT2 YINFGEKKAGSTTMGI CVGLFAA FGYDTGTISGIMAMDYVTARFEF------ PSNH- 64
Y10C06424p IINRGEKPEGSAFMAAFVAVEVAI FGYDTGTISGVMAMPFVKKTEF----- - TDDG- 58
Y10C08943p ------------- MAIIVAVFEVA] GYDTGTIAGIMTMGYVKEHF------ TDFGK 41
Dh2B14278p YYKKMQQKS-SSSSAITVGLVAA GYDTGLINDIMEMTYVKDNFE------ PANG- 69
EcXylE  ----- MNTQYNSSYIFSITLVAT [FGYDTAVISGTVESLHTVFVAPQNLSESAAN- 54
SsXUT5 RSIGPLIPRNKHLFYGSVLLMSIVHPTIMGYDSMMVGS ILNLDAYVNYFH---------- 53
ScMAL11 KSMTLKQALLKYPKAALWSILVSTTLVMEGYDTALLSALYALPVFQRKFGTLNGEGS--- 148

A “glucose mitigation mutation” as used herein refers to
an amino acid mutation that, when present in a recombinant
transporter protein, reduces, minimizes, diminishes, or in
certain embodiments, eliminates the inhibitory effect of
glucose on the recombinant transporter when transporting a
sugar other than glucose (e.g. xylose) into a yeast cell. A
glucose mitigation mutation may, in embodiments, increase
the ability of a recombinant transporter protein to transport
a preferred sugar or sugar-containing compound into a yeast
cell. Thus, in embodiments, a glucose mitigation mutation
may increase the ability of a recombinant transporter protein
to transport xylose into a yeast cell. A glucose mitigation
mutation may include a single amino acid residue mutation
(e.g. a “point mutation”) in a recombinant transporter pro-
tein. A glucose mitigation mutation may include two or more
mutations (e.g. a “substitution set”) in a recombinant trans-
porter protein. The glucose mitigation mutation may be in a
transmembrane domain, an extracellular loop, or cytoplas-
mic loop of a recombinant transporter protein. In embodi-
ments, the glucose mitigation mutation may be localized
(i.e. glucose mitigation mutations located within a specified
domain or region of a recombinant transporter protein) or
distributed (i.e. glucose mitigation mutations located
throughout the sequence of the recombinant transporter
protein).

A “recombinant transporter protein” as used herein refers
to a recombinantly expressed transmembrane protein which
transports a sugar or sugar-containing compound (e.g. hex-
oses and pentoses) into a yeast cell. In embodiments, the
recombinant transporter protein is a yeast recombinant trans-
porter protein. In embodiments, the recombinant transporter
protein is a transporter protein belonging to the major
faciliator superfamily (“MFS”) transporter proteins. In
embodiments, a recombinant transporter protein may trans-
port a hexose (e.g. galactose) into a yeast cell. In embodi-
ments, a recombinant transporter protein may transport a
pentose (e.g. xylose or arabinose) into a yeast cell. A
recombinant transporter protein may be engineered, using
the transporter motif sequences described herein, to alter its
sugar preference (e.g. a transporter protein having a prefer-
ence to transport a hexose compound may be converted to a
transporter protein having a preference to transport a pentose
compound). A recombinant transporter protein may be char-
acterized by the sugar it transports. Thus, a recombinant
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transporter protein transporting xylose is herein referred to
a “recombinant xylose transporter protein.” Likewise,
recombinant transporter proteins transporting arabinose or
galactose are herein referred to as a “recombinant arabinose
transporter protein” and a “recombinant galactose trans-
porter protein” respectively.

A recombinant transporter protein may be characterized
as a transporter protein derived from a particular organism.
Where a recombinant transporter protein is derived from a
particular organism, the endogenous sequence of the recom-
binant transporter protein may be maintained and residues
corresponding to positions 36-41 of the Candida intermedia
GXS1 protein may be replaced with a transporter motif
sequence. As an example, a C. intermedia gxsl transporter
protein is a gxs1 transporter protein, a homolog thereof, or
a functional fragment thereof, found in C. intermedia.
Amino acids 75-81 of S. cerevisiae hxt7 transporter protein
may be replace with a transporter motif sequence thereby
forming a recombinant transporter protein with desired
sugar transport characteristics as described herein. In
embodiments, the recombinant transporter protein is a pro-
tein, functional fragment, or homolog thereof, identified by
the following NCBI gene ID or NCBI accession numbers:
836043, 831564, AJ937350.1, AJ875406.1, 2901237,
2913528, 8998057, 8999011, 50419288, 948529, 4839826,
4852047, 4851844, 4840896, 4840252, 4841106, 4851701,
2907283, 2906708, 2908504, 2909312, 2909701, 4935064,
851943, 856640, 851946, 856494, 8998297, 2902950,
2902912, 853207, 852149, 855023, 853216, 853236,
850536, 855398, 4836720, 4836632, 4840859, 2913215,
2902914, 2910370, and 4838168 (SEQ ID NOs:7-50,
respectively in order of appearance). Such recombinant
transporter proteins may further be characterized by the
sugar preference conferred (e.g. a Candida intermedia
GXS1 recombinant xylose transporter protein).

A “pentose compound” or “pentose” is a monosaccharide-
containing compound having 5 carbon atoms. Pentose com-
pounds include aldopentoses (e.g. pentose compounds hav-
ing an aldehyde moiety at carbon 1) and ketopentoses (e.g.
pentose compounds having a ketone moiety at carbon 2 or
carbon 3). Pentose compounds include, for example, D/L-
arabinose, D/L-lyxose, D/L-ribose, D/L-xylose, D/L-ribu-
lose, and D/L-xylulose. The term “monosaccharide-contain-
ing” refers to a compound that includes at least one
monosaccharide.
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A “hexose compound” “or “hexose” is a monosaccharide-
containing compound having 6 carbon atoms. Hexose com-
pounds include aldohexoses (e.g. hexose compounds having
an aldehyde moiety at carbon 1) and ketohexoses (e.g.
hexose compounds having a ketone moiety at carbon 2).
Hexose compounds include, for example, D/L-allose, D/L-
altrose, D/L-glucose, D/L-mannose, D/L-glucose, D/L-
idose, D/L-galactose, and D/L-talose.

A “xylose compound” is xylose or a xylose-containing
compound including at least one xylose moiety. Thus as
used herein, the term xylose compound represents a single
xylose, a chain including one or more xylose moieties, or a
xylose moiety covalently or non-covalently bound to
another chemical moiety (e.g. another sugar forming a
xylose containing polysaccharide or xylose bound to lignin).
An “arabinose compound” is arabinose or an arabinose-
containing compound including at least one arabinose moi-
ety. Thus as used herein, the term arabinose compound
represents a single arabinose, a chain including one or more
arabinose moieties, or an arabinose moiety covalently or
non-covalently bound to another chemical moiety (e.g.
another sugar forming an arabinose containing polysaccha-
ride or arabinose bound to lignin). A “galactose compound”
is galactose or a galactose-containing compound including
at least one galactose moiety. Thus as used herein, the term
galactose compound represents a single galactose, a chain
including one or more galactose moieties, or a galactose
moiety covalently or non-covalently bound to another
chemical moiety (e.g. another sugar forming a galactose
containing polysaccharide or bound to lignin).

A “sugar” as set forth herein, refers to monosaccharide
and polysaccharide compounds metabolized by a yeast cell.
In embodiments, a sugar may be a hexose sugar as described
herein or a pentose sugar as described herein.

Polysaccharides herein include hexose-only polysaccha-
rides, pentose-only polysaccharides, and hexose-pentose
mixture polysaccharides. In embodiments, the xylose com-
pound, the arabinose compound, or the galactose compound
may be derived from or form part of a lignocellulosic
biomass (e.g. plant dry matter that may used in as a source
for pentose compounds or hexose compounds and for pro-
duction of biofuels or biochemicals), hemicellulose, marine
biomass (e.g. seaweeds or algae that may used in as a source
for pentose compounds or hexose compounds and for pro-
duction of biofuels or biochemicals) or other natural or
synthetic sources for xylose, arabinose, or galactose, includ-
ing but not limited to xylan or pectin. “Derived from” refers
to extraction, removal, purification, or otherwise freeing a
xylose compound, arabinose compound, or galactose com-
pound from a source (e.g. lignocellulosic biomass) by either
chemical processes (e.g. acid hydrolysis, ammonium explo-
sion, or ionic liquids extraction) or through natural biologi-
cal processes by organisms capable of using such sources for
energy.

A “xylose growth media” refers to a yeast cell media
containing a xylose compound in amounts sufficient to serve
as a nutrient for growing or culturing recombinant yeast
cells. The term refers to a media substantially free of
glucose, and, in embodiments, is “glucose free” (i.e. the
media contains no glucose). In embodiments, a xylose
growth media includes trace amounts of glucose which are
undetectable using known methods and which are insuffi-
cient to support significant growth of yeast cells. In embodi-
ments, a Xylose growth media includes trace amounts of
glucose which are insufficient to cause inhibition of activity
of a recombinant transporter protein (e.g. a recombinant
xylose transporter protein) as described herein.
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A “xylose-glucose growth media” refers to a yeast cell
media containing a xylose compound in an amount sufficient
to serve as a nutrient for growing or culturing recombinant
yeast cells and a glucose compound. The term refers to a
media that includes glucose in an amount sufficient to serve
as a nutrient for growth or culturing recombinant yeast cells
or in an amount sufficient to cause inhibition of activity of
a recombinant transporter protein as described herein. The
glucose may be present in the xylose-glucose growth media
at a pre-determined concentration as described herein.

Xylose growth media and xylose-glucose growth media
may be supplemented with other hexoses or pentoses
described herein (e.g. mannose, galactose, or arabinose).
Growth of a recombinant yeast cell in a xylose growth media
may be compared to growth of a recombinant yeast cell in
a xylose-glucose growth media. Thus, in embodiments, a
recombinant xylose transporter protein may be selected for
its xylose selectivity and/or its rate of transfer of a xylose
compound into a yeast cell by comparing its growth in
xylose growth media to its growth in xylose-glucose growth
media. In embodiments, recombinant yeast cells having
impaired growth in xylose-glucose growth media may indi-
cate that the recombinant xylose transporter protein in the
recombinant yeast is inhibited, at least in part, by glucose.

An “arabinose growth media” refers to a yeast cell media
containing an arabinose compound in amounts sufficient to
serve as a nutrient for growing or culturing recombinant
yeast cells. The term refers to a media substantially free of
glucose, and, in embodiments, is “glucose free” (i.e. the
media contains no glucose). In embodiments, an arabinose
growth media includes trace amounts of glucose which are
undetectable using known methods and which are insuffi-
cient to support significant growth of yeast cells. In embodi-
ments, an arabinose growth media includes trace amounts of
glucose which are insufficient to cause inhibition of activity
of a recombinant transporter protein (e.g. a recombinant
arabinose transporter protein) as described herein.

An “arabinose-glucose growth media” refers to a yeast
cell media containing an arabinose compound in an amount
sufficient to serve as a nutrient for growing or culturing
recombinant yeast cells and a glucose compound. The term
refers to a media that includes glucose in an amount suffi-
cient to serve as a nutrient for growth or culturing recom-
binant yeast cells or in an amount sufficient to cause inhi-
bition of activity of a recombinant transporter protein as
described herein. The glucose may be present in the arab-
inose-glucose growth media at a pre-determined concentra-
tion as described herein.

Arabinose growth media and arabinose-glucose growth
media may be supplemented with other hexoses or pentoses
described herein (e.g. mannose, galactose, or xylose).
Growth of a recombinant yeast cell in an arabinose growth
media may be compared to growth of a recombinant yeast
cell in an arabinose-glucose growth media. Thus, in embodi-
ments, a recombinant arabinose transporter may be selected
for its arabinose selectivity and/or its rate of transfer of an
arabinose compound into a yeast cell by comparing its
growth in arabinose growth media to its growth in arab-
inose-glucose growth media. In embodiments, recombinant
yeast cells having impaired growth in arabinose-glucose
growth media may indicate that the recombinant arabinose
transporter protein in the recombinant yeast is inhibited, at
least in part, by glucose.

A “galactose growth media” refers to a yeast cell media
containing a galactose compound in amounts sufficient to
serve as a nutrient for growing or culturing recombinant
yeast cells. The term refers to a media substantially free of
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glucose, and, in embodiments, is “glucose free” (i.e. the
media contains no glucose). In embodiments, a galactose
growth media includes trace amounts of glucose which are
undetectable using known methods and which are insuffi-
cient to support significant growth of yeast cells. In embodi-
ments, a galactose growth media includes trace amounts of
glucose which are insufficient to cause inhibition of activity
of a recombinant transporter protein (e.g. a recombinant
galactose transporter protein) as described herein.

A “galactose-glucose growth media” refers to a yeast cell
media containing a galactose compound in an amount suf-
ficient to serve as a nutrient for growing or culturing
recombinant yeast cells and a glucose compound. The term
refers to a media that includes glucose in an amount suffi-
cient to serve as a nutrient for growth or culturing recom-
binant yeast cells or in an amount sufficient to cause inhi-
bition of activity of a recombinant transporter protein as
described herein. The glucose may be present in the galac-
tose-glucose growth media at a pre-determined concentra-
tion as described herein.

Galactose growth media and galactose-glucose growth
media may be supplemented with other hexoses or pentoses
described herein (e.g. mannose, arabinose, or xylose).
Growth of a recombinant yeast cell in a galactose growth
media may be compared to growth of a recombinant yeast
cell in a galactose-glucose growth media. Thus, in embodi-
ments, a recombinant galactose transporter may be selected
for its galactose selectivity and/or its rate of transfer of a
galactose compound into a yeast cell by comparing its
growth in galactose growth media to its growth in galactose-
glucose growth media. In embodiments, recombinant yeast
cells having impaired growth in galactose-glucose growth
media may indicate that the recombinant galactose trans-
porter protein in the recombinant yeast is inhibited, at least
in part, by glucose.

As defined herein, the term “inhibition”, “inhibit”, “inhib-
iting” and the like refers to negatively affecting (e.g.
decreasing) the activity or function of a recombinant trans-
porter protein (e.g. recombinant xylose transporter protein)
relative to the activity or function of the protein in the
absence of the inhibitor (e.g. glucose). In embodiments,
inhibition refers to a reduction in the growth rate of a
recombinant yeast cell.

“Contacting” is used in accordance with its plain ordinary
meaning and refers to the process of allowing at least two
distinct species (e.g. chemical compounds including sugars,
biomolecules or cells) to become sufficiently proximal to
react, interact or physically touch. The term “contacting”
includes allowing two species to react, interact, or physically
touch, where the two species may be a sugar as described
herein and a recombinant transporter protein as described
herein. In embodiments contacting includes allowing a sugar
described herein to interact with a recombinant transporter
protein that is involved in transporting hexose or pentose
compounds into a yeast cell.

1. Compositions

Provided herein are recombinant transporter proteins that
include a transporter motif sequence and a glucose mitiga-
tion mutation. In one aspect, the recombinant transporter
protein is a recombinant xylose transporter protein that
includes a xylose transporter motif sequence and a glucose
mitigation mutation.

1. Recombinant Xylose Transporter Protein

The xylose transporter motif sequence may correspond to
amino acid residue positions 36, 37, 38, 39, 40, and 41 of
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Candida intermedia GXS1 protein (SEQ ID NO: 1). In
embodiments, the xylose transporter motif sequence corre-
sponds to amino acid residue positions 36, 37, 38, 39, 40,
and 41 of SEQ ID NO:1. The transporter motif sequence
may have the sequence -G-G/F-X'-X*>-X>-G-. X' is D, C, G,
HI,L,orF.X?*is A, D,C E, G Hor. X*isN,C,Q,F,
G, L, M, S, T, or P. In embodiments, the transporter motif
sequence is not -G-G-L-I-F-G- (SEQ ID NO:105) or -G-G-
F-I-F-G- (SEQ ID NO:106).

X' may beD,C, G, I,L, or F. X' may be D, C, G, H, or
F. X! may be D. X! may be C. X! may be G. X' may be I.
X! may be L. X! may be H. X! may be F. X* may be D, C,
E, G, H, orI. X* may be E, G, H, or I. X*> may be H or I. X?
may be H. X* may be I. X> may be N, Q, F, M, S, T, or P.
X3 may be F, M, S, or T. X® may be S, T, or M. X> may be
T. X® may be S. X®> may be M. In embodiments, when X" is
F, X? may be I and X may be M or S.

The xylose transporter motif sequence may be -G-G-F-I-
M-G- (SEQ ID NO:107), -G-F-F-I-M-G- (SEQ ID NO:108),
-G-G-F-I-S-G- (SEQ ID NO:109), -G-F-F-1-S-G- (SEQ 1D
NO:110), -G-G-F-I-T-G- (SEQ ID NO:111), -G-F-F-I-T-G-
(SEQ ID NO:112), -G-G-F-L-M-G- (SEQ ID NO:113),
-G-F-F-L-M-G- (SEQ ID NO:114), -G-G-F-L-S-G- (SEQ
ID NO:115), -G-F-F-L-S-G- (SEQ ID NO:116), -G-G-F-L-
T-G- (SEQ ID NO:117), -G-F-F-L-T-G- (SEQ ID NO:118),
-G-G-F-H-M-G- (SEQ ID NO:119), -G-F-F-H-M-G- (SEQ
ID NO:120), -G-G-F-H-S-G- (SEQ ID NO:121), -G-F-F-H-
S-G- (SEQ ID NO:122), -G-G-F-H-T-G- (SEQ ID NO:123)
or -G-F-F-H-T-G- (SEQ ID NO:124). In embodiments, the
xylose transporter motif sequence is -G-G-F-I-M-G- (SEQ
ID NO:107), -G-F-F-I-M-G- (SEQ ID NO:108), -G-G-F-I-
S-G- (SEQ ID NO:109), -G-F-F-I-S-G- (SEQ ID NO:110),
-G-G-F-I-T-G- (SEQ ID NO:111), or -G-F-F-I-T-G- (SEQ
ID NO:112). In embodiments, the xylose transporter motif
sequence is -G-G-F-I-M-G- (SEQ ID NO:107), -G-F-F-1-
M-G- (SEQ ID NO:108), -G-G-F-1-S-G- (SEQ ID NO:109),
or -G-F-F-I-S-G- (SEQ ID NO:110). In embodiments, the
xylose transporter motif sequence is -G-G-F-I-M-G- (SEQ
ID NO:107), or -G-F-F-I-M-G- (SEQ ID NO:108). The
xylose transporter motif sequence may be -G-G-F-I-M-G-
(SEQ ID NO:107). The xylose transporter motif sequence
may be -G-F-F-I-M-G- (SEQ ID NO:108). The xylose
transporter motif sequence may be -G-G-F-1-S-G- (SEQ ID
NO:109). The xylose transporter motif sequence may be
-G-F-F-I-S-G- (SEQ ID NO:110). The xylose transporter
motif sequence may be -G-G-F-I-T-G- (SEQ ID NO:111).
The xylose transporter motif sequence may be -G-F-F-I-T-
G- (SEQ ID NO:112). The xylose transporter motif
sequence may be -G-G-F-L-M-G- (SEQ ID NO:113). The
xylose transporter motif sequence may be -G-F-F-L-M-G-
(SEQ ID NO:114). The xylose transporter motif sequence
may be -G-G-F-L-S-G- (SEQ ID NO:115). The xylose
transporter motif sequence may be -G-F-F-L-S-G- (SEQ ID
NO:116). The xylose transporter motif sequence may be
-G-G-F-L-T-G- (SEQ ID NO:117). The xylose transporter
motif sequence may be -G-F-F-L-T-G- (SEQ ID NO:118).
The xylose transporter motif sequence may be -G-G-F-H-
M-G- (SEQ ID NO:119). The xylose transporter motif
sequence may be -G-F-F-H-M-G- (SEQ ID NO:120). The
xylose transporter motif sequence may be -G-G-F-H-S-G-
(SEQ ID NO:121). The xylose transporter motif sequence
may be -G-F-F-H-S-G- (SEQ ID NO:122). The xylose
transporter motif sequence may be -G-G-F-H-T-G- (SEQ ID
NO:123). The xylose transporter motif sequence may be
-G-F-F-H-T-G- (SEQ ID NO:124).

The glucose mitigation mutation may be within a protein
domain corresponding to a transmembrane of a recombinant
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transporter protein (e.g. one or more of transmembrane
domains 1-12). The glucose mitigation mutation may be
within two or more protein domains corresponding to trans-
membranes of a recombinant transporter protein. The glu-
cose mitigation mutation may be within a protein domain
corresponding to a transmembrane of Candida intermedia
GXS1 protein. The transmembrane may be a protein domain
corresponding to transmembrane 1, 2, 3, 4, 5, 6,7, 8, 9, 10,
11, or 12 of Candida intermedia GXS1 protein. The trans-
membrane may be a protein domain corresponding to a
transmembrane a protein of SEQ ID NO:51-104. The glu-
cose mitigation mutation may be within a protein domain
corresponding to transmembrane 1 of Candida intermedia
GXS1 protein. The glucose mitigation mutation may be
within a protein domain corresponding to transmembrane 2
of Candida intermedia GXS1 protein. The glucose mitiga-
tion mutation may be within a protein domain corresponding
to transmembrane 3 of Candida intermedia GXS1 protein.
The glucose mitigation mutation may be within a protein
domain corresponding to transmembrane 4 of Candida
intermedia GXS1 protein. The glucose mitigation mutation
may be within a protein domain corresponding to transmem-
brane 5 of Candida intermedia GXS1 protein.

In embodiments, the glucose mitigation mutation is
within a protein domain corresponding to transmembrane 5
of SEQ ID NO:1. In embodiments, the glucose mitigation
mutation is within a protein domain corresponding to resi-
due 160-179 of SEQ ID NO:1. In embodiments, the glucose
mitigation mutation is at a position corresponding to T170 or
1171 of SEQ ID NO:1. In embodiments, the glucose miti-
gation mutation is a T170N mutation. In embodiments, the
glucose mitigation mutation is a [171F mutation.

The glucose mitigation mutation may be within a protein
domain corresponding to transmembrane 6 of Candida
intermedia GXS1 protein. The glucose mitigation mutation
may be within a protein domain corresponding to transmem-
brane 7 of Candida intermedia GXS1 protein. The glucose
mitigation mutation may be within a protein domain corre-
sponding to transmembrane 8 of Candida intermedia GXS1
protein. The glucose mitigation mutation may be within a
protein domain corresponding to transmembrane 9 of Can-
dida intermedia GXS1 protein. The glucose mitigation
mutation may be within a protein domain corresponding to
transmembrane 8 or 9 of Candida intermedia GXS1 protein.
The glucose mitigation mutation may be within a protein
domain corresponding to transmembrane 8 and 9 of Candida
intermedia GXS1 protein (e.g. amino acid residues about
347 to about 366 of Candida intermedia GXS1 amino acid
sequence (SEQ ID NO: 1)). The glucose mitigation mutation
may be within a protein domain corresponding to transmem-
brane 10 of Candida intermedia GXS1 protein. The glucose
mitigation mutation may be within a protein domain corre-
sponding to transmembrane 11 of Candida intermedia
GXS1 protein. The glucose mitigation mutation may be
within a protein domain corresponding to transmembrane 12
of Candida intermedia GXS1 protein. The glucose mitiga-
tion mutation may be within a protein domain corresponding
to transmembrane 9 of Candida intermedia GXS1.

In embodiments, the glucose mitigation mutation is
within a protein domain corresponding to an extracellular
domain of Candida intermedia GXS1 protein. The glucose
mitigation mutation may be in a protein domain correspond-
ing to the 11-12 extracellular domain of Candida intermedia
GXS1 protein. The glucose mitigation mutation may be
within a protein domain corresponding to a cytoplasmic
domain (i.e. intracellular) of Candida intermedia GXS1
protein. In embodiments, the glucose mitigation mutation is
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in a protein domain corresponding to the 4-5 cytoplasmic
domain (i.e. an intracellular domain between protein
domains corresponding to transmembranes 4 and 5 of Can-
dida intermedia GXS1 protein); the central cytoplasmic
domain (i.e. an intracellular domain between protein
domains corresponding to transmembranes 6 and 7 of Can-
dida intermedia GXS1 protein); or the 10-11 cytoplasmic
domain (i.e. an intracellular domain between protein
domains corresponding to transmembranes 10 and 11 of
Candida intermedia GXS1 protein) of Candida intermedia
GXS1 protein.

The glucose mitigation mutation may be at a position
corresponding to K155, T170, 1171, N225, S354, A361,
L407, or N446 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be at a position corre-
sponding to T170 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be at a position corre-
sponding to 1171 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be at a position corre-
sponding to K155 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 155 as described herein. In embodiments, the
glucose mitigation mutation is a KI155E mutation. The
glucose mitigation mutation may be at a position corre-
sponding to N225 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 225 as described herein. In embodiments, the
glucose mitigation mutation is a N225D mutation. The
glucose mitigation mutation may be at a position corre-
sponding to S354 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 354 as described herein. In embodiments, the
glucose mitigation mutation is a S354T mutation. The
glucose mitigation mutation may be at a position corre-
sponding to A361 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 361 as described herein. In embodiments, the
glucose mitigation mutation is a A361T mutation. The
glucose mitigation mutation may be at a position corre-
sponding to 1407 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 407 as described herein. In embodiments, the
glucose mitigation mutation is a [L407M mutation. The
glucose mitigation mutation may be at a position corre-
sponding to N446 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 446 as described herein. In embodiments, the
glucose mitigation mutation is a N446S mutation. The
glucose mitigation mutation may be at a position corre-
sponding to N326 of Candida intermedia GXS1 protein. The
glucose mitigation mutation may be a conservative mutation
at position 326 as described herein. In embodiments, the
glucose mitigation mutation is a N326S mutation. In
embodiments, the glucose mitigation mutation is a N326H
mutation.

The glucose mitigation mutation may include two or more
positions corresponding to K155, T170, 1171, N225, N326,
S354, A361, L407, or N446 of Candida intermedia GXS1
protein as described hereinabove. The glucose mitigation
mutation may include three or more positions corresponding
to K155, T170, 1171, N225, N326, S354, A361, 1407, or
N446 of Candida intermedia GXS1 protein as described
hereinabove. The glucose mitigation mutation may include
four or more positions corresponding to K155, T170, 1171,
N225, N326, S354, A361, L407, or N446 of Candida
intermedia GXS1 protein as described hereinabove. The
glucose mitigation mutation may include five or more posi-



US 9,695,223 B2

19

tions corresponding to K155, T170, 1171, N225, N326,
S354, A361, 1L.407, or N446 of Candida intermedia GXS1
protein as described hereinabove. The glucose mitigation
mutation may include six or more positions corresponding to
K155, T170,1171,N225,N326, S354, A361, 1407, or N446
of Candida intermedia GXS1 protein as described herein-
above. The glucose mitigation mutation may include muta-
tion at positions corresponding to K155, T170, 1171, N225,
N326, S354, A361, L407, and N446 of Candida intermedia
GXS1 protein as described hereinabove. The glucose miti-
gation mutation may include mutation at positions corre-
sponding to K155, T170, 1171, N225, S354, A361, 1407,
and N446 of Candida intermedia GXS1 protein as described
hereinabove.

The recombinant xylose transporter protein provided
herein including embodiments thereof may further include
an amino acid deletion. An amino acid deletion as provided
herein is a deletion of at least one amino acid residue of a
Candida intermedia GXS1 protein as described herein-
above. Thus, the sequence of a Candida intermedia GXS1
protein including an amino acid deletion includes at least
one amino acid residue less relative to the sequence of a
Candida intermedia GXS1 protein lacking said deletion. In
embodiments, the deletion is at least 5 amino acids in length.
In embodiments, the deletion is at least 10 amino acids in
length. In embodiments, the deletion is at least 15 amino
acids in length. In embodiments, the deletion is at least 20
amino acids in length. In embodiments, the deletion is at
least 25 amino acids in length. In embodiments, the deletion
is at least 30 amino acids in length. In embodiments, the
deletion is at least 35 amino acids in length. In embodiments,
the deletion is at least 40 amino acids in length. In embodi-
ments, the deletion is at least 45 amino acids in length. In
embodiments, the deletion is at least 50 amino acids in
length. In embodiments, the deletion is at least 55 amino
acids in length. In embodiments, the deletion is at least 60
amino acids in length. In embodiments, the deletion is at
least 65 amino acids in length. In embodiments, the deletion
is at least 70 amino acids in length. In embodiments, the
deletion is at least 75 amino acids in length. In embodiments,
the deletion is at least 80 amino acids in length. In embodi-
ments, the deletion is at least 85 amino acids in length. In
embodiments, the deletion is at least 90 amino acids in
length. In embodiments, the deletion is at least 95 amino
acids in length. In embodiments, the deletion is at least 100
amino acids in length.

In embodiments, the deletion is less than 50 amino acids
in length. In embodiments, the deletion is less than 45 amino
acids in length. In embodiments, the deletion is less than 40
amino acids in length. In embodiments, the deletion is less
than 35 amino acids in length. In embodiments, the deletion
is less than 30 amino acids in length. In embodiments, the
deletion is less than 25 amino acids in length. In embodi-
ments, the deletion is less than 20 amino acids in length. In
embodiments, the deletion is less than 15 amino acids in
length. In embodiments, the deletion is less than 10 amino
acids in length. In embodiments, the deletion is within a
protein domain corresponding to residue 497-522 of SEQ ID
NO:1. In embodiments, the deletion is within a protein
domain corresponding to residue 497-522 of a Candida
intermedia GXS1 protein as described hereinabove.

2. Recombinant Arabinose Transporter Protein

Also provided herein is a recombinant arabinose trans-
porter protein that includes an arabinose transporter motif
sequence and a glucose mitigation mutation.

The arabinose transporter motif sequence may correspond
to residue positions 36, 37, 38, 39, 40, and 41 of Candida
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intermedia GXS1 protein. The arabinose transporter motif
sequence may have the sequence -G-G/F-X*-X°-X%-G-. X*
isD,C,F,G,H,L,R, T,orP. X>is A,C,E,F, H, K, S, P,
orV.X%isR,D,E, F, H,1, M, T, or Y. In embodiments, the
arabinose transporter is not -G-G-L-V-Y-G- (SEQ ID
NO:125), or -G-G-F-V-F-G- (SEQ ID NO:126).

X*may be D, F, G, L, R, or T. X* may be R, T, H, or F.
X* may be R. X* may be T. X* may be H. X* may be F. X°
may be A, E, F, P, H, or V. X> may be P, H, or V. X> may be
P. X® may be H. X° may be V. XS may be T, H, F, M, or Y.
X% may be F or Y. X may be T or M. X® may be T. X® may
be H. X% may be F. X® may be M. X° may be Y. In
embodiments, X*is For T, X° isPor I, and X®is M or T.

The arabinose transporter motif sequence may be -G-G-
F-H-M-G- (SEQ ID NO:119), -G-F-F-H-M-G- (SEQ ID
NO:120), -G-G-R-P-T-G- (SEQ ID NO:127), -G-F-R-P-T-
G- (SEQ ID NO:128), -G-G-T-P-T-G- (SEQ ID NO:129), or
-G-F-T-P-T-G- (SEQ ID NO:130). The arabinose transporter
motif sequence may be -G-G-F-H-M-G- (SEQ ID NO:119),
or -G-F-F-H-M-G- (SEQ ID NO:120). The arabinose trans-
porter motif sequence may be -G-G-R-P-T-G- (SEQ ID
NO:127), -G-F-R-P-T-G- (SEQ ID NO:128). The arabinose
transporter motif sequence may be -G-G-T-P-T-G- (SEQ ID
NO:129) or -G-F-T-P-T-G- (SEQ ID NO:130). The arab-
inose transporter motif sequence may be -G-G-F-H-M-G-
(SEQ ID NO:119). The arabinose transporter motif sequence
may be -G-F-F-H-M-G- (SEQ ID NO:120). The arabinose
transporter motif sequence may be -G-G-R-P-T-G- (SEQ ID
NO:127). The arabinose transporter motif sequence may be
-G-F-R-P-T-G- (SEQ ID NO:128). The arabinose trans-
porter motif sequence may be -G-G-T-P-T-G- (SEQ ID
NO:129). The arabinose transporter motif sequence may be
-G-F-T-P-T-G- (SEQ ID NO:130).

The glucose mitigation mutation of the recombinant ara-
binose transporter protein is as described hereinabove for the
“recombinant Xylose transporter protein” and includes
embodiments thereof.

3. Recombinant Galactose Transporter Protein

Provided herein is a recombinant galactose transporter
protein that includes an galactose transporter motif sequence
and a glucose mitigation mutation.

The galactose transporter motif sequence is as described
hereinabove for the “arabinose transporter motif sequence”
and includes embodiments thereof. The glucose mitigation
mutation of the recombinant arabinose transporter protein is
as described hereinabove for the “recombinant xylose trans-
porter protein” and includes embodiments thereof.

Also provided herein is a recombinant galactose-arab-
inose transporter protein that includes a galactose-arabinose
transporter motif sequence and a glucose mitigation muta-
tion. The galactose-arabinose transporter motif sequence
may be as described hereinabove for the “arabinose trans-
porter motif sequence” and includes embodiments thereof.
The glucose mitigation mutation of the recombinant galac-
tose-arabinose transporter protein is as described herein-
above for the “recombinant xylose transporter protein” and
includes embodiments thereof.

II. Nucleic Acids

In another aspect is a nucleic acid encoding a recombinant
xylose transporter protein described herein, including
embodiments thereof. In yet another aspect is a nucleic acid
encoding a recombinant arabinose transporter protein
described herein, including embodiments thereof. In still
another aspect is a nucleic acid encoding a recombinant
galactose transporter protein described herein, including
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embodiments thereof. In another aspect is a nucleic acid
encoding a recombinant galactose-arabinose transporter pro-
tein described herein, including embodiments thereof. The
nucleic acids may be RNA or DNA. The nucleic acids may
be cDNA. The nucleic acids may be single- or double-
stranded RNA or single- or double-stranded DNA. The
nucleic acids may be located on a plasmid or other vector.
The nucleic acids may be introduced and expressed by a
yeast cell using conventional techniques known to those in
the art.

III. Recombinant Yeast Cells

Provided herein are recombinant yeast cells that include a
recombinant transporter protein as described herein, includ-
ing embodiments thereof. Also provided herein are recom-
binant yeast cells that include a nucleic acid encoding a
recombinant xylose transporter protein described herein,
including embodiments thereof.

1. Recombinant Yeast Cell Including a Recombinant
Xylose Transporter Protein

In one aspect is a recombinant yeast cell that includes a
recombinant xylose transporter protein as described herein,
including embodiments thereof. In embodiments, the growth
rate of the recombinant yeast cell including a recombinant
transporter protein as described herein can be measured. The
growth rate may be determined in xylose growth media (i.e.
in the absence of glucose). The growth rate may be deter-
mined in xylose-glucose growth media. In embodiments, the
growth rates (i.e. growth rate in the absence and presence of
glucose) are compared to determine the differential growth
rate of the recombinant yeast cells. If the growth rate of
recombinant yeast cells grown in xylose-glucose growth
media is less than the growth rate of recombinant yeast cells
grown in xylose growth media, the differential growth rate
may indicate the presence of glucose inhibition of the
recombinant transporter protein. As described herein, inclu-
sion of a glucose mitigating mutation decreases, minimizes,
or may eliminate glucose inhibition of a recombinant xylose
transporter protein.

In embodiments, the growth rate of the recombinant yeast
cell in a xylose-glucose growth media is about 5% to about
150% of the growth rate of the recombinant yeast cell in
xylose growth media. The growth rate of the recombinant
yeast cell in a xylose-glucose growth media may be about
5% to about 140% of the growth rate of the recombinant
yeast cell in xylose growth media. The growth rate of the
recombinant yeast cell in a xylose-glucose growth media
may be about 5% to about 130% of the growth rate of the
recombinant yeast cell in xylose growth media. The growth
rate of the recombinant yeast cell in a xylose-glucose growth
media may be about 5% to about 120% of the growth rate
of the recombinant yeast cell in xylose growth media. The
growth rate of the recombinant yeast cell in a xylose-glucose
growth media may be about 5% to about 110% of the growth
rate of the recombinant yeast cell in xylose growth media.

The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 5% to about
100% of the growth rate of the recombinant yeast cell in
xylose growth media. The growth rate of the recombinant
yeast cell in a xylose-glucose growth media may be about
5% to about 90% of the growth rate of the recombinant yeast
cell in xylose growth media. The growth rate of the recom-
binant yeast cell in a xylose-glucose growth media may be
about 5% to about 80% of the growth rate of the recombi-
nant yeast cell in xylose growth media. The growth rate of
the recombinant yeast cell in a xylose-glucose growth media
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may be about 5% to about 70% of the growth rate of the
recombinant yeast cell in xylose growth media. The growth
rate of the recombinant yeast cell in a xylose-glucose growth
media may be about 5% to about 60% of the growth rate of
the recombinant yeast cell in xylose growth media. The
growth rate of the recombinant yeast cell in a xylose-glucose
growth media may be about 5% to about 50% of the growth
rate of the recombinant yeast cell in xylose growth media.
The growth rate of the recombinant yeast cell in a xylose-
glucose growth media may be about 5% to about 40% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 5% to about
30% of the growth rate of the recombinant yeast cell in
xylose growth media. The growth rate of the recombinant
yeast cell in a xylose-glucose growth media may be about
5% to about 20% of the growth rate of the recombinant yeast
cell in xylose growth media. The growth rate of the recom-
binant yeast cell in a xylose-glucose growth media may be
about 5% to about 10% of the growth rate of the recombi-
nant yeast cell in xylose growth media.

The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 10% to about
150% of the growth rate of the recombinant yeast cell in
xylose growth media. The growth rate of the recombinant
yeast cell in a xylose-glucose growth media may be about
10% to about 140% of the growth rate of the recombinant
yeast cell in xylose growth media. The growth rate of the
recombinant yeast cell in a xylose-glucose growth media
may be about 10% to about 130% of the growth rate of the
recombinant yeast cell in xylose growth media. The growth
rate of the recombinant yeast cell in a xylose-glucose growth
media may be about 10% to about 120% of the growth rate
of the recombinant yeast cell in xylose growth media. The
growth rate of the recombinant yeast cell in a xylose-glucose
growth media may be about 10% to about 110% of the
growth rate of the recombinant yeast cell in xylose growth
media.

The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 10% to about
100% of the growth rate of the recombinant yeast cell in
xylose growth media. The growth rate of the recombinant
yeast cell in a xylose-glucose growth media may be about
10% to about 90% of the growth rate of the recombinant
yeast cell in xylose growth media. The growth rate of the
recombinant yeast cell in a xylose-glucose growth media
may be about 10% to about 80% of the growth rate of the
recombinant yeast cell in xylose growth media. The growth
rate of the recombinant yeast cell in a xylose-glucose growth
media may be about 10% to about 70% of the growth rate
of the recombinant yeast cell in xylose growth media. The
growth rate of the recombinant yeast cell in a xylose-glucose
growth media may be about 10% to about 60% of the growth
rate of the recombinant yeast cell in xylose growth media.
The growth rate of the recombinant yeast cell in a xylose-
glucose growth media may be about 10% to about 50% of
the growth rate of the recombinant yeast cell in xylose
growth media. The growth rate of the recombinant yeast cell
in a xylose-glucose growth media may be about 10% to
about 40% of the growth rate of the recombinant yeast cell
in xylose growth media. The growth rate of the recombinant
yeast cell in a xylose-glucose growth media may be about
10% to about 30% of the growth rate of the recombinant
yeast cell in xylose growth media. The growth rate of the
recombinant yeast cell in a xylose-glucose growth media
may be about 10% to about 20% of the growth rate of the
recombinant yeast cell in xylose growth media.
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The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 5% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 10% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 20% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 30% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 40% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 50% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 60% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 70% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 80% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 90% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 100% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about equal to the
growth rate of the recombinant yeast cell in xylose growth
media. Thus, in embodiments, the growth rate of the recom-
binant yeast cell is not inhibited in the presence of glucose.
The growth rate of the recombinant yeast cell in a xylose-
glucose growth media may be greater than the growth rate
of the recombinant yeast cell in xylose growth media.

