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PRODUCTION OF STEVIOL GLYCOSIDES IN RECOMBINANT HOSTS

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] This disclosure relates generally to the recombinant production of steviol
glycosides such as rebaudioside A (RebA), rebaudioside B (RebB), rebaudioside D (RebD),
and rebaudioside M (RebM) by recombinant hosts such as recombinant microorganisms and
isolation methods thereof. In particular, this disclosure relates to modifications to transport
systems in a recombinant host to increase production of such steviol glycosides and/or

transport of such steviol glycosides into the culture medium.

Description of Related Art

[0002] Sweeteners are well known as ingredients used most commonly in the food,
beverage, or confectionary industries. The sweetener can either be incorporated into a final
food product during production or for stand-alone use, when appropriately diluted, as a
tabletop sweetener or an at-home replacement for sugars in baking. Sweeteners include
natural sweeteners such as sucrose, high fructose corn syrup, molasses, maple syrup, and
honey and artificial sweeteners such as aspartame, saccharine, and sucralose. Stevia
extract is a natural sweetener that can be isolated and extracted from a perennial shrub,
Stevia rebaudiana. Stevia is commonly grown in South America and Asia for commercial
production of stevia extract. Stevia extract, purified to various degrees, is used commercially

as a high intensity sweetener in foods and in blends or alone as a tabletop sweetener.

[0003] Chemical structures for several steviol glycosides are shown in Figure 1,
including the diterpene steviol and various steviol glycosides. Extracts of the Stevia plant
generally comprise rebaudiosides and other steviol glycosides that contribute to the sweet
flavor, although the amount of each steviol glycoside often varies, inter alia, among different

production batches.

[0004] As recovery and purification of steviol glycosides from the Stevia plant have
proven to be labor intensive and inefficient, there remains a need for a recombinant
production system that can produce high yields of desired steviol glycosides, such as RebD
and RebM.
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SUMMARY OF THE INVENTION

[0005] It is against the above background that the present invention provides certain
advantages and advancements over the prior art.

[0006] In particular, the invention provides a recombinant host capable of synthesizing a
steviol glycoside, comprising a gene encoding a transporter polypeptide and/or a gene
encoding a transcription factor polypeptide that regulates expression of at least one
transporter gene; wherein expression of the gene encoding the transporter polypeptide
and/or the gene encoding the transcription factor polypeptide that regulates expression of at
least one transporter gene is modified and the recombinant host transports at least a portion

of the synthesized steviol glycoside from the host into a culture medium.

[0007] In some aspects of the recombinant host disclosed herein, the gene encoding the

transporter polypeptide is an endogenous gene.

[0008] In some aspects of the recombinant host disclosed herein, the transporter
polypeptide comprises an ATP-binding cassette (ABC) transporter, a major facilitator
superfamily (MFS) transporter, an amino acid/auxin permease (AAAP) family transporter,
ATPase transporter, a sulfate permease (SulP) family transporter, a lysosomal cystine
transporter (LCT) family transporter, a Ca2+:cation antiporter (CaCA) family transporter, an
amino acid-polyamine-organocation (APC) superfamily transporter, a
multidrug/oligosaccharidyl-lipid/polysaccharide (MOP) transporter, a ZRT/IRT-like protein
(ZIP) metal transporter family transporter, a mitochondrial protein translocase (MPT) family
transporter, a voltage-gated ion channel (VIC) family transporter, a monovalent cation:proton
antiporter-2 (CPA2) family transporter, a ThrE family of putative transmembrane amino acid
efflux transporter, an oligopeptide transporter (OPT) family transporter, a K" transporter (Trk)
family transporter, a bile acid:Na symporter (BASS) family transporter, a drug/metabolite
transporter (DMT) superfamily transporter, a mitochondrial carrier (MC) family transporter,
an auxin efflux carrier (AEC) family transporter, an ammonia channel transporter (Amt)
family transporter, a metal ion (Mn*-iron) transporter (Nramp) family transporter, a transient
receptor potential Ca** channel (TRP-CC) family transporter, an arsenical resistance-3
(ACR3) family transporter, a nucleobase:cation symporter-1 (NCS1) family transporter, an
inorganic phosphate transporter (PiT) family transporter, an arsenite-antimonite (ArsAB)
efflux family transporter, an ISP family of transporter, a glycerol uptake (GUP) family
transporter, a metal ion transport (MIT) family transporter, a copper transport (Ctr) family or

a cation diffusion facilitator (CDF) family transporter.

[0009] In some aspects of the recombinant host disclosed herein, the modified

expression comprises modified expression comprises:
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(a) overexpressing the gene encoding the transporter polypeptide and/or
the gene encoding the transcription factor polypeptide; or

(b) deleting the gene encoding the transporter polypeptide and/or the
gene encoding the transcription factor polypeptide.

[0010] In some aspects of the recombinant host disclosed herein, the gene encoding the
transporter polypeptide and/or the gene encoding the transcription factor polypeptide has an

activity that is increased.

[0011] In some aspects of the recombinant host disclosed herein, one or more of the
genes encoding the transporter polypeptide and/or one or more of the genes encoding the

franscription factor polypeptide are overexpressed.

[0012] In some aspects of the recombinant host disclosed herein, the transporter
polypeptide and/or transcription polypeptide comprise YALO67C set forth in SEQ ID NO:14,
YBLO89W set forth in SEQ ID NO:15, YBLO99W set forth in SEQ ID NO:16, YBR0O08C set
forth in SEQ ID NO:86, YBR021W set forth in SEQ ID NO:87, YBR043C set forth in SEQ ID
NO:88, YBR180W set forth in SEQ ID NO:13, YBR241C set forth in SEQ ID NO:17,
YBR287W set forth in SEQ ID NO:89, YBR294W set forth in SEQ ID NO:18, YBR295W set
forth in SEQ ID NO:90, YBR296C set forth in SEQ ID NO:91, YCL0O38C set forth in SEQ ID
NO:92, YCLO69W set forth in SEQ ID NO:19, YCRO0O11C set forth in SEQ ID NO:93,
YCRO028C set forth in SEQ ID NO:20, YCR075C set forth in SEQ ID NO:21, YDL0O54C set
forth in SEQ ID NO:94, YDL100C set forth in SEQ ID NO:95, YDL128W set forth in SEQ ID
NO:22, YDL185W set forth in SEQ [ID NO:23, YDL194W set forth in SEQ ID NO:24,
YDL210W set forth in SEQ ID NO:25, YDL245C set forth in SEQ ID NO:96, YDL247W set
forth in SEQ ID NO:97, YDR0O11W set forth in SEQ ID NO:98, YDR0O61W set forth in SEQ ID
NO:26, YDRO93W set forth in SEQ ID NO:27, YDR292C set forth in SEQ ID NO:99,
YDR338C set forth in SEQ ID NO:28, YDR406W set forth in SEQ ID NO:29, YDR497C set
forth in SEQ 1D NO:100, YDR536W set forth in SEQ ID NO:30, YELOO6W set forth in SEQ
ID NO:101, YELO27W set forth in SEQ ID NO:102, YELO31W set forth in SEQ ID NO:31,
YELOB5W set forth in SEQ ID NO:103, YERO19C-A set forth in SEQ ID NO:104, YER053C
set forth in SEQ ID NO:105, YER119C set forth in SEQ ID NO:106, YER166W set forth in
SEQ ID NO:32, YFLO11W set forth in SEQ ID NO:33, YFL028C set forth in SEQ ID NO:107,
YFRO45W set forth in SEQ ID NO:108, YGLO06W set forth in SEQ ID NO:34, YGL013C set
forth in SEQ ID NO:35, YGL084C set forth in SEQ ID NO:109, YGL104C set forth in SEQ ID
NO:110, YGL114W set forth in SEQ ID NO:111, YGL167C set forth in SEQ ID NO:112,
YGL255W set forth in SEQ ID NO:36, YGR125W set forth in SEQ ID NO:37, YGR181W set
forth in SEQ ID NO:38, YGR217W set forth in SEQ ID NO:39, YGR224W set forth in SEQ ID
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NO:40, YGR257C set forth in SEQ ID NO:113, YGR281W set forth in SEQ ID NO:41,
YHLO16C set forth in SEQ 1D NO:42, YHLO35C set forth in SEQ ID NO:114, YHLO36W set
forth in SEQ ID NO:115, YHROO2W set forth in SEQ ID NO:116, YHR096C set forth in SEQ
ID NO:117, YILOO6W set forth in SEQ ID NO:118, YIL088C set forth in SEQ ID NO:43,
YIL120W set forth in SEQ D NO:119, YIL121W set forth in SEQ ID NO:120, YIL166C set
forth in SEQ ID NO:121, YJL093C set forth in SEQ ID NO:44, YJL094C set forth in SEQ ID
NO:45, YJL108C set forth in SEQ ID NO:46, YJL133W set forth in SEQ ID NO:122,
YJL212C set forth in SEQ ID NO:47, YJL219W set forth in SEQ ID NO:123, YJR106W set
forth in SEQ ID NO:48, YJR160C set forth in SEQ ID NO:49, YKL0O16C set forth in SEQ ID
NO:124, YKLOS0C set forth in SEQ ID NO:125, YKLO64W set forth in SEQ ID NO:50,
YKL120W set forth in SEQ ID NO:126, YKL146W set forth in SEQ ID NO:127, YKL209C set
forth in SEQ ID NO:128, YKR039W set forth in SEQ ID NO:129, YKRO50W set forth in SEQ
ID NO:51, YKR105C set forth in SEQ ID NO:52, YKR106W set forth in SEQ ID NO:53,
YLR411W set forth in SEQ ID NO:130, YLR447C set forth in SEQ ID NO:54, YML0O38C set
forth in SEQ ID NO:131, YML116W set forth in SEQ ID NO:55, YMRO034C set forth in SEQ
ID NO:56, YMRO056C set forth in SEQ ID NO:57, YMR166C set forth in SEQ ID NO:132,
YMR253C set forth in SEQ ID NO:58, YMR279C set forth in SEQ ID NO:133, YNLOO3C set
forth in SEQ ID NO:134, YNLO65W set forth in SEQ ID NO:59, YNLO70W set forth in SEQ
ID NO:60, YNLO83W set forth in SEQ ID NO:61, YNLO95C set forth in SEQ ID NO:62,
YNL121C set forth in SEQ ID NO:63, YNL142W set forth in SEQ ID NO:64, YNL268W set
forth in SEQ ID NO:135, YNRO55C set forth in SEQ ID NO:136, YOL020W set forth in SEQ
ID NO:65, YOLO75C set forth in SEQ ID NO:66, YOLO77W-A set forth in SEQ ID NO:67,
YOL122C set forth in SEQ ID NO:68, YOL158C set forth in SEQ ID NO:137, YOR079C set
forth in SEQ ID NO:69, YOR087W set forth in SEQ ID NO:70, YOR092W set forth in SEQ ID
NO:71, YOR100C set forth in SEQ ID NO:138, YOR130C set forth in SEQ ID NO:72,
YOR153W set forth in SEQ ID NO:139, YOR222W set forth in SEQ ID NO:73, YOR271C set
forth in SEQ ID NO:140, YOR273C set forth in SEQ ID NO:141, YOR291W set forth in SEQ
ID NO:74, YOR306C set forth in SEQ ID NO:75, YOR307C set forth in SEQ ID NO:142,
YOR316C set forth in SEQ ID NO:76, YOR332W set forth in SEQ ID NO:143, YOR334W set
forth in SEQ ID NO:77, YOR348C set forth in SEQ ID NO:144, YPLO36W set forth in SEQ
ID NO:145, YPLO78C set forth in SEQ ID NO:78, YPL270W set forth in SEQ ID NO:79,
YPL274W set forth in SEQ ID NO:80, YPRO03C set forth in SEQ ID NO:81, YPRO11C set
forth in SEQ ID NO:82, YPRO58W set forth in SEQ ID NO:83, YPR128C set forth in SEQ ID
NO:84, or YPR201W set forth in SEQ 1D NO:85.

[0013] In some aspects of the recombinant host disclosed herein, YBR043C set forth in
SEQ 1D NO:88, YDL100C set forth in SEQ ID NO:95, YDL054C set forth in SEQ 1D NO:94,
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YDL128W set forth in SEQ ID NO:22, YDL198C set forth in SEQ ID NO:146, YDRO61W set
forth in SEQ ID NO:26, YDR536W set forth in SEQ |D NO:30, YELO27W set forth in SEQ ID
NO:102, YFLO54C set forth in SEQ ID NO:147, YGL167C set forth in SEQ ID NO:112,
YGR181W set forth in SEQ ID NO:38, YHLO16C set forth in SEQ ID NO:42, YIL166C set
forth in SEQ 1D NO:121, YJL093C set forth in SEQ 1D NO:44, YJR106W set forth in SEQ ID
NO:48, YKL120W set forth in SEQ ID NO:126, YKL146W set forth in SEQ 1D NO:127,
YKRO39W set forth in SEQ ID NO:129, YMRO034C set forth in SEQ ID NO:56, YMR166C set
forth in SEQ ID NO:132, YOL122C set forth in SEQ ID NO:68, YORQO79C set forth in SEQ ID
NO:69, YPL270W set forth in SEQ ID NO:79, and/or YPRO11C set forth in SEQ ID NO:82

are overexpressed.

[0014] In some aspects, the recombinant host further comprises:

(a) one or more genes encoding a sucrose transporter and a sucrose
synthase;

(b) a gene encoding a geranylgeranyl diphosphate synthase (GGPPS)
polypeptide;

(c) a gene encoding an ent-copalyl diphosphate synthase (CDPS)
polypeptide;

(d) a gene encoding a kaurene synthase (KS) polypeptide;

(e) a gene encoding a kaurene oxidase (KO) polypeptide;

(f) a gene encoding a steviol synthase (KAH) polypeptide;

(g9) a gene encoding a cytochrome P450 reductase (CPR)
polypeptide;

(h) a gene encoding a UGT85C2 polypeptide;

(i) a gene encoding a UGT76G1 polypeptide;

(k) a gene encoding a UGT91D2 functional homolog; and/or

) a gene encoding a EUGT 11 polypeptide;

wherein at least one of the genes is a recombinant gene; and

wherein the host is capable of producing one or more of RebA, RebB, RebD
and/or RebM.

[0015] In some aspects of the recombinant host disclosed herein,at least one of the

genes is codon optimized for expression in the host.
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[0016] In some aspects of the recombinant host disclosed herein,at least one of the
genes is codon optimized for expression in Saccharomyces cerevisiae.

[0017] In some aspects of the recombinant host disclosed herein,

(a) the GGPPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ 1D NO:149;

(b) the CDPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ ID NO:150;

(c) the KO polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ ID NO:152;

(d) the KS polypeptide comprises a polypeptide having at least 40%
identity to an amino acid sequence set forth in SEQ ID NO:151;

(e) the KAH polypeptide comprises a polypeptide having at least 60%
identity to an amino acid sequence set forth in SEQ 1D NO:154;

f) the CPR polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ ID NO:153 and/or
a polypeptide having at least 65% identity to an amino acid sequence
set forth in SEQ ID NO:155;

(9) the UGT85C2 polypeptide comprises a polypeptide having at least
55% identity to an amino acid sequence set forth in SEQ ID NO:156;

(h) the UGT76G1 polypeptide comprises a polypeptide having at least
50% identity to an amino acid sequence set forth in SEQ ID NO:158;

(i) the UGT74G1 polypeptide comprises a polypeptide having at least
55% identity to an amino acid sequence set forth in SEQ ID NO:157,

) the a UGT91D2 functional homolog comprises a UGT91D2e-b
polypeptide having at least 90% identity to the amino acid sequence
set forth in SEQ ID NO:159; and

(k) the EUGT11 polypeptide comprises a polypeptide having at least 65%
identity to an amino acid sequence set forth in SEQ 1D NO:148.

[0018] iIn some aspects, the recombinant host disclosed herein comprises a
microorganism that is a plant cell, a mammalian cell, an insect cell, a fungal cell, or a

bacterial cell.
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[0019] In some aspects, the bacterial cell comprises Escherichia bacteria cells,
Lactobaciflus bacteria cells, Lactococcus bacteria cells, Cornebacterium bacteria cells,
Acetobacter bacteria cells, Acinetobacter bacteria cells, or Pseudomonas bacterial cells.

[0020] In some aspects, the fungal cell is a yeast cell.

[0021] In some aspects, the yeast cell is a cell from Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Yarrowia lipolytica, Candida glabrata, Ashbya gossypii,
Cyberlindnera jadinii, Pichia pastoris, Kluyveromyces lactis, Hansenula polymorpha,
Candida boidinii, Arxula adeninivorans, Xanthophyllomyces dendrorhous, or Candida

albicans species.

[0022] In some aspects, the yeast cell is a Saccharomycete.
[0023] In some aspects, the yeast cell is a cell from the Saccharomyces cerevisiae
species.

[0024] The invention further provides a method of producing a steviol glycoside,

comprising:

(a) growing the recombinant host disclosed herein in a culture medium, under
conditions in which the genes comprising recombinant host disclosed herein

are expressed,
wherein the steviol glycoside is synthesized by the host; and
(b) optionally isolating the steviol glycoside.

[0025] In some aspects of the methods disclosed herein, the steviol glycoside is RebA,
RebB, RebD, and/or RebM, and wherein:

(a) RebA is capable of being synthesized in the recombinant host disclosed
herein expressing UGT85C2, UGT76G1, UGT74G1, and UGT91D2;

(b) RebB is capable of being synthesized in the recombinant host disclosed
herein expressing UGT85C2, UGT76G1, and UGT91D2;

(c) RebD is capable of being synthesized in the recombinant host disclosed

herein expressing UGT85C2, UGT76G1, UGT74G1, and UGT91D2 and/or
EUGT11; and

(d) RebM is capable of being synthesized in the recombinant host disclosed

herein expressing UGT85C2, UGT76G1, UGT74G1, and UGT91D2 and/or
EUGT11.
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[0026] In some aspects of the methods disclosed herein a gene encoding YBR043C set
forth in SEQ ID NO:88, YDL100C set forth in SEQ ID NO:95, YDL0O54C set forth in SEQ ID
NO:94, YDL128W set forth in SEQ [ID NO:22, YDL198C set forth in SEQ ID NO:146,
YDRO61W set forth in SEQ |ID NO:26, YDR536W set forth in SEQ ID NO:30, YELO27W set
forth in SEQ 1D NO:102, YFL054C set forth in SEQ ID NO:147, YGL167C set forth in SEQ
ID NO:112, YGR181W set forth in SEQ ID NO:38, YHLO16C set forth in SEQ ID NO:42,
YIL166C set forth in SEQ 1D NO:121, YJL093C set forth in SEQ ID NO:44, YJR106W set
forth in SEQ 1D NO:48, YKL120W set forth in SEQ ID NO:126, YKL146W set forth in SEQ ID
NO:127, YKRO39W set forth in SEQ ID NO:129, YMR034C set forth in SEQ ID NO:58,
YMR166C set forth in SEQ ID NO:132, YOL122C set forth in SEQ ID NO:68, YOR079C set
forth in SEQ ID NO:69, YPL270W set forth in SEQ ID NO:79, and/or YPR0O11C set forth in
SEQ ID NO:82 is overexpressed.

[0027] In some aspects of the methods disclosed herein the steviol glycoside is
produced at a concentration of between about 500 mg/L to about 10,000 mg/L.

[0028] The invention further provides a method of increasing production or transport of a

steviol glycoside into a culture medium, comprising:

(a) growing the recombinant host disclosed herein in a culture medium, under
conditions in which the genes comprising the host disclosed herein are

expressed,
wherein the steviol glycoside is synthesized by the host; and
(b) optionally isolating the steviol glycoside.

[0029] In some aspects of the methods disclosed herein, the steviol glycoside is RebA,
RebB, RebD, and/or RebM.

[0030] The invention further provides a method increasing production of steviol or a
steviol glycoside in a recombinant host, comprising modifying expression of a gene encoding
a transporter polypeptide and/or a gene encoding a transcription that regulates expression of
at least one transporter gene, wherein the host is capable of transporting at least a portion of

the produced steviol or a steviol glycoside from the host into a culture medium.

[0031] These and other features and advantages of the present invention will be more
fully understood from the following detailed description of the invention taken together with
the accompanying claims. It is noted that the scope of the claims is defined by the recitations
therein and not by the specific discussion of features and advantages set forth in the present

description.
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DESCRIPTION OF DRAWINGS

[0032] Figure 1 shows the chemical structures and synthesis pathways for various

steviol glycosides.

[0033] Figure 2 is a bar graph of the amount (UM) of RebA, RebB, RebD, or RebM in the
supernatant of a steviol glycoside-producing strain overexpressing transporter genes
YGR181W (SEQ ID NO:38) or YDRO61W (SEQ ID NO:26), compared to a control steviol

glycoside-producing strain. See Example 4.