The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 110% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 120% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 130% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 140% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 150% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 160% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 170% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 180% of the
growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 190% of the
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growth rate of the recombinant yeast cell in xylose growth
media. The growth rate of the recombinant yeast cell in a
xylose-glucose growth media may be about 200% of the
growth rate of the recombinant yeast cell in xylose growth
media.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™! to about 0.05 hr™'. The
recombinant yeast cells may have a growth rate of about
0.005 hr™! to about 0.04 hr™*. The recombinant yeast cells
may have a growth rate of about 0.005 hr™! to about 0.03
hr™!. The recombinant yeast cells may have a growth rate of
about 0.005 hr™* to about 0.025 hr™*. The recombinant yeast
cells may have a growth rate of about 0.005 hr™' to about
0.0225 hr™*. The recombinant yeast cells may have a growth
rate of about 0.005 hr™" to about 0.02 hr™". The recombinant
yeast cells may have a growth rate of about 0.005 hr™* to
about 0.0175 hr™*. The recombinant yeast cells may have a
growth rate of about 0.005 hr™! to about 0.015 hr™'. The
recombinant yeast cells may have a growth rate of about
0.005 hr™" to about 0.0125 hr™*. The recombinant yeast cells
may have a growth rate of about 0.005 hr™* to about 0.01
hr™!. The recombinant yeast cells may have a growth rate of
about 0.005 hr™! to about 0.0075 hr™!. In embodiments, the
recombinant yeast cells are cultured in a xylose growth
media and the growth rate is measured in the xylose growth
media. In embodiments, the recombinant yeast cells are
cultured in lignocellulosic biomass, hemicellulose, or xylan
and the growth rate is measured in the lignocellulosic
biomass, hemicellulose, or xylan respectively.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™*. The recombinant yeast cells
may have a growth rate of about 0.0075 hr™*. The recom-
binant yeast cells may have a growth rate of about 0.01 hr™*.
The recombinant yeast cells may have a growth rate of about
0.0125 hr™*. The recombinant yeast cells may have a growth
rate of about 0.015 hr™'. The recombinant yeast cells may
have a growth rate of about 0.0175 hr'. The recombinant
yeast cells may have a growth rate of about 0.02 hr™*. The
recombinant yeast cells may have a growth rate of about
0.0225 hr™*. The recombinant yeast cells may have a growth
rate of about 0.025 hr™'. The recombinant yeast cells may
have a growth rate of about 0.0275 hr™*. The recombinant
yeast cells may have a growth rate of about 0.03 hr™*. The
recombinant yeast cells may have a growth rate of about
0.0325 hr™*. The recombinant yeast cells may have a growth
rate of about 0.035 hr™'. The recombinant yeast cells may
have a growth rate of about 0.0375 hr™*. The recombinant
yeast cells may have a growth rate of about 0.04 hr™*. The
recombinant yeast cells may have a growth rate of about
0.0425 hr™!. The recombinant yeast cells may have a growth
rate of about 0.045 hr™'. The recombinant yeast cells may
have a growth rate of about 0.0475 hr™*. The recombinant
yeast cells may have a growth rate of about 0.05 hr™*. In
embodiments, the recombinant yeast cells are cultured in a
xylose growth media and the growth rate is measured in the
xylose growth media. In embodiments, the recombinant
yeast cells are cultured in lignocellulosic biomass, hemicel-
Iulose, or xylan and the growth rate is measured in the
lignocellulosic biomass, hemicellulose, or xylan respec-
tively.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.05 hr'! to about 0.1 hr'. The
recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.125 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™* to about 0.15 hr™*.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.175 hr™'. The recombinant yeast cells
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may have a growth rate of about 0.05 hr™! to about 0.2 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.225 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.25 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.275 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™* to about 0.3 hr™*.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! to about 0.325 hr™*. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.35 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! to about 0.375 hr™*. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.4 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.425 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™" to about 0.45 hr™*.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.475 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™* to about 0.5 hr™*.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! to about 0.525 hr™*. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.5 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.575 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.6 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! to about 0.65 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™* to about 0.7 hr™*.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.75 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.8 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™* to about 0.85 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 0.9 hr™!.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! to about 0.95 hr™'. The recombinant yeast cells
may have a growth rate of about 0.05 hr™! to about 1 hr™'.
In embodiments, the recombinant yeast cells are cultured in
a xylose growth media and the growth rate is measured in
the xylose growth media. In embodiments, the recombinant
yeast cells are cultured in lignocellulosic biomass, hemicel-
Iulose, or xylan and the growth rate is measured in the
lignocellulosic biomass, hemicellulose, or xylan respec-
tively.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™'. The recombinant yeast cells
may have a growth rate of about 0.125 hr'. The recombi-
nant yeast cells may have a growth rate of about 0.15 hr™'.
The recombinant yeast cells may have a growth rate of about
0.175 hr™!. The recombinant yeast cells may have a growth
rate of about 0.2 hr™!. The recombinant yeast cells may have
a growth rate of about 0.225 hr™'. The recombinant yeast
cells may have a growth rate of about 0.25 hr'. The
recombinant yeast cells may have a growth rate of about
0.275 hr™!. The recombinant yeast cells may have a growth
rate of about 0.3 hr™*. The recombinant yeast cells may have
a growth rate of about 0.325 hr'. The recombinant yeast
cells may have a growth rate of about 0.35 hr'. The
recombinant yeast cells may have a growth rate of about
0.375 hr™!. The recombinant yeast cells may have a growth
rate of about 0.4 hr™*. The recombinant yeast cells may have
a growth rate of about 0.425 hr'. The recombinant yeast
cells may have a growth rate of about 0.45 hr™'. The
recombinant yeast cells may have a growth rate of about
0.475 hr™!. The recombinant yeast cells may have a growth
rate of about 0.5 hr™*. The recombinant yeast cells may have
a growth rate of about 0.525 hr'. The recombinant yeast
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cells may have a growth rate of about 0.5 hr™*. The recom-
binant yeast cells may have a growth rate of about 0.575
hr™!. The recombinant yeast cells may have a growth rate of
about 0.6 hr™'. The recombinant yeast cells may have a
growth rate of about 0.65 hr™!. The recombinant yeast cells
may have a growth rate of about 0.7 hr™'. The recombinant
yeast cells may have a growth rate of about 0.75 hr™!. The
recombinant yeast cells may have a growth rate of about 0.8
hr~!. The recombinant yeast cells may have a growth rate of
about 0.85 hr™'. The recombinant yeast cells may have a
growth rate of about 0.9 hr™'. The recombinant yeast cells
may have a growth rate of about 0.95 hr™*. The recombinant
yeast cells may have a growth rate of about 1 hr™*. In
embodiments, the recombinant yeast cells are cultured in a
xylose growth media and the growth rate is measured in the
xylose growth media. In embodiments, the recombinant
yeast cells are cultured in lignocellulosic biomass, hemicel-
Iulose, or xylan and the growth rate is measured in the
lignocellulosic biomass, hemicellulose, or xylan respec-
tively.

The recombinant yeast cells may have a growth rate of
about 0.005 hr™' in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0075 hr™! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.01 hr™*
in xylose-glucose growth media that includes 2.5 g/LL glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.0125 hr™' in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.015 hr™! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0175 hr™*
in xylose-glucose growth media that includes 2.5 g/LL glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.02 hr' in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0225 hr™! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.025 hr™*
in xylose-glucose growth media that includes 2.5 g/LL glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.0275 hr™' in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.03 hr™' in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0325 hr™*
in xylose-glucose growth media that includes 2.5 g/LL glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.035 hr™! in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0375 hr™* in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.04 hr™*
in xylose-glucose growth media that includes 2.5 g/LL glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.0425 hr™' in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.045 hr™*. The recombinant
yeast cells may have a growth rate of about 0.0475 hr™! in
xylose-glucose growth media that includes 2.5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! in xylose-glucose growth media that includes 2.5
g/L glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™! in xylose-glucose growth
media that includes 2.5 g/L. glucose. The recombinant yeast
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cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 2.5 g/L. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr! in xylose-glucose growth media that includes 2.5
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr" in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.225 hr™*
in xylose-glucose growth media that includes 2.5 g/LL glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.25 hr' in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.275 hr! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.3 hr™* in
xylose-glucose growth media that includes 2.5 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.325 hr™* in xylose-glucose growth media that includes 2.5
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.35 hr™! in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.375 hr! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.4 hr™* in
xylose-glucose growth media that includes 2.5 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.425 hr™* in xylose-glucose growth media that includes 2.5
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.45 hr™! in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.475 hr " in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.5 hr™* in
xylose-glucose growth media that includes 2.5 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.525 hr™* in xylose-glucose growth media that includes 2.5
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.5 hr™! in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.575 hr ' in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.6 hr™* in
xylose-glucose growth media that includes 2.5 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.65 hr™! in xylose-glucose growth media that includes 2.5
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.7 hr™! in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.75 hr! in xylose-glucose
growth media that includes 2.5 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.8 hr™* in
xylose-glucose growth media that includes 2.5 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.85 hr™! in xylose-glucose growth media that includes 2.5
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.9 hr™! in xylose-glucose growth media that
includes 2.5 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.95 hr! in xylose-glucose
growth media that includes 2.5 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 1 hr™! in
xylose-glucose growth media that includes 2.5 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™' in xylose-glucose growth
media that includes 5 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr™' in
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xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr™! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.0125 hr™* in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.015 hr™' in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.0175 hr™* in
xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.02 hr™! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.0225 hr™* in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.025 hr™' in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.0275 hr™! in
xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.03 hr™! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.0325 hr™* in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.035 hr™! in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.0375 hr™! in
xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.04 hr™! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.0425 hr™' in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.045 hr!. The recombinant
yeast cells may have a growth rate of about 0.0475 hr™* in
xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! in xylose-glucose growth media that includes 5 g/L
glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™* in xylose-glucose growth
media that includes 5 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 5 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.175 hr™! in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr! in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.225 hr™" in
xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.25 hr! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.275 hr™! in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.3 hr™' in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.325 hr™" in
xylose-glucose growth media that includes 5 g/IL glucose.
The recombinant yeast cells may have a growth rate of about
0.35 hr! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.375 hr™* in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may



US 9,695,223 B2

29

have a growth rate of about 0.4 hr™! in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.425 hr™* in
xylose-glucose growth media that includes 5 g/l glucose.
The recombinant yeast cells may have a growth rate of about
0.45 hr! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.475 hr™! in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.5 hr! in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.525 hr" in
xylose-glucose growth media that includes 5 g/l glucose.
The recombinant yeast cells may have a growth rate of about
0.5 hr! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.575 hr™! in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™' in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.65 hr™! in
xylose-glucose growth media that includes 5 g/l glucose.
The recombinant yeast cells may have a growth rate of about
0.7 hr™! in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.75 hr™* in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.8 hr™' in xylose-glucose
growth media that includes 5 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.85 hr™! in
xylose-glucose growth media that includes 5 g/l glucose.
The recombinant yeast cells may have a growth rate of about
0.9 hr™* in xylose-glucose growth media that includes 5 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr™* in xylose-glucose growth media that
includes 5 g/l glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™* in xylose-glucose growth
media that includes 5 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr~! in xylose-glucose growth
media that includes 10 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr' in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™" in xylose-glucose growth media
that includes 10 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.015 hr™' in xylose-
glucose growth media that includes 10 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.0175 hr™! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.02 hr™' in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0225 hr™* in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.025 hr™* in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.0275 hr™! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.03 hr™' in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0325 hr™! in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.035 hr™* in
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xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.0375 hr™! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.04 hr™" in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™* in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.045 hr™'. The
recombinant yeast cells may have a growth rate of about
0.0475 hr™! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.05 hr™* in xylose-glucose growth media that
includes 10 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™! in xylose-glucose growth
media that includes 10 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 10 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™" in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr! in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.225 hr™* in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.25 hr! in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.275 hr™" in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.3 hr! in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.325 hr™* in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.35 hr™* in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.375 hr™" in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.4 hr™! in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.425 hr™" in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.45 hr™* in xylose-glucose growth media that includes 10
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr™" in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.5 hr™' in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.525 hr™" in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.5 hr™! in xylose-glucose growth media that includes 10 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.575 hr™* in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™' in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.65 hr™! in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.7 hr™! in xylose-glucose growth media that includes 10 g/L
glucose. The recombinant yeast cells may have a growth rate



US 9,695,223 B2

31

of about 0.75 hr! in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.8 hr™! in xylose-glucose
growth media that includes 10 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.85 hr™! in
xylose-glucose growth media that includes 10 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.9 hr™! in xylose-glucose growth media that includes 10 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr! in xylose-glucose growth media that
includes 10 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™" in xylose-glucose growth
media that includes 10 g/LL glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™' in xylose-glucose growth
media that includes 20 g/I. glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr™* in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr™* in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™! in xylose-glucose growth media
that includes 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.015 hr™' in xylose-
glucose growth media that includes 20 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.0175 hr™! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.02 hr™! in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0225 hr™! in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.025 hr" in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.0275 hr™! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.03 hr™! in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0325 hr™* in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.035 hr" in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.0375 hr™! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.04 hr™' in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™* in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.045 hr™!. The
recombinant yeast cells may have a growth rate of about
0.0475 hr™! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.05 hr™! in xylose-glucose growth media that
includes 20 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™ in xylose-glucose growth
media that includes 20 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 20 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr" in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr! in xylose-glucose
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growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.225 hr™" in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.25 hr! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.275 hr™" in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.3 hr™' in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.325 hr™* in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.35 hr! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.375 hr™" in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.4 hr™! in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.425 hr™* in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.45 hr! in xylose-glucose growth media that includes 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr™" in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.5 hr™! in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.525 hr™* in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.5 hr™! in xylose-glucose growth media that includes 20 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.575 hr™! in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™! in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.65 hr™! in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.7 hr™! in xylose-glucose growth media that includes 20 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.75 hr™! in xylose-glucose growth media that
includes 20 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.8 hr™' in xylose-glucose
growth media that includes 20 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.85 hr™! in
xylose-glucose growth media that includes 20 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.9 hr™! in xylose-glucose growth media that includes 20 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr™' in xylose-glucose growth media that
includes 20 g/I. glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™" in xylose-glucose growth
media that includes 20 g/L glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™! in xylose-glucose growth
media that includes 30 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr~' in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr™* in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™! in xylose-glucose growth media
that includes 30 g/ glucose. The recombinant yeast cells
may have a growth rate of about 0.015 hr™' in xylose-
glucose growth media that includes 30 g/I. glucose. The
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recombinant yeast cells may have a growth rate of about
0.0175 hr™! in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.02 hr™! in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0225 hr™" in growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.025 hr! in xylose-glucose
growth media that includes 30 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.0275 hr™! in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.03 hr™* in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0325 hr™! in xylose-glucose growth media
that includes 30 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.035 hr™' in xylose-
glucose growth media that includes 30 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.0375 hr™! in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.04 hr™! in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™! in xylose-glucose
growth media that includes 30 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.045 hr™*. The
recombinant yeast cells may have a growth rate of about
0.0475 hr™! in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.05 hr™' in xylose-glucose growth media that
includes 30 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™' in xylose-glucose growth
media that includes 30 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™* in xylose-
glucose growth media that includes 30 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr™* in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™" in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr™' in xylose-glucose
growth media that includes 30 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.225 hr™* in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.25 hr! in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.275 hr™" in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.3 hr™! in xylose-glucose
growth media that includes 30 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.325 hr™* in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.35 hr! in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.375 hr" in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.4 hr™! in xylose-glucose
growth media that includes 30 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.425 hr™* in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.45 hr™* in xylose-glucose growth media that includes 30
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr" in xylose-glucose growth media that
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includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.5 hr™' in xylose-glucose
growth media that includes 30 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.525 hr™* in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.5hr™! in xylose-glucose growth media that includes 30 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.575 hr™* in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™! in xylose-glucose
growth media that includes 30 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.65 hr™! in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.7 hr™! in xylose-glucose growth media that includes 30 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.75 hr™! in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.8 hr™! in xylose-glucose
growth media that includes 30 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.85 hr! in
xylose-glucose growth media that includes 30 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.9 hr! in xylose-glucose growth media that includes 30 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr™! in xylose-glucose growth media that
includes 30 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™* in xylose-glucose growth
media that includes 30 g/L glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™! in xylose-glucose growth
media that includes 50 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr™' in
xylose-glucose growth media that includes 50 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr™* in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™! in xylose-glucose growth media
that includes 50 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.015 hr™' in xylose-
glucose growth media that includes 50 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.0175 hr™! in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.02 hr™* in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0225 hr™! in xylose-glucose
growth media that includes 50 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.025 hr™* in
xylose-glucose growth media that includes 50 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.0275 hr™! in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.03 hr™* in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0325 hr™! in xylose-glucose
growth media that includes 50 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.035 hr™" in
xylose-glucose growth media that includes 50 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.0375 hr™! in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.04 hr™* in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™* in xylose-glucose
growth media that includes 50 g/I. glucose. The recombinant
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yeast cells may have a growth rate of about 0.045 hr™!. The
recombinant yeast cells may have a growth rate of about
0.0475 hr™! in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.05 hr™' in xylose-glucose growth media that
includes 50 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™ in xylose-glucose growth
media that includes 50 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 50 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr™* in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr" in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr! in xylose-glucose
growth media that includes 50 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.225 hr" in
xylose-glucose growth media that includes 50 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.25 hr™* in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.275 hr" in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.3 hr™' in xylose-glucose
growth media that includes 50 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.325 hr" in
xylose-glucose growth media that includes 50 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.35 hr™* in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.375 hr™" in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.4 hr™' in xylose-glucose
growth media that includes 50 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.425 hr™* in
xylose-glucose growth media that includes 50 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.45 hr! in xylose-glucose growth media that includes 50
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr™" in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.5 hr™! in xylose-glucose
growth media that includes 50 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.525 hr™* in
xylose-glucose growth media that includes 50 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.5 hr™! in xylose-glucose growth media that includes 50 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.575 hr™! in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™! in xylose-glucose
growth media that includes 50 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.65 hr™! in
xylose-glucose growth media that includes 50 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.7 hr™! in xylose-glucose growth media that includes 50 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.75 hr! in xylose-glucose growth media that
includes 50 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.8 hr™! in xylose-glucose
growth media that includes 50 g/L. glucose. The recombinant
yeast cells may have a growth rate of about 0.85 hr! in
xylose-glucose growth media that includes 50 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.9 hr™! in xylose-glucose growth media that includes 50 g/L

10

15

20

25

30

35

40

45

50

55

60

65

36

glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr™' in xylose-glucose growth media that
includes 50 g/I. glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™* in xylose-glucose growth
media that includes 50 g/L glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™! in xylose-glucose growth
media that includes 75 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr~' in
xylose-glucose growth media that includes 75 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr! in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™! in xylose-glucose growth media
that includes 75 g/ glucose. The recombinant yeast cells
may have a growth rate of about 0.015 hr™' in xylose-
glucose growth media that includes 75 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.0175 hr™! in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.02 hr™" in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0225 hr™* in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.025 hr™* in
xylose-glucose growth media that includes 75 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.0275 hr™! in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.03 hr™" in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0325 hr™! in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.035 hr™* in
xylose-glucose growth media that includes 75 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.0375 hr™! in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.04 hr™* in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™! in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.045 hr™!. The
recombinant yeast cells may have a growth rate of about
0.0475 hr™! in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.05 hr™" in xylose-glucose growth media that
includes 75 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™* in xylose-glucose growth
media that includes 75 g/IL glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 75 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr™* in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™" in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr™' in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.225 hr™" in
xylose-glucose growth media that includes 75 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.25 hr™* in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.275 hr™" in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
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have a growth rate of about 0.3 hr™! in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.325 hr™* in
xylose-glucose growth media that includes 75 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.35 hr™* in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.375 hr" in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.4 hr™! in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.425 hr" in
xylose-glucose growth media that includes 75 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.45 hr™* in xylose-glucose growth media that includes 75
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr" in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.5 hr™' in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.525 hr" in
xylose-glucose growth media that includes 75 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.5 hr™! in xylose-glucose growth media that includes 75 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.575 hr™* in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™' in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.65 hr™! in
xylose-glucose growth media that includes 75 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.7 hr™! in xylose-glucose growth media that includes 75 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.75 hr™* in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.8 hr™! in xylose-glucose
growth media that includes 75 g/I. glucose. The recombinant
yeast cells may have a growth rate of about 0.85 hr! in
xylose-glucose growth media that includes 75 g/I. glucose.
The recombinant yeast cells may have a growth rate of about
0.9 hr™! in xylose-glucose growth media that includes 75 g/L
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr! in xylose-glucose growth media that
includes 75 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™* in xylose-glucose growth
media that includes 75 g/LL glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr~! in xylose-glucose growth
media that includes 100 g/I glucose. The recombinant yeast
cells may have a growth rate of about 0.0075 hr™* in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.01 hr™* in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™" in xylose-glucose growth media
that includes 100 g/L. glucose. The recombinant yeast cells
may have a growth rate of about 0.015 hr™' in xylose-
glucose growth media that includes 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.0175 hr™' in xylose-glucose growth media that includes
100 g/L glucose. The recombinant yeast cells may have a
growth rate of about 0.02 hr™' in xylose-glucose growth
media that includes 100 g/I glucose. The recombinant yeast
cells may have a growth rate of about 0.0225 hr™' in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
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0.025 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0275 hr™! in xylose-glucose growth media
that includes 100 g/L. glucose. The recombinant yeast cells
may have a growth rate of about 0.03 hr™* in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0325 hr™*
in xylose-glucose growth media that includes 100 g/L. glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.035 hr™! in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.0375 hr™* in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.04 hr™*
in xylose-glucose growth media that includes 100 g/L. glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.0425 hr™' in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.045 hr™'. The recombinant
yeast cells may have a growth rate of about 0.0475 hr™! in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.05 hr™! in xylose-glucose growth media that includes 100
g/L glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™! in xylose-glucose growth
media that includes 100 g/L glucose. The recombinant yeast
cells may have a growth rate of about 0.125 hr™! in xylose-
glucose growth media that includes 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.15 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™" in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.2 hr™' in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.225 hr™*
in xylose-glucose growth media that includes 100 g/L. glu-
cose. The recombinant yeast cells may have a growth rate of
about 0.25 hr'! in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.275 hr™' in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.3 hr™! in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.325 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.35 hr™" in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.375 hr™! in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.4 hr™' in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.425 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.45 hr™* in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.475 hr™! in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.5 hr™' in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.525 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.5 hr™! in xylose-glucose growth media that
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includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.575 hr ' in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.6 hr™* in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.65 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.7 hr™! in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.75 hr! in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.8 hr™* in
xylose-glucose growth media that includes 100 g/L. glucose.
The recombinant yeast cells may have a growth rate of about
0.85 hr™! in xylose-glucose growth media that includes 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.9 hr™! in xylose-glucose growth media that
includes 100 g/IL glucose. The recombinant yeast cells may
have a growth rate of about 0.95 hr! in xylose-glucose
growth media that includes 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 1 hr™! in
xylose-glucose growth media that includes 100 g/L. glucose.

In embodiments, the growth rate of the recombinant yeast
cell in xylose-glucose growth media is about 0.1x fold
greater than a wildtype yeast cell (i.e. a yeast cell without a
recombinant transporter protein described herein) in xylose-
glucose growth media. The growth rate of the recombinant
yeast cell in xylose-glucose growth media may be about
0.2x fold greater than a wildtype yeast cell in xylose-glucose
growth media. The growth rate of the recombinant yeast cell
in xylose-glucose growth media may be about 0.3x fold
greater than a wildtype yeast cell in xylose-glucose growth
media. The growth rate of the recombinant yeast cell in
xylose-glucose growth media may be about 0.4x fold greater
than a wildtype yeast cell in xylose-glucose growth media.
The growth rate of the recombinant yeast cell in xylose-
glucose growth media may be about 0.5x fold greater than
a wildtype yeast cell in xylose-glucose growth media. The
growth rate of the recombinant yeast cell in xylose-glucose
growth media may be about 0.6x fold greater than a wild-
type yeast cell in xylose-glucose growth media. The growth
rate of the recombinant yeast cell in xylose-glucose growth
media may be about 0.7x fold greater than a wildtype yeast
cell in xylose-glucose growth media. The growth rate of the
recombinant yeast cell in xylose-glucose growth media may
be about 0.8x fold greater than a wildtype yeast cell in
xylose-glucose growth media. The growth rate of the recom-
binant yeast cell in xylose-glucose growth media may be
about 0.9x fold greater than a wildtype yeast cell in xylose-
glucose growth media. The growth rate of the recombinant
yeast cell in xylose-glucose growth media may be about 1x
fold greater than a wildtype yeast cell in xylose-glucose
growth media.

The growth rate of the recombinant yeast cell in xylose-
glucose growth media may be about 2x fold greater than a
wildtype yeast cell in xylose-glucose growth media. The
growth rate of the recombinant yeast cell in xylose-glucose
growth media may be about 3x fold greater than a wildtype
yeast cell in xylose-glucose growth media. The growth rate
of the recombinant yeast cell in xylose-glucose growth
media may be about 4x fold greater than a wildtype yeast
cell in xylose-glucose growth media. The growth rate of the
recombinant yeast cell in xylose-glucose growth media may
be about 5x fold greater than a wildtype yeast cell in
xylose-glucose growth media. The growth rate of the recom-
binant yeast cell in xylose-glucose growth media may be
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about 6x fold greater than a wildtype yeast cell in xylose-
glucose growth media. The growth rate of the recombinant
yeast cell in xylose-glucose growth media may be about 7x
fold greater than a wildtype yeast cell in xylose-glucose
growth media. The growth rate of the recombinant yeast cell
in xylose-glucose growth media may be about 8x fold
greater than a wildtype yeast cell in xylose-glucose growth
media. The growth rate of the recombinant yeast cell in
xylose-glucose growth media may be about 9x fold greater
than a wildtype yeast cell in xylose-glucose growth media.
The growth rate of the recombinant yeast cell in xylose-
glucose growth media may be about 10x fold greater than a
wildtype yeast cell in xylose-glucose growth media.

The growth rate of the recombinant yeast cell in xylose-
glucose growth media may be about 11x fold greater than a
wildtype yeast cell in xylose-glucose growth media. The
growth rate of the recombinant yeast cell in xylose-glucose
growth media may be about 12x fold greater than a wildtype
yeast cell in xylose-glucose growth media. The growth rate
of the recombinant yeast cell in xylose-glucose growth
media may be about 13x fold greater than a wildtype yeast
cell in xylose-glucose growth media. The growth rate of the
recombinant yeast cell in xylose-glucose growth media may
be about 14x fold greater than a wildtype yeast cell in
xylose-glucose growth media. The growth rate of the recom-
binant yeast cell in xylose-glucose growth media may be
about 15x fold greater than a wildtype yeast cell in xylose-
glucose growth media. The growth rate of the recombinant
yeast cell in xylose-glucose growth media may be about 16x
fold greater than a wildtype yeast cell in xylose-glucose
growth media. The growth rate of the recombinant yeast cell
in xylose-glucose growth media may be about 17x fold
greater than a wildtype yeast cell in xylose-glucose growth
media. The growth rate of the recombinant yeast cell in
xylose-glucose growth media may be about 18x fold greater
than a wildtype yeast cell in xylose-glucose growth media.
The growth rate of the recombinant yeast cell in xylose-
glucose growth media may be about 19x fold greater than a
wildtype yeast cell in xylose-glucose growth media. The
growth rate of the recombinant yeast cell in xylose-glucose
growth media may be about 20x fold greater than a wildtype
yeast cell in xylose-glucose growth media.

In embodiments, the recombinant xylose transporter
transports a xylose compound into a recombinant yeast in a
xylose-glucose growth media at a rate of about 5% to about
150% of the rate the recombinant xylose transporter trans-
ports the xylose compound into the recombinant yeast in a
xylose growth media. The recombinant xylose transporter
may transport a xylose compound into a recombinant yeast
in a xylose-glucose growth media at a rate of about 5% to
about 140% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 130% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 120% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
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to about 110% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media.

The recombinant xylose transporter may transport a
xylose compound into a recombinant yeast in a xylose-
glucose growth media at a rate of about 5% to about 100%
of the rate the recombinant xylose transporter transports the
xylose compound into the recombinant yeast in a xylose
growth media. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast in a
xylose-glucose growth media at a rate of about 5% to about
90% of the rate the recombinant xylose transporter trans-
ports the xylose compound into the recombinant yeast in a
xylose growth media. The recombinant xylose transporter
may transport a xylose compound into a recombinant yeast
in a xylose-glucose growth media at a rate of about 5% to
about 80% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 70% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 60% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 50% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 40% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 30% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 20% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast in a xylose-glucose growth media at a rate of about 5%
to about 10% of the rate the recombinant xylose transporter
transports the xylose compound into the recombinant yeast
in a xylose growth media.

The recombinant xylose transporter may transport a
xylose compound into a recombinant yeast in a xylose-
glucose growth media at a rate of about 5% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 10% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 20% of the rate the
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recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 30% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 40% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 50% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 60% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 70% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 80% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 90% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 100% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
In embodiments, a recombinant xylose transporter transports
a xylose compound into a recombinant yeast in a xylose-
glucose growth media at a rate about equal to the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
In embodiments, a recombinant xylose transporter transports
a xylose compound into a recombinant yeast in a xylose-
glucose growth media at a rate greater to the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.

The recombinant xylose transporter may transport a
xylose compound into a recombinant yeast in a xylose-
glucose growth media at a rate of about 110% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 120% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 130% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
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The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 140% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 150% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 160% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 170% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 180% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate of about 190% of the rate the
recombinant xylose transporter transports the xylose com-
pound into the recombinant yeast in a xylose growth media.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast in a xylose-glucose
growth media at a rate about 200% of the rate the recom-
binant xylose transporter transports the xylose compound
into the recombinant yeast in a xylose growth media.

In embodiments, the xylose growth media includes xylose
at a concentration of about 0.05 g/IL to about 100 g/L.. The
xylose growth media may include xylose at a concentration
of'about 0.05 g/L. to about 90 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 80 g/L.. The xylose growth media may include xylose
at a concentration of about 0.05 g/L. to about 70 g/I.. The
xylose growth media may include xylose at a concentration
of'about 0.05 g/L. to about 60 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 50 g/L.. The xylose growth media may include xylose
at a concentration of about 0.05 g/L. to about 40 g/I.. The
xylose growth media may include xylose at a concentration
of'about 0.05 g/L. to about 30 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 25 g/L..

In embodiments, the xylose growth media includes xylose
at a concentration of about 0.05 g/L. to about 20 g/I.. The
xylose growth media may include xylose at a concentration
of'about 0.05 g/L. to about 15 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 10 g/L.. The xylose growth media may include xylose
at a concentration of about 0.05 g/L. to about 5 g/L.. The
xylose growth media may include xylose at a concentration
of about 0.05 g/LL to about 4 g/I.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 3 g/I.. The xylose growth media may include xylose
at a concentration of about 0.05 g/L. to about 2 g/L.. The
xylose growth media may include xylose at a concentration
of about 0.05 g/LL to about 1 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
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about 0.5 g/L.. The xylose growth media may include xylose
at a concentration of about 0.05 g/L. to about 0.1 g/L.

The xylose growth media may include xylose at a con-
centration of about 0.05 g/L.. The xylose growth media may
include xylose at a concentration of about 0.1 g/L.. The
xylose growth media may include xylose at a concentration
of about 0.5 g/L.. The xylose growth media may include
xylose at a concentration of about 1 g/L.. The xylose growth
media may include xylose at a concentration of about 2 g/L..
The xylose growth media may include xylose at a concen-
tration of about 3 g/L. The xylose growth media may include
xylose at a concentration of about 4 g/I.. The xylose growth
media may include xylose at a concentration of about 5 g/L..
The xylose growth media may include xylose at a concen-
tration of about 10 g/L.. The xylose growth media may
include xylose at a concentration of about 15 g/L.. The xylose
growth media may include xylose at a concentration of
about 20 g/L.. The xylose growth media may include xylose
at a concentration of about 25 g/L.. The xylose growth media
may include xylose at a concentration of about 30 g/L.. The
xylose growth media may include xylose at a concentration
of about 40 g/I.. The xylose growth media may include
xylose at a concentration of about 50 g/L.. The xylose growth
media may include xylose at a concentration of about 60
g/L. The xylose growth media may include xylose at a
concentration of about 70 g/I.. The xylose growth media
may include xylose at a concentration of about 80 g/L.. The
xylose growth media may include xylose at a concentration
of about 90 g/L.. The xylose growth media may include
xylose at a concentration of about 100 g/L..

In embodiments, the xylose growth media includes xylose
at a concentration of about 0.05 g/IL to about 300 g/L.. The
xylose growth media may include xylose at a concentration
of'about 0.05 g/I. to about 250 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 200 g/L.. The xylose growth media may include xylose
at a concentration of about 0.05 g/IL to about 150 g/L.. The
xylose growth media may include xylose at a concentration
of'about 0.05 g/I. to about 100 g/L.. The xylose growth media
may include xylose at a concentration of about 0.05 g/L to
about 50 g/L.. The xylose growth media may include xylose
at a concentration of about 0.05 g/L. to about 25 g/L.. The
xylose growth media may include xylose at a concentration
of about 1 g/LL to about 300 g/L.. The xylose growth media
may include xylose at a concentration of about 10 g/LL to
about 300 g/L.. The xylose growth media may include xylose
at a concentration of about 20 g/LL to about 300 g/L.. The
xylose growth media may include xylose at a concentration
of'about 30 g/L to about 300 g/L.. The xylose growth media
may include xylose at a concentration of about 40 g/IL to
about 300 g/L.. The xylose growth media may include xylose
at a concentration of about 50 g/LL to about 300 g/L.. The
xylose growth media may include xylose at a concentration
of'about 75 g/L to about 300 g/L.. The xylose growth media
may include xylose at a concentration of about 100 g/L to
about 300 g/L.. The xylose growth media may include xylose
at a concentration of about 125 g/L. to about 300 g/L.. The
xylose growth media may include xylose at a concentration
of'about 150 g/I. to about 300 g/L.. The xylose growth media
may include xylose at a concentration of about 175 g/L to
about 300 g/L.. The xylose growth media may include xylose
at a concentration of about 200 g/L. to about 300 g/L.. The
xylose growth media may include xylose at a concentration
of'about 225 g/, to about 300 g/L.. The xylose growth media
may include xylose at a concentration of about 250 g/L. to
about 300 g/L.. The xylose growth media may include xylose
at a concentration of about 275 g/L. to about 300 g/L..
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In embodiments, the xylose growth media includes xylose
at a concentration of about 10 g/LL to about 275 g/L.. The
xylose growth media may include xylose at a concentration
of about 10 g/L. to about 250 g/L.. The xylose growth media
may include xylose at a concentration of about 10 g/L, to
about 225 g/L.. The xylose growth media may include xylose
at a concentration of about 10 g/LL to about 200 g/L.. The
xylose growth media may include xylose at a concentration
of about 10 g/L. to about 175 g/L.. The xylose growth media
may include xylose at a concentration of about 10 g/L, to
about 150 g/L.. The xylose growth media may include xylose
at a concentration of about 10 g/LL to about 125 g/L.. The
xylose growth media may include xylose at a concentration
of about 10 g/L. to about 100 g/L.. The xylose growth media
may include xylose at a concentration of about 10 g/L, to
about 75 g/L.. The xylose growth media may include xylose
at a concentration of about 10 g/IL to about 50 g/L.. The
xylose growth media may include xylose at a concentration
of about 10 g/LL to about 25 g/L..

The xylose growth media may include xylose at a con-
centration of about 125 g/I.. The xylose growth media may
include xylose at a concentration of about 150 g/L.. The
xylose growth media may include xylose at a concentration
of about 175 g/I.. The xylose growth media may include
xylose at a concentration of about 200 g/I.. The xylose
growth media may include xylose at a concentration of
about 225 g/L.. The xylose growth media may include xylose
at a concentration of about 250 g/L.. The xylose growth
media may include xylose at a concentration of about 275
g/L. The xylose growth media may include xylose at a
concentration of about 300 g/L.

In embodiments, the xylose-glucose growth media
includes xylose at a concentration as described herein for
xylose growth media. In embodiments, the xylose-glucose
growth media includes glucose at a concentration of about
0.05 g/L. to about 20 g/L.. The xylose-glucose growth media
may include glucose at a concentration of about 0.05 g/L to
about 15 g/L.. The xylose-glucose growth media may include
glucose at a concentration of about 0.05 g/ to about 10 g/L..
The xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/L. to about 5 g/L.. The xylose-
glucose growth media may include glucose at a concentra-
tion of about 0.05 g/L. to about 4 g/L.. The xylose-glucose
growth media may include glucose at a concentration of
about 0.05 g/LL to about 3 g/L.. The xylose-glucose growth
media may include glucose at a concentration of about 0.05
g/L to about 2 g/I.. The xylose-glucose growth media may
include glucose at a concentration of about 0.05 g/L. to about
1 g/L. The xylose-glucose growth media may include glu-
cose at a concentration of about 0.05 g/L. to about 0.5 g/L..
The xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/L to about 0.1 g/I.. The
xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/L.. The xylose-glucose growth
media may include glucose at a concentration of about 0.1
g/L. The xylose-glucose growth media may include glucose
at a concentration of about 0.5 g/I.. The xylose-glucose
growth media may include glucose at a concentration of
about 1 g/I.. The xylose-glucose growth media may include
glucose at a concentration of about 2 g/I.. The xylose-
glucose growth media may include glucose at a concentra-
tion of about 3 g/L.. The xylose-glucose growth media may
include glucose at a concentration of about 4 g/L.. The
xylose-glucose growth media may include glucose at a
concentration of about 5 g/I.. The xylose-glucose growth
media may include glucose at a concentration of about 10
g/L. The xylose-glucose growth media may include glucose
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at a concentration of about 15 g/L.. The xylose-glucose
growth media may include glucose at a concentration of
about 20 g/L.

In embodiments, the xylose-glucose growth media
includes glucose at a concentration of about 0.05 g/L to
about 100 g/I.. The xylose-glucose growth media may
include glucose at a concentration of about 0.05 g/L. to about
90 g/L.. The xylose-glucose growth media may include
glucose at a concentration of about 0.05 g/ to about 80 g/L..
The xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/I. to about 70 g/L.. The
xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/I. to about 60 g/L.. The
xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/I. to about 50 g/L.. The
xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/I. to about 40 g/I.. The
xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/I. to about 30 g/L.. The
xylose-glucose growth media may include glucose at a
concentration of about 0.05 g/L. to about 25 g/L..