[0034] Figure 3A and Figure 3B are bar graphs of the amount (mg/L) of RebA, RebD, or
RebM in the supernatant (Figure 3A) or total culture (Figure 3B) of a YGR181W (SEQ ID
NO:38) or YDROB1W (SEQ ID NO:26) overexpressing strain, compared to a control steviol
glycoside-producing strain. See Example 4.

[0035] Figure 4A shows levels of 13-SMG (total levels and supernatant levels;
HM/ODgqo), Figure 4B shows levels of RebA (lotal levels and supernatant levels; uM/ODggo),
Figure 4C shows levels of RebB (total levels and supernatant levels; yM/ODgq), Figure 4D
shows levels of RebD (total levels and supernatant levels; uM/ODgq), and Figure 4E shows
levels of RebM (total levels and supernatant levels; pM/ODgy) in a steviol glycoside-
producing S. cerevisiae strain with a genomically integrated transporter gene. The
genomically integrated transporter genes of Figures 4A-E are YBR043C (SEQ 1D NO:88),
YELO27W (SEQ ID NO:102), YJLO93C (SEQ ID NO:44), YJR106W (SEQ ID NO:48),
YMR166C (SEQ 1D NO:132), YIL166C (SEQ ID NO:121), YKL120W (SEQ ID NO:126),
YDLO54C (SEQ ID NO:94), YDL128W (SEQ ID NO:22), YDR536W (SEQ ID NO:30),
YGL167C (SEQ ID NO:112), YKL146W (SEQ ID NO:127), YKR0O3SW (SEQ ID N0O:129),
YOL122C (SEQ ID NO:68), and YPRO11C (SEQ ID NO:82). See Example 6.

[0036] Figure 5A shows supernatant levels of RebA, RebB, RebD, and RebM (in
uM/ODgg) of a steviol glycoside-producing strain overexpressing YMR166C (SEQ ID
NO:132), YELO27W (SEQ ID NO:102), YKL120W (SEQ ID NO:126), YIL166C (SEQ ID
NO:121), YJR106W (SEQ ID NO:48), YJL093C (SEQ ID NO:44), and YBR043C (SEQ ID
NQ:88) by the USER cloning system. Figure 5B shows total levels of RebA, RebB, RebD,
and RebM (in uM/ODgqy) of a steviol glycoside-producing strain overexpressing YMR166C
(SEQ ID NO:132), YELO27W (SEQ ID NO:102), YKL120W (SEQ ID NO:126), YIL166C
(SEQ ID NO:121), YJR106W (SEQ ID NO:48), YJL093C (SEQ ID NO:44), and YBR043C
(SEQ ID NO:88) by the USER cloning system.
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DETAILED DESCRIPTION

[0037] All publications, patents and patent applications cited herein are hereby expressly

incorporated by reference in their entirety for all purposes.

[0038] Before describing the present invention in detail, a number of terms will be
defined. As used herein, the singular forms “a,” “an,” and “the” include plural referents unless
the context clearly dictates otherwise. For example, reference to “a nucleic acid” means one

or more nucleic acids.

[0039] It is noted that terms like “preferably,” “commonly,” and “typically” are not utilized
herein to limit the scope of the claimed invention or to imply that certain features are critical,
essential, or even important to the structure or function of the claimed invention. Rather,
these terms are merely intended to highlight alternative or additional features that can or

cannot be utilized in a particular embodiment of the present invention.

[0040] For the purposes of describing and defining the present invention it is noted that
the term “substantially” is utilized herein to represent the inherent degree of uncertainty that
can be attributed to any quantitative comparison, value, measurement, or other
representation. The term “substantially” is also utilized herein to represent the degree by
which a quantitative representation can vary from a stated reference without resulting in a

change in the basic function of the subject matter at issue.

[0001] Methods well known to those skilled in the art can be used to construct genetic
expression constructs and recombinant cells according to this invention. These methods
include in vitro recombinant DNA techniques, synthetic techniques, in vivo recombination
techniques, and polymerase chain reaction (PCR) techniques. See, for example, techniques
as described in Green & Sambrook, 2012, MOLECULAR CLONING: A LABORATORY
MANUAL, Fourth Edition, Cold Spring Harbor Laboratory, New York; Ausubel ef al., 1989,
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing Associates and
Wiley Interscience, New York, and PCR Protocols: A Guide to Methods and Applications
(Innis et al., 1990, Academic Press, San Diego, CA).

[0041] As used herein, the terms “polynucleoctide,” “nucleotide,” “oligonucleoctide,” and
“nucleic acid” can be used interchangeably to refer to nucleic acid comprising DNA, RNA,

derivatives thereof, or combinations thereof.

[0042] As used herein, the terms “microorganism,” “microorganism host,”
“microorganism host cell,” “host cell,” “recombinant host,” “recombinant microorganism host,”
and “recombinant host cell’ can be used interchangeably. As used herein, the term
“recombinant host” is intended to refer to a host, the genome of which has been augmented

10
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by at least one DNA sequence. Such DNA sequences include but are not limited to genes
that are not naturally present, DNA sequences that are not normally transcribed into RNA or
translated into a protein (“expressed”), and other genes or DNA sequences which one
desires to introduce into the non-recombinant host. It will be appreciated that typically the
genome of a recombinant host described herein is augmented through stable introduction of
one or more recombinant genes. Generally, introduced DNA is not originally resident in the
host that is the recipient of the DNA, but it is within the scope of this disclosure to isolate a
DNA segment from a given host, and to subsequently introduce one or more additional
copies of that DNA into the same host, e.g., to enhance production of the product of a gene
or alter the expression pattern of a gene. In some instances, the introduced DNA will modify
or even replace an endogenous gene or DNA seguence by, e.g., homologous recombination

or site-directed mutagenesis. Suitable recombinant hosts include microorganisms.

[0043] As used herein, the term “recombinant gene” refers to a gene or DNA sequence
that is introduced into a recipient host, regardless of whether the same or a similar gene or
DNA sequence may already be present in such a host. “Introduced,” or “augmented” in this
context, is known in the art to mean introduced or augmented by the hand of man. Thus, a
recombinant gene can be a DNA sequence from another species or can be a DNA sequence
that originated from or is present in the same species but has been incorporated into a host
by recombinant methods to form a recombinant host. It will be appreciated that a
recombinant gene that is introduced into a host can be identical to a DNA sequence that is
normally present in the host being transformed and is introduced to provide one or more
additional copies of the DNA to thereby permit overexpression or modified expression of the
gene product of that DNA. Said recombinant genes are particularly encoded by cDNA.

[0044] As used herein, the term “engineered biosynthetic pathway” refers to a
biosynthetic pathway that occurs in a recombinant host, as described herein, and does not

naturally occur in the host.

[0045] As used herein, the term “endogenous” gene refers to a gene that originates from
and is produced or synthesized within a particular organism, tissue, or cell. In some
embodiments, the endogenous gene is a yeast transporter. In some embodiments, the
transporter is endogenous to S. cerevisiae, including, but not limited fo S. cerevisiae strain
S$288C. In some embodiments, an endogenous yeast transporter gene is overexpressed.
As used herein, the term “overexpress” is used to refer to the expression of a gene in an
organism at levels higher than the level of gene expression in a wild type organism. Ses,
e.g., Prelich, 2012, Genetics 190:841-54. In some embodiments, an endogenous yeast
transporter gene is deleted. See, e.g., Giaever & Nislow, 2014, Genetics 197(2):451-65. As
used herein, the terms “deletion,” “deleted,” “knockout,” and “knocked out” can be used
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interchangeably to refer to an endogenous gene that has been manipulated to no longer be
expressed in an organism, including, but not limited to, S. cerevisiae. In some
embodiments, a deleted/knocked out gene is a transporter gene or a transcription factor

gene that regulates expression of a transporter gene.

[0046] As used herein, the terms “heterologous sequence” and “heterologous coding
sequence” are used to describe a sequence derived from a species other than the
recombinant host. In some embodiments, the recombinant host is an S. cerevisiae cell, and
a heterologous sequence is derived from an organism other than S. cerevisiae. A
heterologous coding sequence, for example, can be from a prokaryotic microorganism, a
eukaryotic microorganism, a plant, an animal, an insect, or a fungus different than the
recombinant host expressing the heterologous sequence. In some embodiments, a coding

sequence is a sequence that is native to the host.

[0047] A “selectable marker” can be one of any number of genes that complement host
cell auxotrophy, provide antibiotic resistance, or result in a color change. Linearized DNA
fragments of the gene replacement vector then are introduced into the cells using methods
well known in the art (see below). Integration of the linear fragments into the genome and
the disruption of the gene can be determined based on the selection marker and can be
verified by, for example, PCR or Southern blot analysis. Subsequent to its use in selection,
a selectable marker can be removed from the genome of the host cell by, e.g., Cre-LoxP
systems (see, e.g., Gossen et al, 2002, Ann. Rev. Genetics 36:153-173 and U.S.
2006/0014264). Alternatively, a gene replacement vector can be constructed in such a way
as to include a portion of the gene to be disrupted, where the portion is devoid of any
endogenous gene promoter sequence and encodes none, or an inactive fragment of, the

coding sequence of the gene.

[0048] As used herein, the terms “variant” and “mutant” are used to describe a protein
sequence that has been modified at one or more amino acids, compared to the wild type

sequence of a particular protein.

[0049] As used herein, the term “inactive fragment” is a fragment of the gene that
enccdes a protein having, e.g., less than about 10% (e.g., less than about 9%, less than
about 8%, less than about 7%, less than about 6%, less than about 5%, less than about 4%,
less than about 3%, less than about 2%, less than about 1%, or 0%) of the activity of the
protein produced from the full-length coding sequence of the gene. Such a portion of a gene
is inserted in a vector in such a way that no known promoter sequence is operably linked to
the gene sequence, but that a stop codon and a transcription termination sequence are
operably linked to the portion of the gene sequence. This vector can be subsequently
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linearized in the portion of the gene sequence and transformed into a cell. By way of single
homologous recombination, this linearized vector is then integrated in the endogenous

counterpart of the gene with inactivation thereof.

[0050] As used herein, the term “steviol glycoside” refers to Rebaudioside A (RebA)
(CAS # 58543-16-1), Rebaudioside B (RebB) (CAS # 58543-17-2), Rebaudioside C (RebC)
(CAS # 63550-99-2), Rebaudioside D (RebD) (CAS # 63279-13-0), Rebaudioside E (RebE)
(CAS # 63279-14-1), Rebaudioside F (RebF) (CAS # 438045-89-7), Rebaudioside M
(RebM) (CAS # 1220616-44-3), Rubusoside (CAS # 63849-39-4), Dulcoside A (CAS #
64432-06-0), Rebaudioside | (Rebl) (MassBank Record: FU000332), Rebaudioside Q
(RebQ), 1,2-Stevioside (CAS # 57817-89-7), 1,3-Stevioside (RebG), 1,2-Bioside (MassBank
Record: FU000299), 1,3-Bioside, Steviol-13-O-glucoside (13-SMG), Steviol-19-O-glucoside
(19-SMG), a ftri-glucosylated steviol glycoside, a tetra-glycosylated steviol glycoside, a
penta-glucosylated steviol glycoside, a hexa-glucosylated steviol glycoside, a hepta-
glucosylated steviol glycoside, di-glucosylated kaurenoic acid, tri-glucosylated kaurenoic

acid, di-glucosylated kaurenol, tri-glucosylated kaurenol, and isomers thereof.

[0051] Recombinant steviol glycoside-producing Saccharomyces cerevisiae (S.
cerevisiae) strains are described in WO 2011/153378, WO 2013/022989, WO 2014/122227,
and WO 2014/122328, each of which has been incorporated by reference herein in its
entirety. See, also, Example 2. Methods of producing steviol glycosides in recombinant
hosts, by whole cell bio-conversion, and in vitro are also described in WO 2011/153378, WO
2013/022989, WO 2014/122227, and WO 2014/122328.

[0052] In some embodiments, steviol glycosides and/or steviol glycoside precursors are
produced in vivo through expression of one or more enzymes involved in the steviol
glycoside biosynthetic pathway in a recombinant host. For example, a steviol-producing
recombinant host expressing one or more of a gene encoding a geranylgeranyl diphosphate
synthase (GGPPS) polypeptide, a gene encoding an ent-copalyl diphosphate synthase
(CDPS) polypeptide, a gene encoding a kaurene synthase (KS) polypeptide, a gene
encoding a kaurene oxidase polypeptide (KO), a gene encoding a steviol synthase (KAH)
polypeptide, a gene encoding a cytochrome P450 reductase (CPR) polypeptide, and a gene
encoding a UGT polypeptide can produce a steviol glycoside and/or steviol glycoside

precursors in vivo. See Example 2.

[0053] In some embodiments, a recombinant host comprises a nucleic acid encoding a
UGT85C2 polypeptide, a nucleic acid encoding a UGT76G1 polypeptide, a nucleic acid
encoding a UGT74G1 polypeptide, a nucleic acid encoding a UGT91D2 polypeptide, and/or
a nucleic acid encoding a EUGT11 polypeptide. The skilled worker will appreciate that

13



WO 2016/023844 PCT/EP2015/068314

expression of these genes may be necessary to produce a particular steviol glycoside but
that one or more of these genes can be endogenous to the host provided that at least one
(and in some embodiments, all) of these genes is a recombinant gene introduced into the
microorganism. In a particular embodiment, a steviol-producing recombinant microorganism
comprises exogenous nucleic acids encoding UGT85C2, UGT76G1, or UGT91D2
polypeptides. In another particular embodiment, a steviol-producing recombinant
microorganism comprises exogenous nucleic acids encoding UGT85C2, UGT76G1,
UGT74G1, and UGT91D2 polypeptides. In yet another particular embodiment, a steviol-
producing recombinant microorganism comprises exogenous nucleic acids encoding
UGT85C2, UGT76G1, UGT74G1, and EUGT11 polypeptides. In yet another particular
embodiment, a steviol-producing recombinant microorganism comprises the exogenous
nucleic acids encoding UGT85C2, UGT76G1, UGT74G1, UGT91D2 (including inter alia
91D2e, 91D2m, 91D2e-b, and functional homologs thereof), and EUGT11 polypeptides.

See Example 2.

[0054] In certain embodiments, the steviol glycoside is RebA, RebB, RebD, and/or
RebM. RebA can be synthesized in a steviol-producing recombinant microorganism
expressing UGT85C2, UGT76G1, UGT74G1, and UGT91D2. RebB can be synthesized in a
steviol-producing recombinant microorganism expressing UGT85C2, UGT76G1, and
UGT91D2. RebD can be synthesized in a steviol-producing recombinant microorganism
expressing UGT85C2, UGT76G1 UGT74G1, and UGT91D2 and/or EUGT11. RebM can be
synthesized in a steviol-producing recombinant microorganism expressing UGT85C2,
UGT76G1, UGT74G1, and UGT91D2 and/or EUGT11 (see Figure 1, Example 2).

[0055] In some embodiments, steviol glycosides and/or steviol glycoside precursors are
produced through contact of a steviol glycoside precursor with one or more enzymes
involved in the steviol glycoside pathway in vitro. For example, contacting steviol with a
UGT polypeptide can result in production of a steviol glycoside in vifro. In some
embodiments, a steviol glycoside precursor is produced through contact of an upstream
steviol glycoside precursor with one or more enzymes involved in the steviol glycoside
pathway in vitro. For example, contacting ent-kaurenoic acid with a KAH enzyme can result

in production of steviol in vitro.

[00586] In some embodiments, a steviol glycoside or steviol glycoside precursor is
produced by whole cell bioconversion. For whole cell bioconversion to occur, a host cell
expressing one or more enzymes involved in the steviol glycoside pathway takes up and
modifies a steviol glycoside precursor in the cell; following modification in vivo, a steviol
glycoside remains in the cell and/or is excreted into the culture medium. For example, a
host cell expressing a gene encoding a UGT polypeptide can take up steviol and glycosylate
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steviol in the cell; following glycosylation in vivo, a steviol glycoside can be excreted into the
culture medium. In some embodiments, the cell is permeabilized to take up a substrate to

be modified or to excrete a modified product.

[0057] In some embodiments, a steviol glycoside or steviol glycoside precursor
composition produced in vivo, in vitro, or by whole cell bioconversion comprises less
contaminants than a stevia extract from, infer alia, a stevia plant. Contaminants include
plant-derived compounds that contribute to off-flavors. Potential contaminants include
pigments, lipids, proteins, phenolics, saccharides, spathulenol and other sesquiterpenes,
labdane diterpenes, monoterpenes, decanocic acid, 8,11,14-eicosatriencic acid, 2-
methyloctadecane, pentacosane, octacosane, tetracosane, octadecanol, stigmasterol, B-
sitosterol, - and B-amyrin, lupeol, B-amryin acetate, pentacyclic triterpenes, centauredin,
quercitin, epi-alpha-cadinol, carophylienes and derivatives, beta-pinene, beta-sitosterol, and

gibberellin.

[0058] As used herein, the terms “detectable amount,” “detectable concentration,”
“measurable amount,” and “measurable concentration” refer to a level of steviol glycosides
measured in AUC, uM/ODgge, mg/L, uM, or mM. Steviol glycoside production (i.e., total,
supernatant, and/or intracellular steviol glycoside levels) can be detected and/or analyzed by
techniques generally available to one skilled in the art, for example, but not limited to, liquid
chromatography-mass spectrometry (LC-MS), thin layer chromatography (TLC), high-
performance  liquid  chromatography  (HPLC), ultraviolet-visible  spectroscopy/
spectrophotometry (UV-Vis), mass spectrometry (MS), and nuclear magnetic resonance

spectroscopy (NMR).

[0059] As used herein, the terms “or” and “and/or” is utilized to describe multiple
components in combination or exclusive of one another. For example, “x, y, and/or z" can
refer to “x” alone, “y” alone, “Z” alone, “x, y, and z,” “(xand y) or z,” “x or (y and z),” or “x or y
or z.” In some embodiments, “and/or” is used to refer to the exogenous nucleic acids that a
recombinant cell comprises, wherein a recombinant cell comprises one or more exogenous
nucleic acids selected from a group. In some embodiments, “and/or” is used to refer to
production of steviol glycosides and/or steviol giycoside precursors. In some embodiments,
“and/or” is used to refer to production of steviol glycosides, wherein one or more steviol
glycosides are produced. In some embodiments, “and/or” is used to refer to production of
steviol glycosides, wherein one or more steviol glycosides are produced through one or
more of the following steps: culturing a recombinant microorganism, synthesizing one or
more steviol glycosides in a recombinant microorganism, and/or isolating one or more steviol

glycosides.
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Transporters and Transcription Factor Expression

[0060] This document describes reagents and methods that can be used to efficiently
produce steviol glycoside compositions. Modification of transport systems in a recombinant
host that are involved in transport of steviol glycosides into culture medium can allow more
effective production of steviol glycosides in recombinant hosts.

[0061] As set forth herein, recombinant cells having modifications to cellular transport
are capable of producing steviol. Recombinant hosts described herein can produce steviol
and have altered expression of at least one endogenous transporter gene. Recombinant
hosts described herein can produce steviol and have altered expression of a transcription
factor that regulates expression of at least one endogenous transporter gene. Altering
expression of endogenous fransporter genes can be useful for increasing production of
steviol and/or excretion of steviol into the culture medium.

[0062] As set forth herein, recombinant cells having modifications to cellular transport
are capable of producing at least one steviol glycoside, including, but not limited to, RebA,
RebB, RebD, and/or RebM. Recombinant hosts described herein can produce at least one
steviol glycoside such as RebA, RebB, RebD, and/or RebM and have altered expression of
at least one endogenous transporter gene. Recombinant hosts described herein can
produce at least one steviol glycoside such as RebA, RebB, RebD, and/or RebM and have
altered expression of a transcription factor that regulates expression of at least one
endogenous fransporter gene. Recombinant hosts described herein can produce at least
one steviol glycoside such as RebA, RebB, RebD, and/or RebM and have altered
expression of a plurality of endogenous transporter genes and/or of a plurality of
transcription factor genes that regulate expression of a a plurality of endogenous transporter
genes. Altering expression of endogenous transporter genes and/or transcription factors
regulating expression of at least one transporter gene can be useful for increasing
production of steviol glycosides and/or excretion of steviol glycosides into the culture

medium.

[0063] Recombinant hosts disclosed herein can include one or more biosynthesis
genes, such as one or more genes encoding a sucrose transporter and a sucrose synthase;
a gene encoding a geranylgeranyl diphosphate synthase (GGPPS) polypeptide; a gene
enceding an ent-copalyl diphosphate synthase (CDPS) polypeptide; a gene encoding a
kaurene synthase (KS) polypeptide; a gene encoding a kaurene oxidase (KO) polypeptide; a
gene encoding a steviol synthase (KAH) polypeptide; a gene encoding a cytochrome P450
reductase (CPR) polypeptide; a gene encoding a UGT85C2 polypeptide; a gene encoding a
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UGT76G1 polypeptide; a gene encoding a UGT74G1 polypeptide; a gene encoding a a
UGT91D2 functional homolog; and/or a gene encoding a EUGT11 polypeptide; wherein
experession of one or more of these genes results in production of steviol steviol glycosides
such as RebA, RebB, RebD, and/or RebM.