The xylose-glucose growth media may include glucose at
a concentration of about 25 g/I.. The xylose-glucose growth
media may include glucose at a concentration of about 30
g/L. The xylose-glucose growth media may include glucose
at a concentration of about 40 g/L.. The xylose-glucose
growth media may include glucose at a concentration of
about 50 g/L. The xylose-glucose growth media may include
glucose at a concentration of about 60 g/L.. The xylose-
glucose growth media may include glucose at a concentra-
tion of about 70 g/L. The xylose-glucose growth media may
include glucose at a concentration of about 80 g/l.. The
xylose-glucose growth media may include glucose at a
concentration of about 90 g/I.. The xylose-glucose growth
media may include glucose at a concentration of about 100
g/L.

2. Recombinant Yeast Cell Including a Recombinant
Arabinose Transporter Protein

In another aspect is a recombinant yeast cell that includes
a recombinant arabinose transporter protein as described
herein, including embodiments thereof. In embodiments, the
growth rate of the recombinant yeast cell including a recom-
binant arabinose transporter protein as described herein can
be measured. The growth rate may be determined in arab-
inose growth media (i.e. in the absence of glucose). The
growth rate may be determined in arabinose-glucose growth
media. In embodiments, the growth rates (i.e. growth rate in
the absence and presence of glucose) are compared to
determine the differential growth rate of the recombinant
yeast cells. If the growth rate of recombinant yeast cells
grown in arabinose-glucose growth media is less than the
growth rate of recombinant yeast cells grown in arabinose
growth media, the differential growth rate may indicate
glucose inhibits the activity of the recombinant arabinose
transporter protein. As described herein, inclusion of a
glucose mitigating mutation decreases, minimizes, or may
eliminate glucose inhibition of the recombinant arabinose
transporter protein.

In embodiments, the growth rate of the recombinant yeast
cell in an arabinose-glucose growth media is about 5% to
about 150% of the growth rate of the recombinant yeast cell
in arabinose growth media. The growth rate of the recom-
binant yeast cell in an arabinose-glucose growth media may
be about 5% to about 140% of the growth rate of the
recombinant yeast cell in arabinose growth media. The
growth rate of the recombinant yeast cell in an arabinose-
glucose growth media may be about 5% to about 130% of
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the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 5% to
about 120% of the growth rate of the recombinant yeast cell
in arabinose growth media. The growth rate of the recom-
binant yeast cell in an arabinose-glucose growth media may
be about 5% to about 110% of the growth rate of the
recombinant yeast cell in arabinose growth media.

The growth rate of the recombinant yeast cell in an
arabinose-glucose growth media may be about 5% to about
100% of the growth rate of the recombinant yeast cell in
arabinose growth media. The growth rate of the recombinant
yeast cell in an arabinose-glucose growth media may be
about 5% to about 90% of the growth rate of the recombi-
nant yeast cell in arabinose growth media. The growth rate
of the recombinant yeast cell in an arabinose-glucose growth
media may be about 5% to about 80% of the growth rate of
the recombinant yeast cell in arabinose growth media. The
growth rate of the recombinant yeast cell in an arabinose-
glucose growth media may be about 5% to about 70% of the
growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 5% to
about 60% of the growth rate of the recombinant yeast cell
in arabinose growth media. The growth rate of the recom-
binant yeast cell in an arabinose-glucose growth media may
be about 5% to about 50% of the growth rate of the
recombinant yeast cell in arabinose growth media. The
growth rate of the recombinant yeast cell in an arabinose-
glucose growth media may be about 5% to about 40% of the
growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 5% to
about 30% of the growth rate of the recombinant yeast cell
in arabinose growth media. The growth rate of the recom-
binant yeast cell in an arabinose-glucose growth media may
be about 5% to about 20% of the growth rate of the
recombinant yeast cell in arabinose growth media. The
growth rate of the recombinant yeast cell in an arabinose-
glucose growth media may be about 5% to about 10% of the
growth rate of the recombinant yeast cell in arabinose
growth media.

The growth rate of the recombinant yeast cell in an
arabinose-glucose growth media may be about 10% to about
150% of the growth rate of the recombinant yeast cell in
arabinose growth media. The growth rate of the recombinant
yeast cell in an arabinose-glucose growth media may be
about 10% to about 140% of the growth rate of the recom-
binant yeast cell in arabinose growth media. The growth rate
of the recombinant yeast cell in an arabinose-glucose growth
media may be about 10% to about 130% of the growth rate
of the recombinant yeast cell in arabinose growth media.
The growth rate of the recombinant yeast cell in an arab-
inose-glucose growth media may be about 10% to about
120% of the growth rate of the recombinant yeast cell in
arabinose growth media. The growth rate of the recombinant
yeast cell in an arabinose-glucose growth media may be
about 10% to about 110% of the growth rate of the recom-
binant yeast cell in arabinose growth media.

The growth rate of the recombinant yeast cell in an
arabinose-glucose growth media may be about 10% to about
100% of the growth rate of the recombinant yeast cell in
arabinose growth media. The growth rate of the recombinant
yeast cell in an arabinose-glucose growth media may be
about 10% to about 90% of the growth rate of the recom-
binant yeast cell in arabinose growth media. The growth rate
of the recombinant yeast cell in an arabinose-glucose growth
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media may be about 10% to about 80% of the growth rate
of the recombinant yeast cell in arabinose growth media.
The growth rate of the recombinant yeast cell in an arab-
inose-glucose growth media may be about 10% to about
70% of the growth rate of the recombinant yeast cell in
arabinose growth media. The growth rate of the recombinant
yeast cell in an arabinose-glucose growth media may be
about 10% to about 60% of the growth rate of the recom-
binant yeast cell in arabinose growth media. The growth rate
of'the recombinant yeast cell in an arabinose-glucose growth
media may be about 10% to about 50% of the growth rate
of the recombinant yeast cell in arabinose growth media.
The growth rate of the recombinant yeast cell in an arab-
inose-glucose growth media may be about 10% to about
40% of the growth rate of the recombinant yeast cell in
arabinose growth media. The growth rate of the recombinant
yeast cell in an arabinose-glucose growth media may be
about 10% to about 30% of the growth rate of the recom-
binant yeast cell in arabinose growth media. The growth rate
of'the recombinant yeast cell in an arabinose-glucose growth
media may be about 10% to about 20% of the growth rate
of the recombinant yeast cell in arabinose growth media.

The growth rate of the recombinant yeast cell in an
arabinose-glucose growth media may be about 5% of the
growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 10% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 20% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 30% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 40% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 50% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 60% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 70% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 80% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 90% of
the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 100%
of the growth rate of the recombinant yeast cell in arabinose
growth media.

The growth rate of the recombinant yeast cell in an
arabinose-glucose growth media may be about 110% of the
growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 120%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 130%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 140%
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of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 150%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 160%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 170%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 180%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 190%
of the growth rate of the recombinant yeast cell in arabinose
growth media. The growth rate of the recombinant yeast cell
in an arabinose-glucose growth media may be about 200%
of the growth rate of the recombinant yeast cell in arabinose
growth media.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™! in arabinose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.0075 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.01 hr™! in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™" in arabinose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L. glucose. The
recombinant yeast cells may have a growth rate of about
0.015 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.0175 hr' in
arabinose-glucose growth media that includes about 2.5, 5,
10, or 20 g/L. glucose. The recombinant yeast cells may have
a growth rate of about 0.02 hr™* in arabinose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.0225 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.025 hr™" in arab-
inose-glucose growth media that includes about 2.5, 5, 10, or
20 g/L. glucose. The recombinant yeast cells may have a
growth rate of about 0.0275 hr™' in arabinose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.03 hr™! in arabinose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0325 hr™*
in arabinose-glucose growth media that includes about 2.5,
5, 10, or 20 g/L glucose. The recombinant yeast cells may
have a growth rate of about 0.035 hr™" in arabinose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.0375 hr™" in arabinose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.04 hr™*
in arabinose-glucose growth media that includes about 2.5,
5, 10, or 20 g/L glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™" in arabinose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.045 hr™!. The recombinant yeast cells may have
a growth rate of about 0.0475 hr™! in arabinose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
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glucose. The recombinant yeast cells may have a growth rate
of about 0.05 hr™! in arabinose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™! in arabinose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.125 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.15 hr™* in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™' in arabinose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about 0.2
hr~! in arabinose-glucose growth media that includes about
2.5, 5, 10, or 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.225 hr™! in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.25 hr™" in arabinose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about
0.275 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.3 hr™' in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.325 hr™' in arabinose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about
0.35 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.375 hr™! in arab-
inose-glucose growth media that includes about 2.5, 5, 10, or
20 g/L. glucose. The recombinant yeast cells may have a
growth rate of about 0.4 hr™' in arabinose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.425 hr™! in arabinose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.45 hr" in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr™! in arabinose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about 0.5
hr™! in arabinose-glucose growth media that includes about
2.5, 5, 10, or 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.525 hr™! in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.5 hr™! in arabinose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.575 hr™*
in arabinose-glucose growth media that includes about 2.5,
5, 10, or 20 g/LL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™! in arabinose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.65 hr™! in arabinose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.7 hr™! in
arabinose-glucose growth media that includes about 2.5, 5,
10, or 20 g/LL glucose. The recombinant yeast cells may have
a growth rate of about 0.75 hr™! in arabinose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
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recombinant yeast cells may have a growth rate of about 0.8
hr~! in arabinose-glucose growth media that includes about
2.5, 5, 10, or 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.85 hr™! in arabinose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.9 hr™* in arabinose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.95 hr™*
in arabinose-glucose growth media that includes about 2.5,
5, 10, or 20 g/L glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™' in arabinose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose.

The recombinant yeast cells may have a growth rate of
about 0.005 hr™! in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0075 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.01 hr™! in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.0125 hr™" in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.015 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.0175 hr™" in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.02 hr™* in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0225 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.025 hr™! in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.0275 hr™! in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.03 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.0325 hr™" in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.035 hr™* in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0375 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.04 hr™! in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.0425 hr™! in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.045 hr™!.
The recombinant yeast cells may have a growth rate of about
0.0475 hr™! in arabinose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.05 hr™! in arabinose-
glucose growth media that includes about 25 to about 100
g/L glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™! in arabinose-glucose growth
media that includes about 25 to about 100 g/LL glucose. The

20

30

40

45

50

52

recombinant yeast cells may have a growth rate of about
0.125 hr™! in arabinose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.15 hr™* in arabinose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™! in arabinose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about 0.2
hr™! in arabinose-glucose growth media that includes about
25 to about 100 g/ glucose. The recombinant yeast cells
may have a growth rate of about 0.225 hr™! in arabinose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.25 hr™' in arabinose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.275 hr™! in arabinose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.3 hr™! in arabinose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.325 hr™! in arabinose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.35 hr™* in arabinose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.375 hr™! in arab-
inose-glucose growth media that includes about 25 to about
100 g/ glucose. The recombinant yeast cells may have a
growth rate of about 0.4 hr™' in arabinose-glucose growth
media that includes about 25 to about 100 g/L. glucose. The
recombinant yeast cells may have a growth rate of about
0.425 hr™! in arabinose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.45 hr™* in arabinose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr™' in arabinose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about 0.5
hr~! in arabinose-glucose growth media that includes about
25 to about 100 g/ glucose. The recombinant yeast cells
may have a growth rate of about 0.525 hr™! in arabinose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.5 hr™* in arabinose-glucose growth media that
includes about 25 to about 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.575 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/, glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™! in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.65 hr™* in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.7 hr™' in
arabinose-glucose growth media that includes about 25 to
about 100 g/, glucose. The recombinant yeast cells may
have a growth rate of about 0.75 hr™! in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.8 hr™! in arabinose-glucose growth media that
includes about 25 to about 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.85 hr™*
in arabinose-glucose growth media that includes about 25 to
about 100 g/, glucose. The recombinant yeast cells may
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have a growth rate of about 0.9 hr™! in arabinose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr™* in arabinose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 1 hr™! in
arabinose-glucose growth media that includes about 25 to
about 100 g/LL glucose.

In embodiments, the growth rate of the recombinant yeast
cell in arabinose-glucose growth media is about 0.1x fold
greater than a wildtype yeast cell (i.e. a yeast cell without a
recombinant transporter protein described herein) in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.2x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.3x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.4x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.5x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.6x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.7x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.8x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 0.9x fold greater than a wildtype yeast cell in arab-
inose-glucose growth media. The growth rate of the recom-
binant yeast cell in arabinose-glucose growth media may be
about 1x fold greater than a wildtype yeast cell in arabinose-
glucose growth media.

The growth rate of the recombinant yeast cell in arab-
inose-glucose growth media may be about 2x fold greater
than a wildtype yeast cell in arabinose-glucose growth
media. The growth rate of the recombinant yeast cell in
arabinose-glucose growth media may be about 3x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 4x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 5x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 6x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 7x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 8x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 9x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell

10

15

20

25

30

35

40

45

55

60

54

in arabinose-glucose growth media may be about 10x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media.

The growth rate of the recombinant yeast cell in arab-
inose-glucose growth media may be about 11x fold greater
than a wildtype yeast cell in arabinose-glucose growth
media. The growth rate of the recombinant yeast cell in
arabinose-glucose growth media may be about 12x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 13x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 14x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 15x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 16x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 17x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 18x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 19x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media. The growth rate of the recombinant yeast cell
in arabinose-glucose growth media may be about 20x fold
greater than a wildtype yeast cell in arabinose-glucose
growth media.

In embodiments, the recombinant arabinose transporter
transports an arabinose compound into a recombinant yeast
in an arabinose-glucose growth media at a rate of about 5%
to about 150% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 140% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 5% to
about 130% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 120% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 5% to
about 110% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media.

The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 5% to about
100% of the rate the recombinant arabinose transporter
transports the arabinose compound into the recombinant
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yeast in an arabinose growth media. The recombinant ara-
binose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 90% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 5% to
about 80% of the rate the recombinant arabinose transporter
transports the arabinose compound into the recombinant
yeast in an arabinose growth media. The recombinant ara-
binose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 70% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 5% to
about 60% of the rate the recombinant arabinose transporter
transports the arabinose compound into the recombinant
yeast in an arabinose growth media. The recombinant ara-
binose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 50% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 5% to
about 40% of the rate the recombinant arabinose transporter
transports the arabinose compound into the recombinant
yeast in an arabinose growth media. The recombinant ara-
binose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 30% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 5% to
about 20% of the rate the recombinant arabinose transporter
transports the arabinose compound into the recombinant
yeast in an arabinose growth media. The recombinant ara-
binose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 5% to about 10% of the rate the
recombinant arabinose transporter transports the arabinose
compound into the recombinant yeast in an arabinose
growth media.

The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 5% of the rate
the recombinant arabinose transporter transports the arab-
inose compound into the recombinant yeast in an arabinose
growth media. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast in
an arabinose-glucose growth media at a rate of about 10% of
the rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast in an arabinose-glucose growth media at a rate
of about 20% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
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arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 30% of the rate the recombinant
arabinose transporter transports the arabinose compound
into the recombinant yeast in an arabinose growth media.
The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 40% of the
rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast in an arabinose-glucose growth media at a rate
of about 50% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 60% of the rate the recombinant
arabinose transporter transports the arabinose compound
into the recombinant yeast in an arabinose growth media.
The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 70% of the
rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast in an arabinose-glucose growth media at a rate
of about 80% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 90% of the rate the recombinant
arabinose transporter transports the arabinose compound
into the recombinant yeast in an arabinose growth media.
The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 100% of the
rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media.

The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 110% of the
rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast in an arabinose-glucose growth media at a rate
of about 120% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 130% of the rate the recombinant
arabinose transporter transports the arabinose compound
into the recombinant yeast in an arabinose growth media.
The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 140% of the
rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast in an arabinose-glucose growth media at a rate
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of about 150% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 160% of the rate the recombinant
arabinose transporter transports the arabinose compound
into the recombinant yeast in an arabinose growth media.
The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate of about 170% of the
rate the recombinant arabinose transporter transports the
arabinose compound into the recombinant yeast in an ara-
binose growth media. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast in an arabinose-glucose growth media at a rate
of about 180% of the rate the recombinant arabinose trans-
porter transports the arabinose compound into the recombi-
nant yeast in an arabinose growth media. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast in an arabinose-glucose growth
media at a rate of about 190% of the rate the recombinant
arabinose transporter transports the arabinose compound
into the recombinant yeast in an arabinose growth media.
The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast in an arab-
inose-glucose growth media at a rate about 200% of the rate
the recombinant arabinose transporter transports the arab-
inose compound into the recombinant yeast in an arabinose
growth media.

In embodiments, the arabinose growth media includes
arabinose at a concentration of about 0.05 g/L. to about 20
g/L. The arabinose growth media may include arabinose at
a concentration of about 0.05 g/LL to about 15 g/L.. The
arabinose growth media may include arabinose at a concen-
tration of about 0.05 g/L. to about 10 g/.. The arabinose
growth media may include arabinose at a concentration of
about 0.05 g/L. to about 5 g/I.. The arabinose growth media
may include arabinose at a concentration of about 0.05 g/L,
to about 4 g/[.. The arabinose growth media may include
arabinose at a concentration of about 0.05 g/L. to about 3 g/L..
The arabinose growth media may include arabinose at a
concentration of about 0.05 g/L. to about 2 g/I.. The arab-
inose growth media may include arabinose at a concentra-
tion of about 0.05 g/L. to about 1 g/L. The arabinose growth
media may include arabinose at a concentration of about
0.05 g/L to about 0.5 g/L. The arabinose growth media may
include arabinose at a concentration of about 0.05 g/L. to
about 0.1 g/L.

The arabinose growth media may include arabinose at a
concentration of about 0.05 g/[.. The arabinose growth
media may include arabinose at a concentration of about 0.1
g/L. The arabinose growth media may include arabinose at
a concentration of about 0.5 g/L.. The arabinose growth
media may include arabinose at a concentration of about 1
g/L. The arabinose growth media may include arabinose at
a concentration of about 2 g/L.. The arabinose growth media
may include arabinose at a concentration of about 3 g/I.. The
arabinose growth media may include arabinose at a concen-
tration of about 4 g/L.. The arabinose growth media may
include arabinose at a concentration of about 5 g/I.. The
arabinose growth media may include arabinose at a concen-
tration of about 10 g/L.. The arabinose growth media may
include arabinose at a concentration of about 15 g/I.. The
arabinose growth media may include arabinose at a concen-
tration of about 20 g/L..
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In embodiments, the arabinose growth media includes
arabinose at a concentration of about 0.05 g/L to about 300
g/L. The arabinose growth media may include arabinose at
a concentration of about 0.05 g/LL to about 250 g/I.. The
arabinose growth media may include arabinose at a concen-
tration of about 0.05 g/L. to about 200 g/I.. The arabinose
growth media may include arabinose at a concentration of
about 0.05 g/LL to about 150 g/I.. The arabinose growth
media may include arabinose at a concentration of about
0.05 g/L. to about 100 g/L.. The arabinose growth media may
include arabinose at a concentration of about 0.05 g/L. to
about 50 g/L.. The arabinose growth media may include
arabinose at a concentration of about 0.05 g/L. to about 25
g/L. The arabinose growth media may include arabinose at
a concentration of about 1 g/I. to about 300 g/I.. The
arabinose growth media may include arabinose at a concen-
tration of about 10 g/L. to about 300 g/I.. The arabinose
growth media may include arabinose at a concentration of
about 20 g/IL to about 300 g/L.. The arabinose growth media
may include arabinose at a concentration of about 30 g/L to
about 300 g/L.. The arabinose growth media may include
arabinose at a concentration of about 40 g/[. to about 300
g/L. The arabinose growth media may include arabinose at
a concentration of about 50 g/L to about 300 g/L.. The
arabinose growth media may include arabinose at a concen-
tration of about 75 g/L. to about 300 g/I.. The arabinose
growth media may include arabinose at a concentration of
about 100 g/L. to about 300 g/L.. The arabinose growth media
may include arabinose at a concentration of about 125 g/I,
to about 300 g/L.. The arabinose growth media may include
arabinose at a concentration of about 150 g/IL to about 300
g/L. The arabinose growth media may include arabinose at
a concentration of about 175 g/IL to about 300 g/l.. The
arabinose growth media may include arabinose at a concen-
tration of about 200 g/IL to about 300 g/L.. The arabinose
growth media may include arabinose at a concentration of
about 225 g/L. to about 300 g/L.. The arabinose growth media
may include arabinose at a concentration of about 250 g/L,
to about 300 g/L.. The arabinose growth media may include
arabinose at a concentration of about 275 g/IL to about 300
g/L.

In embodiments, the arabinose growth media includes
arabinose at a concentration of about 10 g/L to about 275
g/L. The arabinose growth media may include arabinose at
a concentration of about 10 g/LL to about 250 g/L.. The
arabinose growth media may include arabinose at a concen-
tration of about 10 g/L. to about 225 g/I.. The arabinose
growth media may include arabinose at a concentration of
about 10 g/IL to about 200 g/L.. The arabinose growth media
may include arabinose at a concentration of about 10 g/L to
about 175 g/L.. The arabinose growth media may include
arabinose at a concentration of about 10 g/L. to about 150
g/L. The arabinose growth media may include arabinose at
a concentration of about 10 g/LL to about 125 g/L.. The
arabinose growth media may include arabinose at a concen-
tration of about 10 g/L. to about 100 g/I.. The arabinose
growth media may include arabinose at a concentration of
about 10 g/L to about 75 g/L.. The arabinose growth media
may include arabinose at a concentration of about 10 g/L to
about 50 g/L.. The arabinose growth media may include
arabinose at a concentration of about 10 g/ to about 25 g/L..

The arabinose growth media may include arabinose at a
concentration of about 25 g/L.. The arabinose growth media
may include arabinose at a concentration of about 50 g/L..
The arabinose growth media may include arabinose at a
concentration of about 75 g/L.. The arabinose growth media
may include arabinose at a concentration of about 100 g/L..
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The arabinose growth media may include arabinose at a
concentration of about 125 g/I.. The arabinose growth media
may include arabinose at a concentration of about 150 g/L..
The arabinose growth media may include arabinose at a
concentration of about 175 g/L.. The arabinose growth media
may include arabinose at a concentration of about 200 g/L..
The arabinose growth media may include arabinose at a
concentration of about 225 g/I.. The arabinose growth media
may include arabinose at a concentration of about 250 g/L..
The arabinose growth media may include arabinose at a
concentration of about 275 g/L.. The arabinose growth media
may include arabinose at a concentration of about 300 g/L..

In embodiments, the arabinose-glucose growth media
includes arabinose at a concentration described herein for an
arabinose growth media. In embodiments, the arabinose-
glucose growth media includes glucose at a concentration of
about 0.05 g/L. to about 100 g/L.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 90 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 80 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 70 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 60 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 50 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 40 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/IL to about 30 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 0.05 g/L. to about 25 g/L.

The arabinose-glucose growth media may include glucose
at a concentration of about 25 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 30 g/I.. The arabinose-glucose growth media may
include glucose at a concentration of about 40 g/I.. The
arabinose-glucose growth media may include glucose at a
concentration of about 50 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 60 g/I.. The arabinose-glucose growth media may
include glucose at a concentration of about 70 g/L.. The
arabinose-glucose growth media may include glucose at a
concentration of about 80 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 90 g/I.. The arabinose-glucose growth media may
include glucose at a concentration of about 100 g/L..

In embodiments, the arabinose-glucose growth media
includes glucose at a concentration of about 0.05 g/L to
about 20 g/I.. The arabinose-glucose growth media may
include glucose at a concentration of about 0.05 g/L. to about
15 g/L.. The arabinose-glucose growth media may include
glucose at a concentration of about 0.05 g/ to about 10 g/L..
The arabinose-glucose growth media may include glucose at
a concentration of about 0.05 g/I. to about 5 g/L.. The
arabinose-glucose growth media may include glucose at a
concentration of about 0.05 g/L. to about 4 g/I.. The arab-
inose-glucose growth media may include glucose at a con-
centration of about 0.05 g/L to about 3 g/.. The arabinose-
glucose growth media may include glucose at a
concentration of about 0.05 g/L. to about 2 g/I.. The arab-
inose-glucose growth media may include glucose at a con-
centration of about 0.05 g/LL to about 1 g/L.. The arabinose-
glucose growth media may include glucose at a
concentration of about 0.05 g/L to about 0.5 g/I.. The
arabinose-glucose growth media may include glucose at a
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concentration of about 0.05 g/L to about 0.1 g/I.. The
arabinose-glucose growth media may include glucose at a
concentration of about 0.5 g/l.. The arabinose-glucose
growth media may include glucose at a concentration of
about 1 g/l.. The arabinose-glucose growth media may
include glucose at a concentration of about 2 g/L.. The
arabinose-glucose growth media may include glucose at a
concentration of about 3 g/L.. The arabinose-glucose growth
media may include glucose at a concentration of about 4 g/L..
The arabinose-glucose growth media may include glucose at
a concentration of about 5 g/I.. The arabinose-glucose
growth media may include glucose at a concentration of
about 10 g/l.. The arabinose-glucose growth media may
include glucose at a concentration of about 15 g/l.. The
arabinose-glucose growth media may include glucose at a
concentration of about 20 g/L..

3. Recombinant Yeast Cell Including a Recombinant
Galactose Transporter Protein

In another aspect is a recombinant yeast cell that includes
a recombinant galactose transporter protein as described
herein, including embodiments thereof. In embodiments, the
growth rate of the recombinant yeast cell including a recom-
binant transporter protein as described herein can be mea-
sured. The growth rate may be determined in galactose
growth media (i.e. in the absence of glucose). The growth
rate may be determined in galactose-glucose growth media.
In embodiments, the growth rates (i.e. growth rate in the
absence and presence of glucose) are compared to determine
the differential growth rate of the recombinant yeast cells. If
the growth rate of recombinant yeast cells grown in galac-
tose-glucose growth media is less than the growth rate of
recombinant yeast cells grown in galactose growth media,
the differential growth rate may indicate glucose inhibits the
activity of the recombinant galactose transporter protein. As
described herein, inclusion of a glucose mitigating mutation
decreases, minimizes, or may eliminate glucose inhibition
experienced by the recombinant galactose transporter pro-
tein.

In embodiments, the growth rate of the recombinant yeast
cell in a galactose-glucose growth media is about 5% to
about 150% of the growth rate of the recombinant yeast cell
in galactose growth media. The growth rate of the recom-
binant yeast cell in a galactose-glucose growth media may
be about 5% to about 140% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 5% to about 130% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 5% to
about 120% of the growth rate of the recombinant yeast cell
in galactose growth media. The growth rate of the recom-
binant yeast cell in a galactose-glucose growth media may
be about 5% to about 110% of the growth rate of the
recombinant yeast cell in galactose growth media.

The growth rate of the recombinant yeast cell in a
galactose-glucose growth media may be about 5% to about
100% of the growth rate of the recombinant yeast cell in
galactose growth media. The growth rate of the recombinant
yeast cell in a galactose-glucose growth media may be about
5% to about 90% of the growth rate of the recombinant yeast
cell in galactose growth media. The growth rate of the
recombinant yeast cell in a galactose-glucose growth media
may be about 5% to about 80% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 5% to about 70% of the
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growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 5% to
about 60% of the growth rate of the recombinant yeast cell
in galactose growth media. The growth rate of the recom-
binant yeast cell in a galactose-glucose growth media may
be about 5% to about 50% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 5% to about 40% of the
growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 5% to
about 30% of the growth rate of the recombinant yeast cell
in galactose growth media. The growth rate of the recom-
binant yeast cell in a galactose-glucose growth media may
be about 5% to about 20% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 5% to about 10% of the
growth rate of the recombinant yeast cell in galactose
growth media.

The growth rate of the recombinant yeast cell in a
galactose-glucose growth media may be about 10% to about
150% of the growth rate of the recombinant yeast cell in
galactose growth media. The growth rate of the recombinant
yeast cell in a galactose-glucose growth media may be about
10% to about 140% of the growth rate of the recombinant
yeast cell in galactose growth media. The growth rate of the
recombinant yeast cell in a galactose-glucose growth media
may be about 10% to about 130% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 10% to about 120% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 10% to
about 110% of the growth rate of the recombinant yeast cell
in galactose growth media.

The growth rate of the recombinant yeast cell in a
galactose-glucose growth media may be about 10% to about
100% of the growth rate of the recombinant yeast cell in
galactose growth media. The growth rate of the recombinant
yeast cell in a galactose-glucose growth media may be about
10% to about 90% of the growth rate of the recombinant
yeast cell in galactose growth media. The growth rate of the
recombinant yeast cell in a galactose-glucose growth media
may be about 10% to about 80% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 10% to about 70% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 10% to
about 60% of the growth rate of the recombinant yeast cell
in galactose growth media. The growth rate of the recom-
binant yeast cell in a galactose-glucose growth media may
be about 10% to about 50% of the growth rate of the
recombinant yeast cell in galactose growth media. The
growth rate of the recombinant yeast cell in a galactose-
glucose growth media may be about 10% to about 40% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 10% to
about 30% of the growth rate of the recombinant yeast cell
in galactose growth media. The growth rate of the recom-
binant yeast cell in a galactose-glucose growth media may
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be about 10% to about 20% of the growth rate of the
recombinant yeast cell in galactose growth media.

The growth rate of the recombinant yeast cell in a
galactose-glucose growth media may be about 5% of the
growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 10% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 20% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 30% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 40% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 50% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 60% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 70% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 80% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 90% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 100% of
the growth rate of the recombinant yeast cell in galactose
growth media.

The growth rate of the recombinant yeast cell in a
galactose-glucose growth media may be about 110% of the
growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 120% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 130% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 140% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 150% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 160% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 170% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 180% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 190% of
the growth rate of the recombinant yeast cell in galactose
growth media. The growth rate of the recombinant yeast cell
in a galactose-glucose growth media may be about 200% of
the growth rate of the recombinant yeast cell in galactose
growth media.
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In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™" in galactose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.0075 hr~! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.01 hr™* in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™! in galactose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L. glucose. The
recombinant yeast cells may have a growth rate of about
0.015 hr™! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.0175 hr™* in
galactose-glucose growth media that includes about 2.5, 5,
10, or 20 g/L. glucose. The recombinant yeast cells may have
a growth rate of about 0.02 hr™" in galactose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.0225 hr™! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.025 hr™" in galac-
tose-glucose growth media that includes about 2.5, 5, 10, or
20 g/L. glucose. The recombinant yeast cells may have a
growth rate of about 0.0275 hr™! in galactose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.03 hr™! in galactose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0325 hr™*
in galactose-glucose growth media that includes about 2.5,
5, 10, or 20 g/L glucose. The recombinant yeast cells may
have a growth rate of about 0.035 hr™! in galactose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.0375 hr™! in galactose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.04 hr™*
in galactose-glucose growth media that includes about 2.5,
5, 10, or 20 g/L glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™! in galactose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.045 hr™'. The recombinant yeast cells may have
a growth rate of about 0.0475 hr™' in galactose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.05 hr™* in galactose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™' in galactose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.125 hr™! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.15 hr™* in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™" in galactose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L. glucose. The
recombinant yeast cells may have a growth rate of about 0.2
hr! in galactose-glucose growth media that includes about
2.5, 5, 10, or 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.225 hr™! in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
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rate of about 0.25 hr™! in galactose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about
0.275 hr™! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.3 hr™* in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.325 hr™! in galactose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about
0.35 hr™! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.375 hr™" in galac-
tose-glucose growth media that includes about 2.5, 5, 10, or
20 g/L. glucose. The recombinant yeast cells may have a
growth rate of about 0.4 hr™! in galactose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.425 hr™! in galactose-glucose growth media that includes
about 2.5, 5, 10, or 20 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.45 hr™' in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr! in galactose-glucose growth media
that includes about 2.5, 5, 10, or 20 g/L glucose. The
recombinant yeast cells may have a growth rate of about 0.5
hr! in galactose-glucose growth media that includes about
2.5, 5, 10, or 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.525 hr™' in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.5 hr~! in galactose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.575 hr™*
in galactose-glucose growth media that includes about 2.5,
5, 10, or 20 g/LL glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™* in galactose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose. The recombinant yeast cells may have a growth rate
of about 0.65 hr™' in galactose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.7 hr™' in
galactose-glucose growth media that includes about 2.5, 5,
10, or 20 g/LL glucose. The recombinant yeast cells may have
a growth rate of about 0.75 hr™" in galactose-glucose growth
media that includes about 2.5, 5, 10, or 20 g/LL glucose. The
recombinant yeast cells may have a growth rate of about 0.8
hr! in galactose-glucose growth media that includes about
2.5, 5, 10, or 20 g/LL glucose. The recombinant yeast cells
may have a growth rate of about 0.85 hr! in galactose-
glucose growth media that includes about 2.5, 5, 10, or 20
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.9 hr~! in galactose-glucose growth media that
includes about 2.5, 5, 10, or 20 g/LL glucose. The recombi-
nant yeast cells may have a growth rate of about 0.95 hr™*
in galactose-glucose growth media that includes about 2.5,
5, 10, or 20 g/LL glucose. The recombinant yeast cells may
have a growth rate of about 1 hr™! in galactose-glucose
growth media that includes about 2.5, 5, 10, or 20 g/L.
glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.005 hr™! in galactose-glucose growth
media that includes about 25 to about 100 g/L. glucose. The
recombinant yeast cells may have a growth rate of about
0.0075 hr™! in galactose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
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cells may have a growth rate of about 0.01 hr™* in galactose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.0125 hr™! in galactose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.015 hr™! in galactose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.0175 hr' in
galactose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.02 hr~! in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.0225 hr™! in galactose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.025 hr™*
in galactose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.0275 hr™! in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.03 hr™* in galactose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.0325 hr™*
in galactose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.035 hr™! in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.0375 hr™! in galactose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.04 hr™*
in galactose-glucose growth media that includes about 25 to
about 100 g/l glucose. The recombinant yeast cells may
have a growth rate of about 0.0425 hr™! in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.045 hr™!. The recombinant yeast cells may have
a growth rate of about 0.0475 hr™' in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.05 hr™! in galactose-glucose growth media that
includes about 25 to about 100 g/L. glucose.

In embodiments, the recombinant yeast cells have a
growth rate of about 0.1 hr™! in galactose-glucose growth
media that includes about 25 to about 100 g/LL glucose. The
recombinant yeast cells may have a growth rate of about
0.125 hr™! in galactose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.15 hr™* in galactose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.175 hr™" in galactose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about 0.2
hr™! in galactose-glucose growth media that includes about
25 to about 100 g/, glucose. The recombinant yeast cells
may have a growth rate of about 0.225 hr™' in galactose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.25 hr™! in galactose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.275 hr™! in galactose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.3 hr™! in galactose-
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glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.325 hr™! in galactose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about
0.35 hr™! in galactose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.375 hr™" in galac-
tose-glucose growth media that includes about 25 to about
100 g/ glucose. The recombinant yeast cells may have a
growth rate of about 0.4 hr™! in galactose-glucose growth
media that includes about 25 to about 100 g/L. glucose. The
recombinant yeast cells may have a growth rate of about
0.425 hr™! in galactose-glucose growth media that includes
about 25 to about 100 g/L. glucose. The recombinant yeast
cells may have a growth rate of about 0.45 hr™* in galactose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.475 hr™! in galactose-glucose growth media
that includes about 25 to about 100 g/I. glucose. The
recombinant yeast cells may have a growth rate of about 0.5
hr™! in galactose-glucose growth media that includes about
25 to about 100 g/ glucose. The recombinant yeast cells
may have a growth rate of about 0.525 hr™! in galactose-
glucose growth media that includes about 25 to about 100
g/L glucose. The recombinant yeast cells may have a growth
rate of about 0.5 hr™" in galactose-glucose growth media that
includes about 25 to about 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.575 hr™*
in galactose-glucose growth media that includes about 25 to
about 100 g/, glucose. The recombinant yeast cells may
have a growth rate of about 0.6 hr™* in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.65 hr™! in galactose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 0.7 hr™' in
galactose-glucose growth media that includes about 25 to
about 100 g/, glucose. The recombinant yeast cells may
have a growth rate of about 0.75 hr™! in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.8 hr! in galactose-glucose growth media that
includes about 25 to about 100 g/L. glucose. The recombi-
nant yeast cells may have a growth rate of about 0.85 hr™*
in galactose-glucose growth media that includes about 25 to
about 100 g/, glucose. The recombinant yeast cells may
have a growth rate of about 0.9 hr™* in galactose-glucose
growth media that includes about 25 to about 100 g/l
glucose. The recombinant yeast cells may have a growth rate
of about 0.95 hr™' in galactose-glucose growth media that
includes about 25 to about 100 g/, glucose. The recombi-
nant yeast cells may have a growth rate of about 1 hr™! in
galactose-glucose growth media that includes about 25 to
about 100 g/LL glucose.

In embodiments, the growth rate of the recombinant yeast
cell in galactose-glucose growth media is about 0.1x fold
greater than a wildtype yeast cell (i.e. a yeast cell without a
recombinant transporter protein described herein) in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.2x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.3x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
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about 0.4x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.5x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.6x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.7x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.8x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 0.9x fold greater than a wildtype yeast cell in galac-
tose-glucose growth media. The growth rate of the recom-
binant yeast cell in galactose-glucose growth media may be
about 1x fold greater than a wildtype yeast cell in galactose-
glucose growth media.

The growth rate of the recombinant yeast cell in galac-
tose-glucose growth media may be about 2x fold greater
than a wildtype yeast cell in galactose-glucose growth
media. The growth rate of the recombinant yeast cell in
galactose-glucose growth media may be about 3x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 4x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 5x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 6x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 7x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 8x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 9x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 10x fold
greater than a wildtype yeast cell in galactose-glucose
growth media.

The growth rate of the recombinant yeast cell in galac-
tose-glucose growth media may be about 11x fold greater
than a wildtype yeast cell in galactose-glucose growth
media. The growth rate of the recombinant yeast cell in
galactose-glucose growth media may be about 12x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 13x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 14x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 15x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 16x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
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in galactose-glucose growth media may be about 17x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 18x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 19x fold
greater than a wildtype yeast cell in galactose-glucose
growth media. The growth rate of the recombinant yeast cell
in galactose-glucose growth media may be about 20x fold
greater than a wildtype yeast cell in galactose-glucose
growth media.

In embodiments, the recombinant galactose transporter
transports an galactose compound into a recombinant yeast
in a galactose-glucose growth media at a rate of about 5% to
about 150% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media. The recombinant galac-
tose transporter may transport an galactose compound into a
recombinant yeast in a galactose-glucose growth media at a
rate of about 5% to about 140% of the rate the recombinant
galactose transporter transports the galactose compound into
the recombinant yeast in a galactose growth media. The
recombinant galactose transporter may transport an galac-
tose compound into a recombinant yeast in a galactose-
glucose growth media at a rate of about 5% to about 130%
of the rate the recombinant galactose transporter transports
the galactose compound into the recombinant yeast in a
galactose growth media. The recombinant galactose trans-
porter may transport an galactose compound into a recom-
binant yeast in a galactose-glucose growth media at a rate of
about 5% to about 120% of the rate the recombinant
galactose transporter transports the galactose compound into
the recombinant yeast in a galactose growth media. The
recombinant galactose transporter may transport an galac-
tose compound into a recombinant yeast in a galactose-
glucose growth media at a rate of about 5% to about 110%
of the rate the recombinant galactose transporter transports
the galactose compound into the recombinant yeast in a
galactose growth media.