[0064] As used herein, the terms “transport of a steviol glycoside,” “steviol glycoside
transport,” “excretion of a steviol glycoside,” and “steviol glycoside excretion” can be used

interchangeably.

[0065] As used herein, the term “transporter” (also referred to as a membrane transport
protein) refers to a membrane protein involved in the movement of small molecules,
macromolecules (such as carbohydrates), and ions across a biological membrane.
Transporters span the membrane in which they are localized and across which they
transport substances. Transporter proteins can assist in the movement (i.e., transport or
excretion) of a substance from the intracellular space to the culture medium. Transporters
are known to function as passive transport systems, carrying molecules down their
concentration gradient, or as active transport systems, using energy to carry molecules uphill
against their concentration gradient. Active transport is mediated by carriers which couple
transport directly to the use of energy derived from hydrolysis of an ATP molecule or by
carriers which make use of a pre-established electrochemical ion gradient to drive co-
transport of the nutrient molecule and a co-transported ion. The latter category comprises
symporters and antiporters, which carry the ion in the same or opposite direction,

respectively, as the transported substrate.

[0066] Transport proteins have been classified according to various criteria at the
Transporter Classification Database (on the world wide web at tcdb.org). See, Saier Jr. et
al., Nucl. Acids Res., 42(1):D251-258 (2014). Non-limiting examples thereof include, among
others, the family of Multiple Drug Resistance (MDR) plasma membrane transporters that is
thought to be ubiquitous among living organisms. The MDR transporter superfamily can be
further subdivided according to the mode of operation by which the substrate is transported
from one side of the membrane to the other. Transporters can operate to move substances
across membranes in response to chemiosmotic ion gradients or by active transport. ATP-
binding cassette transporters (ABC transporters) are fransmembrane proteins that utilize the
energy of adenosine triphosphate (ATP) hydrolysis to carry out translocation of various
substrates across membranes. They can transport a wide variety of substrates across the
plasma membrane and intracellular membranes, including metabolic products, lipids and
sterols, and drugs. Particular non-limiting examples of endogenous ABC fransporter genes
include PDR5, YDRO061W, PDR15, SNQ2, YOR1, YOL075C, MDL2, ADP1, CAF16, VMR1
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and STE6 (or a functional homolog thereof). In some aspects, ABC transporters transport

steviol glycosides.

[0067] A second group of MDRs is further subdivided based on the nature of the
chemiosmotic gradient that facilitates the transport. Saier, Jr. et al., J. Mol. Microbiol.
Biotechnol. 1:257-279 (1999). In some aspects, MDR transporters transport steviol

glycosides.

[0068] Another transporter family, the Major Facilitator Superfamily (MFS) transporters
are monomeric polypeptides that can transport small solutes in response to proton gradients.
The MFS transporter family is sometimes referred to as the uniporter-symporter-antiporter
family. MFS transporters function in, infer alia, in sugar uptake and drug efflux systems.
MFS transporters typically comprise conserved MFS-specific motifs. Non-limiting examples
of endogenous MFS transporter genes include DTR1, SEO1, YBR241C, VBA3, FEN2,
SNF3, STL1, HXT10, AZR1, MPH3, VBA5, GEX2, SNQ1, AQR1, MCH1, MCH5, ATG22,
HXT15, MPHZ2, ITR1, SIT1, VPS73, HXT5, QDR1, QDR2, QDR3, SOA1, HXT9, YMR279C,
YIL166C, HOL1, ENB1, TPO4 and FLR1 (or a functional homolog thereof). In some
aspects, MFS transporters transport steviol glycosides.

[0069] Other transporter families include the SMR (small multidrug resistant) family,
RND (Resistance-Nodulation-Cell Division) family, and the MATE (multidrug and toxic
compound extrusion) family. The SMR family members are integral membrane proteins
characterized by four alpha-helical transmembrane strands that confer resistance to a broad
range of antiseptics, lipophilic quaternary ammonium compounds (QAC), and
aminoglycoside resistance in bacteria. See, Bay & Turner, 2008, BMC Evol Biol., 9:140. In
some aspects, SMR transporters transport steviol glycosides.

[0070] The MATE family members comprise 12 transmembrane (TM) domains.
Members of the MATE family have been identified in prokaryotes, yeast such as S.
cerevisiae and Schizosaccharomyces pombe, and plants. See Diener et al., 2001, Plant
Cell. 13(7):1625-8. The MATE family members are sodium or proton antiporters. In some

aspects, MATE transporters transport steviol glycosides.

[0071] Additional transporter families include the amino acid/auxin permease (AAAP)
family (for example, YKL146W/AVT3, YBLO8SW/AVTS, YER119C/AVT6é and
YILO88C/AVT7), the ATPase family (for example, YBLO9SW/ATP1, YDL185W/VMAT,
YLR447C/VMAB, YOLO77TW/ATP19, YPLO78C/ATP4, YEL027W/VMA3, YKLO16C/ATP7,
and YOR332W/VMA4), the sulfate permease (SulP) family (for example, YBR294W/SUL1,
YGR125W and YPROO3C), the lysosomal cystine transporter (LCT) family (for example,
YCRO75C/ERS1), the Ca2+:cation antiporter (CaCA) family (for example, YDL128W/VCX1
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and YJR106W/ECM27), the amino acid-polyamine-organocation (APC) superfamily (for
example, YDL210W/UGA4, YOLO20W/TAT2, YPL274W/SAM3, YNL268W/LYP1,
YHLO36W/MUP3, YKRO39W/GAP1 and YOR348C/PUT4), multidrug/oligosaccharidyl-
lipid/polysaccharide (MOP) (for example, YDR338C), the ZRT/IRT-like protein (ZIP) metal
transporter family (for example, YGL225W/ZRT1 and YORQ79C/ATX2), the mitochondrial
protein translocase (MPT) family (for example, YGR181W/TIM13, YNLO70W/TOM?7,
YNL121C/TOM70, the voltage-gated ion channel (VIC) family (for example,
YGR217W/CCH1 and YJLOS3C/TOK1), the monovalent cation:proton antiporter-2 (CPA2)
family (for example, YJLO94C/KHA1), the ThrE family of putative transmembrane amino acid
efflux transporters (for example, YJL108C/PRM10), the oligopeptide transporter (OPT)
family (for example, YJL212C/OPT1 and YGL114W), the K' transporter (Trk) family (for
example, TKRO50W/TRK2), the bile acid:Na symporter (BASS) family (for example,
YMRO034C), the drug/metabolite transporter (DMT) superfamily (for example, YMR253C,
YMLO38C/ YMD8, and YORS307C/SLY41), the mitochondrial carrier (MC) family (for
example, YMRO56C/AAC1, YNLO83W/SAL1, YOR130C/ORT1, YOR222W/0ODC2,
YPRO11C, YPRO58W/YMC1, YPR128C/ANT1, YELOO6W/YEA6, YERO053C/PIC2,
YFRO45W, YGR257C/MTM1, YHROO02W/LEUS, YILOO6W/YIAB, YJL133W/MRSS,
YKL120W/OAC1, YMR166C, YNLOO3C/PET8 and YOR100C/CRCH1), the auxin effiux carrier
(AEC) family (for example, YNL0O95C, YOR092W/ECM3 and YBR287W), the ammonia
channel transporter (Amt) family (for example, YNL142W/MEP2), the metal ion (Mn?*-iron)
transporter (Nramp) family (for example, YOL122C/SMF1), the transient receptor potential
Ca® channel (TRP-CC) family (for example, YOR087W/YVC1), the arsenical resistance-3
(ACR3) family (for example, YPR201W/ARR3), the nucleobase:cation symporter-1 (NCS1)
family (for example, YBRO21W/FURS4), the inorganic phosphate transporter (PiT) family (for
example, YBR296C/PHO89), the arsenite-antimonite (ArsAB) efflux family (for example,
YDL100C/GET3), the ISP family of transporters, the glycerol uptake (GUP) family (for
example, YGL084C/GUP1), the metal ion transport (MIT) family (for example,
YKLO64W/MNR2, YKLO50C and YOR334W/MRSZ2), the copper transport (Ctr) family (for
example, YLR411W/CTR3) and the cation diffusion facilitator (CDF) family (for example,
YOR316C/COT1). Particular members of any of these transporter families are included
within the scope of the disclosed invention to the extent that altered expression in a cell
capable of producing steviol glycoside increases production of said steviol glycoside from

the cell; exemplary members are disclosed above and in Tables 5, 6, and 14.

[0072] As used herein, the term “transcription factor” refers to a DNA-binding protein that
regulates gene expression. Preferably, the transcription factor regulates expression of at

least one transporter gene.
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[0073] Methods for identifying a gene affecting production or transport of steviol
glycosides and steviol glycoside pathway intermediates are disclosed herein. Such methods
can involve inactivating at least one endogenous transporter gene or modifying expression
of at least one transporter gene. Typically, a library of mutant microorganisms is prepared,
each mutant in the library having a different endogenous transporter gene inactivated.
Methods of inactivating genes and determining their effect in a microorganims are known to
a person having ordinary skill in the art; additional methods are disclosed in WO
2014/122328, the disclosure of which is incorporated by reference in its entirety. The mutant
microorganisms comprising one or more steviol glycoside pathway genes are cultured in a
medium under conditions in which steviol or a steviol glycoside is synthesized, and the
amount of total, supernatant, and/or intracellular steviol glycosides produced by the

microorganism is measured (e.g., using LC-MS) as described herein.

[0074] The disclosure is directed to recombinant host cells in which expression of
endogenous transporter or transcription factor genes is modified. In some embodiments, the
transporter or transcription factor gene is endogenous to S. cerevisiae, including, but not
limited to S. cerevisiae strain S288C. In some embodiments, expression of an endogenous
transporter or transcription factor can be modified by replacing the endogenous promoter
with a different promoter that results in increased expression of the transporter protein (e.g.,
at least a 5% increase in expression, such as at least a 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, or 50%, 100%, 200% increase or more in expression). For example, an
endogenous promoter can be replaced with a constitutive or inducible promoter that results
in increased expression of the transporter. Homologous recombination can be used to
replace the promoter of an endogenous gene with a different promoter that results in
increased expression of the transporter. In other embodiments, the inducible or constitutive
promoter and endogenous transporter or transcription factor can be integrated into another
locus of the genome using homologous recombination. In other embodiments, the
transporter or ftranscription factor gene can be introduced into a microorganism using
exogenous plasmids with a promoter that results in overexpression of the transporter or
transcription factor in the microorganim. In yet another embodiment, the exogenous
plasmids may also comprise multiple copies of the transporter or transcription factor gene.
In a further embodiment, the endogenous transporter or transcription factor can be induced
to be overexpressed using native mechanisms to the recombinant microorganism (e.g. heat
shock, stress, heavy metal, or antibiotic exposure). In yet a further embodiment, the activity
of an endogenous gene product is enhanced or increased (for example, by mutation). In yet
another embodiment, a homologous or orthologous gene of an endogenous yeast

transporter or transcription factor gene is overexpressed.
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[0075] In certain other embodiments, modified expression of a target gene in a
recombinant mircroorganism comprises overexpressing a transporter gene and/or a
transcription factor gene involved in expression of said transporter gene. In yet other
embodiments, a plurality of endogenous transporter genes or transcription factor genes is

overexpressed in said recombinant microorganism.

[0076] Modification of transcription factor expression can be used to increase transporter
expression. For example, yeast transcriptions factor PDR1 regulates expression of the
genes encoding ABC transporters PDRS, SNQ2 and YOR1. Therefore, in some
embodiments, promoters for the endogenous PDR1 locus can be replaced with a different
promoter that results in increased expression of the transcription factors, which can increase

production of endogenous transporters.

[0077] In some embodiments, the transporter gene or transcription factor gene is (using
Uniprot Ordered Locus Name for each). YALO67C, YBLO8OW, YBLOSSW, YBROOSC,
YBR021W, YBR043C, YBR180W, YBR241C, YBR287W, YBR294W, YBR295W, YBR296C,
YCL0O38C, YCLO69W, YCR011C, YCR028C, YCRO75C, YDLO054C, YDL100C, YDL128W,
YDL185W, YDL194W, YDL210W, YDL245C, YDL247W, YDRO11W, YDRO61W, YDR0O93W,
YDR292C, YDR338C, YDR406W, YDR497C, YDR536W, YELOO6W, YELO27W, YELO31W,
YELO65W, YERO19C-A, YERO53C, YER118C, YER166W, YFLO11W, YFL028C, YFR045W,
YGLO06W, YGL0O13C, YGL084C, YGL104C, YGL114W, YGL167C, YGL255W, YGR125W,
YGR181W, YGR217W, YGR224W, YGR257C, YGR281W, YHL016C, YHLO035C,
YHLO36W, YHRO0O02W, YHRO96C, YILOO6W, YILO88C, YIL120W, YIL121W, YIL166C,
YJLO93C, YJL094C, YJL108C, YJL133W, YJL212C, YJL219W, YJR106W, YJR160C,
YKLO16C, YKLO50C, YKLO64W, YKL120W, YKL146W, YKL209C, YKRO39W, YKRO50W,
YKR105C, YKR106W, YLR411W, YLR447C, YML038C, YML116W, YMR034C, YMRO056C,
YMR166C, YMR253C, YMR279C, YNLOO3C, YNLO65W, YNLO70W, YNLO83W, YNLO95C,
YNL121C, YNL142W, YNL268W, YNRO55C, YOL0O20W, YOLO75C, YOLO77W-A,
YOL122C, YOL158C, YOR079C, YOR087W, YOR092W, YOR100C, YOR130C, YOR153W,
YOR222W, YOR271C, YOR273C, YOR291W, YOR306C, YOR307C, YOR316C,
YOR332W, YOR334W, YOR348C, YPLO36W, YPLO78C, YPL270W, YPL274W, YPROO3C,
YPRO11C, YPRO58W, YPR128C, and/or YPR201W. SEQ ID NOs, Uniprot Accession
Numbers, and gene names for each Ordered Locus can be found in Tables 5, 6, and 14. In
some embodiments, the above transporter genes and transcription factor genes regulate

excretion of steviol glycosides.

[0078] in some embodiments, deletion in a steviol glycoside-producing strain of
YDL128W (SEQ ID NO:22), YDL194W (SEQ ID NO:24), YDL210W (SEQ ID NO:25),
YDR536W (SEQ ID NO:30), YFLO11W (SEQ ID NO:33), YGLOOBW (SEQ ID NO:34),
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YGLO13C (SEQ ID NO:35), YGL255W (SEQ ID NO:36), YGR181W (SEQ ID NO:38),
YGR217W (SEQ ID NO:39), YHLO16C (SEQ ID NO:42), YIL0O88C (SEQ ID NO:43),
YJLO84C (SEQ ID NO:45), YJR106W (SEQ ID NO:48), YKROS50W (SEQ ID NO:51),
YNLO65W (SEQ ID NO:59), YNLO83W (SEQ ID NO:61), YNL121C (SEQ ID NO:63),
YNL142W (SEQ ID NO:64), YOR291W (SEQ ID NO:74), YOR306C (SEQ ID NO:75),
YOR334W (SEQ ID NO:77), YPL270W (SEQ ID NO:79), YPRO11C (SEQ ID NO:82),
YPR128C (SEQ ID NO:84) results in a measurable decrease of RebD excreted into the
culture medium, indicating that each plays a role in RebD excretion. See Example 3 and
Tables 7-10.

[0079] In some embodiments, deletion in a steviol glycoside-producing strain of
YBR180W (SEQ ID NO:13), YALO67C (SEQ ID NO:14), YBR241C (SEQ ID NO:17),
YCLO6SW (SEQ ID NO:19), YCRO75C (SEQ ID NO:21), YDL128W (SEQ ID NO:22),
YDL194W (SEQ ID NO:24), YDR0O93W (SEQ ID NO:27), YDR338C (SEQ ID NO:28),
YDR406W (SEQ ID NO:29), YER166W (SEQ ID NO:32), YFLO11W (SEQ ID NO:33),
YGLO0BW (SEQ ID NO:34), YGLO13C (SEQ ID NO:35), YGL255W (SEQ ID NO:36),
YGR217W (SEQ [D NO:39), YHLO16C (SEQ ID NO:42), YJL0O94C (SEQ [D NO:45),
YJL212C (SEQ ID NO:47), YJR106W (SEQ ID NO:48), YJR160C (SEQ ID NO:49),
YKRO50W (SEQ ID NO:51), YKR106W (SEQ ID NO:53), YML116W (SEQ ID NO:55),
YMRO034C (SEQ ID NO:56), YMR056C (SEQ ID NO:57), YMR253C (SEQ ID NO:58),
YNLO70W (SEQ ID NO:60), YNLO83W (SEQ ID NO:61), YNLO95C (SEQ ID NO:62),
YNL121C (SEQ ID NO:63), YOLO75C (SEQ ID NO:66), YOL122C (SEQ ID NO:68),
YOR087W (SEQ ID NO:70), YOR222W (SEQ ID NO:73), YOR291W (SEQ ID NO:74),
YOR306C (SEQ ID NO:75), YPL274W (SEQ ID NO:80), YPR0O03C (SEQ ID NO:81),
YPR0O11C (SEQ ID NO:82), or YPR201W (SEQ ID NO:85) results in a measurable decrease
of RebM, indicating that each plays a role in RebM excretion. See Example 3 and Tables 7-
10.

[0080] In some embodiments, overexpression of YGR181W (SEQ ID NO:38) or
YDR0O61W (SEQ ID NO:26) improves RebD and RebM transport into the culture medium by
approximately 2-fold (~400-500 mg/L of supernatant RebD and RebM in YGR181W (SEQ ID
NO:38) and YDROB1W (SEQ ID NO:26) overexpression strains versus ~250 mg/L of
supernatant RebD and RebM in a control steviol glycoside-producing strain). See Example
4, Figure 2, and Figure 3.

[0081] In some embodiments, overexpression of a transporter of Table 11 increases
excretion of RebA, RebB, RebD, and/or RebM by at least 20%. In some embodiments,
overexpression of a transporter of Table 12 increases production of RebA, RebB, RebD,
and/or RebM by at least 40%. See Example 5.
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[0082] In some embodiments, a transporter gene is integrated into the genome of a
steviol glycoside-producing host. In some embodiments, the integrated transporter is
YBR043C (SEQ ID NO:88), YELO27W (SEQ ID NO:102), YJLO93C (SEQ ID NO:44),
YJR106W (SEQ ID NO:48), YMR166C (SEQ ID NO:132), YIL166C (SEQ ID NO:121),
YKL120W (SEQ ID NO:126), YDLO54C (SEQ ID NO:94), YDL128W (SEQ ID NO:22),
YDR536W (SEQ ID NO:30), YGL167C (SEQ ID NO:112), YKL146W (SEQ ID NO:127),
YKRO39W (SEQ ID NO:129), YOL122C (SEQ ID NO:68), or YPRO11C (SEQ ID NO:82). In
some embodiments, integration of YBR043C (SEQ ID NO:88), YEL027W (SEQ ID NO:102),
YJLO93C (SEQ ID NO:44), YJR106W (SEQ ID NO:48), YKL120W (SEQ ID NO:126), or
YMR166C (SEQ ID NO:132) improves excretion and/or total production of 13-SMG. In
some embodiments, integration of YBR043C (SEQ ID NO:88), YEL0O27W (SEQ ID NO:102),
or YMR166C (SEQ ID NO:132) improves excretion and/or total production of RebA. In some
embodiments, integration of YBR043C (SEQ ID NO:88), YELO27W (SEQ ID NO:102), or
YMR166C (SEQ ID NO:132) improves excretion and/or total production of RebB. In some
embodiments, integration of YBR043C of SEQ ID NO:88, YELO27W of SEQ ID NO:102,
YJLO93C of SEQ ID NO:44, YJR106W of SEQ ID NO:48, and YMR166C of SEQ ID NO:132
improves excretion and/or total production of RebD, and YBR043C of SEQ ID NO:88,
YELO27W of SEQ ID NO:102, YIL166C (SEQ ID NO:121), YJL0O93C of SEQ ID NO:44,
YJR106W of SEQ ID NO:48, and YMR166C of SEQ ID NO:132 improves excretion and/or
total production of RebM, as measured by an increase in RebD and RebM levels in the
supernatant compared to a control steviol glycoside-producing strain. See Example 6.