The recombinant galactose transporter may transport an
galactose compound into a recombinant yeast in a galactose-
glucose growth media at a rate of about 5% to about 100%
of the rate the recombinant galactose transporter transports
the galactose compound into the recombinant yeast in a
galactose growth media. The recombinant galactose trans-
porter may transport an galactose compound into a recom-
binant yeast in a galactose-glucose growth media at a rate of
about 5% to about 90% of the rate the recombinant galactose
transporter transports the galactose compound into the
recombinant yeast in a galactose growth media. The recom-
binant galactose transporter may transport an galactose
compound into a recombinant yeast in a galactose-glucose
growth media at a rate of about 5% to about 80% of the rate
the recombinant galactose transporter transports the galac-
tose compound into the recombinant yeast in a galactose
growth media. The recombinant galactose transporter may
transport an galactose compound into a recombinant yeast in
a galactose-glucose growth media at a rate of about 5% to
about 70% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media. The recombinant galac-
tose transporter may transport an galactose compound into a
recombinant yeast in a galactose-glucose growth media at a
rate of about 5% to about 60% of the rate the recombinant
galactose transporter transports the galactose compound into
the recombinant yeast in a galactose growth media. The
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recombinant galactose transporter may transport an galac-
tose compound into a recombinant yeast in a galactose-
glucose growth media at a rate of about 5% to about 50% of
the rate the recombinant galactose transporter transports the
galactose compound into the recombinant yeast in a galac-
tose growth media. The recombinant galactose transporter
may transport an galactose compound into a recombinant
yeast in a galactose-glucose growth media at a rate of about
5% to about 40% of the rate the recombinant galactose
transporter transports the galactose compound into the
recombinant yeast in a galactose growth media. The recom-
binant galactose transporter may transport an galactose
compound into a recombinant yeast in a galactose-glucose
growth media at a rate of about 5% to about 30% of the rate
the recombinant galactose transporter transports the galac-
tose compound into the recombinant yeast in a galactose
growth media. The recombinant galactose transporter may
transport an galactose compound into a recombinant yeast in
a galactose-glucose growth media at a rate of about 5% to
about 20% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media. The recombinant galac-
tose transporter may transport an galactose compound into a
recombinant yeast in a galactose-glucose growth media at a
rate of about 5% to about 10% of the rate the recombinant
galactose transporter transports the galactose compound into
the recombinant yeast in a galactose growth media.

The recombinant galactose transporter may transport an
galactose compound into a recombinant yeast in a galactose-
glucose growth media at a rate of about 5% of the rate the
recombinant galactose transporter transports the galactose
compound into the recombinant yeast in a galactose growth
media. The recombinant galactose transporter may transport
an galactose compound into a recombinant yeast in a galac-
tose-glucose growth media at a rate of about 10% of the rate
the recombinant galactose transporter transports the galac-
tose compound into the recombinant yeast in a galactose
growth media. The recombinant galactose transporter may
transport an galactose compound into a recombinant yeast in
a galactose-glucose growth media at a rate of about 20% of
the rate the recombinant galactose transporter transports the
galactose compound into the recombinant yeast in a galac-
tose growth media. The recombinant galactose transporter
may transport an galactose compound into a recombinant
yeast in a galactose-glucose growth media at a rate of about
30% of the rate the recombinant galactose transporter trans-
ports the galactose compound into the recombinant yeast in
a galactose growth media. The recombinant galactose trans-
porter may transport an galactose compound into a recom-
binant yeast in a galactose-glucose growth media at a rate of
about 40% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media. The recombinant galac-
tose transporter may transport an galactose compound into a
recombinant yeast in a galactose-glucose growth media at a
rate of about 50% of the rate the recombinant galactose
transporter transports the galactose compound into the
recombinant yeast in a galactose growth media. The recom-
binant galactose transporter may transport an galactose
compound into a recombinant yeast in a galactose-glucose
growth media at a rate of about 60% of the rate the
recombinant galactose transporter transports the galactose
compound into the recombinant yeast in a galactose growth
media. The recombinant galactose transporter may transport
an galactose compound into a recombinant yeast in a galac-
tose-glucose growth media at a rate of about 70% of the rate
the recombinant galactose transporter transports the galac-
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tose compound into the recombinant yeast in a galactose
growth media. The recombinant galactose transporter may
transport an galactose compound into a recombinant yeast in
a galactose-glucose growth media at a rate of about 80% of
the rate the recombinant galactose transporter transports the
galactose compound into the recombinant yeast in a galac-
tose growth media. The recombinant galactose transporter
may transport an galactose compound into a recombinant
yeast in a galactose-glucose growth media at a rate of about
90% of the rate the recombinant galactose transporter trans-
ports the galactose compound into the recombinant yeast in
a galactose growth media. The recombinant galactose trans-
porter may transport an galactose compound into a recom-
binant yeast in a galactose-glucose growth media at a rate of
about 100% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media.

The recombinant galactose transporter may transport an
galactose compound into a recombinant yeast in a galactose-
glucose growth media at a rate of about 110% of the rate the
recombinant galactose transporter transports the galactose
compound into the recombinant yeast in a galactose growth
media. The recombinant galactose transporter may transport
an galactose compound into a recombinant yeast in a galac-
tose-glucose growth media at a rate of about 120% of the
rate the recombinant galactose transporter transports the
galactose compound into the recombinant yeast in a galac-
tose growth media. The recombinant galactose transporter
may transport an galactose compound into a recombinant
yeast in a galactose-glucose growth media at a rate of about
130% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media. The recombinant galac-
tose transporter may transport an galactose compound into a
recombinant yeast in a galactose-glucose growth media at a
rate of about 140% of the rate the recombinant galactose
transporter transports the galactose compound into the
recombinant yeast in a galactose growth media. The recom-
binant galactose transporter may transport an galactose
compound into a recombinant yeast in a galactose-glucose
growth media at a rate of about 150% of the rate the
recombinant galactose transporter transports the galactose
compound into the recombinant yeast in a galactose growth
media. The recombinant galactose transporter may transport
an galactose compound into a recombinant yeast in a galac-
tose-glucose growth media at a rate of about 160% of the
rate the recombinant galactose transporter transports the
galactose compound into the recombinant yeast in a galac-
tose growth media. The recombinant galactose transporter
may transport an galactose compound into a recombinant
yeast in a galactose-glucose growth media at a rate of about
170% of the rate the recombinant galactose transporter
transports the galactose compound into the recombinant
yeast in a galactose growth media. The recombinant galac-
tose transporter may transport an galactose compound into a
recombinant yeast in a galactose-glucose growth media at a
rate of about 180% of the rate the recombinant galactose
transporter transports the galactose compound into the
recombinant yeast in a galactose growth media. The recom-
binant galactose transporter may transport an galactose
compound into a recombinant yeast in a galactose-glucose
growth media at a rate of about 190% of the rate the
recombinant galactose transporter transports the galactose
compound into the recombinant yeast in a galactose growth
media. The recombinant galactose transporter may transport
an galactose compound into a recombinant yeast in a galac-
tose-glucose growth media at a rate about 200% of the rate
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the recombinant galactose transporter transports the galac-
tose compound into the recombinant yeast in a galactose
growth media.

In embodiments, the galactose growth media includes
galactose a concentration of about 0.05 g/L to about 20 g/L..
The galactose growth media may include galactose a con-
centration of about 0.05 g/L to about 15 g/L.. The galactose
growth media may include galactose a concentration of
about 0.05 g/L to about 10 g/L.. The galactose growth media
may include galactose a concentration of about 0.05 g/L to
about 5 g/I.. The galactose growth media may include
galactose a concentration of about 0.05 g/IL to about 4 g/L..
The galactose growth media may include galactose a con-
centration of about 0.05 g/IL to about 3 g/L.. The galactose
growth media may include galactose a concentration of
about 0.05 g/LL to about 2 g/.. The galactose growth media
may include galactose a concentration of about 0.05 g/L to
about 1 g/I.. The galactose growth media may include
galactose a concentration of about 0.05 g/L to about 0.5 g/L..
The galactose growth media may include galactose a con-
centration of about 0.05 g/L to about 0.1 g/L..

The galactose growth media may include galactose a
concentration of about 0.05 g/I.. The galactose growth
media may include galactose a concentration of about 0.1
g/L. The galactose growth media may include galactose a
concentration of about 0.5 g/L.. The galactose growth media
may include galactose a concentration of about 1 g/L.. The
galactose growth media may include galactose a concentra-
tion of about 2 g/L.. The galactose growth media may include
galactose a concentration of about 3 g/I.. The galactose
growth media may include galactose a concentration of
about 4 g/I.. The galactose growth media may include
galactose a concentration of about 5 g/I.. The galactose
growth media may include galactose a concentration of
about 10 g/L.. The galactose growth media may include
galactose a concentration of about 15 g/I.. The galactose
growth media may include galactose a concentration of
about 20 g/L..

In embodiments, the galactose growth media includes
galactose a concentration of about 0.05 g/I.to about 300 g/L..
The galactose growth media may include galactose a con-
centration of about 0.05 g/L. to about 250 g/L.. The galactose
growth media may include galactose a concentration of
about 0.05 g/I_to about 200 g/L.. The galactose growth media
may include galactose a concentration of about 0.05 g/L to
about 150 g/L.. The galactose growth media may include
galactose a concentration of about 0.05 g/I.to about 100 g/L..
The galactose growth media may include galactose a con-
centration of about 0.05 g/L to about 50 g/L.. The galactose
growth media may include galactose a concentration of
about 0.05 g/L to about 25 g/L.. The galactose growth media
may include galactose a concentration of about 1 g/L. to
about 300 g/L.. The galactose growth media may include
galactose a concentration of about 10 g/LL to about 300 g/L..
The galactose growth media may include galactose a con-
centration of about 20 g/L. to about 300 g/L.. The galactose
growth media may include galactose a concentration of
about 30 g/L. to about 300 g/L.. The galactose growth media
may include galactose a concentration of about 40 g/L, to
about 300 g/L.. The galactose growth media may include
galactose a concentration of about 50 g/LL to about 300 g/L..
The galactose growth media may include galactose a con-
centration of about 75 g/L. to about 300 g/L.. The galactose
growth media may include galactose a concentration of
about 100 g/L to about 300 g/L. The galactose growth media
may include galactose a concentration of about 125 g/L. to
about 300 g/L.. The galactose growth media may include
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galactose a concentration of about 150 g/L. to about 300 g/L..
The galactose growth media may include galactose a con-
centration of about 175 g/L to about 300 g/L. The galactose
growth media may include galactose a concentration of
about 200 g/L. to about 300 g/L. The galactose growth media
may include galactose a concentration of about 225 g/L. to
about 300 g/L.. The galactose growth media may include
galactose a concentration of about 250 g/L. to about 300 g/L..
The galactose growth media may include galactose a con-
centration of about 275 g/L. to about 300 g/L..

In embodiments, the galactose growth media includes
galactose a concentration of about 10 g/LL to about 275 g/L..
The galactose growth media may include galactose a con-
centration of about 10 g/L. to about 250 g/I.. The galactose
growth media may include galactose a concentration of
about 10 g/L to about 225 g/L.. The galactose growth media
may include galactose a concentration of about 10 g/LL to
about 200 g/L.. The galactose growth media may include
galactose a concentration of about 10 g/LL to about 175 g/L..
The galactose growth media may include galactose a con-
centration of about 10 g/L. to about 150 g/I.. The galactose
growth media may include galactose a concentration of
about 10 g/L to about 125 g/L.. The galactose growth media
may include galactose a concentration of about 10 g/LL to
about 100 g/L.. The galactose growth media may include
galactose a concentration of about 10 g/L. to about 75 g/L.
The galactose growth media may include galactose a con-
centration of about 10 g/IL to about 50 g/L.. The galactose
growth media may include galactose a concentration of
about 10 g/L to about 25 g/L..

The galactose growth media may include galactose a
concentration of about 25 g/I.. The galactose growth media
may include galactose a concentration of about 50 g/L.. The
galactose growth media may include galactose a concentra-
tion of about 75 g/L.. The galactose growth media may
include galactose a concentration of about 100 g/L.. The
galactose growth media may include galactose a concentra-
tion of about 125 g/L.. The galactose growth media may
include galactose a concentration of about 150 g/L.. The
galactose growth media may include galactose a concentra-
tion of about 175 g/L.. The galactose growth media may
include galactose a concentration of about 200 g/L.. The
galactose growth media may include galactose a concentra-
tion of about 225 g/l.. The galactose growth media may
include galactose a concentration of about 250 g/L.. The
galactose growth media may include galactose a concentra-
tion of about 275 g/L.. The galactose growth media may
include galactose a concentration of about 300 g/L..

In embodiments, the galactose-glucose growth media
includes galactose at a concentration as described herein for
a galactose growth media. In embodiments, the galactose-
glucose growth media includes glucose at a concentration of
about 0.05 g/ to about 100 g/I.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 90 g/I.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 80 g/.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 70 g/.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 60 g/.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 50 g/I.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 40 g/I.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.05 g/I to about 30 g/l.. The galactose-glucose
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growth media may include glucose at a concentration of
about 0.05 g/L. to about 25 g/L.

The galactose-glucose growth media may include glucose
at a concentration of about 25 g/I.. The galactose-glucose
growth media may include glucose at a concentration of
about 30 g/L.. The galactose-glucose growth media may
include glucose at a concentration of about 40 g/I.. The
galactose-glucose growth media may include glucose at a
concentration of about 50 g/l.. The galactose-glucose
growth media may include glucose at a concentration of
about 60 g/L.. The galactose-glucose growth media may
include glucose at a concentration of about 70 g/L.. The
galactose-glucose growth media may include glucose at a
concentration of about 80 g/l.. The galactose-glucose
growth media may include glucose at a concentration of
about 90 g/L.. The galactose-glucose growth media may
include glucose at a concentration of about 100 g/L..

In embodiments, the galactose-glucose growth media
includes glucose at a concentration of about 0.05 g/L to
about 20 g/L.. The galactose-glucose growth media may
include glucose at a concentration of about 0.05 g/L. to about
15 g/L.. The galactose-glucose growth media may include
glucose at a concentration of about 0.05 g/ to about 10 g/L..
The galactose-glucose growth media may include glucose at
a concentration of about 0.05 g/I. to about 5 g/L.. The
galactose-glucose growth media may include glucose at a
concentration of about 0.05 g/L. to about 4 g/L.. The galac-
tose-glucose growth media may include glucose at a con-
centration of about 0.05 g/L. to about 3 g/L.. The galactose-
glucose growth media may include glucose at a
concentration of about 0.05 g/L. to about 2 g/L.. The galac-
tose-glucose growth media may include glucose at a con-
centration of about 0.05 g/L. to about 1 g/L.. The galactose-
glucose growth media may include glucose at a
concentration of about 0.05 g/L to about 0.5 g/I.. The
galactose-glucose growth media may include glucose at a
concentration of about 0.05 g/L to about 0.1 g/I.. The
galactose-glucose growth media may include glucose at a
concentration of about 0.05 g/[.. The galactose-glucose
growth media may include glucose at a concentration of
about 0.1 g/L.. The galactose-glucose growth media may
include glucose at a concentration of about 0.5 g/I.. The
galactose-glucose growth media may include glucose at a
concentration of about 1 g/L.. The galactose-glucose growth
media may include glucose at a concentration of about 2 g/L..
The galactose-glucose growth media may include glucose at
a concentration of about 3 g/I.. The galactose-glucose
growth media may include glucose at a concentration of
about 4 g/I.. The galactose-glucose growth media may
include glucose at a concentration of about 5 g/L.. The
galactose-glucose growth media may include glucose at a
concentration of about 10 g/l.. The galactose-glucose
growth media may include glucose at a concentration of
about 15 g/L.. The galactose-glucose growth media may
include glucose at a concentration of about 20 g/L..

IV. Methods

Also provided herein are methods of transporting xylose
into a recombinant yeast cell. In one aspect, the method
includes contacting a recombinant yeast cell with a xylose
compound described herein, where the recombinant yeast
cell includes a recombinant xylose transporter protein as
described herein, including embodiments thereof. The
recombinant xylose transporter protein transports the xylose
compound into the recombinant yeast cell. In embodiments,
the only sugar (i.e. carbon source) present is a xylose
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compound. The recombinant xylose transporter protein is as
described herein, including embodiments thereof. By exten-
sion, the xylose transporter motif sequence and the glucose
mitigation mutation are as described herein, including
embodiments thereof.

In another aspect, the method includes contacting a
recombinant yeast cell with a xylose compound, where the
xylose compound is the only sugar (i.e. carbon source) in the
media, and where the recombinant yeast cell includes a
recombinant xylose transporter protein as described herein,
including embodiments thereof.

1. Transporting Xylose into a Recombinant Yeast Cell

The xylose compound may be derived from lignocellu-
losic biomass, hemicellulose, or xylan. Thus, in embodi-
ments, the xylose compound is not the only sugar (i.e.
carbon source) present. The xylose compound may be
derived from lignocellulosic biomass. The xylose compound
may be derived from hemicellulose. The xylose compound
may be derived from xylan. In embodiments, the recombi-
nant yeast cell metabolizes the xylose compound. The
xylose compound may be present at a concentration as
described hereinabove for the “xylose growth media”. In
embodiments, the recombinant yeast cell converts the xylose
compound to a biofuel as described herein (e.g. ethanol) or
to a biochemical as described herein. The recombinant yeast
cell may convert the xylose compound to a biofuel as
described herein (e.g. ethanol). The recombinant yeast cell
may convert the xylose compound to a biochemical as
described herein. In embodiments, the only sugar (i.e. car-
bon source) available is the xylose compound.

In embodiments, the recombinant xylose transporter
transports a xylose compound into a recombinant yeast cell
in a xylose-glucose growth media at a rate of at least 1 nmol
min™' gDCW~! to 15 nmol min™' gDCW~'. The term
“gDCW?” provided herein is well known in the art and refers
to gram dry cell weight. The recombinant xylose transporter
may transport a xylose compound into a recombinant yeast
cell in a xylose-glucose growth media at a rate of at least 2
nmol min~' gDCW™ to 15 nmol min™' gDCW~'. The
recombinant xylose transporter may transport a xylose com-
pound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 3 nmol min™* gDCW~! to
15 nmol min™' gDCW~!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 4 nmol min~! gDCW~" to 15 nmol min~* gDCW~!. The
recombinant xylose transporter may transport a xylose com-
pound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 5 nmol min™* gDCW~! to
15 nmol min™' gDCW~!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 6 nmol min~! gDCW~ to 15 nmol min~* gDCW~!. The
recombinant xylose transporter may transport a xylose com-
pound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 7 nmol min~* gDCW~! to
15 nmol min™' gDCW~!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 8 nmol min~! gDCW~ to 15 nmol min~* gDCW~!. The
recombinant xylose transporter may transport a xylose com-
pound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 9 nmol min™* gDCW~! to
15 nmol min™' gDCW~!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 10 nmol min~' gDCW™ to 15 nmol min™' gDCW™'.
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The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 11 nmol min~* gDCW™*
15 nmol min™' gDCW~!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 12 nmol min~' gDCW~! to 15 nmol min~! gDCW™.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 13 nmol min~* gDCW™*
15 nmol min™' gDCW~!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 14 nmol min~* gDCW~" to 15 nmol min~* gDCW~".

The recombinant xylose transporter may transport a
xylose compound into a recombinant yeast cell in a xylose-
glucose growth media at a rate of at least 1 nmol min~"
gDCW™'. The recombinant xylose transporter may transport
a xylose compound into a recombinant yeast cell in a
xylose-glucose growth media at a rate of at least 2 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 3 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 4 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 5 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 6 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 7 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 8 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 9 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 10 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 11 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 12 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 13 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 14 nmol

! ¢DCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 15 nmol
min~' gDCW.

In embodiments, the recombinant xylose transporter
transports a xylose compound into a recombinant yeast cell
in a xylose-glucose growth media at a rate of at least 1 nmol
min~' gDCW~! to 50 nmol min~" gDCW~". The recombi-
nant xylose transporter may transport a xylose compound
into a recombinant yeast cell in a xylose-glucose growth
media at a rate of at least 2.5 nmol min~' gDCW™ to 50
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nmol min~! gDCW~". The recombinant xylose transporter
may transport a xylose compound into a recombinant yeast
cell in a xylose-glucose growth media at a rate of at least 5
nmol min~' gDCW™ to 50 nmol min™' gDCW~'. The
recombinant xylose transporter may transport a xylose com-
pound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 10 nmol min~" gDCW~" to
50 nmol min~' gDCW~'. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 12 nmol min~' gDCW™ to 50 nmol min~' gDCW™'.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 15 nmol min~" gDCW~" to
50 nmol min~' gDCW~'. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 20 nmol min~' gDCW™ to 50 nmol min~' gDCW™'.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 25 nmol min~" gDCW~" to
50 nmol min~' gDCW~'. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 30 nmol min~' gDCW™ to 50 nmol min~' gDCW™'.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 35 nmol min~" gDCW~" to
50 nmol min~' gDCW~'. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 40 nmol min~' gDCW™ to 50 nmol min~' gDCW™'.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 45 nmol min~" gDCW~" to
50 nmol min~" gDCW'.

The recombinant xylose transporter may transport a
xylose compound into a recombinant yeast cell in a xylose-
glucose growth media at a rate of at least 2.5 nmol min~"
gDCW~, The recombinant xylose transporter may transport
a xylose compound into a recombinant yeast cell in a
xylose glucose growth media at a rate of at least 17 nmol

! ¢DCW™!. The recombinant xylose transporter may
transport axylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 18 nmol

! ¢DCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose glucose growth media at a rate of at least 19 nmol

! ¢DCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 20 nmol

! ¢DCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 22 nmol
gDCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 25 nmol

! ¢DCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 30 nmol
min~' gDCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 35 nmol

! ¢DCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 40 nmol

! ¢DCW™!. The recombinant xylose transporter may
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transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 45 nmol
min' gDCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 50 nmol
min~' gDCW.

In embodiments, the recombinant xylose transporter
transports a xylose compound into a recombinant yeast cell
in a xylose-glucose growth media at a rate of at least 10 nmol
min~' gDCW~! to 150 nmol min~' gDCW~. The recombi-
nant xylose transporter may transport a xylose compound
into a recombinant yeast cell in a xylose-glucose growth
media at a rate of at least 20 nmol min~' gDCW~! to 150
nmol min~! gDCW~!. The recombinant xylose transporter
may transport a xylose compound into a recombinant yeast
cell in a xylose-glucose growth media at a rate of at least 30
nmol min~! gDCW™ to 150 nmol min~* gDCW~'. The
recombinant xylose transporter may transport a xylose com-
pound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 40 nmol min~" gDCW~" to
150 nmol min~' gDCW-!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 50 nmol min~' gDCW~' to 150 nmol min~* gDCW™!.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 60 nmol min~" gDCW~" to
150 nmol min~' gDCW-!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 70 nmol min~' gDCW~' to 150 nmol min~" gDCW™'.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 80 nmol min~" gDCW™" to
150 nmol min~' gDCW-!. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 90 nmol min~' gDCW~! to 150 nmol min~" gDCW™!.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 100 nmol min~* gDCW~!
to 150 nmol min~' gDCW~. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 110 nmol min~! gDCW~ to 150 nmol min~! gDCW~.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 120 nmol min~ gDCW~!
to 150 nmol min~' gDCW~. The recombinant xylose trans-
porter may transport a xylose compound into a recombinant
yeast cell in a xylose-glucose growth media at a rate of at
least 130 nmol min~' gDCW~! to 150 nmol min~! gDCW™.
The recombinant xylose transporter may transport a xylose
compound into a recombinant yeast cell in a xylose-glucose
growth media at a rate of at least 140 nmol min~* gDCW~!
to 150 nmol min~* gDCW~*,

The recombinant xylose transporter may transport a
xylose compound into a recombinant yeast cell in a xylose-
glucose growth media at a rate of at least 60 nmol min~*
gDCW™'. The recombinant xylose transporter may transport
a xylose compound into a recombinant yeast cell in a
xylose-glucose growth media at a rate of at least 70 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 80 nmol
min~' gDCW~!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
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a xylose-glucose growth media at a rate of at least 90 nmol
min~' gDCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 100 nmol
min~' gDCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 110 nmol
min~' gDCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 120 nmol
min~' gDCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 130 nmol
min~' gDCW™!. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 140 nmol
min~' gDCW™'. The recombinant xylose transporter may
transport a xylose compound into a recombinant yeast cell in
a xylose-glucose growth media at a rate of at least 150 nmol
min~' gDCWL.

2. Transporting Arabinose into a Recombinant Yeast Cell

Also provided herein are methods of transporting arab-
inose into a recombinant yeast cell. In one aspect, the
method includes contacting a recombinant yeast cell with an
arabinose compound described herein, where the recombi-
nant yeast cell includes a recombinant arabinose transporter
protein as described herein, including embodiments thereof.
The recombinant arabinose transporter protein transports the
arabinose compound into the recombinant yeast cell. In
embodiments, the only sugar (i.e. carbon source) present is
an arabinose compound. The recombinant arabinose trans-
porter protein is as described herein, including embodiments
thereof. By extension, the arabinose transporter motif
sequence and the glucose mitigation mutation are as
described herein, including embodiments thereof.

In another aspect, the method includes contacting a
recombinant yeast cell with an arabinose compound, where
the arabinose compound is the only sugar (i.e. carbon
source) in the media, and where the recombinant yeast cell
includes a recombinant arabinose transporter protein as
described herein, including embodiments thereof.

The arabinose compound may be derived from lignocel-
Iulosic biomass, hemicellulose, pectin, or xylan. Thus, in
embodiments, the arabinose compound is not the only sugar
(i.e. carbon source) present. The arabinose compound may
be derived from lignocellulosic biomass. The arabinose
compound may be derived from hemicellulose. The arab-
inose compound may be derived from pectin. The arabinose
compound may be derived from xylan. In embodiments, the
recombinant yeast cell metabolizes the arabinose compound.
The arabinose compound may be present at a concentration
as described hereinabove for the “arabinose growth media”.
In embodiments, the recombinant yeast cell converts the
arabinose compound to a biofuel (e.g. ethanol) or to a
biochemical as described herein, including embodiments
thereof. The recombinant yeast cell may convert the arab-
inose compound to a biofuel (e.g. ethanol). The recombinant
yeast cell may convert the arabinose compound to a bio-
chemical as described herein, including embodiments
thereof.

In embodiments, the recombinant arabinose transporter
transports an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
1 nmol min~' gDCW~! to 15 nmol min~" gDCW~". The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 2 nmol min~"
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gDCW™ to 15 nmol min~' gDCW~'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 3 nmol min~' gDCW~! to 15 nmol
min~' gDCW~!. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
4 nmol min~' gDCW~! to 15 nmol min~" gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 5 nmol min~"
gDCW™ to 15 nmol min™' gDCW™'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 6 nmol min~' gDCW~! to 15 nmol
min~' gDCW~!. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
7 nmol min~! gDCW~! to 15 nmol min~' gDCW™'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 8 nmol min~"
gDCW™ to 15 nmol min™' gDCW™'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 9 nmol min~! gDCW~! to 15 nmol
min~' gDCW™'. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
10 nmol min~' gDCW~" to 15 nmol min~* gDCW~". The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 11 nmol
min~' gDCW~! to 15 nmol min~" gDCW~". The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
growth media at a rate of at least 12 nmol min~" gDCW~" to
15 nmol min~* gDCW~". The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 13 nmol min™' gDCW~! to 15 nmol min™
gDCW~. The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 14
nmol min~' gDCW~ to 15 nmol min~' gDCW™.

The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast cell in an
arabinose-glucose growth media at a rate of at least 1 nmol
min~' gDCW~!. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
2 nmol min~! gDCW~!. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 3 nmol min™' gDCW™'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 4 nmol min™' gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 5 nmol min~*
gDCW™'. The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 6
nmol min~' gDCW~!. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
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rate of at least 7 nmol min™' gDCW™'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 8 nmol min~" gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 9 nmol min~*
gDCW™'. The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 10
nmol min~' gDCW™'. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 11 nmol min~' gDCW~'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 12 nmol min~* gDCW~"'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 13 nmol
min~' gDCW~!. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
14 nmol min~* gDCW~". The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 15 nmol min~' gDCW™!.

In embodiments, the recombinant arabinose transporter
transports an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
1 nmol min~' gDCW~! to 50 nmol min~" gDCW~". The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 2.5 nmol
min~' gDCW~! to 50 nmol min~' gDCW~!. The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
growth media at a rate of at least 5 nmol min~' gDCW~! to
50 nmol min~! gDCW™'. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 10 nmol min™' gDCW~! to 50 nmol min™
gDCW™'. The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 12
nmol min~' gDCW™ to 50 nmol min~' gDCW~"'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 15 nmol
min~' gDCW™ to 50 nmol min~" gDCW~". The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
growth media at a rate of at least 20 nmol min~* gDCW™ to
50 nmol min~' gDCW~'. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 25 nmol min™' gDCW~! to 50 nmol min™"
gDCW™'. The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 30
nmol min~* gDCW~" to 50 nmol min~' gDCW™'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 35 nmol
min~' gDCW™ to 50 nmol min~" gDCW~". The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
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growth media at a rate of at least 40 nmol min~" gDCW™" to
50 nmol min~' gDCW~'. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 45 nmol min™' gDCW~" to 50 nmol min™*
gDCW-!,

The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast cell in an
arabinose-glucose growth media at a rate of at least 2.5 nmol
min~' gDCW™'. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
17 nmol min~ gDCW~". The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 18 nmol min~' gDCW~'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 19 nmol min~' gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 20 nmol
min~' gDCW~!, The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
22 nmol min~* gDCW~!. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 25 nmol min~* gDCW™'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 30 nmol min~* gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 35 nmol
min~' gDCW™'. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
40 nmol min~' gDCW~!. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 45 nmol min~' gDCW~'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 50 nmol min~* gDCW~",

In embodiments, the recombinant arabinose transporter
transports an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
10 nmol min~' gDCW~* to 150 nmol min~" gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 20 nmol
min~' gDCW~! to 150 nmol min~' gDCW~. The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
growth media at a rate of at least 30 nmol min~' gDCW~" to
150 nmol min~! gDCW™. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 40 nmol min~' gDCW™ to 150 nmol min™"
gDCW~. The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 50
nmol min~! gDCW™ to 150 nmol min~* gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 60 nmol
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min~' gDCW~! to 150 nmol min~' gDCW™'. The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
growth media at a rate of at least 70 nmol min~* gDCW™ to
150 nmol min~" gDCW~!. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 80 nmol min~' gDCW™! to 150 nmol min™"
gDCW~, The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 90
nmol min~! gDCW~! to 150 nmol min~' gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 100 nmol
min~' gDCW™ to 150 nmol min~! gDCW~". The recombi-
nant arabinose transporter may transport an arabinose com-
pound into a recombinant yeast cell in an arabinose-glucose
growth media at a rate of at least 110 nmol min~' gDCW~!
to 150 nmol min~' gDCW™'. The recombinant arabinose
transporter may transport an arabinose compound into a
recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 120 nmol min~' gDCW~" to 150
nmol min~' gDCW™'. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 130 nmol min~" gDCW~ to 150 nmol min™"
gDCW~, The recombinant arabinose transporter may trans-
port an arabinose compound into a recombinant yeast cell in
an arabinose-glucose growth media at a rate of at least 140
nmol min~' gDCW~! to 150 nmol min~' gDCW~.

The recombinant arabinose transporter may transport an
arabinose compound into a recombinant yeast cell in an
arabinose-glucose growth media at a rate of at least 60 nmol
min~' gDCW~!. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
70 nmol min~' gDCW~!. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 80 nmol min~* gDCW™'. The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 90 nmol min~* gDCW~"'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 100 nmol
min~' gDCW™'. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
110 nmol min~' gDCW™. The recombinant arabinose trans-
porter may transport an arabinose compound into a recom-
binant yeast cell in an arabinose-glucose growth media at a
rate of at least 120 nmol min~' gDCW~". The recombinant
arabinose transporter may transport an arabinose compound
into a recombinant yeast cell in an arabinose-glucose growth
media at a rate of at least 130 nmol min~" gDCW~'. The
recombinant arabinose transporter may transport an arab-
inose compound into a recombinant yeast cell in an arab-
inose-glucose growth media at a rate of at least 140 nmol
min~' gDCW~!. The recombinant arabinose transporter may
transport an arabinose compound into a recombinant yeast
cell in an arabinose-glucose growth media at a rate of at least
150 nmol min~* gDCW~!.

3. Transporting Galactose into a Recombinant Yeast Cell

Also provided herein are methods of transporting galac-
tose into a recombinant yeast cell. In one aspect, the method
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includes contacting a recombinant yeast cell with a galactose
compound described herein, where the recombinant yeast
cell includes a recombinant galactose transporter protein as
described herein, including embodiments thereof. The
recombinant galactose transporter protein transports the
galactose compound into the recombinant yeast cell. In
embodiments, the only sugar (i.e. carbon source) present is
a galactose compound. The recombinant galactose trans-
porter protein is as described herein, including embodiments
thereof. By extension, the galactose transporter motif
sequence and the glucose mitigation mutation are as
described herein, including embodiments thereof.

In another aspect, the method includes contacting a
recombinant yeast cell with a galactose compound, where
the galactose compound is the only sugar (i.e. carbon
source) in the media, and where the recombinant yeast cell
includes a recombinant galactose transporter protein as
described herein, including embodiments thereof.

The galactose compound may be derived from lignocel-
lulosic biomass, hemicellulose, or marine biomass. Thus, in
embodiments, the galactose compound is not the only sugar
(i.e. carbon source) present. The galactose compound may
be derived from lignocellulosic biomass. The galactose
compound may be derived from hemicellulose. The galac-
tose compound may be derived from marine biomass. In
embodiments, the recombinant yeast cell metabolizes the
galactose compound. The galactose compound may be pres-
ent at a concentration as described hereinabove for the
“galactose growth media”. In embodiments, the recombi-
nant yeast cell converts the galactose compound to a biofuel
(e.g. ethanol) or to a biochemical as described herein,
including embodiments thereof. The recombinant yeast cell
may convert the galactose compound to a biofuel (e.g.
ethanol). The recombinant yeast cell may convert the galac-
tose compound to a biochemical as described herein, includ-
ing embodiments thereof.

In embodiments, the recombinant galactose transporter
transports a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
1 nmol min~! gDCW~! to about 15 nmol min~! gDCW™.
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 2 nmol
min~' gDCW™ to about 15 nmol min™' gDCW™'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 3 nmol min~*
gDCW™ to about 15 nmol min~" gDCW~'. The recombi-
nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 4 nmol min~" gDCW~! to
about 15 nmol min~' gDCW~". The recombinant galactose
transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 5 nmol min~" gDCW™ to about 15 nmol
min~' gDCW~". The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
6 nmol min~* gDCW~" to about 15 nmol min~* gDCW~".
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 7 nmol
min~' gDCW~! to about 15 nmol min™' gDCW-!. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 8 nmol min~*
gDCW™ to about 15 nmol min~" gDCW~'. The recombi-
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nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 9 nmol min~' gDCW~! to
about 15 nmol min~' gDCW™'. The recombinant galactose
transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 10 nmol min~* gDCW™ to about 15 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
11 nmol min~' gDCW~! to about 15 nmol min~" gDCW™'.
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 12 nmol
min™' gDCW™ to about 15 nmol min™' gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 13 nmol min~"
gDCW to about 15 nmol min~" gDCW~". The recombi-
nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 14 nmol min~* gDCW™ to
about 15 nmol min~* gDCW~*,

The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 1 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
2 nmol min~' gDCW™'. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 3 nmol min~' gDCW~'. The recombinant galac-
tose transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 4 nmol min~' gDCW™'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 5 nmol min~" gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 6 nmol min~*
gDCW™'. The recombinant galactose transporter may trans-
port a galactose compound into a recombinant yeast cell in
a galactose-glucose growth media at a rate of at least 7 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
8 nmol min~! gDCW~. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 9 nmol min~' gDCW~'. The recombinant galac-
tose transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 10 nmol min~' gDCW~'. The recombi-
nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 11 nmol min~' gDCW™'.
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 12 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
13 nmol min~' gDCW~'. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
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of at least 14 nmol min~" gDCW~'. The recombinant galac-
tose transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 15 nmol min™* gDCW™",

In embodiments, the recombinant galactose transporter
transports a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
1 nmol min™' gDCW~" to 50 nmol min~* gDCW~='. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 2.5 nmol min~"
gDCW™ to 50 nmol min™' gDCW~'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 5 nmol min~' gDCW~! to 50 nmol
min~' gDCW~". The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
10 nmol min~' gDCW~" to 50 nmol min~* gDCW~". The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 12 nmol min~"
gDCW™ to 50 nmol min™' gDCW™'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 15 nmol min™* gDCW~" to 50 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
20 nmol min~! gDCW~! to 50 nmol min~! gDCW-!. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 25 nmol min~*
gDCW™ to 50 nmol min~' gDCW~'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 30 nmol min~" gDCW~" to 50 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
35 nmol min~' gDCW~! to 50 nmol min~" gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 40 nmol min~"
gDCW™ to 50 nmol min™' gDCW™'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 45 nmol min~" gDCW~" to 50 nmol
min~' gDCW™,

The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 2.5 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
17 nmol min~' gDCW~'. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 18 nmol min~" gDCW™. The recombinant galac-
tose transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 19 nmol min~' gDCW~'. The recombi-
nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 20 nmol min~' gDCW™!.
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
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galactose-glucose growth media at a rate of at least 22 nmol
min~' gDCW~", The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
25 nmol min~' gDCW~". The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 30 nmol min~" gDCW~. The recombinant galac-
tose transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 35 nmol min~' gDCW~'. The recombi-
nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 40 nmol min~' gDCW™.
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 45 nmol
min~' gDCW~!. The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
50 nmol min~' gDCW~",

In embodiments, the recombinant galactose transporter
transports a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
10 nmol min~! gDCW~ to 150 nmol min~* gDCW~". The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 20 nmol min~*
gDCW™ to 150 nmol min~* gDCW~'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 30 nmol min~' gDCW~! to 150
nmol min~* gDCW~'. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 40 nmol min™' gDCW™ to 150 nmol min~"
gDCW™'. The recombinant galactose transporter may trans-
port a galactose compound into a recombinant yeast cell in
a galactose-glucose growth media at a rate of at least 50
nmol min~! gDCW~! to 150 nmol min~' gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 60 nmol min~"
gDCW™ to 150 nmol min~* gDCW~'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 70 nmol min~" gDCW~" to 150
nmol min~' gDCW~™'. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 80 nmol min™' gDCW™ to 150 nmol min~"
gDCW~, The recombinant galactose transporter may trans-
port a galactose compound into a recombinant yeast cell in
a galactose-glucose growth media at a rate of at least 90
nmol min~! gDCW™ to 150 nmol min~" gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 100 nmol min~"
gDCW™ to 150 nmol min~' gDCW~'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 110 nmol min~' gDCW™ to 150
nmol min~* gDCW~'. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 120 nmol min~' gDCW~! to 150 nmol min~*
gDCW™'. The recombinant galactose transporter may trans-
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port a galactose compound into a recombinant yeast cell in
a galactose-glucose growth media at a rate of at least 130
nmol min~' gDCW~! to 150 nmol min~' gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 140 nmol min~"
gDCW™ to 150 nmol min~* gDCW~!,

The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 60 nmol
min~' gDCW~". The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
70 nmol min~! gDCW~. The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 80 nmol min~" gDCW™'. The recombinant galac-
tose transporter may transport a galactose compound into a
recombinant yeast cell in a galactose-glucose growth media
at a rate of at least 90 nmol min™' gDCW~". The recombi-
nant galactose transporter may transport a galactose com-
pound into a recombinant yeast cell in a galactose-glucose
growth media at a rate of at least 100 nmol min~' gDCW™.
The recombinant galactose transporter may transport a
galactose compound into a recombinant yeast cell in a
galactose-glucose growth media at a rate of at least 110 nmol
min~' gDCW~". The recombinant galactose transporter may
transport a galactose compound into a recombinant yeast
cell in a galactose-glucose growth media at a rate of at least
120 nmol min~* gDCW~". The recombinant galactose trans-
porter may transport a galactose compound into a recombi-
nant yeast cell in a galactose-glucose growth media at a rate
of at least 130 nmol min~" gDCW~'. The recombinant
galactose transporter may transport a galactose compound
into a recombinant yeast cell in a galactose-glucose growth
media at a rate of at least 140 nmol min~" gDCW~'. The
recombinant galactose transporter may transport a galactose
compound into a recombinant yeast cell in a galactose-
glucose growth media at a rate of at least 150 nmol min~*
gDCW-!,

V. Examples

In previous research, was developed a xylose specific
transporter hereafter termed “CiGXS1-FIM” (“FIM”), based
on a hexose transporter from C. intermedia, GXS1. The FIM
mutation imparted specificity in transporting xylose over
glucose. (11) The presence of glucose, however, inhibited
the performance of FIM in transporting xylose. Herein
directed evolution was conducted to reduce the observed
glucose inhibition.

A library of randomly mutated FIM was generated by
error-prone PCR with a library size of over 1x10° mutants
(as measured by independent E. coli colonies post-transfor-
mation). The mutant FIM was then transformed into S.
cerevisine ETKXG strain, a triple hexokinase knockout
strain which is not able to grow on glucose, and screened on
the xylose dependent growth based advantage on the drop-
out plates with 20 g/L. of xylose and 2.5 g/LL of glucose. The
140 selected mutants from the plates were then tested for the
growth on the medium with 20 g/LL of xylose and 2.5 g/l
glucose using Bioscreen C and the top 6 mutants were
selected for further confirmation. The growth rates of the
selected mutants on xylose in the presence of various
concentration of glucose were then confirmed using Bio-
screen C (FIG. 1).
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The mutant 105, which has 6 mutations: K155E, N225D,
S354T, A361T, L407M, N446S (FIG. 2), showed reduced
glucose inhibition. Indeed, the mutant 105 showed signifi-
cantly higher growth rates in the all tested conditions
compared to FIM and wild-type transporters. Mutant 105
shows nearly a 30-fold increase in the growth rate on a
xylose medium with the presence of glucose. The growth
rate of the mutant 105 in the xylose 20 g/L+glucose 2.5 g/LL
medium was slightly higher than the growth rate of the
wild-type transporter in the xylose only medium. Though the
mutant 105 showed the highest reduction in glucose inhi-
bition, the growth rate on xylose only was slightly reduced
compared to FIM and wild-type. See FIG. 1

The mutant 78, which has a single mutation, N326S,
showed reduced glucose inhibition without decrease in
xylose transport capability. In contrast to mutant 105, mutant
78 showed no reduction in the xylose transport performance.
This suggests the mutant 78 represents a promising candi-
date for further round of directed evolution to develop
xylose transporters with reduced glucose inhibition.
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VI. P Embodiments

Embodiment P 1

A recombinant xylose transporter protein comprising a
xylose transporter motif sequence and a glucose mitigation
mutation.

Embodiment P 2

The recombinant xylose transporter protein of embodi-
ment P 1, wherein said xylose transporter motif sequence
corresponds to amino acid residue positions 36, 37, 38, 39,
40, and 41 of Candida intermedia GXS1 protein, and
wherein said xylose transporter motif sequence is -G-G/F-
X!-X2-X3-G-; wherein, X' is D, C, G, H, I, L, or F; X2 is A,
D,C,E GH,orLand X*isN,C,Q,E G,L,M,S, T, or
P.

Embodiment P 3

The recombinant xylose transporter protein of embodi-
ment P 1 or embodiment P 2, wherein said xylose transporter
motif sequence is -G-G-F-I-M-G- (SEQ ID NO:107), -G-F-
F-I-M-G- (SEQ ID NO:108), -G-G-F-I-S-G- (SEQ ID
NO:109), -G-F-F-I-S-G- (SEQ ID NO:110), -G-G-F-I-T-G-
(SEQ ID NO:111), -G-F-F-I-T-G- (SEQ ID NO:112), -G-G-
F-L-M-G- (SEQ ID NO:113), -G-F-F-L-M-G- (SEQ ID
NO:114), -G-G-F-L-S-G- (SEQ ID NO:115), -G-F-F-L-S-
G- (SEQ ID NO:116), -G-G-F-L-T-G- (SEQ ID NO:117),
-G-F-F-L-T-G- (SEQ ID NO:118), -G-G-F-H-M-G- (SEQ
ID NO:119), -G-F-F-H-M-G- (SEQ ID NO:120), -G-G-F-
H-S-G- (SEQ ID NO:121), -G-F-F-H-S-G- (SEQ ID
NO:122), -G-G-F-H-T-G- (SEQ ID NO:123) or -G-F-F-H-
T-G- (SEQ ID NO:124).

Embodiment P 4

The recombinant xylose transporter protein of any one of
embodiments P 1 to 3, wherein said xylose transporter motif
sequence is -G-G-F-I-M-G- (SEQ ID NO:107), -G-F-F-1-
M-G- (SEQ ID NO:108), -G-G-F-1-S-G- (SEQ ID NO:109),
or -G-F-F-1-S-G- (SEQ ID NO:110).

Embodiment P 5

The recombinant xylose transporter protein of any one of
embodiments P 1 to 4, wherein said xylose transporter motif
sequence is -G-G-F-I-M-G- (SEQ ID NO:107).

Embodiment P 6

The recombinant xylose transporter protein of any one of
embodiments P 1 to 5, wherein said glucose mitigation
mutation is within a protein domain corresponding to trans-
membrane 9 of Candida intermedia GXS1 protein.

Embodiment P 7

The recombinant xylose transporter protein of any one of
embodiments P 1 to 6, wherein said glucose mitigation
mutation is at a position corresponding to K155, N225,
S354, A361, 1L.407, or N446 of Candida intermedia GXS1
protein.

Embodiment P 8

The recombinant xylose transporter protein of any one of
embodiments P 1 to 5, wherein said glucose mitigation
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mutation is within a protein domain corresponding to trans-
membrane 8 of Candida intermedia GXS1 protein.

Embodiment P 9

The recombinant xylose transporter protein of any one of
embodiments P 1 to 5, or embodiment P 8, wherein said
glucose mitigation mutation is at a position corresponding
N326 of Candida intermedia GXS1 protein.

Embodiment P 10

The recombinant xylose transporter protein of embodi-
ment P 9, wherein said glucose mitigation mutation is a
N326S mutation.

Embodiment P 11

A recombinant yeast cell comprising a recombinant
xylose transporter protein of any one of embodiments P 1 to
10.

Embodiment P 12

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 10% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 13

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 20% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 14

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 30% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 15

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 40% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 16

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 50% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 17

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 60% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 18

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
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glucose growth media is at least about 70% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 19

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 80% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 20

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 90% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 21

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 100% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 22

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 110% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 23

The recombinant yeast cell of embodiment P 11, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 120% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment P 24

The recombinant yeast cell of any one of embodiments P
11 to 23, wherein said xylose-glucose growth media com-
prises about 0.05 g/L. to about 20 g/LL glucose.

Embodiment P 25

The recombinant yeast cell of any one of embodiments P
11 to 24, wherein said xylose-glucose growth media com-
prises about 2.5 g/IL glucose.

Embodiment P 26

The recombinant yeast cell of any one of embodiments P
11 to 25, wherein said xylose-glucose growth media com-
prises about 5 g/LL glucose.

Embodiment P 27

The recombinant yeast cell of any one of embodiments P
11 to 26, wherein said xylose-glucose growth media com-
prises about 10 g/ glucose.

Embodiment P 28

The recombinant yeast cell of any one of embodiments P
11 to 27, wherein said xylose-glucose growth media com-
prises about 20 g/LL glucose.
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Embodiment P 29

The recombinant yeast cell of any one of embodiments P
11 to 28, wherein said xylose-glucose growth media com-
prises about 0.05 g/L to about 300 g/IL xylose.

Embodiment P 30

The recombinant yeast cell of any one of embodiments P
11 to 29, wherein said xylose growth media comprises about
0.05 g/L to about 300 g/L xylose.

Embodiment P 31

The recombinant yeast cell of any one of embodiments P
11 to 30, wherein said xylose growth media comprises about
20 g/L xylose.

Embodiment P 32

A method of transporting xylose into a recombinant yeast
cell, said method comprising: i) contacting a recombinant
yeast cell with a xylose compound, wherein said recombi-
nant yeast cell comprises a recombinant xylose transporter
protein, said recombinant xylose transporter protein com-
prising a xylose transporter motif sequence and a glucose
mitigation mutation; and ii) allowing said recombinant
xylose transporter protein to transport said xylose compound
into said recombinant yeast cell.

Embodiment P 33

The method of embodiment P 32, wherein said xylose
transporter motif sequence corresponds to amino acid resi-
due positions 36, 37, 38, 39, 40, and 41 of Candida
intermedia GXS1 protein, and wherein said xylose trans-
porter motif sequence is -G-G/F-X'-X?-X>-G-; wherein, X*
isD,C, G, H,1,L,orF; X?is A, D, C, E, G, H, or I; and
X*isN,C,QF G, L,M,S,T,orP.

Embodiment P 34

The method of embodiment P 32 or embodiment P 33,
wherein said xylose transporter motif sequence is -G-G-F-
I-M-G- (SEQ ID NO:107), -G-F-F-I-M-G- (SEQ ID
NO:108), -G-G-F-I-S-G- (SEQ ID N0:109), -G-F-F-I-S-G-
(SEQ ID NO:110), -G-G-F-I-T-G- (SEQ ID NO:111), -G-F-
F-I-T-G- (SEQ ID NO:112), -G-G-F-L-M-G- (SEQ ID
NO:113), -G-F-F-L-M-G- (SEQ ID NO:114), -G-G-F-L-S-
G- (SEQ ID NO:115), -G-F-F-L-S-G- (SEQ ID NO:116),
-G-G-F-L-T-G- (SEQ ID NO:117), -G-F-F-L-T-G- (SEQ ID
NO:118), -G-G-F-H-M-G- (SEQ ID NO:119), -G-F-F-H-M-
G- (SEQ ID NO:120), -G-G-F-H-S-G- (SEQ ID NO:121),
-G-F-F-H-S-G- (SEQ ID NO:122), -G-G-F-H-T-G- (SEQ
ID NO:123) or -G-F-F-H-T-G- (SEQ ID NO:124).

Embodiment P 35

The method of any one of embodiments P 32 to 34,
wherein said xylose transporter motif sequence is -G-G-F-
I-M-G- (SEQ ID NO:107), -G-F-F-I-M-G- (SEQ ID
NO:108), -G-G-F-I-S-G- (SEQ ID NO:109), or -G-F-F-I-S-
G- (SEQ ID NO:110).



US 9,695,223 B2

93
Embodiment P 36

The method of any one of embodiments P 32 to 35,
wherein said xylose transporter motif sequence is -G-G-F-
I-M-G- (SEQ ID NO:107).

Embodiment P 37

The method of any one of embodiments P 32 to 36,
wherein said glucose mitigation mutation is within a protein
domain corresponding to transmembrane 9 of Candida
intermedia GXS1 protein.

Embodiment P 38

The method of any one of embodiments P 32 to 37,
wherein said glucose mitigation mutation is at a position
corresponding to K155, N225, S354, A361, 1.407, or N446
of Candida intermedia GXS1 protein.

Embodiment P 39

The method of any one of embodiments P 32 to 36,
wherein said glucose mitigation mutation is within a protein
domain corresponding to transmembrane 8 of Candida
intermedia GXS1 protein.

Embodiment P 40

The method of any one of embodiments P 32 to 36, or
embodiment P 39, wherein said glucose mitigation mutation
is at a position corresponding N326 of Candida intermedia
GXS1 protein.

Embodiment P 41

The method of embodiment P 40, wherein said glucose
mitigation mutation is a N326S mutation.

Embodiment P 42

The method of any one of embodiments P 32 to 41,
wherein said recombinant yeast cell metabolizes said xylose
compound.

Embodiment P 43

The method of any one of embodiments P 32 to 42,
wherein said recombinant yeast cell converts said xylose
compound to a biofuel.

Embodiment P 44

The method of any one of embodiments P 32 to 43,
wherein said xylose compound forms part of lignocellulosic
biomass, hemicellulose, or xylan.

Embodiment P 45

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 10% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 46

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
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xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 20% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 47

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 30% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 48

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 40% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 49

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 50% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 50

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 60% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 51

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 70% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 52

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 80% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 53

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 90% of the rate said recom-
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binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 54

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 100% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 55

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 110% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 56

The method of any one of embodiments P 32 to 44,
wherein said recombinant xylose transporter transports said
xylose compound into said yeast in a xylose-glucose growth
media at a rate at least about 120% of the rate said recom-
binant xylose transporter transports said xylose compound
into said yeast in a xylose growth media.

Embodiment P 57

The method of any one of embodiments P 45 to 56,
wherein said xylose-glucose growth media comprises about
0.05 g/L to about 20 g/L. glucose.

Embodiment P 58

The method of any one of embodiments P 45 to 57,
wherein said xylose-glucose growth media comprises about
2.5 g/LL glucose.

Embodiment P 59

The method of any one of embodiments P 45 to 58,
wherein said xylose-glucose growth media comprises about
5 g/L. glucose.

Embodiment P 60

The method of any one of embodiments P 45 to 59,
wherein said xylose-glucose growth media comprises about
10 g/L glucose.

Embodiment P 61

The method of any one of embodiments P 45 to 60,
wherein said xylose-glucose growth media comprises about
20 g/L. glucose.

Embodiment P 62
The method of any one of embodiments P 45 to 61,

wherein said xylose-glucose growth media comprises about
0.05 g/L to about 300 g/LL xylose.
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Embodiment P 63

The method of any one of embodiments P 45 to 62,
wherein said xylose growth media comprises about 0.05 g/LL
to about 300 g/l xylose.

Embodiment P 64

The method of any one of embodiments P 45 to 63,
wherein said xylose growth media comprises about 20 g/I,
xylose.

Embodiment P 65

The method of any one of embodiments P 32 to 64,
wherein said recombinant xylose transporter protein trans-
ports said xylose compound into said recombinant yeast cell
in a xylose-glucose growth media growth media at a rate of
at least 5 nmol min~" gDCW~!,

Embodiment P 66

A nucleic acid encoding the recombinant xylose trans-
porter protein of one of embodiments P 1 to 10.

VII. Further Embodiments
Embodiment 1

A recombinant xylose transporter protein comprising a
xylose transporter motif sequence and a glucose mitigation
mutation.

Embodiment 2

The recombinant xylose transporter protein of embodi-
ment 1, wherein said xylose transporter motif sequence
corresponds to amino acid residue positions 36, 37, 38, 39,
40, and 41 of Candida intermedia GXS1 protein.

Embodiment 3

The recombinant xylose transporter protein of embodi-
ment 1 or embodiment 2, wherein said xylose transporter
motif sequence is -G-G/F-X'-X?-X>-G-; wherein, X' is D,
C,G, HLL orF;X?isA,D,C,E, G, H, orI; and X? is
N,C Q,F G, L,M,S, T, orP.

Embodiment 4

The recombinant xylose transporter protein of one of
embodiments 1-3, wherein said xylose transporter motif
sequence is G-G-F-I-M-G- (SEQ ID NO:107), -G-F-F-I-M-
G- (SEQ ID NO:108), -G-G-F-I-S-G- (SEQ ID NO:109),
-G-F-F-I-S-G- (SEQ ID NO:110), -G-G-F-I-T-G- (SEQ 1D
NO:111), -G-F-F-I-T-G- (SEQ ID NO:112), -G-G-F-L-M-
G- (SEQ ID NO:113), -G-F-F-L-M-G- (SEQ ID NO:114),
-G-G-F-L-S-G- (SEQ ID NO:115), -G-F-F-L-S-G- (SEQ ID
NO:116), -G-G-F-L-T-G- (SEQ ID NO:117), -G-F-F-L-T-
G- (SEQ ID NO:118), -G-G-F-H-M-G- (SEQ ID NO:119),
-G-F-F-H-M-G- (SEQ ID NO:120), -G-G-F-H-S-G- (SEQ
ID NO:121), -G-F-F-H-S8-G- (SEQ ID NO:122), -G-G-F-H-
T-G- (SEQ ID NO:123) or -G-F-F-H-T-G- (SEQ ID
NO:124).

Embodiment 5

The recombinant xylose transporter protein of any one of
embodiments 2 to 4, wherein said xylose transporter motif
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sequence is G-G-F-I-M-G- (SEQ ID NO:107), -G-F-F-I-M-
G- (SEQ ID NO:108), -G-G-F-1-S-G- (SEQ ID NO:109), or
-G-F-F-1-S-G- (SEQ ID NO:110).

Embodiment 6

The recombinant xylose transporter protein of any one of
embodiments 1 to 5, wherein said xylose transporter motif
sequence is -G-G-F-I-M-G- (SEQ ID NO:107).

Embodiment 7

The recombinant xylose transporter protein of any one of
embodiments 1 to 6, wherein said glucose mitigation muta-
tion is within a protein domain corresponding to transmem-
brane 9 of Candida intermedia GXS1 protein.

Embodiment 8

The recombinant xylose transporter protein of any one of
embodiments 1 to 7, wherein said glucose mitigation muta-
tion is at a position corresponding to K155, N225, S354,
A361, 1407, or N446 of Candida intermedia GXS1 protein.

Embodiment 9

The recombinant xylose transporter protein of any one of
embodiments 1 to 6, wherein said glucose mitigation muta-
tion is within a protein domain corresponding to transmem-
brane 8 of Candida intermedia GXS1 protein.

Embodiment 10

The recombinant xylose transporter protein of any one of
embodiments 1 to 6, or embodiment 9, wherein said glucose
mitigation mutation is at a position corresponding to N326
of Candida intermedia GXS1 protein.

Embodiment 11

The recombinant xylose transporter protein of embodi-
ment 10, wherein said glucose mitigation mutation is a
N326H mutation.

Embodiment 12

The recombinant xylose transporter protein of embodi-
ment 10, wherein said glucose mitigation mutation is a
N326S mutation.

Embodiment 13

The recombinant xylose transporter protein of any one of
embodiments 1 to 6, wherein said glucose mitigation muta-
tion is within a protein domain corresponding to transmem-
brane 5 of Candida intermedia GXS1 protein.

Embodiment 14

The recombinant xylose transporter protein of any one of
embodiments 1 to 6, or embodiment 13, wherein said
glucose mitigation mutation is within a protein domain
corresponding to residue 160-179 of Candida intermedia
GXS1 protein.

Embodiment 15

The recombinant xylose transporter protein of any one of
embodiments 1 to 6, 13 or 14, wherein said glucose miti-
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gation mutation is at a position corresponding to T170 or
1171 of Candida intermedia GXS1 protein.

Embodiment 16

The recombinant xylose transporter protein of embodi-
ment 15, wherein said glucose mitigation mutation is a
T170N mutation.

Embodiment 17

The recombinant xylose transporter protein of embodi-
ment 15, wherein said glucose mitigation mutation is a
1171F mutation.

Embodiment 18

The recombinant xylose transporter protein of one of
embodiments 1-17 further comprising an amino acid dele-
tion.

Embodiment 19

The recombinant xylose transporter protein of embodi-
ment 18, wherein said deletion is within a protein domain
corresponding to residue 497-522 of Candida intermedia
GXS1 protein.

Embodiment 20

The recombinant xylose transporter protein of embodi-
ment 18 or embodiment 19, wherein said deletion is at least
10 amino acids in length.

Embodiment 21

A recombinant yeast cell comprising a recombinant
xylose transporter protein of any one of embodiments 1 to 20

Embodiment 22

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 10% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 23

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 20% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 24

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 30% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 25

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 40% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 26

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
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glucose growth media is at least about 50% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 27

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 60% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 28

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 70% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 29

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 80% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 30

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 90% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 31

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 100% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 32

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 110% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 33

The recombinant yeast cell of embodiment 21, wherein
the growth rate of said recombinant yeast cell in a xylose-
glucose growth media is at least about 120% of the growth
rate of said recombinant yeast cell in a xylose growth media.

Embodiment 34

The recombinant yeast cell of any one of embodiments 21
to 33, wherein said xylose-glucose growth media comprises
about 0.05 g/L. to about 20 g/LL glucose.

Embodiment 35

The recombinant yeast cell of any one of embodiments 21
to 34, wherein said xylose-glucose growth media comprises
about 2.5 g/L. glucose.
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Embodiment 36

The recombinant yeast cell of any one of embodiments 21
to 35, wherein said xylose-glucose growth media comprises
about 5 g/I. glucose.

Embodiment 37

The recombinant yeast cell of any one of embodiments 21
to 36, wherein said xylose-glucose growth media comprises
about 10 g/L. glucose.

Embodiment 38

The recombinant yeast cell of any one of embodiments 21
to 37, wherein said xylose-glucose growth media comprises
about 20 g/L. glucose.

Embodiment 39

The recombinant yeast cell of any one of embodiments 21

to 38, wherein said xylose-glucose growth media comprises
about 0.05 g/L to about 300 g/L. xylose.

Embodiment 40

The recombinant yeast cell of any one of embodiments 21
to 39, wherein said xylose growth media comprises about
0.05 g/L to about 300 g/L xylose.

Embodiment 41

The recombinant yeast cell of any one of embodiments 21
to 40, wherein said xylose growth media comprises about 20
g/L xylose.

Embodiment 42

A method of transporting xylose into a recombinant yeast
cell, said method comprising: i) contacting a recombinant
yeast cell with a xylose compound, wherein said recombi-
nant yeast cell comprises a recombinant xylose transporter
protein, said recombinant xylose transporter protein com-
prising a xylose transporter motif sequence and a glucose
mitigation mutation; and ii) allowing said recombinant
xylose transporter protein to transport said xylose compound
into said recombinant yeast cell.

Embodiment 43

The method of embodiment 42, wherein said xylose
transporter motif sequence corresponds to amino acid resi-
due positions 36, 37, 38, 39, 40, and 41 of Candida
intermedia GXS1 protein.

Embodiment 44

The method of embodiment 42 or embodiment 43,
wherein said xylose transporter motif sequence is -G-G/F-
X'-X2-X3-G-; wherein, X' is D, C, G, H, I, L, or F; X is A,
D,C,E G Horl;and X*isN,C,Q,F, G, L, M, S, T, or
P.

Embodiment 45

The method of one of embodiments 42-44, wherein said
xylose transporter motif sequence is -G-G-F-I-M-G- (SEQ



US 9,695,223 B2

101

ID NO:107), -G-F-F-I-M-G- (SEQ ID NO:108), -G-G-F-I-
S-G- (SEQ ID NO:109), -G-F-F-1-8-G- (SEQ ID NO:110),
-G-G-F-I-T-G- (SEQ ID NO:111), -G-F-F-I-T-G- (SEQ ID
NO:112), -G-G-F-L-M-G- (SEQ ID NO:113), -G-F-F-L-M-
G- (SEQ ID NO:114), -G-G-F-L-S-G- (SEQ ID NO:115),
-G-F-F-L-S-G- (SEQ ID NO:116), -G-G-F-L-T-G- (SEQ ID
NO:117), -G-F-F-L-T-G- (SEQ ID NO:118), -G-G-F-H-M-
G- (SEQ ID NO:119), -G-F-F-H-M-G- (SEQ ID NO:120),
-G-G-F-H-S-G- (SEQ ID NO:121), -G-F-F-H-S-G- (SEQ
ID NO:122), -G-G-F-H-T-G- (SEQ ID NO:123) or -G-F-F-
H-T-G- (SEQ ID NO:124).

Embodiment 46

The method of any one of embodiments 42 to 45, wherein
said xylose transporter motif sequence is -G-G-F-I-M-G-
(SEQ ID NO:107), -G-F-F-I-M-G- (SEQ ID NO:108), -G-
G-F-I-S-G- (SEQ ID NO:109), or -G-F-F-I-S-G- (SEQ ID
NO:110).

Embodiment 47

The method of any one of embodiments 42 to 46, wherein
said xylose transporter motif sequence is -G-G-F-I-M-G-
(SEQ ID NO:107).

Embodiment 48

The method of any one of embodiments 42 to 47, wherein
said glucose mitigation mutation is within a protein domain
corresponding to transmembrane 9 of Candida intermedia
GXS1 protein.

Embodiment 49

The method of any one of embodiments 42 to 48, wherein
said glucose mitigation mutation is at a position correspond-
ing to K155, N225, S354, A361, 1407, or N446 of Candida
intermedia GXS1 protein.

Embodiment 50

The method of any one of embodiments 42 to 47, wherein
said glucose mitigation mutation is within a protein domain
corresponding to transmembrane 8 of Candida intermedia
GXS1 protein.

Embodiment 51

The method of any one of embodiments 42 to 47, or
embodiment 50, wherein said glucose mitigation mutation is
at a position corresponding N326 of Candida intermedia
GXS1 protein.

Embodiment 52

The method of embodiment 51, wherein said glucose
mitigation mutation is a N326H mutation.

Embodiment 53

The method of embodiment 51, wherein said glucose
mitigation mutation is a N326S mutation.
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Embodiment 54

The method of any one of embodiments 42 to 47, wherein
said glucose mitigation mutation is within a protein domain
corresponding to transmembrane 5 of Candida intermedia
GXS1 protein.

Embodiment 55

The method of one of embodiments 42 to 47, or embodi-
ment 54, wherein said glucose mitigation mutation is within
a protein domain corresponding to residue 160-179 of
Candida intermedia GXS1 protein.

Embodiment 56

The method of embodiment 54 or 55, wherein said
glucose mitigation mutation is at a position corresponding to
T170 or 1171 of Candida intermedia GXS1 protein.

Embodiment 57

The method of embodiment 56, wherein said glucose
mitigation mutation is a T170N mutation.

Embodiment 58

The method of embodiment 56, wherein said glucose
mitigation mutation is a [171F mutation.

Embodiment 59

The method of any one of embodiments 42 to 58, further
comprising an amino acid deletion.

Embodiment 60

The method of embodiment 59, wherein said deletion is
within a protein domain corresponding to residue 497-522 of
Candida intermedia GXS1 protein.

Embodiment 61

The method of any one of embodiments 42 to 53, wherein
said recombinant yeast cell metabolizes said xylose com-
pound.

Embodiment 62

The method of any one of embodiments 42 to 61, wherein
said recombinant yeast cell converts said xylose compound
to a biofuel.

Embodiment 63

The method of any one of embodiments 42 to 62, wherein
said xylose compound forms part of lignocellulosic biomass,
hemicellulose, or xylan.

Embodiment 64

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 10% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.
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Embodiment 65

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 20% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 66

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 30% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 67

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 40% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 68

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 50% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 69

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 60% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 70

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 70% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 71

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 80% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 72

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
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compound into said yeast in a xylose-glucose growth media
at a rate at least about 90% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 73

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 100% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 74

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 110% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 75

The method of any one of embodiments 42 to 63, wherein
said recombinant xylose transporter transports said xylose
compound into said yeast in a xylose-glucose growth media
at a rate at least about 120% of the rate said recombinant
xylose transporter transports said xylose compound into said
yeast in a xylose growth media.

Embodiment 76

The method of any one of embodiments 64 to 75, wherein
said xylose-glucose growth media comprises about 0.05 g/
to about 20 g/L. glucose.

Embodiment 77

The method of any one of embodiments 64 to 76, wherein
said xylose-glucose growth media comprises about 2.5 g/,
glucose.

Embodiment 78

The method 1 of any one of embodiments 64 to 77,
wherein said xylose-glucose growth media comprises about
5 g/L. glucose.

Embodiment 79

The method of any one of embodiments 64 to 78, wherein
said xylose-glucose growth media comprises about 10 g/,
glucose.

Embodiment 80

The method of any one of embodiments 64 to 79, wherein
said xylose-glucose growth media comprises about 20 g/
glucose.

Embodiment 81

The method of any one of embodiments 64 to 80, wherein
said xylose-glucose growth media comprises about 0.05 g/
to about 300 g/l xylose.

Embodiment 82
The method of any one of embodiments 64 to 81, wherein

said xylose growth media comprises about 0.05 g/ to about
300 g/L xylose.
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Embodiment 83 xylose compound into said recombinant yeast cell in a
xylose-glucose growth media growth media at a rate of at
The method of any one of embodiments 64 to 82, wherein least 5 nmol min~* gDCW~*
said xylose growth media comprises about 20 g/IL xylose.
5 .
Embodiment 84 Embodiment 85
The method of any one of embodiments 42 to 83, wherein A nucleic acid encoding the recombinant xylose trans-
said recombinant xylose transporter protein transports said porter protein of one of embodiments 1 to 21.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 130

<210> SEQ ID NO 1

<211> LENGTH: 522

<212> TYPE: PRT

<213> ORGANISM: Candida intermedia

<400> SEQUENCE: 1

Met Gly Leu Glu Asp Asn Arg Met Val Lys Arg Phe Val Asn Val Gly
1 5 10 15

Glu Lys Lys Ala Gly Ser Thr Ala Met Ala Ile Ile Val Gly Leu Phe
20 25 30

Ala Ala Ser Gly Gly Val Leu Phe Gly Tyr Asp Thr Gly Thr Ile Ser
35 40 45

Gly Val Met Thr Met Asp Tyr Val Leu Ala Arg Tyr Pro Ser Asn Lys
50 55 60

His Ser Phe Thr Ala Asp Glu Ser Ser Leu Ile Val Ser Ile Leu Ser
65 70 75 80

Val Gly Thr Phe Phe Gly Ala Leu Cys Ala Pro Phe Leu Asn Asp Thr
85 90 95

Leu Gly Arg Arg Trp Cys Leu Ile Leu Ser Ala Leu Ile Val Phe Asn
100 105 110

Ile Gly Ala Ile Leu Gln Val Ile Ser Thr Ala Ile Pro Leu Leu Cys
115 120 125

Ala Gly Arg Val Ile Ala Gly Phe Gly Val Gly Leu Ile Ser Ala Thr
130 135 140

Ile Pro Leu Tyr Gln Ser Glu Thr Ala Pro Lys Trp Ile Arg Gly Ala
145 150 155 160

Ile Val Ser Cys Tyr Gln Trp Ala Ile Thr Ile Gly Leu Phe Leu Ala
165 170 175

Ser Cys Val Asn Lys Gly Thr Glu His Met Thr Asn Ser Gly Ser Tyr
180 185 190

Arg Ile Pro Leu Ala Ile Gln Cys Leu Trp Gly Leu Ile Leu Gly Ile
195 200 205

Gly Met Ile Phe Leu Pro Glu Thr Pro Arg Phe Trp Ile Ser Lys Gly
210 215 220

Asn Gln Glu Lys Ala Ala Glu Ser Leu Ala Arg Leu Arg Lys Leu Pro
225 230 235 240

Ile Asp His Pro Asp Ser Leu Glu Glu Leu Arg Asp Ile Thr Ala Ala
245 250 255

Tyr Glu Phe Glu Thr Val Tyr Gly Lys Ser Ser Trp Ser Gln Val Phe
260 265 270

Ser His Lys Asn His Gln Leu Lys Arg Leu Phe Thr Gly Val Ala Ile
275 280 285

Gln Ala Phe Gln Gln Leu Thr Gly Val Asn Phe Ile Phe Tyr Tyr Gly
290 295 300
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Thr

305

Ala

Met

Met

Glu

Phe

385

Cys

Pro

Phe

Phe

465

Tyr

Lys

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Thr

Glu

Ser

Asn

370

Ile

Gly

Thr

Tyr

Ile

450

Ile

Glu

His

Ala

Phe

Asn

Val

Leu

355

Asn

Ala

Glu

Ala

Met

435

Trp

Tyr

His

Ser

Ile
515

Phe

Ile

Leu

340

Ser

Lys

Phe

Leu

Ser

420

Val

Gly

Glu

Val

Phe

500

Met

PRT

<400> SEQUENCE:

Met

1

Glu

Ala

Gly

His

65

Leu

Ile

Ala

Gly

Lys

Ala

Val

50

Ser

Gly

Gly

Gly

Gly
130

Leu

Lys

Ser

35

Met

Phe

Thr

Arg

Ala

115

Arg

Glu

Ala

20

Gly

Thr

Thr

Phe

Arg
100

Ile

Val

Lys

Val

325

Gly

Gln

Ser

Phe

Phe

405

Asn

Asp

Gly

Thr

Ser

485

Arg

Ser

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

522

2

Asp

5

Gly

Gly

Met

Ala

Phe
85
Trp

Leu

Ile

Arg

310

Asn

Arg

Leu

Ser

Ala

390

Pro

Trp

Glu

Phe

Lys

470

Lys

Glu

Glu

Asn

Ser

Phe

Asp

Asp

70

Gly

Cys

Gln

Ala

Ala

Val

Arg

Ile

Gln

375

Ala

Leu

Leu

Asp

Asn

455

Gly

Ala

Gln

Glu

Gly

Gly

Asn

Val

360

Ser

Thr

Arg

Trp

Lys

440

Leu

Leu

Trp

Val

Ala
520

Val

Ser

Met

345

Ala

Val

Trp

Thr

Asn

425

Gly

Ala

Ser

Lys

Asp

505

Ser

Asn

Thr

330

Leu

Ile

Leu

Gly

Arg

410

Trp

Asn

Cys

Leu

Ser

490

Gln

Val

Gly

315

Ile

Met

Val

Val

Pro

395

Ala

Gly

Leu

Val

Glu

475

Lys

Gln

Phe

Pro

Gly

Gly

Ala

380

Cys

Lys

Ile

Gly

Phe

460

Gln

Gly

Met

Synthetic polypeptide

Arg

Thr

Ile

Tyr

55

Glu

Ala

Leu

Val

Gly
135

Met

Ala

Met

40

Val

Ser

Leu

Ile

Ile

120

Phe

Val

Met

25

Gly

Leu

Ser

Cys

Leu

105

Ser

Gly

Lys

10

Ala

Tyr

Ala

Leu

Ala

90

Ser

Thr

Val

Arg

Ile

Asp

Arg

Ile

75

Pro

Ala

Ala

Gly

Phe

Ile

Thr

Tyr

60

Val

Phe

Leu

Ile

Leu
140

Thr

Gly

Gly

Val

365

Phe

Ala

Ser

Ala

Ser

445

Phe

Val

Phe

Asp

Val

Val

Gly

Pro

Ser

Leu

Ile

Pro

125

Ile

Ile

Ile

Ala

350

Ala

Ser

Trp

Val

Tyr

430

Asn

Ala

Asp

Val

Ser
510

Asn

Gly

30

Thr

Ser

Ile

Asn

Val
110

Leu

Ser

Ser

Leu

335

Thr

Thr

Cys

Val

Ser

415

Ala

Val

Trp

Glu

Pro

495

Lys

Val

15

Leu

Ile

Asn

Leu

Asp

95

Phe

Leu

Ala

Leu

320

Leu

Gly

Ser

Ile

Val

400

Leu

Thr

Phe

Tyr

Leu

480

Ser

Thr

Gly

Phe

Ser

Lys

Ser

80

Thr

Asn

Cys

Thr
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110

Ile

145

Ile

Ser

Arg

Gly

Asn

225

Ile

Tyr

Ser

Gln

Thr

305

Ala

Met

Met

Glu

Phe

385

Cys

Pro

Phe

Phe

465

Tyr

Lys

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Pro

Val

Cys

Ile

Met

210

Gln

Asp

Glu

His

Ala

290

Thr

Thr

Glu

Ser

Asn

370

Ile

Gly

Thr

Tyr

Ile

450

Ile

Glu

His

Ala

Leu

Ser

Val

Pro

195

Ile

Glu

His

Phe

Lys

275

Phe

Phe

Asn

Val

Leu

355

Asn

Ala

Glu

Ala

Met

435

Trp

Tyr

His

Ser

Ile
515

Tyr

Cys

Asn

180

Leu

Phe

Lys

Pro

Glu

260

Asn

Gln

Phe

Ile

Leu

340

Ser

Lys

Phe

Leu

Ser

420

Val

Gly

Glu

Val

Phe
500

Met

PRT

Gln

Tyr

165

Lys

Ala

Leu

Ala

Asp

245

Thr

His

Gln

Lys

Val

325

Gly

Gln

Ser

Phe

Phe

405

Asn

Asp

Gly

Thr

Ser
485

Arg

Ser

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

522

Ser

150

Gln

Gly

Ile

Pro

Ala

230

Ser

Val

Gln

Leu

Arg

310

Asn

Arg

Leu

Ser

Ala

390

Pro

Trp

Glu

Phe

Lys

470

Lys

Glu

Glu

Glu

Trp

Thr

Gln

Glu

215

Glu

Leu

Tyr

Leu

Thr

295

Ala

Val

Arg

Ile

Gln

375

Ala

Leu

Leu

Asp

Asn

455

Gly

Ala

Gln

Glu

Thr

Ala

Glu

Cys

200

Thr

Ser

Glu

Gly

Lys

280

Gly

Gly

Gly

Asn

Val

360

Ser

Thr

Arg

Trp

Lys

440

Leu

Leu

Trp

Val

Ala
520

Ala

Ile

His

185

Leu

Pro

Leu

Glu

Lys

265

Arg

Val

Val

Ser

Met

345

Ala

Val

Trp

Thr

Asn

425

Gly

Ala

Ser

Lys

Asp

505

Ser

Pro

Thr

170

Met

Trp

Arg

Ala

Leu

250

Ser

Leu

Asn

Asn

Thr

330

Leu

Ile

Leu

Gly

Arg

410

Trp

Asn

Cys

Leu

Ser

490

Gln

Val

Lys

155

Ile

Thr

Gly

Phe

Arg

235

Arg

Ser

Phe

Phe

Gly

315

Ile

Met

Val

Val

Pro

395

Ala

Gly

Leu

Val

Glu

475

Lys

Gln

Trp

Gly

Asn

Leu

Trp

220

Leu

Asp

Trp

Thr

Ile

300

Phe

Pro

Gly

Gly

Ala

380

Cys

Lys

Ile

Gly

Phe

460

Gln

Gly

Met

Synthetic polypeptide

Ile

Leu

Ser

Ile

205

Ile

Arg

Ile

Ser

Gly

285

Phe

Thr

Gly

Gly

Val

365

Phe

Ala

Ser

Ala

Ser

445

Phe

Val

Phe

Asp

Arg

Phe

Gly

190

Leu

Ser

Lys

Thr

Gln

270

Val

Tyr

Ile

Ile

Ala

350

Ala

Ser

Trp

Val

Tyr

430

Asn

Ala

Asp

Val

Ser
510

Gly

Leu

175

Ser

Gly

Lys

Leu

Ala

255

Val

Ala

Tyr

Ser

Leu

335

Thr

Thr

Cys

Val

Ser

415

Ala

Val

Trp

Glu

Pro
495

Lys

Ala

160

Ala

Tyr

Ile

Gly

Pro

240

Ala

Phe

Ile

Gly

Leu

320

Leu

Gly

Ser

Ile

Val

400

Leu

Thr

Phe

Tyr

Leu

480

Ser

Thr
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111

-continued

112

<400> SEQUENCE:

Met

1

Glu

Ala

Gly

His

65

Leu

Ile

Ala

Ile

145

Ile

Ser

Arg

Gly

Asn

225

Ile

Tyr

Ser

Gln

Thr

305

Ala

Met

Met

Glu

Phe
385

Gly

Lys

Ala

Val

Ser

Gly

Gly

Gly

Gly

130

Pro

Val

Cys

Ile

Met

210

Gln

Asp

Glu

His

Ala

290

Thr

Thr

Glu

Ser

Asn
370

Ile

Gly

Leu

Lys

Ser

35

Met

Phe

Thr

Arg

Ala

115

Arg

Leu

Ser

Val

Pro

195

Ile

Glu

His

Phe

Lys

275

Phe

Phe

Asn

Val

Leu

355

Asn

Ala

Glu

Glu

Ala

20

Gly

Thr

Thr

Phe

Arg

100

Ile

Val

Tyr

Cys

Asn

180

Leu

Phe

Lys

Pro

Glu

260

Asn

Gln

Phe

Ile

Leu

340

Ser

Lys

Phe

Leu

3

Asp

Gly

Gly

Met

Ala

Phe

85

Trp

Leu

Ile

Gln

Tyr

165

Lys

Ala

Leu

Ala

Asp

245

Thr

His

Gln

Lys

Val

325

Gly

Gln

Ser

Phe

Phe

Asn

Ser

Phe

Asp

Asp

70

Gly

Cys

Gln

Ala

Ser

150

Gln

Gly

Ile

Pro

Ala

230

Ser

Val

Gln

Leu

Arg

310

His

Arg

Leu

Ser

Ala
390

Pro

Arg Met Val Lys Arg Phe Val Asn Val
10 15

Thr Ala Met Ala Ile Ile Val Gly Leu
25 30

Ile Met Gly Tyr Asp Thr Gly Thr Ile
40 45

Tyr Val Leu Ala Arg Tyr Pro Ser Asn
55 60

Glu Ser Ser Leu Ile Val Ser Ile Leu
75

Ala Leu Cys Ala Pro Phe Leu Asn Asp
90 95

Leu Ile Leu Ser Ala Leu Ile Val Phe
105 110

Val Ile Ser Thr Ala Ile Pro Leu Leu
120 125

Gly Phe Gly Val Gly Leu Ile Ser Ala
135 140

Glu Thr Ala Pro Lys Trp Ile Arg Gly
155

Trp Ala Ile Thr Ile Gly Leu Phe Leu
170 175

Thr Glu His Met Thr Asn Ser Gly Ser
185 190

Gln Cys Leu Trp Gly Leu Ile Leu Gly
200 205

Glu Thr Pro Arg Phe Trp Ile Ser Lys
215 220

Glu Ser Leu Ala Arg Leu Arg Lys Leu
235

Leu Glu Glu Leu Arg Asp Ile Thr Ala
250 255

Tyr Gly Lys Ser Ser Trp Ser Gln Val
265 270

Leu Lys Arg Leu Phe Thr Gly Val Ala
280 285

Thr Gly Val Asn Phe Ile Phe Tyr Tyr
295 300

Ala Gly Val Asn Gly Phe Thr Ile Ser
315

Val Gly Ser Thr Ile Pro Gly Ile Leu
330 335

Arg Asn Met Leu Met Gly Gly Ala Thr
345 350

Ile Val Ala Ile Val Gly Val Ala Thr
360 365

Gln Ser Val Leu Val Ala Phe Ser Cys
375 380

Ala Thr Trp Gly Pro Cys Ala Trp Val
395

Leu Arg Thr Arg Ala Lys Ser Val Ser

Gly

Phe

Ser

Lys

Ser

80

Thr

Asn

Cys

Thr

Ala

160

Ala

Tyr

Ile

Gly

Pro

240

Ala

Phe

Ile

Gly

Leu

320

Leu

Gly

Ser

Ile

Val
400

Leu
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113

-continued

114

Cys

Pro

Phe

Phe

465

Tyr

Lys

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Tyr

Ile

450

Ile

Glu

His

Ala

Ala

Met

435

Trp

Tyr

His

Ser

Ile
515

Ser

420

Val

Gly

Glu

Val

Phe

500

Met

PRT

<400> SEQUENCE:

Met Gly Leu Glu

1

Glu

Ala

Gly

His

65

Leu

Ile

Ala

Ile

145

Ile

Ser

Arg

Gly

Asn

225

Ile

Lys

Ala

Val

50

Ser

Gly

Gly

Gly

Gly

130

Pro

Val

Cys

Ile

Met
210

Gln

Asp

Lys

Ser

35

Met

Phe

Thr

Arg

Ala

115

Arg

Leu

Ser

Val

Pro

195

Ile

Glu

His

Ala

Gly

Thr

Thr

Phe

Arg

100

Ile

Val

Tyr

Cys

Asn

180

Leu

Phe

Lys

Pro

405

Asn

Asp

Gly

Thr

Ser

485

Arg

Ser

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

522

4

Asp

5

Gly

Gly

Met

Ala

Phe

85

Trp

Leu

Ile

Gln

Tyr

165

Lys

Ala

Leu

Ala

Asp

Trp

Glu

Phe

Lys

470

Lys

Glu

Glu

Asn

Ser

Phe

Asp

Asp

70

Gly

Cys

Gln

Ala

Ser

150

Gln

Gly

Ile

Pro

Ala
230

Ser

410 415

Leu Trp Asn Trp Gly Ile Ala Tyr Ala
425 430

Asp Lys Gly Asn Leu Gly Ser Asn Val
440 445

Asn Leu Ala Cys Val Phe Phe Ala Trp
455 460

Gly Leu Ser Leu Glu Gln Val Asp Glu
475

Ala Trp Lys Ser Lys Gly Phe Val Pro
490 495

Gln Val Asp Gln Gln Met Asp Ser Lys
505 510

Glu Ala Ser Val
520

Synthetic polypeptide

Arg Met Val Lys Arg Phe Val Asn Val
10 15

Thr Ala Met Ala Ile Ile Val Gly Leu
25 30

Ile Met Gly Tyr Asp Thr Gly Thr Ile
40 45

Tyr Val Leu Ala Arg Tyr Pro Ser Asn
55 60

Glu Ser Ser Leu Ile Val Ser Ile Leu
75

Ala Leu Cys Ala Pro Phe Leu Asn Asp
Leu Ile Leu Ser Ala Leu Ile Val Phe
105 110

Val Ile Ser Thr Ala Ile Pro Leu Leu
120 125

Gly Phe Gly Val Gly Leu Ile Ser Ala
135 140

Glu Thr Ala Pro Lys Trp Ile Arg Gly
155

Trp Ala Ile Asn Ile Gly Leu Phe Leu
170 175

Thr Glu His Met Thr Asn Ser Gly Ser
185 190

Gln Cys Leu Trp Gly Leu Ile Leu Gly
200 205

Glu Thr Pro Arg Phe Trp Ile Ser Lys
215 220

Glu Ser Leu Ala Arg Leu Arg Lys Leu
235

Leu Glu Glu Leu Arg Asp Ile Thr Ala

Thr

Phe

Tyr

Leu

480

Ser

Thr

Gly

Phe

Ser

Lys

Ser

80

Thr

Asn

Cys

Thr

Ala

160

Ala

Tyr

Ile

Gly

Pro
240

Ala
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US 9,695,223 B2

-continued

116

Tyr

Ser

Gln

Thr

305

Ala

Met

Met

Glu

Phe

385

Cys

Pro

Phe

Phe

465

Tyr

Lys

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Glu

His

Ala

290

Thr

Thr

Glu

Ser

Asn

370

Ile

Gly

Thr

Tyr

Ile

450

Ile

Glu

His

Ala

Phe

Lys

275

Phe

Phe

Asn

Val

Leu

355

Asn

Ala

Glu

Ala

Met

435

Trp

Tyr

His

Ser

Ile
515

Glu

260

Asn

Gln

Phe

Ile

Leu

340

Ser

Lys

Phe

Leu

Ser

420

Val

Gly

Glu

Val

Phe

500

Met

PRT

<400> SEQUENCE:

245

Thr

His

Gln

Lys

Val

325

Gly

Gln

Ser

Phe

Phe

405

Asn

Asp

Gly

Thr

Ser

485

Arg

Ser

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION:

496

5

Met Gly Leu Glu Asp

1

Glu

Ala

Gly

His
65

Lys

Ala

Val

50

Ser

Gly

Lys

Ser

35

Met

Phe

Thr

Ala

20

Gly

Thr

Thr

Phe

5

Gly

Gly

Met

Ala

Phe

Val

Gln

Leu

Arg

310

Asn

Arg

Leu

Ser

Ala

390

Pro

Trp

Glu

Phe

Lys

470

Lys

Glu

Glu

Asn

Ser

Phe

Asp

Asp

70

Gly

Tyr

Leu

Thr

295

Ala

Val

Arg

Ile

Gln

375

Ala

Leu

Leu

Asp

Asn

455

Gly

Ala

Gln

Glu

Gly

Lys

280

Gly

Gly

Gly

Asn

Val

360

Ser

Thr

Arg

Trp

Lys

440

Leu

Leu

Trp

Val

Ala
520

Lys

265

Arg

Val

Val

Ser

Met

345

Ala

Val

Trp

Thr

Asn

425

Gly

Ala

Ser

Lys

Asp

505

Ser

250

Ser

Leu

Asn

Asn

Thr

330

Leu

Ile

Leu

Gly

Arg

410

Trp

Asn

Cys

Leu

Ser

490

Gln

Val

Ser

Phe

Phe

Gly

315

Ile

Met

Val

Val

Pro

395

Ala

Gly

Leu

Val

Glu

475

Lys

Gln

Trp

Thr

Ile

300

Phe

Pro

Gly

Gly

Ala

380

Cys

Lys

Ile

Gly

Phe

460

Gln

Gly

Met

Synthetic polypeptide

Arg

Thr

Ile

Tyr

55

Glu

Ala

Met

Ala

Met

40

Val

Ser

Leu

Val

Met

25

Gly

Leu

Ser

Cys

Lys

10

Ala

Tyr

Ala

Leu

Ala

Arg

Ile

Asp

Arg

Ile

75

Pro

Phe

Ile

Thr

Tyr

60

Val

Phe

Ser

Gly

285

Phe

Thr

Gly

Gly

Val

365

Phe

Ala

Ser

Ala

Ser

445

Phe

Val

Phe

Asp

Val

Val

Gly

45

Pro

Ser

Leu

Gln

270

Val

Tyr

Ile

Ile

Ala

350

Ala

Ser

Trp

Val

Tyr

430

Asn

Ala

Asp

Val

Ser
510

Asn

Gly

30

Thr

Ser

Ile

Asn

255

Val

Ala

Tyr

Ser

Leu

335

Thr

Thr

Cys

Val

Ser

415

Ala

Val

Trp

Glu

Pro

495

Lys

Val

15

Leu

Ile

Asn

Leu

Asp

Phe

Ile

Gly

Leu

320

Leu

Gly

Ser

Ile

Val

400

Leu

Thr

Phe

Tyr

Leu

480

Ser

Thr

Gly

Phe

Ser

Lys

Ser

80

Thr
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-continued

118

Leu

Ile

Ala

Ile

145

Ile

Ser

Arg

Gly

Asn

225

Ile

Tyr

Ser

Gln

Thr

305

Ala

Met

Met

Glu

Phe

385

Cys

Pro

Phe

Phe
465

Tyr

Gly

Gly

Gly

130

Pro

Val

Cys

Ile

Met

210

Gln

Asp

Glu

His

Ala

290

Thr

Thr

Glu

Ser

Asn

370

Ile

Gly

Thr

Tyr

Ile
450

Ile

Glu

Arg

Ala

115

Arg

Leu

Ser

Val

Pro

195

Ile

Glu

His

Phe

Lys

275

Phe

Phe

Asn

Val

Leu

355

Asn

Ala

Glu

Ala

Met

435

Trp

Tyr

His

Arg

100

Ile

Val

Tyr

Cys

Asn

180

Leu

Phe

Lys

Pro

Glu

260

Asn

Gln

Phe

Ile

Leu

340

Ser

Lys

Phe

Leu

Ser

420

Val

Gly

Glu

Val

<210> SEQ ID NO

85

Trp

Leu

Ile

Gln

Tyr

165

Lys

Ala

Leu

Ala

Asp

245

Thr

His

Gln

Lys

Val

325

Gly

Gln

Ser

Phe

Phe

405

Asn

Asp

Gly

Thr

Ser
485

Cys

Gln

Ala

Ser

150

Gln

Gly

Ile

Pro

Ala

230

Ser

Val

Gln

Leu

Arg

310

His

Arg

Leu

Ser

Ala

390

Pro

Trp

Glu

Phe

Lys
470

Lys

Leu

Val

Gly

135

Glu

Trp

Thr

Gln

Glu

215

Glu

Leu

Tyr

Leu

Thr

295

Ala

Val

Arg

Ile

Gln

375

Ala

Leu

Leu

Asp

Asn
455

Gly

Ala

Ile

Ile

120

Phe

Thr

Ala

Glu

Cys

200

Thr

Ser

Glu

Gly

Lys

280

Gly

Gly

Gly

Asn

Val

360

Ser

Thr

Arg

Trp

Lys

440

Leu

Leu

Trp

Leu

105

Ser

Gly

Ala

Ile

His

185

Leu

Pro

Leu

Glu

Lys

265

Arg

Val

Val

Ser

Met

345

Ala

Val

Trp

Thr

Asn

425

Gly

Ala

Ser

Lys

90

Ser

Thr

Val

Pro

Thr

170

Met

Trp

Arg

Ala

Leu

250

Ser

Leu

Asn

Asn

Thr

330

Leu

Ile

Leu

Gly

Arg

410

Trp

Asn

Cys

Leu

Ser
490

Ala

Ala

Gly

Lys

155

Ile

Thr

Gly

Phe

Arg

235

Arg

Ser

Phe

Phe

Gly

315

Ile

Met

Val

Val

Pro

395

Ala

Gly

Leu

Val

Glu
475

Lys

Leu

Ile

Leu

140

Trp

Gly

Asn

Leu

Trp

220

Leu

Asp

Trp

Thr

Ile

300

Phe

Pro

Gly

Gly

Ala

380

Cys

Lys

Ile

Gly

Phe
460

Gln

Gly

Ile

Pro

125

Ile

Ile

Leu

Ser

Ile

205

Ile

Arg

Ile

Ser

Gly

285

Phe

Thr

Gly

Gly

Val

365

Phe

Ala

Ser

Ala

Ser
445
Phe

Val

Phe

Val

110

Leu

Ser

Arg

Phe

Gly

190

Leu

Ser

Lys

Thr

Gln

270

Val

Tyr

Ile

Ile

Ala

350

Ala

Ser

Trp

Val

Tyr

430

Asn

Ala

Asp

Val

95

Phe

Leu

Ala

Gly

Leu

175

Ser

Gly

Lys

Leu

Ala

255

Val

Ala

Tyr

Ser

Leu

335

Thr

Thr

Cys

Val

Ser

415

Ala

Val

Trp

Glu

Pro
495

Asn

Cys

Thr

Ala

160

Ala

Tyr

Ile

Gly

Pro

240

Ala

Phe

Ile

Gly

Leu

320

Leu

Gly

Ser

Ile

Val

400

Leu

Thr

Phe

Tyr

Leu
480

Ser
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119 120

-continued

<211> LENGTH: 496

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 6

Met Gly Leu Glu Asp Asn Arg Met Val Lys Arg Phe Val Asn Val Gly
1 5 10 15

Glu Lys Lys Ala Gly Ser Thr Ala Met Ala Ile Ile Val Gly Leu Phe
Ala Ala Ser Gly Gly Phe Ile Met Gly Tyr Asp Thr Gly Thr Ile Ser
35 40 45

Gly Val Met Thr Met Asp Tyr Val Leu Ala Arg Tyr Pro Ser Asn Lys
50 55 60

His Ser Phe Thr Ala Asp Glu Ser Ser Leu Ile Val Ser Ile Leu Ser
65 70 75 80

Val Gly Thr Phe Phe Gly Ala Leu Cys Ala Pro Phe Leu Asn Asp Thr
85 90 95

Leu Gly Arg Arg Trp Cys Leu Ile Leu Ser Ala Leu Ile Val Phe Asn
100 105 110

Ile Gly Ala Ile Leu Gln Val Ile Ser Thr Ala Ile Pro Leu Leu Cys
115 120 125

Ala Gly Arg Val Ile Ala Gly Phe Gly Val Gly Leu Ile Ser Ala Thr
130 135 140

Ile Pro Leu Tyr Gln Ser Glu Thr Ala Pro Lys Trp Ile Arg Gly Ala
145 150 155 160

Ile Val Ser Cys Tyr Gln Trp Ala Ile Thr Phe Gly Leu Phe Leu Ala
165 170 175

Ser Cys Val Asn Lys Gly Thr Glu His Met Thr Asn Ser Gly Ser Tyr
180 185 190

Arg Ile Pro Leu Ala Ile Gln Cys Leu Trp Gly Leu Ile Leu Gly Ile
195 200 205

Gly Met Ile Phe Leu Pro Glu Thr Pro Arg Phe Trp Ile Ser Lys Gly
210 215 220

Asn Gln Glu Lys Ala Ala Glu Ser Leu Ala Arg Leu Arg Lys Leu Pro
225 230 235 240

Ile Asp His Pro Asp Ser Leu Glu Glu Leu Arg Asp Ile Thr Ala Ala
245 250 255

Tyr Glu Phe Glu Thr Val Tyr Gly Lys Ser Ser Trp Ser Gln Val Phe
260 265 270

Ser His Lys Asn His Gln Leu Lys Arg Leu Phe Thr Gly Val Ala Ile
275 280 285

Gln Ala Phe Gln Gln Leu Thr Gly Val Asn Phe Ile Phe Tyr Tyr Gly
290 295 300

Thr Thr Phe Phe Lys Arg Ala Gly Val Asn Gly Phe Thr Ile Ser Leu
305 310 315 320

Ala Thr Asn Ile Val His Val Gly Ser Thr Ile Pro Gly Ile Leu Leu
325 330 335

Met Glu Val Leu Gly Arg Arg Asn Met Leu Met Gly Gly Ala Thr Gly
340 345 350

Met Ser Leu Ser Gln Leu Ile Val Ala Ile Val Gly Val Ala Thr Ser
355 360 365

Glu Asn Asn Lys Ser Ser Gln Ser Val Leu Val Ala Phe Ser Cys Ile
370 375 380
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121 122

-continued

Phe Ile Ala Phe Phe Ala Ala Thr Trp Gly Pro Cys Ala Trp Val Val
385 390 395 400

Val Gly Glu Leu Phe Pro Leu Arg Thr Arg Ala Lys Ser Val Ser Leu
405 410 415

Cys Thr Ala Ser Asn Trp Leu Trp Asn Trp Gly Ile Ala Tyr Ala Thr
420 425 430

Pro Tyr Met Val Asp Glu Asp Lys Gly Asn Leu Gly Ser Asn Val Phe
435 440 445

Phe Ile Trp Gly Gly Phe Asn Leu Ala Cys Val Phe Phe Ala Trp Tyr
450 455 460

Phe Ile Tyr Glu Thr Lys Gly Leu Ser Leu Glu Gln Val Asp Glu Leu
465 470 475 480

Tyr Glu His Val Ser Lys Ala Trp Lys Ser Lys Gly Phe Val Pro Ser
485 490 495

<210> SEQ ID NO 7

<211> LENGTH: 3086

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 7

cgaagatgag agataagcga ccaaaattag cgggagaatc ctcacttgtce tcactccgat 60
ccgatcatgg ctttegetgt cteggttcag tcacattteg caatcagage gttaaaacga 120
gaccacttca agaaccctte tcctegtact ttetgetegt gttttaaatce gaggectgac 180
tegtettace ttagtttaaa ggaacgtact tgettegttt ccaaaccggyg tttagtcact 240
actagataca gacatatatt ccaggtgaaa agcaattttc tctgattttg atttcttcta 300
aaaaaaattc aaaagttttg atttttececgg ttttggttca tggttaggte ggagetgaga 360
cgggaggaga gttcegecgac agtggagaag tagcetgatte gettgettet gatgcaccag 420
agtcattttc ttggtcttcect gtgatactce cgtgecgtatt gatccttcte gttaatttga 480
atttaactgt tcctgagtaa tggatttgga ttgcctgtgt aatgatcttg cctaatgact 540
taatctctta gcaatgcctt atgtatcatc aattatagaa gatagaaaat tagttatttg 600
cctagattgce actgatttaa tagtaattta cttgaatcgt aggtttatct tcecccggettt 660
gggaggatta ttgtttgggt atgacattgg ggctacctce ggtgctacgce tctcacttca 720
ggttatttta aagtatctat tttcatctag ttacatttta gctttcagaa ttttaacatt 780
atgtactgtc tcatatggtc ttgaacagtc acctgcgett ageggaacta catggtttaa 840
cttctcacct gttcagctag gacttgtggt atgttatttg gagatcgata ttttctgtag 900
ttaagccata gagttagcag aaaatgatag tttttactgc attttgttgt gtaggttagc 960

ggatccttgt atggagccct tcttggetca atttectgtet atggegttge tgatttectt 1020

ggtaagtctt gtttttttgg gttgacttct cgttcttctt aactgaatgc aagtatctca 1080

ttectggtttt cttcacatct ttatgaagga agaaggcggg aacttattat agctgctgtt 1140

ctctatctece tecgggtctet gatcactgge tgtgccectg atcttaatat tetcecttagtt 1200

ggaaggctte tctatggcett tggtattggt ttggtgaget ccggaaacct gaatcgttat 1260

ggtaatttcect ttgttacttt tgttgttgat tgttagttaa tgttttatgt aaattggttt 1320

tgcttgatag gcaatgcatg gggctcccct ctatattget gagacatgcce catctcaaat 1380

ccgtggaact ttgatatctce tgaaagaact cttcatcgta ttgggaattt tggtaagtgt 1440

ctgatgtcaa tctcttcecca gtatgatttce tgcgtaaata ttgatttccect tettgtgecag 1500
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ttgggttttt ctgttggaag cttccagatt gatgtagttg gagggtggcg ttacatgtat 1560
ggatttggta cgcctgttge tttgctgatg ggactaggca tgtggagtct ccctgcatct 1620
cctegetggt tgctgcttag agectgtccaa ggtaaaggac aattacaaga atacaaagag 1680
aaggccatgce ttgccctcag caaattacgt ggcagacctc caggtgataa aatctcagag 1740
aagttggtag atgatgccta tttatctgtg aaaacggcct atgaagatga gaaatctggg 1800
ggaaacttcc tggaagtatt ccaagggcct aatttgaaag ctttgacaat tggtggaggt 1860
ttagtcctet tccaacaggt gattcttctt cgetgtttece atttggatga atgtgtgagce 1920
atttttgaaa taatttacac tctgcttcgt tgtgacagat aactggacag cctagtgttce 1980
tttattatgc gggttcgatt cttcaggtat gctcgcctta acattgaaat gaatgagatt 2040
acctactaat ttttactgcc tttagtcgga tgtttaatga gactttatgce tcacttatct 2100
attcaaagac tgctggattc tectgctgctg ctgatgcaac tcgagtctcet gttattattg 2160
gtgttttcaa ggtggccctt tttatttttt tgtttggatg tgtaaatatc ttattttceca 2220
acaagcttcce agttattcaa tactaacctc ttcaattgat aacgctctecg tagttactga 2280
tgacatgggt agctgttgcg aaagttgatg atctcggcag acgaccttta ctgattggag 2340
gtgtcagcgg cattgtatga attcatttta tgtctatatc ttcectgtttct tattttecaa 2400
agaaaagata tcatttctta tatttcttcce aaattccagg cgttgtcctt gtttctactg 2460
tcagcatact acaagtttct cggaggcttt cceccttgteg ctgttggtge actgettcecte 2520
tatgttggtt gttaccaggt ttgtactcta gctcactgtt agctgtggct acatagtttt 2580
atctagcata ttactaaagt ctcagcgcga acagatctca tttggaccca tcagctggcet 2640
aatggtgtca gagattttcc cgctceccgcac aagagggaga gggatcagtce ttgcagttcet 2700
tacaaacttt ggctccaatg ctattgtgac atttgcattt tcacctttaa aggtatattt 2760
ttetgttect gettgttcaa cecttgaagt tattagtaac tcttatcaaa atatgcattce 2820
tctgtaggaa tttcttggag ccgagaatct tttecttete tttgggggca tagcactggt 2880
atcactgctg tttgtaatac tagtagttcc agagaccaag ggtctcagct tggaagaaat 2940
tgaatcaaaa atcttgaagt gaaacgttga agaacatatt tgttatagtt gattctggtg 3000
aaatacatgt atgaggatgt gactattctc tttgtaacat aatatgtttc gtaatcaatg 3060
ggaaaaccaa acctttttca tgatta 3086
<210> SEQ ID NO 8
<211> LENGTH: 5119
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 8
gtgaagatga ttcaatgtcg ttgagtggta gtagttaaat cttcaaaacc ccggagaatt 60
atatatatgg gtttcgttca gcaaacctaa ctaaactcag aaccagaatt catatttcgg 120
tcgetcaaat cacagetatg gegcettgate ctgagcagea gcaaccaatce tcctetgttt 180
ccagagaggt atacgtctcc tttcattgtce tacttcgteg ttttgtttece tgttcgatta 240
aacggtgtga gagagttttc atttgaagta tacgtctect ttcatctgaa gcttaattct 300
ctagtaaatt cgtacttctt gacttgccac attaggaatg ttccttttga gatcaacttt 360
ggcttttage tgacaaattt ctggaaaaat tctgaaattt gectatgttgg aatcttagag 420
attgtattta agagtcatat attcactttt tggggactcg cttcaattct gagaagaaat 480
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ttagaggctt ttacggattt ttagccatca gcctcacagt tatctttaag catgaaattt 540
ttagacccta aatgctgtgt acaattggtt tgttggtttc atgatttgtg tgttccttac 600
tgtttttttt tttttgggtyg gcaactttct gaaactgttt atgcgtttta gtttggtaag 660
tcatctggtyg agatcagccce agaaagggag cctcecttatta aagagaatca tgtcccagaa 720
aactactctg tcgttgeccge cattctecceg tgagatctet catctcettet ccaagtttgg 780
tagttcttaa aatgattcaa atgaaacact cttgaacaat tccgatgtgt tetttgtttg 840
gttatattgt gtatcattta gcataatatg tatcctgact aggaaactag aacgctgtgt 900
atggtacctt gcatagcttt caaatagaat tccttatgga attacatacc atctgcagga 960
atttggacct atgtcccttt gegcatggta gttttttggt ttgtagctag tceccattgatg 1020
attgatatat gcatgttaag aagtttctgt ttcattatca ggtttttatt tccagctcte 1080
ggaggactgc tttatggtta tgaaattggt gcaacttctt gtgcaaccat ttcacttcag 1140
gtaaagttaa aagttgtctg aaactatcta gtcctacaaa atttgttatc attcaactta 1200
tttttcaagt gcctagtcac tgttttcaaa gcctaaatat tataaagctc tggaaattgg 1260
actgagatat cagtactgaa acatgatatt tcacacttgc cagaccattt tttccctttg 1320
atttctectg tatattgttg tcacatgcat gtacgttatt tatatttgte tacattcttt 1380
taggagccta tgactttgcet atcttactat gctgtteect tttcectgcagt cgccttcatt 1440
aagtggaatt tcatggtaca acttgtcctc agtggatgtt ggtctagttg taagtttcca 1500
agttatatgt gatacttctt ctttatcctg gtcattgett atcatttatt cacctgccgce 1560
tcttggatat gtgtttgcca tttggagtaa agacaaattt gcttacaaaa tagtgttaaa 1620
ttttctecag accagtggcet cactttacgg tgcattattt ggctcaattg tggcttttac 1680
tatcgctgac gttataggtt agttttactt ctcactatct tcattttgta ggcatgagta 1740
tttagcaatg tttgcttgtyg gaaaaagata aagttttggt tttgttgaat ttggaaggaa 1800
gaagaaagga gctgattttg gctgcattat tgtatctcgt tggagccctt gtgactgcac 1860
tagccccaac ctattccecgtt ctgataattg gacgggttat ttatggggtce tcagttggac 1920
tggtaagact gatcatgctt ctttattgtt tgacatctaa agactttctt atgcatgcca 1980
atggctcaaa cgttatatat tatgcatttg gcggtgtact aagaatcgca catctgttag 2040
gaggggagca aattaatgct ttataggact ttagggcacc cacactctta atttatagtg 2100
gtgactactt tccaaggtct tataatattt taacttgttc ccctcectaaa ggatgtggag 2160
ttcttatcat gtatataatc aacctaactt aacctttcecca atgaatctaa cagttgatgc 2220
aaatatattt ccatctattg ctgagcatgg gttgttatcc agtgcatcat catagaaaca 2280
taattgatgt ctattctatg tacatgtata cagagtacac atatattgtg actgtattct 2340
tcgtectteg tattttttat gtttttccag cttaaaagcc agtgactaga aatcttgttt 2400
acctttcgaa aatattgttt atccatgtge ttttgctgtg gattacatat agcagtactce 2460
ttgctacggg aactgaattg tttccctaca tttaggcaat gcatgegget ccgatgtaca 2520
ttgcagagac tgctccaagt ccgatacgtg gacagctggt atcattaaag gaattcttca 2580
tagtccttgg gatggttgta agttcctgca accctgagat ttaggacgtt gattgcttta 2640
tgtgaagcag ttgagttgaa atctttgttc accaagttaa tctcacatat ccccatacaa 2700
aattttacac agggaggtta tggaatcggt agtcttacag tcaatgttca ttctggttgg 2760
cgatacatgt atgcaacaag tgtccctttg gcagttatta tgggaattgg gatgtggtgg 2820
ctcccagecat cccctaggtg gettttgttg cgecgtcatac aggggaaagg gaatgtggag 2880
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aaccaacgag aggctgcaat caaatctctc tgctgcctta gaggccctge ttttgttgat 2940
tcagctgctg aacaagtaaa tgagattttg gctgaactaa cttttgtggg cgaggataaa 3000
gaagtcacat ttggtgaatt atttcaaggg aagtgcttga aagctctcat cataggagga 3060
ggtctagtet tgtttcagca ggttggtata gtcaaatcta atcattgtgt tctcecttgaaa 3120
gaataattac taatgaattc ttgtctaatg gcagataact ggacaaccaa gtgtgcttta 3180
ttatgcacca tcaatactgc aggttttctt cttctctaaa taaactttct gtatagtata 3240
atattggctt tgttgcactt cgaaactcac gactggattt ttaacttcte cccccatcce 3300
acatttcecctg ttagaccgcet ggcttttcag ccgcaggtga tgcaacaagg gtctcaattce 3360
tacttggtct attgaaggtt ttcactgttt cccacctggce taaaatttaa gttactttte 3420
caatgtaata aagaaatgcc gttttagtta ttttgccttc aaagaaataa cacccgccte 3480
tgttgttgca gttgattatg acaggagtag ctgttgtagt tatcgacaga cttggaagga 3540
gacctttact tcttggtgga gttggtggca tggtatgtcc tetgtcecttta tcectteect 3600
tttctcatce atgttccecgtt tatacacctt aagcaaaagt acagtaaatt taggtcaagc 3660
tcactaaatg ttcagctcaa tgatagagag aacccaatac tcctaataac attttatttt 3720
caatgtcaaa caggttgttt cattattcct gctggggtca tactacctcect ttttcagegce 3780
ctcaccagtt gttgctgtag ttgcactgct gctttatgtg ggctgttacce aggtaaacaa 3840
atagttgatt agaattttgc taatcaaact tcactaccac aatgtcaatg cttgtcctaa 3900
aagtatcata gactttttga tataactcgt ggcatctaaa gttggagttc ttataacaag 3960
tagttccatt ggagtttatg tacaaaagtg attcatggat ttcattattt tcgccttaaa 4020
acttttgata tgcttctagt tectttttttc aacatgtttg gectttctact tttcaataag 4080
agcttgaacg tattaccatc aatcttgcag ctatcttttg gtccaattgg ttggctgatg 4140
atttcagaga tatttcceccect taaactaaga ggtcgaggtc tcagtctage agtgcettgtg 4200
aattttggtg caaacgcact tgtgacattt gcgttttcac ccctaaaggt aacctaccat 4260
tcecttgagg acaaaaattce tegtttgttt aagettggta tggccattac tgtagaaatg 4320
gtagcaaccc ttttgcaaga cttttttact ttagaagaaa ttgtcaatca tatggttagt 4380
cgtggtgaaa ttctagtcga atgatatcga cacccacagt tagagtagtt tttcttetga 4440
tatctaactg gaacttttcg tttggctcaa atggctctgt tttgcaggaa ctgctgggag 4500
ctgggatact gttttgtggg tttggtgtga tatgtgtatt gtctctggta ttcatattct 4560
tcattgtgce agagacaaag ggtctcactc ttgaggaaat tgaagccaaa tgtctctaaa 4620
aaagaggtct gttctttgct tagaaaccac aaagtcgtgt gecttecctcac atgattttga 4680
ttcatattgt taatcagtga ggaaaataat agtgcaggtt cagaaacaaa taaacatatg 4740
aatctgccge acaagacggg aaatgaatct tcagagacca ctaagttatt tgaagcaatg 4800
ttacttcaaa ggctcggttyg tttctagcaa aatacatgta cgagaattca taaatacaga 4860
aatctttgta atgattatta gcgctctgat gaagttagaa aataaaaaaa gaaaacatca 4920
tagaagaatt taaatttgta gaatatgtcc taaccagtga tgtttcgaaa tccgaaggtt 4980
tctcaaagtt tgtatttttt ttaaacgatt ccacgattct gcaatgctgce attatgatat 5040
agaacattat gctgaataga agatattttt cgggatttgt aagacttgat gtgatatagt 5100
ataatggaac attgtggtc 5119

<210> SEQ ID NO 9
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<211> LENGTH: 1644
<212> TYPE: DNA
<213> ORGANISM: Candida intermedia
<400> SEQUENCE: 9
atgtcacaag attcgcattc ttctggtgee getacaccag tcaatggtte catccttgaa 60
aaggaaaaag aagactctcc agttcttcaa gttgatgcce cacaaaaggyg tttcaaggac 120
tacattgtca tttctatctt ctgttttatg gttgcctteg gtggtttcegt ctteggttte 180
gacactggta ccatttccgg tttegtgaac atgtctgact ttaaagacag attcggtcaa 240
caccacgctg atggtactcc ttacttgtce gacgttagag ttggtttgat gatttctatt 300
ttcaacgttyg gttgegetgt cggtggtatt ttectcetgea aggtegetga tgtctggggt 360
agaagaattg gtcttatgtt ctccatggct gtctacgttg ttggtattat tattcagatc 420
tcttcatcca ccaagtggta ccagttectte attggtegte ttattgctgg tttggetgtt 480
ggtaccgttt ctgtegttte cccactttte atctctgagg tttctccaaa gcaaattaga 540
ggtactttag tgtgctgctt ccagttgtgt atcaccttgg gtatcttcectt gggttactgt 600
actacttacg gtactaagac ctacactgac tctagacagt ggagaattcce tttgggtttg 660
tgtttegett gggctatett gttggttgte ggtatgttga acatgccaga gtctccaaga 720
tacttggttyg agaagcacag aattgatgag gccaagagat ccattgccag atccaacaag 780
atccctgagg aggacccatt cgtctacact gaggttcage ttattcagge cggtattgag 840
agagaagctt tggctggtca ggcatcttgg aaggagttga tcactggtaa gccaaagatce 900
ttcagaagag ttatcatggg tattatgett cagtccttge aacagttgac cggtgacaac 960

tacttcttect actacggtac taccattttce caggctgteg gtttgaagga ttcectttecag 1020
acttctatca ttttgggtat tgtcaacttt gcttccacct tcgttggtat ctatgtcatt 1080
gagagattgg gtagaagatt gtgtcttttg accggttceg ctgctatgtt catctgttte 1140
atcatctact ctttgattgg tactcagcac ttgtacaagc aaggttactc caacgagacc 1200
tccaacactt acaaggcttc tggtaacgct atgatcttca tcacttgtcet ttacatttte 1260
ttetttgett ctacctggge tggtggtgtt tactgtatca tttceccgagte ctacccattg 1320
agaattagat ccaaggccat gtctattgct accgctgcta actggttgtg gggtttettg 1380
atttccttet tcactccatt catcaccagt gccatccact tctactacgg tttegtttte 1440
actggttgtt tggctttcte tttecttectac gtctacttet tegtctacga aaccaagggt 1500
ctttectttgg aggaggttga tgagatgtac gcttccggtg ttcttceccact caagtcectgece 1560
agctgggttc caccaaatct tgagcacatg gctcactcetg ccggttacge tggtgctgac 1620
aaggccaccg acgaacaggt ttaa 1644
<210> SEQ ID NO 10