[0083] In some embodiments, steviol glycoside-producing S. cerevisiae strains
overexpressing YJLO93C (SEQ ID NO:44) or YBR043C (SEQ ID NO:88) produce higher
levels of RebD + RebM, compared to a steviol glycoside-producing S. cerevisiae strain that
does not overexpress YJLOG3C or YBR043C. See Example 7.

[0084] In some embodiments, a transporter that is knocked out can also have specificity
for transport of larger molecular weight steviol glycosides (for example, RebD and the
knockout of YGR181W of SEQ ID NO:38 or YOR291W of SEQ (D NO:74), and therefore,
can be useful to overexpress in strains where transport of RebD into the culture medium is
desired. With appropriate balancing of the rate of glycosylation activity through expression
of pathway UGTs, smaller molecular weight steviol glycosides are further glycosylated
before they are transported into the culture medium. For example, higher expression levels
of a UGT76G1 and UGT91D2e and/or EUGT11, as compared to the UGT74G1 and
UGT85C2 enzymes, can prevent accumulation of the steviol monoglucosides that are

transported more readily. If the UGT activity level is higher (so the glycosylation rate is
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faster) than the rate of transport, then greater amounts of larger molecular weight steviol

glycosides will be produced.

Steviol and Steviol Glycoside Biosynthesis Nucleic Acids

[0085] A recombinant gene encoding a polypeptide described herein comprises the
coding sequence for that polypeptide, operably linked in sense orientation to one or more
regulatory regions suitable for expressing the polypeptide. Because many microorganisms
are capable of expressing multiple gene products from a polycistronic mRNA, multiple
polypeptides can be expressed under the control of a single regulatory region for those
microarganisms, if desired. A coding sequence and a regulatory region are considered to be
operably linked when the regulatory region and coding sequence are positioned so that the
regulatory region is effective for regulating transcription or translation of the sequence.
Typically, the translation initiation site of the translational reading frame of the coding
sequence is positioned between one and about fifty nucleotides downstream of the

regulatory region for a monocistronic gene.

[0086] In many cases, the coding sequence for a polypeptide described herein is
identified in a species other than the recombinant host, i.e., is a heterologous nucleic acid.
Thus, if the recombinant host is a microorganism, the coding sequence can be from other
prokaryotic or eukaryotic microorganisms, from plants or from animals. In some case,
however, the coding sequence is a sequence that is native to the host and is being
reintroduced into that organism. A native sequence can often be distinguished from the
naturally occurring sequence by the presence of non-natural sequences linked to the
exogenous nucleic acid, e.g., non-native regulatory sequences flanking a native sequence in
a recombinant nucleic acid construct. In addition, stably transformed exogenous nucleic
acids typically are integrated at positions other than the position where the native sequence
is found. “Regulatory region” refers to a nucleic acid having nucleotide sequences that
influence transcription or translation initiation and rate, and stability and/or mobility of a
transcription or translation product. Regulatory regions include, without limitation, promoter
sequences, enhancer sequences, response elements, protein recognition sites, inducible
elements, protein binding sequences, 5" and 3" untranslated regions (UTRs), transcriptional
start sites, termination sequences, polyadenylation sequences, introns, and combinations
thereof. A regulatory region typically comprises at least a core (basal) promoter. A
regulatory region also may include at least one control element, such as an enhancer
sequence, an upstream element or an upstream activation region (UAR). A regulatory region
is operably linked to a coding sequence by positioning the regulatory region and the coding
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sequence so that the regulatory region is effective for regulating transcription or translation
of the sequence. For example, to operably link a coding sequence and a promoter
sequence, the translation initiation site of the translational reading frame of the coding
sequence is typically positioned between one and about fifty nucleotides downstream of the
promoter. A regulatory region can, however, be positioned as much as about 5,000
nucleotides upstream of the translation initiation site, or about 2,000 nucleotides upstream of

the transcription start site.

[0087] The choice of regulatory regions to be included depends upon several factors,
including, but not limited to, efficiency, selectability, inducibility, desired expression level, and
preferential expression during certain culture stages. It is a routine matter for one of skill in
the art to modulate the expression of a coding sequence by appropriately selecting and
positioning regulatory regions relative to the coding sequence. It will be understood that
more than one regulatory region may be present, e.g., introns, enhancers, upstream
activation regions, transcription terminators, and inducible elements.

[0088] One or more genes can be combined in a recombinant nucleic acid construct in
“‘modules” useful for a discrete aspect of steviol and/or steviol glycoside production.
Combining a plurality of genes in a module, particularly a polycistronic module, facilitates the
use of the module in a variety of species. For example, a steviol biosynthesis gene cluster,
or a UGT gene cluster, can be combined in a polycistronic module such that, after insertion
of a suitable regulatory region, the module can be introduced into a wide variety of species.
As another example, a UGT gene cluster can be combined such that each UGT coding
sequence is operably linked to a separate regulatory region, to form a UGT module. Such a
module can be used in those species for which monocistronic expression is necessary or
desirable. In addition to genes useful for steviol or steviol glycoside production, a
recombinant consfruct typically also comprises an origin of replication, and one or more
selectable markers for maintenance of the construct in appropriate species.

[0089] It will be appreciated that because of the degeneracy of the genetic code, a
number of nucleic acids can encode a particular polypeptide; i.e., for many amino acids,
there is more than one nucleotide triplet that serves as the codon for the amino acid. Thus,
codons in the coding sequence for a given polypeptide can be modified such that optimal
expression in a particular host is obtained, using appropriate codon bias tables for that host
(e.g., microorganism). As isolated nucleic acids, these modified sequences can exist as
purified molecules and can be incorporated into a vector or a virus for use in constructing

modules for recombinant nucleic acid constructs.
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[0090] In some cases, it is desirable to inhibit one or more functions of an endogenous
polypeptide in order to divert metabolic intermediates towards steviol or steviol glycoside
biosynthesis. For example, it may be desirable to downregulate synthesis of sterols in a
strain in order to further increase steviol or steviol glycoside production, e.g., by
downregulating squalene epoxidase. As another example, it may be desirable to inhibit
degradative functions of certain endogenous gene products, e.g., glycohydrolases that
remove glucose moieties from secondary metabolites or phosphatases as discussed herein.
As another example, expression of membrane transporters involved in transport of steviol
glycosides can be activated, such that transportation of steviol glycosides is increased.
Such regulation can be beneficial in that transportation of steviol glycosides can be
increased for a desired period of time during culture of the microorganism, thereby
increasing the yield of glycoside product(s) at harvest. In such cases, a nucleic acid that
overexpresses the polypeptide or gene product may be included in a recombinant construct
that is transformed into the strain. Alternatively, mutagenesis can be used to generate

mutants in genes for which it is desired to increase or enhance function.

Recombinant Hosts

[0091] Recombinant hosts can be used to express polypeptides for the producing steviol
glycosides, including mammalian, insect, plant, and algal cells. A number of prokaryotes
and eukaryotes are also suitable for use in constructing the recombinant microorganisms
described herein, e.g., gram-negative bacteria, yeast, and fungi. A species and strain
selected for use as a steviol glycoside production strain is first analyzed to determine which
production genes are endogenous to the strain and which genes are not present. Genes for
which an endogenous counterpart is not present in the strain are advantageously assembled
in one or more recombinant constructs, which are then transformed into the strain in order to

supply the missing function(s).

[0092] Typically, the recombinant microorganism is grown in a fermenter at a defined
temperature(s) for a desired period of time. The constructed and genetically engineered
microorganisms provided by the invention can be cultivated using conventional fermentation
processes, including, inter alia, chemostat, batch, fed-batch cultivations, semi-continuous
fermentations such as draw and fill, continuous perfusion fermentation, and continuous
perfusion cell culture. Depending on the particular microorganism used in the method, other
recombinant genes such as isopentenyl biosynthesis genes and terpene synthase and
cyclase genes may also be present and expressed. Levels of substrates and intermediates,
e.g., isopentenyl diphosphate, dimethylallyl diphosphate, GGPP, kaurene and kaurenoic
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acid, can be determined by extracting samples from culture media for analysis according to

published methods.

[0093] Carbon sources of use in the instant method include any molecule that can be
metabolized by the recombinant host cell o facilitate growth and/or production of the steviol
glycosides. Examples of suitable carbon sources include, but are not limited to, sucrose
(e.g., as found in molasses), fructose, xylose, ethanol, glycerol, glucose, cellulose, starch,
cellobiose or other glucose-comprising polymer. In embodiments employing yeast as a host,
for example, carbon sources such as sucrose, fructose, xylose, ethanol, glycerol, and
glucose are suitable. The carbon source can be provided to the host organism throughout
the cultivation period or alternatively, the organism can be grown for a period of time in the
presence of another energy source, e.g., protein, and then provided with a source of carbon

only during the fed-batch phase.

[0094] After the recombinant microorganism has been grown in culture for the desired
period of time, steviol and/or one or more steviol glycosides can then be recovered from the
culture using various techniques known in the art. In some embodiments, a permeabilizing
agent can be added to aid the feedstock entering into the host and product getting out. For
example, a crude lysate of the cultured microorganism can be centrifuged to obtain a
supernatant. The resulting supernatant can then be applied to a chromatography column,
e.g., a C-18 column, and washed with water to remove hydrophilic compounds, followed by
elution of the compound(s) of interest with a solvent such as methanol. The compound(s)
can then be further purified by preparative HPLC. See also, WO 2009/140394.

[0095] It will be appreciated that the various genes and modules discussed herein can
be present in two or more recombinant hosts rather than a single host. When a plurality of
recombinant hosts is used, they can be grown in a mixed culture to produce steviol and/or

steviol glycosides.

[0096] Alternatively, the two or more hosts each can be grown in a separate culture
medium and the product of the first culture medium, e.g., steviol, can be introduced into
second culture medium to be converted into a subsequent intermediate, or into an end
product such as, for example, RebA. The product produced by the second, or final host is
then recovered. It will also be appreciated that in some embodiments, a recombinant host is
grown using nutrient sources other than a culture medium and utilizing a system other than a

fermenter.

[0097] Exemplary prokaryotic and eukaryotic species are described in more detail
below. However, it will be appreciated that other species can be suitable. For example,

suitable species can be in a genus such as Agaricus, Aspergillus, Bacillus, Candida,

27



WO 2016/023844 PCT/EP2015/068314

Corynebacterium, Eremothecium, Escherichia, Fusarium/Gibberella, Kluyveromyces,
Laetiporus, Lentinus, Phaffia, Phanerochaete, Pichia, Physcomitrella, Rhodoturula,
Saccharomyces, Schizosaccharomyces, Sphaceloma, Xanthophyllomyces or Yarrowia.
Exemplary species from such genera include Lentinus tigrinus, Laetiporus sulphureus,
Phanerochaete chrysosporium, Pichia pastoris, Cyberlindnera jadinii, Physcomitrella patens,
Rhodoturula glutinis, Rhodoturula mucilaginosa, Phaffia rhodozyma, Xanthophyllomyces
dendrorhous, Fusarium fujikuroi/Gibberella fujikuroi, Candida utilis, Candida glabrata,

Candida albicans, and Yarrowia lipolytica.