<211> LENGTH: 1569

<212> TYPE: DNA

<213> ORGANISM: Candida intermedia

<400> SEQUENCE: 10

atgggtttgg aggacaatag aatggttaag cgtttcgtca acgttggega gaagaaggct 60
ggctctactg ccatggccat catcgteggt ctttttgctg cttetggtgg tgtectttte 120
ggatacgata ctggtactat ttctggtgtg atgaccatgg actacgttct tgctcgttac 180
ccttccaaca agcactcttt tactgctgat gaatcttett tgattgttte tatcttgtcet 240

gttggtactt tctttggtge actttgtget ccattcctta acgacaccct cggtagacgt 300
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tggtgtcectta ttctttctge tettattgte ttcaacattg gtgctatctt gcaggtcatce 360
tctactgcca ttccattget ttgtgcetggt agagttattg caggttttgg tgtcggtttg 420
atttctgcta ctattccatt gtaccaatct gagactgcte caaagtggat cagaggtgcce 480
attgtctett gttaccagtg ggctattacc attggtcettt tecttggecte ttgtgtcaac 540
aagggtactg agcacatgac taactctgga tcttacagaa ttccacttge tattcaatgt 600
ctttggggte ttatcttggg tatcggtatg atcttettge cagagactcece aagattcetgg 660
atctccaagg gtaaccagga gaaggctget gagtetttgg ccagattgag aaagcttcca 720
attgaccacc cagactctct cgaggaatta agagacatca ctgctgctta cgagttcgag 780
actgtgtacg gtaagtcctce ttggagecag gtgttctcete acaagaacca ccagttgaag 840
agattgttca ctggtgtgge tatccagget ttccagcaat tgaccggtgt taacttcatt 900
ttctactacg gtactacctt cttcaagaga gectggtgtta acggtttcac tatctccttg 960
gccactaaca ttgtcaatgt cggttctact attccaggta ttecttttgat ggaagtcectce 1020
ggtagaagaa acatgttgat gggtggtgct actggtatgt ctctttctca attgatcegtt 1080
gccattgttg gtgttgctac ctcecggaaaac aacaagtctt cccagtcegt ccttgttget 1140
ttctectgta ttttcattge cttectteget gccacctggg gtccatgtge ttgggttgtt 1200
gttggtgagt tgttcccatt gagaaccaga gctaagtctg tcecteccttgtg tactgcttcece 1260
aactggttgt ggaactgggg tattgcttac gctactccat acatggtgga tgaagacaag 1320
ggtaacttgg gttccaatgt gttcecttcatc tggggtggtt tcaacttggce ttgtgtttte 1380
ttcgettggt acttcatcta cgagaccaag ggtcectttett tggagcaggt cgacgagttg 1440
tacgagcatg tcagcaaggc ttggaagtct aagggcttcg ttccatctaa gcactcttte 1500
agagagcagg tggaccagca aatggactcc aaaactgaag ctattatgtc tgaagaagct 1560
tctgtttaa 1569
<210> SEQ ID NO 11
<211> LENGTH: 1584
<212> TYPE: DNA
<213> ORGANISM: Debaryomyces hansenii
<400> SEQUENCE: 11
atgggtttag aagataatgc gcttattaga aagtatgtca atgtcgggga aaaaagggct 60
gggtcagcat ctatggggat tttegtaggt gecttegecag cttteggggg tgttttgtte 120
gggtatgata ctggaaccat ttcaggtatc atggccatga actatgtcaa aggagaattt 180
cctgecaata aggagagttt tacgtcaaaa gaaagttcegt tgattgttte catcttatca 240
gcaggtactt tctteggtge gttgttagca ccgtttatgt ctgatacttt aggtagaaga 300
tggtcattaa ttatttcaac attcattgtt ttcaacttgg gagtgatttt acaaactgtt 360
tcaactggta ttccattact atgtgctgga agagctattg ctggttttgg tgttggtcett 420
atatctgcetg tcattccatt atatcaatca gaagccacte caaaatggat tagaggggct 480
gttgtatctt gttatcaatg ggccattact attggcttat tgttagcggce ttgtgttaac 540
caaggtactc ataatagaaa tgactcgggt tcatacagaa ttccaattge tgttcaactt 600
ttatggtcgt taattttggg tactggtatg atcttcttge ctgacacgcce acgtttectgg 660
atccacaaag gtaatgaatc tgaagctaag aaatcgttga agattttaag aaaattacca 720
cttgaccacce cagacttaat tgaagaatac gaagacatca aagctgctta cgatttcgag 780
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tgttettteg gaaaatcgtce ttggatggat ctttttacca caaggaatag gcaattgaag 840
agattattta ccggtgttgc tcecttcaagca tttcaacaat taactggtgt taactttatc 900
ttctattttg gtacctcttt cttcaagagt gctggtattg aaaacgaatt tcecttatttcet 960
ttagccacca gtattgttaa cgtaggtatg actgttccag gtatcttttt aattgaatta 1020
gtgggtcgte gttctatgtt gttgtggggt gectgttggta tgtcggtttce tcaatttatce 1080
gttgctattg ttggtattgc cactgatagt gccgacgcta acaaagtctt gatcgcattce 1140
acttgtttct tcattgcatt ctttgcttct acctggggtce caattgcttg ggttgttgtt 1200
ggtgagattt tcccattaag aactagagct aagtccgttg cattatctgce cgcttccaac 1260
tggctttgga actgggctat cgcatacgct actccatact tggtagaaga tggtaagggt 1320
aatgctaact taggaacaaa cgttttctte atctggggtg gatgtaactt tetttgtatt 1380
ttgttcactt acgtcttcat ttacgaaacc aagggttact ctttggaaca aattgatgaa 1440
ttatatgaaa aagttccaca tgcttggaaa tctegtgget tcattcecctte tgcccatget 1500
ttcagagaag atgctccaga gtcaatcagc tctatgggaa aggatatgga aaaagttact 1560
gaaattgaaa ccacttcagt ctaa 1584
<210> SEQ ID NO 12
<211> LENGTH: 2196
<212> TYPE: DNA
<213> ORGANISM: Debaryomyces hansenii
<400> SEQUENCE: 12
atgtggccat ttctagatag gatcatgtat gatcactcga cggaggagga atattacaaa 60
aagatgcaac agaagtcgtc ttcgtcgagt gecattacag tggggctagt ggcggeggta 120
gggggatttt tgtatgggta cgatactggg ctcattaacg atattatgga gatgacgtac 180
gtgaaggata acttcccgge gaatggacat agcttcageg tacacgageg agegttgata 240
acggccatct tgtcactcgg aacatttttt ggggegttga tagegccegtt gatatcggat 300
acgtggggta gaaagttttc gatcattgta tcgtcagete tcatatttaa tgtgggaaac 360
atcttgcagg tgtcatccac agaggtggtg cttttatgtyg ttgggagage tgtttcgggg 420
ttgtcagtgg gtatactctc agccattgtg cegttgtate aagctgaage ttcgecaaaa 480
tgggtaagag gttccattgt gtatacttac caatgggcga taacatgggyg gttgttgatt 540
gctagtgcta tatgtcaggg ggcaaaaaac attatgaatt cgggctegta tagaataccg 600
gtgggaatac agttcttgtg ggcaattatt ttgtctgtceg ggatgctttt tttacccgaa 660
tctectegat tccatgtaca gaaggataat atccaagaag cattgaaatyg cttagctaga 720
ctaagaaaag tgccgacaga tgaccctgat ttgatagaag aactagttga aatcaaggcce 780
aactatgact acgagttatc gtttggaaag gcatcctata tagattgett taagagtggt 840
ggaggaagaa ataagcaact cacgaggatg ctcacaggta ttggggtcca ggcatttcaa 900
caaagttcag gaatcaattt tattttctat tacggggtta atttcttcge aagttcagga 960
attaagaatt attacttaat gtcatttgta acttatgcag ttaacacact ttttacaata 1020
ccagggataa ttttgattga agtcatagga agaaggaaac tattattatt tggcggcatt 1080
ggaatggctyg tttcaaattt cataatagca attgttggtg ttagtatgtc agatgagtca 1140
atcagttcta taatatgtgt gtcattttcg tgtgtcttta ttgcattttt tgcatcatca 1200
tggggcggtyg ccgtatggge gcetctcettca gatatatttg gtattggtat tagacaaaaa 1260
gcaatatcge taacggcagc gacaaattgg ttagttaatt ttacctttgc atttataacyg 1320
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ccatatttga ttgatactgg taaacatacc gcagcattgg gtaacaaaat tttttttatc 1380
tggggtggtt gtaatgctct aggcgtecgta tttgtgtact ttatggttta cgaaacgaaa 1440
ggattaaaat tggaagaaat tgatttcatg tacaaaaact gtgtgaacgc tagagcttcg 1500
actaagttca aatctcaaaa gattgtatac gccaatcaaa tttcaacacc gatctcagag 1560
cttcttaatc ccaaccgatc gcatattgcg attgagaaat caagtggaag taacaataat 1620
ggcgatgatg atgagaatag cgaagaaaat caccatgatt ttggtttaga gaacggaaac 1680
gtcttacaca acaatttgga taataggaat ataactctta tcccttataa gaatattatt 1740
tcacctectge gatcattcag ttcagattct tcaagcgatt ccgactcatce ttcaccactce 1800
aatgattatg aaagatactt acatagcttg caaaaagaag gcagccatca tgacacctct 1860
caaacttcaa cgtccttaat tactgacaat aagctaagtc atcttaattc catgcataat 1920
gcccactcac ggggtaattt tactgaggag gacttgaagt acctcaatga tgaatatgat 1980
ttagcgatgt cgcagaaata cccaggcaca actacggege ctctaaaacc aagcacgaat 2040
atgactgtta tagcggcgcc attttttgac gctccaccaa gcgattcaga cacggacgac 2100
gaaagcgacyg acgatgaagt cggtgacgaa gatagcgaaa cagaaccaga aactactaag 2160
ggctcaccgyg ttgataccaa ggactctagt tcgtag 2196
<210> SEQ ID NO 13
<211> LENGTH: 1593
<212> TYPE: DNA
<213> ORGANISM: Debaryomyces hansenii
<400> SEQUENCE: 13
atgttcaata aaatcagatt tggtttctge agecttaaaca aggagcttga taagtttcat 60
acgacatata atatatatgt tattgctatg attacaacaa tctcaggtat gatgtttgga 120
tttgatgtct cttcaatctc tgcatttata tctgaaccat cctacaggcg gttcttcaat 180
tatccaaact ctacgacaca gggtgcaatt actgcatcca tgtctgcagyg gagcttettg 240
ggtgcaatat tatcatcttt tgtatcagaa agaattggga gaagaacctc attgettttt 300
tgtgeccatgt tctgggtttt aggttccata atccaatcat catgcagaaa ccttggtcaa 360
ttaatcgcag gtcgcataat atccggggta ggtgttggta ttggatccege aataacccca 420
atatattgtt cagaagtatc tcctgcccct tctagaggtg ttattggagg tttatttcaa 480
ttagctatca catttgggat attgataatg ttttacatag gatatggttg tacatttatt 540
aacggtcagg cgtctttcag attagettgg gegctacaaa tgattccegyg tttggttttg 600
tttgctggtyg tattcatttt acctgagtca ccacgctggt tagcaaacaa tagtaagtgg 660
gagcaagcag aagaagtgat tcgaagaatt aacgaaaaag acaaaacagg aagatatttg 720
attgaattag aggagttgaa ggaaagtatc acaattcata aattatcaaa agatataggg 780
tacctagatc ttttcaggaa aaagaactat aaaagtagta ttgttggtat ttcggctcaa 840
atctggaatc agcttaccgg aatgaacgtg atgatgtatt atatagtcta tatctttgaa 900
atggtgggat atactggaaa tacagtttta gttagttcaa gtatccaata tgttatcaat 960
tttggcgtga ctttaatage tttgccttta tctgattatg ttggaagaag aagactaatg 1020
ctaatcggtg gtgtactaat gatggcatgg ctatttgcetg ttggtggact ctttgcagcce 1080
tattctgaaa aggtagaaaa cgtcaccagt gacgcaaccg tggttgttac tatccccgaa 1140
gaacatcgaa atattggaaa agccattgtt gecttgcectctt atttattcegt tgccacctte 1200
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gctagtacgt gggcagtatg ttcatggtgt tatttttctg aagtgctccce aactaggaca 1260
agatcaaaag caggactgtt agcagttgca agtgactggg caataaattt tgccatagct 1320
ctttttactt cttcagcatt tagaaatatt acttggaaaa cttactttgt ttttggaaca 1380
ttetgeggeg ctatgaccegt tcatacctte ctttcatacce ctgaaactcg tatgaaaacg 1440
ctagaagaaa ttgatatgac tttccaaaat tgtatcccac catggaggtc cgcgggagtt 1500
actattcaaa gtcttgacgg ttatttaagt gattctaagg aaaataacgt aacgcatgtc 1560
gaacaagtgg aatcaaatag cataagtaag tag 1593
<210> SEQ ID NO 14
<211> LENGTH: 1731
<212> TYPE: DNA
<213> ORGANISM: Debaryomyces hansenii
<400> SEQUENCE: 14
atgtcttcegt tattgaccaa caaatatttc aaagactatt acaataatcc aagtccaacg 60
gcgattggta ctatgatcge catcctagag attggtgett tgatatcatc gttegttgeg 120
ggtaaagttyg gtgatcatat cggaagaaga cgcactatac gttatggatc gtttatctte 180
ataatcgggg ggcttatcca aacttcegtca atcaatatta ttaacttagyg ggcaggaagg 240
tttatcagtg gtgtggcaat tgggtttttg actactatca ttccatgcta tcagtctgaa 300
atcagtccac ctgatgatag aggattctat gegtgcttag aatttactgg taacatcatt 360
ggttactcta caagtatttg ggtggattat gggttttcegt tcatagaaaa tgactactca 420
tggagaactc cattggccat ccaatgtgte atgggtggec ttttgtttat tggatcatte 480
gtaatcgtag aaactccaag atggcetttta gatcatgatc atgatattga aggaatgatt 540
gtgatttectyg atttgtatgg tgatggtgat gttgaagacyg aattatctaa aacggaatat 600
agaaacatta aggaaaacat tctcatcgca agagtggaag gaggggaacyg ttcatatcgt 660
tatatgttaa ctaagtataa gaaacgtctt tcagttgcegt gecttttcgca gatgtttgca 720
caattgaatg gtattaatat ggtttcctat tatgcgecta tgatttttga getggccggt 780
tgggttggta gacaggccat tttaatgact ggtattaatt ccatagttta cgtattgagt 840
acaattccge catggtattt ggtggatggt tggggcagaa agccgttatt gttgtctgge 900
gctgttgteca tgggtatace attattagtg atttcgtatt cattattcct tgataacatt 960
tataccccaa acatagtggt tgtatcggtg atcatattca atgctgcatt tggtgcaagt 1020
tgggggccaa tcccatggat gatgaatgaa gtattaccta atagtattag atctaaaggt 1080
gctgeccatgt ccactgcaac taattggcta ttcaacttca tcegtagggga aatgacccca 1140
atattgttgg ataccattaa atggagaacc tatttgatct cagccgtctce gtgtgcatta 1200
tcatttttat gcgtccactt cttgtttccg gaaacaaagg ggttgagctt agaggacatg 1260
ggctccgtat ttgatgataa ctecgtctatt ttttegttec attcgggtgce atccagtgga 1320
aacaatgcat caactactac tatcaataac tacggggctg cagatagaga tagcggtatc 1380
gaggttcgca gaactagtat ctccgttgaa actccaaacc atgcaaacat agttaatgaa 1440
gcatttcgec aatccccage atcaattget cgtaattcaa aggccaaacc agagttagac 1500
ggtcttatta ctggtaatcc accacccgta ccacctgacc tcectecggtcectt ggactccaat 1560
gtacctccac aagaaatcga accaccttca ttcgacgtca ttttcaaata taaagttcege 1620
caattagaga aaccaaacat attccaaaag gctttcegtg caatctccgg tgatagtacg 1680
ttcaaaccac cacagatcga cgaagaacgt actttgctct cgaataattg a 1731
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<210> SEQ ID NO 15
<211> LENGTH: 1674

<212> TYPE:

DNA

<213> ORGANISM: Debaryomyces hansenii

<400> SEQUENCE: 15

atgactactg

aaagatccgt

tacgatcagg

agaatttttt

tggtttggtt

agaatagctt

agtatgettt

gtcccaattt

cagcaatttt

tttattggag

tacattgatg

tttgggttac

tcgecaagat

ttgaggagaa

gtattatttg

tttataacat

ggCtCthgg

ccaacaatat

gtctatggga

ggtagaaaaa

ggtgcaattyg

gcaatagett

tgggttttac

acttcatcaa

acaatgaaat

acttggtttyg

ggtgatttag

atggattcaa

ctgttggatt

tagtgttttyg

gagttattag

ccgatectga

cgttgataaa

gegttgtatt

tcgctgggag

atatgtcgga

caataacaat

gaactaaatg

ttcctcaagy

aaattgcacc

ggctcttate

gaaataatcc

aacaaaaata

cgtattggga

ttatgttctt

ttagtcaatt

ttgttaattg

ctttattgat

tcggcacata

ttatttttat

catccgaaat

catggatgaa

ggggaacata

ttatcccaga

atgcgttgea

ttaaagctac

<210> SEQ ID NO 16
<211> LENGTH: 1476

<212> TYPE:

DNA

agaagataat

cataattgceg

tggtatagtt

ttataagggt

ctetectgtt

tgttatcgga

agcagttgcet

attagctcca

aggtattttyg

tgctectgac

tggttgttac

agcttteatt

aagaaaaaga

tgatatgatt

taacgagagg

tctagtetet

ccaacaattt

aggaatggat

cctttcaact

ggctggggea

tggtgatact

atatgatttce

cttctctatt

taatttcata

tatctttttt

aactaaagga

agaaaagcaa

aacagatatt

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 16

atgaataccc agtataattc cagttatata

ggtttattat ttggctacga caccgecgtt

gtctttgttyg ctccacaaaa cttaagtgaa

tccaaaggga atattattac

tttgcatcta ttgggggttt

actatggagt catttgcgge

tggtttgttt ctacattttt

gttgatcgat ttggaagaag

tctgtettte aatgtgcagy

ggtateggtyg tcggacaatt

ccttcagtaa gaggtggttt

atatcatttt ggataaatta

caagattaca aaggcgatac

ggtcaaaaag atgcttcctg

ttaggtattg gtatgtettt

gaagaggagg catgggaggce

gatgctgaat tcaatgaaat

aaatttcaag gaaaaacagg

accaaatcaa attttaagag

attggttgta atgcaattat

tccaacacca cagcattgtt

attcctgeta tetttgegat

gctggaactt ttgtttegtt

ttatctaagc ataaaactgce

aacttttcat atagctggge

ggaatcagat caaaagctat

attggtttgyg tcacccccey

gcagcatttyg ctataattge

gtacctttag aagaaatgga

aacttctete gcatgaatga

tcggaagcac attattctga

ttttcgatta ccttagtege

atttcecggta ctgttgagte

tccgetgeca actceectgtt

tgttatgagt

actctttggy

aaaattccce

gttgtgtget

ggatactata

tacgtcggtt

gactatggta

agttgtaata

tggcactcaa

tttcgaccca

gagaattcca

ttttccaaga

tttgaattat

taaatcggac

aatgtcttte

agtttttata

ttattacgca

aggaacaggg

tgacagattt

ggttatagta

tggtagagcg

acctattgga

atccattact

tatgttggag

atttgettte

tttagttttt

attatcaaaa

ttaa

tacattaggt

actcaatacc

agggttttge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1674

60

120

180
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gtggccageyg ctetgattgg ttgcatcatce ggceggtgece teggtggtta ttgcagtaac 240
cgctteggte gtcecgtgatte acttaagatt gctgctgtee tgttttttat ttectggtgta 300
ggttctgect ggecagaact tggttttace tctataaacce cggacaacac tgtgectgtt 360
tatctggcag gttatgtccc ggaatttgtt atttatcgca ttattggcgg tattggegtt 420
ggtttagect caatgctcte gccaatgtat attgcggaac tggctcecage tcatattege 480
gggaaactgg tctcttttaa ccagtttgeg attatttteg ggcaactttt agtttactge 540
gtaaactatt ttattgcceg ttcecggtgat gecagetgge tgaatactga cggetggegt 600
tatatgtttg cctcggaatg tatccctgca ctgctgttet taatgectget gtataccgtg 660
ccagaaagtce ctcgetgget gatgtegege ggcaagcaag aacaggcgga aggtatcctg 720
cgcaaaatta tgggcaacac gcttgcaact caggcagtac aggaaattaa acactccctg 780
gatcatggece gcaaaaccgg tggtegtetg ctgatgtttyg gegtgggegt gattgtaatce 840
ggcgtaatge tctccatctt ccagcaattt gtceggecatca atgtggtget gtactacgeg 900
ccggaagtgt tcaaaacgct gggggccage acggatateg cgetgttgea gaccattatt 960
gtcggagtta tcaacctcac cttcaccgtt ctggcaatta tgacggtgga taaatttggt 1020
cgtaagccac tgcaaattat cggcgcactc ggaatggcaa tcggtatgtt tagecctecggt 1080
accgegtttt acactcaggce accgggtatt gtggcgctac tgtcgatget gttctatgtt 1140
gccgectttyg ccatgtectg gggteccggta tgctgggtac tgctgtegga aatctteccy 1200
aatgctattc gtggtaaagc gctggcaatc gcggtggegg cccagtgget ggcgaactac 1260
ttegtetect ggaccttece gatgatggac aaaaactect ggctggtgge ccatttecac 1320
aacggtttct cctactggat ttacggttgt atgggcgttc tggcagcact gtttatgtgg 1380
aaatttgtcc cggaaaccaa aggtaaaacc cttgaggagc tggaagcgct ctgggaaccg 1440
gaaacgaaga aaacacaaca aactgctacg ctgtaa 1476
<210> SEQ ID NO 17
<211> LENGTH: 1701
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<400> SEQUENCE: 17
atgcacggtyg gtggtgacgg taacgatatc acagaaatta ttgcagccag acgtctccag 60
atcgetggta agtctggtgt ggctggttta gtegcaaact caagatcttt cttcatcgea 120
gtctttgcat ctecttggtgg attggtctac ggttacaatc aaggtatgtt cggtcaaatt 180
tceggtatgt actcattctce caaagctatt ggtgttgaaa agattcaaga caatcctact 240
ttgcaaggtt tgttgacttc tattcttgaa cttggtgect gggttggtgt cttgatgaac 300
ggttacattg ctgatagatt gggtcgtaag aagtcagttg ttgtcggtgt tttettette 360
ttcatcggtyg tcattgtaca agectgttget cgtggtggta actacgacta catcttaggt 420
ggtagatttg tcgtcggtat tggtgtgggt attctttcta tggttgtgcecce attgtacaat 480
gctgaagttt ctccaccaga aattcgtggt tectttggttg ctttgcaaca attggctatt 540
actttcggta ttatgatttc ttactggatt acctacggta ccaactacat tggtggtact 600
ggctctggte aaagtaaagc ttettggttg gttcectattt gtatccaatt ggttccaget 660
ttgctettgg gtgttggtat cttcttecatg cctgagtcete caagatggtt gatgaacgaa 720
gacagagaag acgaatgttt gtcegttett tccaacttge gttecttgag taaggaagat 780
actcttgtte aaatggaatt ccttgaaatg aaggcacaaa agttgttcga aagagaactt 840
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tctgcaaagt acttcectca cctccaagac ggttctgeca agagcaactt cttgattggt 900
ttcaaccaat acaagtccat gattactcac tacccaacct tcaagcegtgt tgcagttgee 960
tgtttaatta tgaccttcca acaatggact ggtgttaact tcatcttgta ctatgctcca 1020
ttcatcttca gttctttagg tttgtctgga aacaccattt ctcttttage ttectggtgtt 1080
gtcggtateg tcatgttcecct tgctaccatt ccagctgtte tttgggtcga cagacttggt 1140
agaaagccag ttttgatttc cggtgccatt atcatgggta tttgtcactt tgttgtggcet 1200
gcaatcttag gtcagttcgg tggtaacttt gtcaaccact ccggtgctgg ttgggttget 1260
gttgtctteg tttggatttt cgctatcecggt ttcecggttact cttggggtcce atgtgcttgg 1320
gtcettgttyg ccgaagtctt cccattgggt ttgcgtgcta agggtgtttce tatcggtgece 1380
tcttctaact ggttgaacaa cttcgcetgte gccatgtceta ccccagattt tgttgctaag 1440
gctaagtteg gtgcttacat tttettaggt ttgatgtgta ttttcecggtgce cgcatacgtt 1500
caattcttct gtccagaaac taagggtcgt accttggaag aaattgatga acttttcecggt 1560
gacacctctg gtacttccaa gatggaaaag gaaatccatg agcaaaagct taaggaagtt 1620
ggtttgctte aattgctcgg tgaagaaaat gcttctgaat ccgaaaacag caaggctgat 1680
gtctaccacg ttgaaaaata a 1701
<210> SEQ ID NO 18
<211> LENGTH: 1404
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<400> SEQUENCE: 18
atgaagtatt ttcaaatctg gaaatcaggc aaacaagtaa gctacgctgt tacattcact 60
tgtgaattgg catttattct ttttggtatt gaacagggta ttattggtaa tcttattaac 120
aaccaggact tcctaaacac ttttggaaac cccaccggta gttatttagg tattatcgtt 180
tctatctata ccttagggtg tttttttggt tgtgttatga acttcttcat tggtgatcga 240
atgggcagaa gaagcaaaat tgcttcectca atgacagtta tcacaattgg tgttgetett 300
caatgtagtt ccttttcagt tgaacaattg atgattggaa gatttatcac tgggcttgga 360
actggttggg aaacttctac ttgtccaatg tatcaggcag aactttcacc tccaaaagtt 420
agaggacgtt tggtgtgctc agaagcattg tttgttggag ttggtttaat ctatgcatat 480
tggtttgatt atgctctttc tttcacttct ggtecctattg catggagact tectcttgece 540
tctcagattg tgttcgectt tgttgtttte tgtttcactt tcacaatacc cgaatccect 600
agatacatgt tttacaaagg agagaaagaa gaagccaaaa gaattttatc ttatgtcttt 660
ggaaagccag gagatcatcce tgacattcett aaggaatgga atgatattaa tgatgetgtt 720
attttggaaa cttcagaagg agctttcteg tgggcaaaac ttttcaagec cgataaggca 780
agaactggat acagagtctt cttggcatac atgagcatgt ttgcgcaaca gttgagtggt 840
gttaatgtag ttaattacta tattacattt gttttgatta acagtgttgg catcgaagac 900
aacttggccce taattcttgg tggtgttgce gtcatctgtt tcactgttgg ttcattagtt 960
cctactttet ttgctgatag gatgggaaga agattgcctt cagcagttgg agettttggce 1020
tgtggtgttt gtatgatgct aatttcaatc ttattaagtt ttcaagacaa tccaaagttg 1080
aagaagagca gtggagctgg tgctgtggct ttettttteg tttteccaact tgtcecttegge 1140
tccactggta attgtattcc atggctgatg atttcagage ttatccccecect tcatgcacgt 1200
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gctaaaggat
atcactccaa
aacttctect

gaagccattyg

cttcattage

ctatcattga

tcgtaccaat

acgatttgtt

<210> SEQ ID NO 19
<211> LENGTH: 1656

<212> TYPE:

DNA

tacatcaagt aactggcttt ggaatttett tgttgttgag

aaagttgaag tggaaagcat atttgatctt tatgtgetge

gttttacttt ttctttecceg agacaaagaa ccttacttta

ctca

<213> ORGANISM: Scheffersomyces stipitis

<400> SEQUENCE: 19

atgagagaag

gatccagtag

gatcaagggg

atttttatgg

tttggetcta

atctcttgty

atgttatttg

ccaatgtaca

caactttcga

attggaggta

gtggatgtte

ggtgttcaga

cccagatggt

agaagaaaga

gtttatgaag

cttactggat

tcagctgtca

acaattttca

tatggtattg

agaaagactt

gcaatcgtty

attgctttca

gttttaccet

tcatctactt

atgaagtggg

tggcttatca

gatactgcag

gccaaggatce

ttggtattet

tatttttggt

ttattagtgg

atgccgatta

ttattaatac

ttatttttgt

gtgggcgtge

tgtcggaatt

ttacaattgg

ctagatgtge

ctccaggtygyg

ttgctecage

tactctctaa

gtcatgagga

acaagtacaa

actgggatat

tgttctteca

cacaattggg

ttaattgtet

tgttaatgge

gcaagtatgg

ttttcattta

cagagatttt

ggatgaataa

gcacttacat

tcceggaaac

cattgcagga

gcaactcgat

<210> SEQ ID NO 20
<211> LENGTH: 1629

<212> TYPE:

DNA

tgatgttgee
gattttattt
cattgtcaca
caagggttgg
tccaattgtt
cattggttct
tgttgetggt
ggctecteca
tatcatgatt
tcctagteac
ctgctatggt
agtgttgttg
aggtcgegac
tcaagtcgaa
ggaaaagaga
tcttactact
acaattcatt
aatgaactct
ttccaccett
aggtgctatt
cgatcgttta
tgatgtgaat
cccaategge
ttttattatt

tttttttgeca

caagggagtt

aaagaatttg

tgaaatgtca

catggcaacg

gecatcectty

atggaatctt

tttgtgtcta

gataggtttyg

gegttecaat

cttgcagteg

tcggtgagag

tcctattggt

ccataccaag

caaagtgatg

ggtattggaa

gaagaagctt

agagagtttg

ttcecctggta

aaatctcact

ggctgcaatyg

acaactactt

ccagcagtgt

ggaactttta

tctgaattca

ttctegtaca

atcagatcca

ggcttggtca

gegtttgeta

ccattggaag

gttaccatta

gaataa

<213> ORGANISM: Scheffersomyces stipitis

<400> SEQUENCE: 20

ttgtaactat aatgatgaaa

gaggtttget ttttggttat

ttggtgcaaa attccccaga

cttttttget atgegcatgyg

gaagacgtga ttctatcaca

gtgctggeat taatacaagt

gtcaattaac catggtagtt

gtgggttggt tgtaattcag

tggattatgg cactcatttt

gtgaaacttt taaccctaat

ccagttggag aattcctttt

tgatattttt cccaagatct

ggagctcttt gaaatatcte

ctgaaattaa ggcagaggtce

agactggagt tgctttaaca

tcaagagagt ttttattgga

caataattta ttacgcacct

ccttgettgg tactggtett

tcttgatcga tagatgtgga

tttecttggt tattgtegge

agacagcagg gagaactgca

gttgggctcee aattggatgg

atgccatcte cataactacc

ctccacatat gttagaaaca

ttattgegtt ctttttecact

aaatggatgc cgtgtttgge

cgtcagttte tgaatctgac

1260

1320

1380

1404

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1656
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atgtcttcegt tattgactaa cgaatacttc aaagactact accacaaccc gactcctgtt 60
gaagtgggta ctatgattgc tatcttagag atcggegcac ttttttecte cttcataget 120
ggaagagtag gtgacatcgt tggcagaaga agaaccatta gatacgggtc tttcattttt 180
gtagtaggeyg gtcttgtaca agctacttceg gtcaatattg tcaatctctce actaggaaga 240
ttgattgceg gtattgecat tggcetttttg acaaccatca tcccatgcta ccagtctgaa 300
atcagccccee cagacgatag aggtttctat gectgtttgg agttcaccgyg aaatatcatt 360
ggatatgcta gtagtatttg ggtagactac gggttttcat ttttagacaa tgatttcagce 420
tggaggagcce cattgtatgt tcaggttgtt attggctcecca tgttatttat tggttcattce 480
cttattgtag aaacccctag atggctettg gatcacaacce atgatatcga aggcatgatt 540
gtecatttetyg acttgtatge agatggtgat gtggaagacg atgatgctat tgctgagtac 600
agaaacataa aggaaagtgt cttgatagcc agagttgaag gcggagagag atcgtaccag 660
tatttgttca ccaaatatac caagagactt tctgtggcat gettttcegea aatgtttgece 720
cagatgaatg gtataaacat ggtatcttac tatgctccta tgatcttega atctgetgge 780
tgggttggta gacaagctat cttgatgact ggtatcaact ccattatcta catctttagt 840
accattccte catggtactt agttgattct tggggcagaa aacctttget tttatctgga 900
tctgtgcetca tgggtgttec getcttaace attgecttgtt cgttattctt aaacaacaca 960
tacacacccg gggttgtggt tggcagtgta atcgtattca atgctgcttt tggatacagt 1020
tggggtccaa ttccttgget catgagcgaa gtgttcecta actcagttag atcaaaaggt 1080
gctgecatgt ctactgcaac caactggctce tttaacttta ttgttggaga gatgacacct 1140
attttgttgg atacaattac ctggagaact tacttgatcc cggcaacttc gtgtgtatta 1200
tcgttttttg ctgttggatt tttatttcca gagaccaagg gtttagcatt ggaggatatg 1260
ggctccgtat tcgatgataa ttcgtcaata ttttcatatc actcaactcce tteccactggg 1320
tatggtgcga ccgagtctaa cagtaatgcce aggagagcaa gtgtcatctce ttcagaaaac 1380
taccaggata gtttgcatca gacagcggct tcattggcta gaaatccttce aagcatgagg 1440
cctgattacg atggcataat cacaggagct gctacccttt cgccagtacc accattaaaa 1500
ccaataaagt ctgatgcgtc agtccattca gtcgatgcca taattccaag catttccagce 1560
aatattccge aggaaattga accaccaacc tttgatgaaa tctttaagta caagttgaat 1620
gagatggaa 1629
<210> SEQ ID NO 21
<211> LENGTH: 1488
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<400> SEQUENCE: 21
atgacggaaa gaagcattgg acctttaatc cccagaaata agcacttatt ctatggatce 60
gtattattga tgagtattgt tcacccaact atcatgggat acgattccat gatggttggt 120
agtattctta atctagatgc atatgtaaat tatttccact taacggctgce taccactgga 180
ctcaatactg ctgcagtatg gecttgggcaa gtaattgcca cattgacagt tattctgtat 240
ttcaatgaca aatttggtag aagaagttca gtttgtataa gtattgcaat cagtttggtt 300
ggggttgcat tgcaatcagce agcccaaaac attgagatgt ttattatcgg aagaatagtt 360
attggttttg gaatatctat tggttttgtc tcatctacca ttttggtaag tgaactagcc 420
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cctecagaca aaagaggatt tattcttgga ttgagtttta caagetttet agtaggaagt 480
ttaattgcag caggtgtcac atatggaaca agaaatgctc ctggagactyg gtgttggaga 540
atcccatcaa ttattcaagg ggctccagat attgttgcta ttattaacat actctttatt 600
tcagaatcac caaggtggtt gattgcaaag gaaagattca gcgaagctcyg tgaaattatt 660
tctatcatta gtgatgttcce tattgaagat gcacatgaag aatgtgaaaa gatacatgcce 720
catattcaaa ctgagaagac tgctttcecct ggcaataagt ggaaacaaat ggtgagctce 780
aagagcaata caagaagagt tattatcttg ttcacacagg ccatagttac tgaaatggce 840
ggttcttcag ttggatcgta ctatttttca attatattaa ctcaagctgg ggtcaaagat 900
tcgaatgata gactaagagt aaatattgtg atgagttcgt ggtcattggt aattgetett 960
tcecggatgte taatgtttga cagaattgga agaaaaatgc aatcgctcat ttcecgttatca 1020
ggtatgatca tatgctttat agttttaggt gttttggtta aagaatatgg cgatggtcat 1080
agcaagagcg gaagttacgce agctgtcgcce atgatgtttt tattcacagg attttactca 1140
ttcactttca ctccattgaa ctcectttgtac ccteccagaat tgttccccta cgtgttgaga 1200
agtacaggag ttacactctt taatattttc aacggctgct ggggactttt cgcaagtttce 1260
attttaccca ttgcaatgaa tggaattggc tggaaatttt acatcattaa tgcttgctat 1320
gacgtcatat tccttccaat aataatgttc tgttggattg agacaaaggg aattaatttg 1380
gatacaatta gtgaagtatt gcacggaaga ggacctgaag atgaagaaag cattgaagaa 1440
agtcacagcc taatcagaca aggttttgtt gttaatacaa agaagtaa 1488
<210> SEQ ID NO 22
<211> LENGTH: 1635
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<400> SEQUENCE: 22
atgtccagtg ttgaaaaaag tgctgaaact gettcctata cgtecgcaggt cagcgcaage 60
ggctcectgcaa agaccaacag ctaccttgge ctcagaggcec acaaacttaa ttttgctgte 120
tcttgttttg ctggtgttgg tttcecttactt ttecggttacg atcaaggtgt catgggttca 180
ttgttgacct tgccatcctt cgaaaacact tteccggeca tgaaggctag caacaacgct 240
accttacaag gcgccgttat tgcactttat gaaatcggtt gtatgtctte ttcectttagcea 300
accatttacc ttggtgacag attgggtaga ttgaagatca tgtttattgg ctgtgtaatt 360
gtctgtattg gtgctgettt gcaagcttcect getttcacta ttgctcactt gactgttget 420
agaattatca ctggtttagg tacaggtttc atcacttcta ctgttccagt ttaccaatcg 480
gagtgctcte cagccaagaa aagaggacag ttgatcatga tggaaggttc tcttatcgece 540
cttggcattg ccatctcata ctggattgac tttggatttt actttttgag aaacgatggt 600
ttgcactcct cggettettyg gagagcacct atcgegette aatgtgtett cgetgtettg 660
ttgatttcca cagtcttett cttcccagaa tctccaagat ggttgctcaa caaaggtagg 720
accgaagaag ctagagaagt tttttctget ctttacgact tgccagcecga ctctgaaaag 780
atttctattc aaattgaaga aattcaagcet gectatagatt tagaaagaca agccggagaa 840
ggtttcegtac ttaaggaatt gttcactcag ggcccagcca gaaacttgca gegtgtggece 900
ttgtcatgtt ggtctcaaat aatgcaacaa atcactggta ttaacattat tacgtactat 960
gctggtacta tttttgaatc atacattggt atgagtccat ttatgtcaag aatcttgget 1020
gccttgaacyg gtactgaata tttecttgte tectcttattg ctttctacac cgtcgaaaga 1080
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ttaggtagaa gattcctttt gttctggggt gccatcgceca tggctcecttgt catggcetggt 1140
ttaactgtta ccgttaaact tgccggtgaa ggcaacaccce atgctggtgt cggtgctget 1200
gttcttttgt ttgcattcaa ctcattcttc ggcgtctect ggttaggtgg atcctggttyg 1260
ttaccacctg aattgttgtc tttgaaattg agagctcctg gtgctgcecttt gtcgaccget 1320
tctaactggg cttttaactt catggttgtc atgatcactc ctgtcggttt ccaaagtatt 1380
ggttcctaca cctaccttat ctttgctgec atcaatttgt tgatggctcce ggtcatctac 1440
ttecttgtatce ccgaaaccaa gggtagatcg ttggaagaaa tggatatcat tttcaaccaa 1500
tgtcctgttt gggagccatg gaaggttgtce caaattgcca gagacctccecce tattatgcac 1560
tcagaagttc ttgaccacga aaaggatgtc attattgaaa aatctagaat agagcatgtc 1620
gaaaacatca gctaa 1635
<210> SEQ ID NO 23
<211> LENGTH: 1251
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<400> SEQUENCE: 23
acttttgcag ttaacttgta tgtgtttgca gttggtagag tgctttctgyg ggtgggtgta 60
ggagttctat cgactatggt gccgtectat caatgcgaaa ttagtcccag cgaagaaaga 120
ggcaagttygyg tgtgtggaga gttcacggga aatatcactg gttatgctet cagtgtatgg 180
geegattact tctgctactt tattcaagat ataggtgatg caagggagaa gcectcatage 240
ttetttgece acttgtectyg gegattgect ctattcatece aggtggtgat ageggetgtt 300
ctetttgttg ggggattttt tattgtcgag tcacctegtt ggttattaga tgtagaccag 360
gaccaacaag gattccatgt attagegttg ctctatgatt cacatctaga tgataacaaa 420
ccacgtgaag agttctttat gatcaaaaac tccatcttgt tagaaagaga aactacacct 480
aagagcgaac gaacttggaa acatatgttc aagaactaca tgacccgagt gcttataget 540
tgttcagcac ttggetttge acagttcaac ggcataaata tcatttcegta ctatgeccce 600
atggtatttg aagaagcagg cttcaacaac tccaaggctt tacttatgac aggcatcaac 660
tctatagtat attggttcag tacgattcct ccgtggttte tecgtggatca ttggggtaga 720
aagccaattt tgatatccgg gggtttatct atgggaatat gtattggttt gattgcggtg 780
gtaattctac tagacaagtc gttcacaccg tctatggttyg cggtattggt gataatctac 840
aatgcatctt ttggctacag ttggggtect atecggattet tgatcccgec ggaggtgatg 900
ccattggcag ttagatcgaa aggtgtttcet atttctacgg ctacaaactyg gtttgccaat 960
tttgttgtgg gtcagatgac gccaattcta cagcagagat tgggctgggg aacttatcta 1020
ttcceggetg gtagttgtat catcteggtg atagtggtga ttttcecttcta tecagagaca 1080
aagggtgcag agctagagga tatggactct gtgttcgaga gcttttacaa ctacaagtct 1140
ccgttcaaga tttcacgaaa gagacaccag aatgatggec aggcgtacca aagggtagag 1200
aacgatatcc gccacaacga tgtagaaatg gacgatttgg acgatttgga ¢ 1251

<210> SEQ ID NO 24
<211> LENGTH: 1638

<212> TYPE:

DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 24
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atgattggaa acgctcaaat taaccaggtg ggagccttac agcaccggtt ccccaaacte 60
cacaatcctt acttaactgc ggccgtggece accatgggtyg gectgetttt cggetttgat 120
atctegtetyg tttetgectt tgtcgacacce aaaccctaca aggagtactt tgggtaccce 180
accteccatce agcagggegg tatcactgece tcaatggecyg gtggatcctt cctgtegtet 240
ctggtggeeg getggattte cgaccgactt ggtcgacgtt tegecatcca ctttgettee 300
ttttggtggg tggttggagce tgccatccag tectcagecce aaaacaaggyg ccaattgate 360
geeggtegac tcatttccegg ccttggtate ggtcetggget ccteggttat ceccgtctac 420
atcteccgage tgtcteccaa gaagattcga ggteggettyg teggtetett ccaatgggece 480
gttacctggyg gtatcctcat catgttctac atttcectteg gtectcagtaa catccacgga 540
gtegecggat tcagagtcge ctggggtetg cagatcatce ceggtetget catgtctete 600
ggttgtttgt tcctggaaga gtctccgega tggctageca agcaggacaa ctgggacgag 660
tcegtgegag tgcttegage catccaccag ggaggctacyg gcaccgaaga agacattttg 720
ttagagattg aagagatccg agaagcagtc cgaatcgage atgagaccaa aaacctgcga 780
ttectggcace tgttccaaaa ggactctatce aaccgaacaa tggtgggtat ctgggeccag 840
atctggcage agctcaccgg catgaacgtce atgatgtatt acattgtget gattttcace 900
atggctggat acactggaaa cgccaatctg gtggectegt ctatccagta cgtcatcaac 960
atgatcatga ccatcccege tettetgtte attgaccgag tgggacgacg acccctgetg 1020
ctgttcggat caatcgtcat gatgatctgg ctgtttgecg tecgctggtat ccttgcagtg 1080
tacggaactc agatcccegg tggactcgac ggagacgcat tcacaaccat tgtcattgag 1140
cccactcaca agcctgccca aaagggagtce attgegtget cgtacctgtt tgtggccacce 1200
tttgcgecta cctggggecece cggtatctgg ctgtactget ccgagetgtt cectcetgaag 1260
cagcgagctg tggctgcegg tgtaaccgcce tctgccaact ggatcttcaa ctttgctcete 1320
gctctatteg tgcecctegge cttcaagaac atcaactgga agacctacat catctttgga 1380
gtcttctgta tegtcatgac catccacgtce tttgtecctet tecccgaaac caagggcaag 1440
accctcecgaag agattgatat gatgtgggce gcccgagtte ctgcctggag aaccgcaaac 1500
tgggtgcctg accacgttece tggcgcecctt cccgaagacg agaaacactce ggaggagatg 1560
gtegaggeeyg tcgaatccaa tgaagaggag cccaagatag ccagtgctaa cgtcgacgece 1620
cctcectete aattgtaa 1638
<210> SEQ ID NO 25
<211> LENGTH: 1665
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 25
atgtacaagg tccataaccc ctacctcacg geggceggtag ccaccatggyg cggaatgcete 60
tttggttteg atatctegte cgtgteggece tttgtgggeyg aagataacta catgaactac 120
tttggtcate ccacctectt ccagcaggga ggtatcacceyg cctecatgge cggaggatce 180
atgctgtegt gtgegtttge cggctacatt tecgaccggyg ttggccgaaa gcccaccatt 240
caatttgceg ccgectggtyg gatggttgge gectcecatte aatgetctge ccagaatatg 300
ggccaactga ttgcecggecg ggccatttcee gggcettggaa teggectegg ctegtcccag 360
atcceegtet tcatctccga gttgtceeccee aagaagatcee gaggccgget cgteggetge 420
ttccaatggt ccgttacctg gggtattcte atcatgttet acatttcecgtt cggctgectca 480



155

US 9,695,223 B2

156

-continued
tacatcaagg gccactecgtce cttccgactg gegtggggea tcecagetgat tccaggagece 540
atgttggegt tcggaatgat getgctggac gaatcgeege gatggcetgge gtccaaagac 600
cgetgggaag aggccatcca gatcatcege tecatcaatg ccaactacgg atccgaggag 660
gacattctca tggaaatcga agatctgcga gaggtggtge gaatcgacca cgagtccaag 720
tcggtcacca tctgggacct gttccgaaaa gactccatca accgaaccat ggtcggagtg 780
tgggcccaga tctggcaaca actgactgga atgaacatca tgatgtacta cgtggtcate 840
atcttcaaaa tggccggcta ctcgggcaaa agtgccgtea ttgtcetceegyg ctecatccag 900
tacatcatca acgtggtcat gaccatcccg gegetgettt tcattgataa aatcggacga 960
agaccccectge tectetgtgg aagcatgcecte atggccacct ggctgctage tgtcggagga 1020
atgctaggag cctacggaat ccaaatgccce caaggtctac cggcagtacce ctccaaaaac 1080
caggcagcegg acccectacac caccatctac attcccgaca accaggcgece ggcccgaaag 1140
gccattateg cctgttgcecta tetgtttgte gectettttyg cacccacctg gggecccegge 1200
atctggcectcet actgctccga gatcttecce aacaaacaac gagcgctgge caactcegetg 1260
accgceceggeg ccaactgggg cttcaacttt gcectggece tgtttgtgece caccgcectte 1320
aagaacatca actggaaggt gtacatcatc ttcggtgtcect tcectgcatcgt catgtceccatce 1380
cacgtcttece tgctecttecece cgaaaccaag ggcaagagtc tggaggtgat tgaccagatg 1440
tgggacgccce gegtgccege ttggaaaacce gcctectggg teccccgacca catgecttet 1500
cattacgcag gggaccagga ggaaaagccce accgacgaac tggecgagge gccgtttcac 1560
gaggagaatg ccccggtgaa caccgagacc cctcectcatg aggatgagece cacttttgeg 1620
gagaccgagc ccaagaccca gtatcctgga actgagcatg tctaa 1665
<210> SEQ ID NO 26
<211> LENGTH: 1599
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 26
atgttttcegt taacgggcaa accgctgete tattttacgt cagtgttegt ctcetetggge 60
gtgttcetgt ttggatacga ccagggagtc atgtcecggea tcatcacggg cttctactte 120
aaggagtact tccatgagcc cacccgagcec gaaatcggaa ccatggtgte gattcttgag 180
gteggagegt ttgtectegte getcatggte ggccgaatceg gtgacattat tggecgacga 240
aaaaccatca tgtacggtgc cttcatctte atcatcggag gtgectteca gacatttgee 300
gtcagcatgt ccgagatgat tttgggccga gtagtggeceg gttteggegt tggtatgetg 360
tcgaccattg tgccagtcta tcagtctgag atctegecte ctcacaaccyg aggcaagcete 420
gegtgcateg agttcacggg aaacattgtg ggctatgceca getcagtgtg ggtggactac 480
ttectgcagtt tcatcaattc caacatgage tggcgtatee cactgtttet gcagtgtget 540
atgggegete ttttgtttgg aggctegtte ctaattgecg agactccteg atggttgetg 600
gataacgacc atgacgagga gggattggtt gtcctggceca acctgcatgg aggaggagac 660
attgactcte ctctggctaa gcaggaatat cgggagatta agcagtcegt tttgatccac 720
cggctegagg gcgagegatce atataccgac atgtggaaga agtacaagaa gcgagtgctg 780
attgccatgt cgtcgcagat gtttgcccag ctcaacggta tcaacgtcat ctcttactac 840
getectetgyg tgtttgaaga ggcaggatgg gtceggacggt ctygctattet catgaccggt 900
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atcaacggta tcgtctacgt gtgttccact attccccegt ggtacctegt ggacaaatgg 960
ggccgaagac ctattcttcet gtcecceggtgca gtaattatgg ctatttcecct ggegtctgtyg 1020
gcgttectgga tgcgtctaga ctttgcacat acaccggcte tggtggtgat ttecegtegte 1080
atcttcaacg ctgcttttgg atactcgtgg ggccccattce cctggcectcta teccectgag 1140
attatgcctce ttaccatccg agccaaggga gcttcectetgt caaccgccac caactgggcece 1200
tttaactggce tggtgggata tatgacccce attctccagg agaccatcaa gtggcgactg 1260
tatttgatgc atgccgcctt ctgtagtctt tcegtttgttce tegtctactt cacctaccceg 1320
gagacctcgg gaatcaactt ggaagacatg gactcgttgt tcggcgacaa gtctgttgtg 1380
aacaccecccg actcecgeggte tttgettggt gatcgagaca ctccagagece tgacgtgect 1440
cacagttata ctgatgctgc caccgatcga ctgcctgcetg gtatgcaggg ctatggctcece 1500
gcteeccaget cgagaggagg cagtgtggtce ggaagtccec gacgaggaaa cagtgtggtt 1560
gggtctceca agcgggactt ccctcaacct ccggtataa 1599
<210> SEQ ID NO 27
<211> LENGTH: 1548
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 27
atgggactceg ctaacatcat caaccgtgga gaaaagcceg agggctcgge cttcatggeg 60
geetttgtgyg cegtgtttgt cgegtttgga ggtattetgt ttggatacga cactggaacce 120
atttccggeg tcatggecat gecattegte aagaagacct ttacagatga cggectggag 180
ttcacttctyg agcagacctc gctcatcact tecattcettt ctgcaggcac cttcactgga 240
gecatttetyg cteectggge ctcetgatact ctgggaagac gactgggtet gatcctcette 300
tgtgtegtet tctetgttgg cgctattett cagactgetyg ccaccggecyg aacgettttg 360
attgtcggac gagttgttge tggtcttggt gttggtggag tctcttccat cgttectett 420
taccagtctyg aggttgccce caagtggatce cgaggtgecg ttgtctccat ctaccagttt 480
gecatcacca ttggtettet getggetgcece attgtcaaca acgcaaccaa aaacaaagac 540
aacagtgctt cctaccgaat tcctctegge cttcagette tgtgggeegt catcctgagt 600
ggaggtctca tectgctace ggagactect cgattctgga tcaagaaggg cgagtacgac 660
aaggccgeceg attcectgeg acgactacga cgacttectyg ttgagcacga ggctgtacag 720
aaggagctcee tggagatcca atcttctcac gaccacgaga tgcagatcgyg tagcegecace 780
tgggcegect gettetecce caaggggtcece cagetgaage gaatgctgac cggtattgece 840
attcaggcce tgcagcagct caccggtatce aacttcatcet tctactacgg aaccgagtte 900
ttcaagaagt ccaacatctc caacccctte ctcatccaga tgatcaccaa cattgtcaac 960
gtggttatga ccatccccgg tatcatgttt gttgatcgag tcggacgacg aaagctgcetg 1020
ttgatcggag ctatcgtcat gtgctcttcee gagtttateg tggcggctgt tggtactgece 1080
attgataacg agacctcctc aaaggttctg attgccttca cttgtacctt cattgccggt 1140
ttecgecgeca cectggggtee tattgectgg gttgtcattg gagagatttt cectctacga 1200
atccgagecca agggtgttge tcectatgegce gcctceccaact ggcttttcaa ctttgccatt 1260
gcctttgcaa ccccectacct cgtecgacgag gecccctggat cggceccggtcet caagaccaag 1320
gtcttctteca tetggggagg ctgcaacttce ctgtgcatceg ccttcactta cttettcecatce 1380
tacgagacca agggtcttac tctggaggag gtggaccaga tgtacgccga gatcaagatt 1440
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gettetegat cccaccagtt tgtgectacce actcgagteg ctgcttacga cgagecacget

tctgacgaca agaaggacgg acagcacgtce tacattgagt ctgtctag

<210> SEQ ID NO 28
<211> LENGTH: 1485

<212> TYPE:

DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 28

atggccatta

ggaactattyg

aagaacgact

tttaccggag

ctgttgtatt

gtcttgctaa

gtgcctetet

taccagtttg

gaccgtccaa

attctttcag

cggccagaga

ccggtaaaaa

aactcctect

ggagtctcaa

accaactttt

gecgtcaatyg

aagctgetcet

ggagcagcete

atcgcaggcet

cecgettegaa

tttgccattyg

gagtccaagg

ttgtttgtet

gtcaagtacyg

gtttegeegy

ttgtggetgt

ctggaatcat

tcaccteggy

ccategttge

gtcttgtatt

ttgtgggacg

atcagtcaga

ccatcactgt

atacgtcatc

caggacttgt

aagccgecga

aggaactgct

ggaaggcttg

tccaggetet

tcaaaacagc

tggcctteac

tgattggage

tggatagcca

ttgcatccac

tccegggecaa

cctttgcaac

tgtttttcat

atgaaaccaa

cctggecagag

atcagagetg

<210> SEQ ID NO 29
<211> LENGTH: 2881

<212> TYPE:

DNA

atttgtgget

gaccatggge

ccaatcatct

tccettaget

ctetgtgggt

ggtgattgcet

agtgtcteee

gggtctteta

ataccgtatc

gtttettect

agcactctca

tgaactacag

tttcagtcca

gcaacaacta

tggcataaaa

cctteegggt

cgtggtaatg

ggtgtettee

ctggggacct

gggagtggcet

tcegtacttyg

ctggggaggt

agggttgtca

tgataggttc

cgattectgga

tttggaggac

tatgtgaaag

ctcaccacat

getgacacgg

getattttge

ggtcttggtg

aaatggatca

ctggcagceta

cctettggta

gagactccte

cggctaagaa

aagtcgtteg

catggatcac

acaggcatca

gatccettty

attctgtttyg

tgtgtttecag

aaggtcctta

atagcctggyg

atcagtgtgg

gtcgacaaga

tgcaatttte

ctggagcagg

cagaccgaga

tttgattegy

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 29

atgccegatce

aacctactgt

ttttgtgaat

aagttcactt

cctctattec

acagtgttte

ccggatggtg

caagcgctta

ggtagtcggt

agtgtttett

ttgtgctgat

tccttaaget

cacaagactc

agcataggag

atgataaccg

tcgetgatca

ttctectacgy

aacactttac

ctatcctatce

ctggtegacy

agaccgtcac

tgggaggtat

gaggggcegt

ttgtcaacaa

ttcaactcat

gtttetgggt

ggctaccaac

aaatggaaat

agctcaaaag

atttcatatt

tggtgtccat

tcgacaaagt

aattaattgt

ttgcctteac

tggttgttge

ctgccaactyg

aacctgggte

tagccattge

tggacgaaat

tcatgtctygy

attag

agcgtagget

tctggttatt

gttaagatat

tggccttcaa

ctacgacaca

agactttggyg

tgtgggcaca

tctgggtett

aaccggaaga

ctcgtecatt

tgtttetgte

tgccactaag

ttgggetett

caagaagaac

agactcgaaa

ggaggttgga

actgctgaca

ctactatgga

gatcacctcet

gggccgaaga

ggcagetgta

ttgtacgtte

ggagatttte

gattttcaac

tgcecggtete

ctttgtgtac

gtactcggag

aaagacggag

ggteggacat

tgggtaggtg

gaccaggggt

actgtgaaag

1500

1548

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1485

60

120

180

240



161

US 9,695,223 B2

162

-continued
agtaatgtce ggtaagttgg tatcaccatc acatatcteg atagctagtt gactttctac 300
gtaaggaatt attaccggcce catactttaa gtaggtatga agtaaatact gagtatcttt 360
cattaacatt tatggcacgt gtctacagag cttattgtga gtaaagccct aatcaagcaa 420
actaagctga cgtttttagt caaccaacca acgtcaacge agattggcaa gtaagttagt 480
cattcagtgce cagtagcaat gtctgaacat tcgatagtat ggtggccegtt ttggagattg 540
gtgccttcag taagattatt ccatgtcatg tcattctttce aagaactcac ggcaatcacg 600
cagttactte tctggetgcce getcatattg cagataatta tggaaggegt atgaccctte 660
gcacaggtge aatagtcttce accattggag gtgctataca gactttttgce gttggatata 720
attccatggt acttggaaga attgtcageg getttggggt agggatgttyg agtatggtceg 780
tgccaatcta tcaggtatgt ggtttacaat agtaaaggcg cggagcataa gccaatgtgt 840
gtcacccteg cgcagtccga aatatctect gecagaccatg taagaaacac ttcaatattt 900
ccagaagatt tttctaataa aacacgatga tagcgaggece ttttgggete tgtcgaatte 960
acaggtaata tcattggcta tgcctcectcet gttgtacgat gtgtcacctg cctatgtcaa 1020
gcaccatgct cactcaacgt tcatagtgga tcgactatgce ctgttcattce ttccagtcetg 1080
actggtettg gecgcecteeceg ctttetgtte aatgtatagg cggctcectgtt ctettcecatceg 1140
gcagcttegt cacaccagag tcteccceggt aagcecttcta tatgtgcatce atatgtaggt 1200
gcagaactaa gagctgttca aaggtatctt gtcgatacag accaagaggt ggaaggttta 1260
gcagtcatcg ctgattttca agggaaagcg ctggacgata tttcagtgca agccgagtac 1320
aaagaaattc gagatgctgt tctagccgac gtgagacaat cctctcaacg ttatccccat 1380
acacttgctt attctgtttt gttttttttt tactagagag ctgtcggaga tagaagctat 1440
agggctttat ggaggagata caaaggacga gttctgattg caatgagcag tcaattgttt 1500
gctcaactgg tgagtcaatc tttgcaaaag tcaaagaaac atgaaaataa agcggtctgt 1560
actaatgatt attggcagaa tggcatcaat ggtgagctta gagagcgctg caaacaatta 1620
ctaaccattt ggccagtcat ctcatattat gcacgtgcegt cccatctcat tetgcecgatce 1680
attcttgaca gctgatgtgg attacagctce ttgtctttga acgttagtct cactgaagac 1740
ctaatactgc cgtgttacta atggtggtga agaggcgggg tggattggac gtgacgctat 1800
ccttatgaca ggtatcaatg ccttatttta tgtggcaagce tcacttccge cgtaagtcca 1860
ggtccatceg aaattatgca cattctcaaa ttattactag atggtatctc atggatcgag 1920
cgggtcgaag gcccattttg ctectecgggag cagtggcecat ggcgattgca ctgacggcta 1980
caggatggtg gatatatatt gatcaagcaa taacacccaa tgctggctcg tettttgtte 2040
tgccatgtcg gatgaagcetyg atggtatttg tcgatagtgg tcatttgcegt agtgatttat 2100
aattccgcat ttggcatgag ctggggacct gtcccatggt atgtgtcatt gacatatggce 2160
cggttggaag tgaagttaat taattaattg atcccaggct ttatcctcecg gaaatcatgce 2220
cgttgtcatt ccgagcaaag ggagtatcct tatctactgce tacagtacgt ccaattttat 2280
cccgaatgca caacgatggg ctaatttgag ttatcagaac tggatctcag tgggtctgga 2340
gcgetttaat cctgettttt gctaacgact gttgtatctg cagaattggt gggtaggggt 2400
ttcaacaccg ctctttcaag aacttatcgg atggcgatta tatccgatgce acgcattctt 2460
ttgtgcatta tcattcatcc tcegtgtactt ccgtgagttg tcagccgaga ttcgtaaacc 2520
accactcatg cacatggaac tagtctatcc cgaaacccga ggcgtaccgce ttgaagaaat 2580
ggacaaattg tttggggatg aaagtgatga agacgaggtt gattcggact tcgatgaagt 2640
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tgaggaagcc gaatcagaaa tatcctctct agtcagcaat cctcgacacce gacgcecgcetce 2700
ggccagctet tcattgggce catctttgec gacctcecccga aaaccgtcac ccataccectce 2760
tagggaggct tcatctagec gaggactgtt tggacgtata actgactcgg tgaatggtct 2820
gattggaagce acaaaacagc aaagcaggag cgtggggtat actgctgtca acgaggaata 2880
g 2881
<210> SEQ ID NO 30
<211> LENGTH: 1713
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 30
atgtcacaag acgctgctat tgcagagcaa actcctgtgg agcatctcete tgctgttgac 60
tcagectcecee acteggtttt atctacacca tcaaacaagg ctgaaagaga tgaaataaaa 120
gecttatggty aaggtgaaga gcacgaacct gtcgttgaaa ttccaaagag accagcttet 180
gcctatgtceca ctgtctcectat tatgtgtatc atgatcgccet ttggtggttt cgtttteggt 240
tgggatactg gtaccatttc tggtttcatc aatcaaaccyg atttcatcag aagatttggt 300
atgaagcata aagatggtac taattatttg tctaaggtta gaactggttt gattgtctce 360
attttcaaca ttggttgtgc cattggtggt attattcttt ccaaattggg tgatatgtac 420
ggtcgtaagg tgggtttgat tgtcegttgtt gtcatctaca tcatcggtat tattattcaa 480
attgcatcta tcaacaaatg gtaccaatat ttcatcggta gaattatttc cggtttgggt 540
gttggtggta ttgccgtttt atctcctatg ttgatttctg aagtatcccce aaagcattta 600
aggggtactt tagtctcttg ctaccaattg atgattactg ccggtatttt cttgggttac 660
tgtaccaact tcggtactaa gaactactcc aactctgtge aatggagagt tccattaggt 720
ttgtgttttg cctgggcttt gtttatgatt ggtggtatga catttgttcce agagtctcca 780
cgttatttgg ctgaagtcgg taagatcgaa gaagccaaac gttctattge cgtttctaac 840
aaggttgctg ttgatgatcc atctgttttg getgaagteg aagcectgtett ggetggtgta 900
gaggcagaga aattagctgg taatgcatcc tggggtgaat tgtttagtag caagacaaag 960
gtcecttcage gtttgatcat gggtgctatg attcaatctce tacaacaatt gacaggtgat 1020
aactatttct tctactatgg tactactatt ttcaaggctg ttggtttgag tgactcttte 1080
gaaacctcta ttgtcttggg tattgttaac tttgcttcca cctttgttgg tatttacgtt 1140
gttgagagat atggtcgtcg tacttgtttg ctatggggtg ctgcatccat gactgcttgt 1200
atggttgtct atgcttcegt gggtgtcacce agattatggce caaatggtca agaccaacca 1260
tctteccaagg gtgctggtaa ctgtatgatt gtetttgect gtttctatat tttetgtttt 1320
gctactacat gggctccaat tccttatgtce gttgtttctg aaactttceccce attgagagtce 1380
aagtctaagg ctatgtctat tgctacagct gctaattggt tgtggggttt cttgattggt 1440
ttcttcacte catttattac tggtgctatt aacttctact acggttacgt tttcatgggce 1500
tgtttggtct tcatgttett ctatgttttg ttagttgttc cagaaactaa gggtttgact 1560
ttggaagaag tcaacaccat gtgggaagaa ggtgttctac catggaagtc tgcctcatgg 1620
gtteccaccat ccagaagagg tgccaactac gacgctgaag aaatgactca cgatgacaag 1680
ccattgtaca agagaatgtt cagcaccaaa taa 1713

<210> SEQ ID NO 31
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<211> LENGTH: 1695
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 31
atgtctagtg cgcaatccte tattgatage gatggagatg ttcgagatge tgatattcat 60
gtegcaccac ccgtggaaaa agagtggtca gatggatttyg atgacaacga agtcataaac 120
ggggataacyg ttgagccacc aaaaagaggg ctcataggtt atcttgtcat ttacttactg 180
tgttatccaa tatcctttgg gggtttectg cectggttggg atagtggtat cacagcaggt 240
ttcattaaca tggacaactt taaaatgaac ttcggttctt acaagcatag cactggtgaa 300
tattatttga gcaacgtgcg tatgggtctt cttgtggcta tgttcagtat tggatgtgcece 360
ataggtggcee ttatttttge ccgtcttget gatactttag gtagaagget ggcaattgtg 420
atcgtggtgt tggtatatat ggttggtgca attattcaga tcagttcaaa tcacaaatgg 480
taccagtact ttgtcggtaa gatcatctac ggtcettggtyg ctggtggetyg tteggtgttyg 540
tgtccaatge ttttgtctga aatagccccece acagatttga gaggtggact ggtctcattg 600
taccaactga acatgacgtt cggtattttc ttgggttatt gtagegttta tggtacgaga 660
aaatacgata acactgcaca atggagagtc cceccttggge tttgettttt atgggetttg 720
attatcatca ttggtatgtt attggttcca gagtccccaa gatatctgat tgaatgtgag 780
agacacgaag aggcccgtge ttccattgec aaaatcaaca aggtttcacce agaggatcca 840
tgggtactca aacaggctga tgaaatcaac gecggtgtece ttgcccaaag ggaactagga 900
gaagcttcat ggaaagaact tttctctgta aaaactaaag tccttcaacg tttgatcaca 960

ggtattcttyg tgcaaacctt tttgcaactt actggtgaaa actacttctt cttctacgga 1020
actaccattt ttaaatcagt cggtcttact gatgggtttg agacgtcgat cgtcctaggt 1080
acagtgaact tcttctccac tattattgct gttatggtcg tagacaaaat tggccgtegt 1140
aaatgtctgt tatttggtgc agctgggatg atggcttgta tggtcatatt tgcaagtatc 1200
ggggtgaaat gtctttacce tcatggccag gacggtcctt cttcgaaagg tgcaggtaat 1260
gccatgattg tgttcacttg tttcectatata ttctgctttyg caacgacatg ggctectgtt 1320
gcttatattg tggttgccga gtegttecct tcgaaggtca agtctagagce catgtcgatt 1380
tcaactgcat gcaactggtt atggcaattt ttgatcggtt ttttcacacc attcattact 1440
gggtctatcc acttctatta tggttatgtg ttcgtaggtt gtttggttgce tatgtttttg 1500
tacgttttct tectttttacc agaaacgatt ggtctatcectt tggaggaaat ccaattacta 1560
tacgaagaag gtataaaacc atggaaatct gcatcttggg tcccacctte taggagaggt 1620
atttcttcecg aagaaagtaa gaccgagaag aaggattgga agaaattttt gaagttctca 1680
aagaattctg attga 1695
<210> SEQ ID NO 32

<211> LENGTH: 1704

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 32

atgaattcaa ctccagattt aatatctecca caaaagtcaa gtgagaattce gaatgctgac 60
ctgccttega atagetcetca ggtaatgaac atgectgaag aaaaaggtgt tcaagatgat 120
ttccaagetyg aggccgacca agtacttacce aacccaaata caggtaaagg tgcatatgte 180

actgtgtcta tctgttgtgt tatggttgce tteggtggtt tegttttcecgg ttgggatact 240
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ggtaccattt ctggtttcgt cgcccaaact gatttcttga gaagattcgg tatgaagcat 300
aaagatggta gttattattt gtctaaggtt agaactggtt taattgtctc cattttcaac 360
attggttgtg ccattggtgg tattattttg gctaaattgg gtgatatgta cggtcgtaaa 420
atgggtttga ttgtcgttgt tgttatctac atcatcggta ttattattca aattgcatcc 480
atcaacaaat ggtaccaata tttcatcggt agaattattt ceggtttggyg tgttggtggt 540
attgcecgttt tatctectat gttgatttcet gaagtcegete ctaaggaaat gagaggtact 600
ttagtctecct gttaccaact gatgattacc ttgggtattt tcttgggtta ctgtaccaac 660
tteggtacta agaactactc caactctgtg caatggagag ttccattagg tttgtgtttt 720
gcctgggett tgtttatgat cggtggtatg actttegtte cagaatcccce acgttatttg 780
gttgaagctyg gtcaaattga cgaagcaaga gcatctettt ccaaagttaa caaggttgec 840
ccagaccatce cattcattca acaagagttg gaagttattyg aagctagtgt tgaagaagct 900
agagctgetyg gttcagcatce atggggtgag ttgttcactg gtaagccgge catgtttaag 960
cgtactatga tgggtatcat gatccaatct ctacaacaat tgactggtga taactatttc 1020
ttctactatg gtactaccgt ttttaacgct gttggtatga gtgattcttt cgaaacttct 1080
attgttttcg gtgtcgtcaa cttcettetet acttgttgtt ctttgtacac tgtcgategt 1140
tttggacgtc gtaactgttt gttatatggt gccattggta tggtctgctg ttatgtagtt 1200
tacgcttetg ttggtgtcac cagactatgg ccaaatggtg aaggtaatgg ttcatccaag 1260
ggtgctggta actgtatgat tgtctttgecc tgtttctata ttttetgttt tgctaccact 1320
tgggctceccaa ttgcttatgt tgttatttct gaaactttcce cattgagagt caagtctaag 1380
gctatgteta ttgctacage tgctaattgg ttgtggggtt tettgattgg tttettcact 1440
ccatttatta ctggtgctat taacttctac tacggttacg ttttcatggg ctgtatggtt 1500
ttcgectact tctacgtttt cttetttgtg ccagaaacta agggtttgac tttggaagaa 1560
gtcaatgata tgtacgctga aggtgttcta ccatggaagt ctgcttcatg ggttccaaca 1620
tctcaaagag gtgctaacta cgatgctgat gcattgatgc atgatgacca gccattctac 1680
aagaaaatgt tcggcaagaa ataa 1704
<210> SEQ ID NO 33
<211> LENGTH: 1713
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 33
atgaattcaa ctcccgatct aatatctect cagaaatcca attcatccaa ctcatatgaa 60
ttggaatctyg gtcgttcaaa ggccatgaat actccagaag gtaaaaatga aagttttcac 120
gacaacttaa gtgaaagtca agtgcaaccc gecgttgece ctecaaacac cggaaaaggt 180
gtctacgtaa cggtttctat ctgttgtgtt atggttgctt teggtggttt catatttgga 240
tgggatactg gtaccatttc tggttttgtt gctcaaactg attttctaag aagatttggt 300
atgaagcacc acgacggtag tcattacttg tccaaggtga gaactggttt aattgtctcet 360
atttttaaca ttggttgtgc cattggtggt atcgtcttag ccaagctagg tgatatgtat 420
ggtcgtagaa tcggtttgat tgtcgttgta gtaatctaca ctatcggtat cattattcaa 480
atagcctcga tcaacaagtg gtaccaatat ttcattggta gaattatctce tggtttaggt 540
gteggtggta tcacagtttt atctcccatg ctaatatctg aggtcegeccce cagtgaaatg 600
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agaggcacct tggtttcatg ttaccaagtc atgattactt taggtatttt cttaggttac 660
tgtaccaatt ttggtaccaa gaattactca aactctgtec aatggagagt tccattaggt 720
ttgtgttteg cctgggectt atttatgatt ggtggtatga tgtttgttcce tgaatctcca 780
cgttatttgg ttgaagctgg cagaatcgac gaagccaggyg cttcectttage taaagttaac 840
aaatgcccac ctgaccatcc atacattcaa tatgagttgg aaactatcga agccagtgte 900
gaagaaatga gagccgcetgg tactgcatct tggggcgaat tattcactgg taaaccagec 960
atgtttcaac gtactatgat gggtatcatg attcaatctc tacaacaatt aactggtgat 1020
aactatttct tctactacgg taccattgtt ttccaggcetg tcggtttaag tgactcectttt 1080
gaaacttcta ttgtctttgg tgtcgtcaac ttcttcectceca cttgttgtte tctgtacacce 1140
gttgaccgtt ttggccgtcg taactgtttg atgtggggtg ctgtcggtat ggtcetgetgt 1200
tatgttgtct atgcctctgt tggtgttace agattatggce caaacggtca agatcaacca 1260
tcttcaaagg gtgctggtaa ctgtatgatt gttttcgcat gtttctacat tttetgttte 1320
gctactacct gggccccaat tgcttacgtt gttatttcag aatgtttccce attaagagtce 1380
aaatccaagt gtatgtctat tgccagtgct gctaactgga tctggggttt cttgattagt 1440
ttecttcacce catttattac tggtgccatc aacttctact acggttacgt tttcatgggce 1500
tgtatggttt tcgcttactt ttacgtecttt ttcttegttcec cagaaactaa aggtttatca 1560
ttagaagaag ttaatgatat gtacgccgaa ggtgttctac catggaaatc agcttcecctgg 1620
gttccagtat ccaagagagg cgctgactac aacgctgatg acctaatgca tgatgaccaa 1680
ccattttaca agagtttgtt tagcaggaaa taa 1713
<210> SEQ ID NO 34
<211> LENGTH: 1644
<212> TYPE: DNA
<213> ORGANISM: Debaryomyces hansenii
<400> SEQUENCE: 34
atgggttacg aagataaatt agtggctcct getttaaagt ttagaaactt tttggacaag 60
actccaaata tctataatgt ttttgttatt gctctgattt catgtatcte cgggttgatg 120
tttggtattg atatctcatc tatgtcttta tttattgggg atgacaaata cattaaatac 180
ttccataaac ctagcacaac catgcaatcg tttattactt cggctatgte tttgggttca 240
ttttttggat caatatgttc ttecttttgtg tccgaaccat ttggcagaag atcatcgtta 300
atggtatgtg ggtttttcetg gtgtgttggt gctgctattc aatcatctgce tcaaaatcaa 360
gcgcaattga ttatcggceccg ttttatttet ggttttggtg ttggtttegg ttcatcagtt 420
gctecagttt atggatctga attagctcect agaaagatca gaggtttaat tgggggtett 480
tttcaattct ctgtcacttt gggtatctta atcatgttcect atatctgtta tggtttgaat 540
tttattaacg gtgtcgcatc cttcagagtt gettggggtt tacaaatcat accaggttta 600
gttttgatcc ttggttgttt ctttattcca gaatctccta gatggttagc taaacaaggt 660
tactgggaag atgctgaata tgttgttgec aagatccaag ctaagggtaa cagagaagat 720
ccagatgttt taattgaaat gtctgaaatt aaggaacaaa ttatgttaga tgaacacatc 780
aaggctttca catatgctga tttgttcact aagaagtata tattgagaac tgttactgcet 840
tgttgggcte aagcectggca acaattaacc ggtatgaata ctttgatgta ttatattgtt 900
tatgttttee aaatggccgg ttacgaaggt gatgctaatt tggttgctag ttccattcaa 960
tactgtctta acactggtat gaccattccce gcattatact tcatggataa gcttggtaga 1020
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agaccagttt tattaactgg ggctgcattc atgatggctt ggcaattcge cgttggtgga 1080
ttattggcaa cttacagtgt tgataaccct atcagtgaaa ccgtcagaat tcaaattcca 1140
gaagaacatg gcaaggccgce caaagctgtc attgcttget gttatttatt cgttgtttcet 1200
ttcgecttgta gttggggtgt ttgtatttgg gtttactgtg ctgaagtctg gggtgatagt 1260
gcttcaagac aaagaggtgc tgctcttacce acttctgtta attggatttt caatttcgece 1320
attgctatgt tcactccaag tgctttcaag aacattactt ggaagactta catggtcttce 1380
gctacattet gtggttgtat gtttatccat gtcttecttet tettcecceccaga aactaagggt 1440
aagagattgg aagaaattgg tcaaatgtgg gccgaaggtg taccagcttg gaagtctget 1500
tcttggcaac catctattcc aatcgtgtce gataatgaat tacataacaa gatgaagatt 1560
gaccataatg aagataactt attaaattct tcttcacatt ctgaagtatc ccaagagaag 1620
ggcgatactt ctcacatgac ttaa 1644
<210> SEQ ID NO 35
<211> LENGTH: 1638
<212> TYPE: DNA
<213> ORGANISM: Debaryomyces hansenii
<400> SEQUENCE: 35
atgggatatg aagaaaagtt ggtcgcacca gctctaaaac taagattatt cttagataaa 60
cttccaaaca tttataatat ttatgtcatt gctactattt cgtgtatttc ggggttgatg 120
tteggtateg acatttcatc gatgteggeg ttecttagta atgacgctta ccttaaatat 180
tttggtacce ctgaacctga tatgcaagga ttcattactg ctgctatgte tcttgggtca 240
ttetttgggt ctcttgcatce ggcattttgt tcagagccat ttggtagaag agcttcattg 300
ttgctttgtg gattcttttyg gtetgttggg gctgcaattc aatcttcatce acagaatgtce 360
gcccagttaa ttattggtceg ttttatttet ggttttggaa ttggtttegg ctcatctgtg 420
gcacccegtgt atggatcaga gttggcacct agaaaaatta gagggttaat tggtggtett 480
ttccaacttt cagttacctt aggtattttg attatgttct atatctgtta cgggttaggt 540
aaaatccaag ccgteggete attcagaact gegtggggtt tgcaaattat cccaggattg 600
atcttaatac ttggatgttt ctttattcca gaatcaccta gatggttage caaacagaac 660
tactgggaag aggcggagga cattgteget agagtccaag ctaaaggtaa cagagaagac 720
cctgaagtat taattgaaat ggctgaaatt agagaccaga ttctgacgtt agacaaagtt 780
aagtctttta cttatattga tttattcaaa aagaagtatc ttcttagaac tgtaacggca 840
atatttgcte aaatttggca acaattaaca ggtatgaaca ccttaatgta ttatattgte 900
tatgttttcg aaatggctgg ttatcatggt gatgcaaatt tggttgcctce ttcaattcaa 960
tattgtatca attttgccat gactattcct gcattgtact taatggataa ggtcggtagg 1020
agaccagtgt tgttaactgg agctgcgctce atgatggcect ggcaatttge tatagggggce 1080
ttgcttgecca cttatgctga acccaccgat atttttgggg gtaataatac cgttaaaatc 1140
agtatcccag aagatgaatc tcecctgccgcece aaggctgtta ttgcatgttg ttacttattce 1200
gttgtttcat ttgcgtctac ttggggtgtt ggtatctggg tttactgtgce tgaagtctgg 1260
ggtgatagtg cctcaagaca aagaggtgcg tgtgttgcaa ctgctggtaa ttggattttt 1320
aatttcgcaa ttgcaatgtt cactccgcac gctttcagta ctattacttg gaaaacatac 1380
atgatttttg ctactttctg tgcatgtatg tttecttcatg ttttecttcett tttecectgaa 1440
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actaagggta aaagattgga agaaattggt caaatgtggg acgagcatgt tccagettgg

aagtctgett cgtggcaacc acacgtacca ctegtttcag ataatgaaat acacgggaag

atggattctyg cgcatgatga acattcatct cgtteggagt ctactggaga aaaggtggte

gcagatcaca ttgcttga

<210> SEQ ID NO 36
<211> LENGTH: 1638
<212> TYPE: DNA

<213> ORGANISM: Debaryomyces hansenii

<400> SEQUENCE: 36

atgggatacg aagataaatt

tttccgaaca tccataatgt

tttggcattg atatttctte

ttcaattcac cagattctac

ttetttgggyg cettatttte

atgttctgtg catttttttyg

gtccagttaa ttataggtceg

gecccagttt atggtacaga

tttcagettt cggtcacttt

tatatcaatg gtgtggctte

cttttgttca ttggetgttt

tgttgggagy aggctgaata

ccecgatgtca tgattgagat

aaggctttca cttatgcaga

acatttgctce aaatatggca

tatgtttttyg atatggctgg

tacgttcttt ttttcgttat

aggcccattt tgtt