[0098] In some embodiments, a microorganism can be a prokaryote such as Escherichia
coli.
[0099] In some embodiments, a microorganism can be an Ascomycete such as

Gibberella fujikuroi, Kluyveromyces lactis, Schizosaccharomyces pombe, Aspergillus niger,

Yarrowia lipolytica, Ashbya gossypii, or S. cerevisiae.

[00100] In some embodiments, a microorganism can be an algal cell such as Blakeslea
trispora, Dunaliella salina, Haematococcus pluvialis, Chlorella sp., Undaria pinnatifida,

Sargassum, Laminaria japonica, Scenedesmus almeriensis species.

[00101] In some embodiments, a microorganism can be a cyanobacterial cell such as
Blakeslea trispora, Dunaliella salina, Haematococcus pluvialis, Chlorella sp., Undaria

pinnatifida, Sargassum, Laminaria japonica, Scenedesmus almeriensis.

Saccharomyces spp.

[00102] Saccharomyces is a widely used chassis organism in synthetic biclogy, and can
be used as the recombinant microorganism platform. For example, there are libraries of
mutants, plasmids, detailed computer models of metabolism and other information available
for S. cerevisiae, allowing for rational design of various modules to enhance product yield.

Methods are known for making recombinant microorganisms.

Asperqillus spp.

[00103] Aspergillus species such as A. oryzae, A. niger and A. sojae are widely used
microorganisms in food production and can also be used as the recombinant microorganism
platiorm. Nucleotide sequences are available for genomes of A. nidulans, A. fumigatus, A.
oryzae, A. clavatus, A. flavus, A. niger, and A. terreus, allowing rational design and
modification of endogenous pathways to enhance flux and increase product vield. Metabolic
models have been developed for Aspergillus, as well as transcriptomic studies and

proteomics studies. A. niger is cultured for the industrial production of a number of food
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ingredients such as citric acid and gluconic acid, and thus species such as A. niger are

generally suitable for producing steviol glycosides.
E. coli

[00104] E. coli, another widely used platform organism in synthetic biology, can also be
used as the recombinant microorganism platform. Similar to Saccharomyces, there are
libraries of mutants, plasmids, detailed computer models of metabolism and other
information available for E. coli, allowing for rational design of various modules to enhance
product yield. Methods similar to those described above for Saccharomyces can be used to

make recombinant E. coli microorganisms.

[00105] Agaricus, Gibberella, and Phanerochaete spp.

[00106] Agaricus, Gibberella, and Phanerochaete spp. can be useful because they are
known to produce large amounts of isoprenoids in culture. Thus, the terpene precursors for
producing large amounts of steviol glycosides are already produced by endogenous genes.
Thus, modules comprising recombinant genes for steviol glycoside biosynthesis
polypeptides can be introduced into species from such genera without the necessity of

introducing mevalonate or MEP pathway genes.

Arxula adeninivorans (Blastobotrys adeninivorans)

[00107] Arxula adeninivorans is dimorphic yeast (it grows as budding yeast like the
baker's yeast up to a temperature of 42°C, above this threshold it grows in a filamentous
form) with unusual biochemical characteristics. It can grow on a wide range of substrates
and can assimilate nitrate. It has successfully been applied to the generation of strains that
can produce natural plastics or the development of a biosensor for estrogens in

environmental samples.

Yarrowia lipolytica

[00108] Yarrowia lipolytica is dimorphic yeast (see Arxula adeninivorans) and belongs to
the family Hemiascomycetes. The entire genome of Yarrowia lipolytica is known. Yarrowia
species is aerobic and considered to be non-pathogenic. Yarrowia is efficient in using
hydrophobic substrates (e.g. alkanes, fatty acids, oils) and can grow on sugars. it has a high
potential for industrial applications and is an oleaginous microorgamism. Yarrowia lipolyptica
can accumulate lipid content to approximately 40% of its dry cell weight and is a model
organism for lipid accumulation and remobilization. See e.g., Nicaud, 2012, Yeast
29(10):409-18; Beopoulos et al., 2009, Biohimie 91(6).692-6; Bankar et al,, 2009, App/
Microbiol Biotechnol. 84(5):847-65.

Rhodotorula sp.
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[00109] Rhodotorula is unicellular, pigmented yeast. The oleaginous red yeast,
Rhodotorula glutinis, has been shown to produce lipids and carotenoids from crude glycerol
(Saenge et al.,, 2011, Process Biochemistry 46(1).210-8). Rhodotorula toruloides strains
have been shown to be an efficient fed-batch fermentation system for improved biomass and
lipid productivity (Li et al., 2007, Enzyme and Microbial Technology 41:312-7).

Rhodosporidium toruloides

[00110] Rhodosporidium toruloides is oleaginous yeast and useful for engineering lipid-
production pathways (See e.g. Zhu et al., 2013, Nature Commun. 3:1112; Ageitos et al.,
2011, Applied Microbiology and Biotechnology 90(4):1219-27).

Candida boidinii

[00111] Candida boidinii is methylotrophic yeast (it can grow on methanol). Like other
methylotrophic species such as Hansenula polymorpha and Pichia pastoris, it provides an
excellent platform for producing heterologous proteins. Yields in a multigram range of a
secreted foreign protein have been reported. A computational method, IPRO, recently
predicted mutations that experimentally switched the cofactor specificity of Candida boidinii
xylose reductase from NADPH to NADH. See, e.g., Mattanovich et al., 2012, Methods Mol
Biol. 824:329-58; Khoury et al., 2009, Protein Sci. 18(10):2125-38.

Hansenula polymorpha (Pichia anqusta)

[00112] Hansenula polymorpha is methylotrophic yeast (see Candida boidinii). It can
furthermore grow on a wide range of other substrates; it is thermo-tolerant and can
assimilate nitrate (see also Kluyveromyces lactis). It has been applied to producing hepatitis
B vaccines, insulin and interferon alpha-2a for the treatment of hepatitis C, furthermore to a
range of technical enzymes. See, e.g., Xu et al., 2014, Virol Sin. 29(6):403-9.

Kluyveromyces lactis

[00113] Kluyveromyces lactis is yeast regularly applied to the production of kefir. It can
grow on several sugars, most importantly on lactose which is present in milk and whey. It
has successfully been applied among others for producing chymosin (an enzyme that is
usually present in the stomach of calves) for producing cheese. Production takes place in
fermenters on a 40,000 L scale. See, e.g., van Ooyen et al., 2006, FEMS Yeast Res.
6(3):381-92.

Pichia pastoris

[00114] Pichia pastoris is methylotrophic yeast (see Candida boidinii and Hansenula
polymorpha). It provides an efficient platform for producing foreign proteins. Platform
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elements are available as a kit and it is worldwide used in academia for producing proteins.
Strains have been engineered that can produce complex human N-glycan (yeast glycans are
similar but not identical to those found in humans). See, e.g., Piirainen et al., 2014, N
Biotechnol. 31(6):532-7.

Physcomitrella spp.

[00115] Physcomitrella mosses, when grown in suspension culture, have characteristics
similar to yeast or other fungal cultures. This genera can be used for producing plant
secondary metabolites, which can be difficult to produce in other types of cells.

Steviol Glycoside Compositions

[00116] Steviol glycosides do not necessarily have equivalent performance in different
food systems. It is therefore desirable to have the ability to direct the synthesis to steviol
glycoside compositions of choice. Recombinant hosts described herein can produce
compositions that are selectively enriched for specific steviol glycosides (e.g., RebD) and
have a consistent taste profile. Thus, the recombinant hosts described herein can facilitate
the production of compositions that are tailored to meet the sweetening profile desired for a
given food product and that have a proportion of each steviol glycoside that is consistent
from batch to batch. Hosts described herein do not produce the undesired plant by-products
found in Stevia extracts. Thus, steviol glycoside compositions produced by the recombinant
hosts described herein are distinguishable from compositions derived from Stevia plants.

[00117] The amount of an individual steviol glycoside (e.g., RebA, RebB, RebD, or RebM)
produced can be from about 1 mg/L to about 2,800 mg/L, e.g., about 1 to about 10 mg/L,
about 3 to about 10 mg/L, about 5 to about 20 mg/L, about 10 to about 50 mg/L., about 10 to
about 100 mg/L, about 25 to about 500 mg/L, about 100 to about 1,500 mg/L, or about 200
to about 1,000 mg/L, at least about 1,000 mg/L, at least about 1,200 mg/L, at least about at
least 1,400 mg/L, at least about 1,600 mg/L, at least about 1,800 mg/L, or at least about
2,800 mg/L. In some aspects, the amount of an individual steviol glycoside can exceed
2,800 mg/L. The amount of a combination of steviol glycosides (e.g., RebA, RebB, RebD, or
RebM) produced can be from about 1 mg/L to about 6,000 mg/L, e.g., about 200 to about
1,500, at least about 2,000 mg/L, at least about 3,000 mg/L, at least about 4,000 mg/L, at
least about 5,000 mg/L, or at least about 6,000 mg/L. In some aspects, the amount of a
combination of steviol glycosides can exceed 6,000 mg/L. In general, longer culture times
will lead to greater amounts of product. Thus, the recombinant microorganism can be
cultured for from 1 day to 7 days, from 1 day to 5 days, from 3 days to 5 days, about 3 days,
about 4 days, or about 5 days.
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[00118] It will be appreciated that the various genes and modules discussed herein can
be present in two or more recombinant microorganisms rather than a single microorganism.
When a plurality of recombinant microorganisms is used, they can be grown in a mixed
culture to produce steviol and/or steviol glycosides. For example, a first microorganism can
comprise one or more biosynthesis genes for producing steviol and null mutations in a first
group of endogenous fransporters, while a second microorganism comprises steviol
glycoside biosynthesis genes and null mutations in a second group of endogenous
transporters. The product produced by the second, or final microorganism is then
recovered. It will also be appreciated that in some embodiments, a recombinant
microorganism is grown using nutrient sources other than a culture medium and utilizing a

system other than a fermenter.

[00119] Alternatively, the two or more microorganisms each can be grown in a separate
culture medium and the product of the first culture medium, e.g., steviol, can be introduced
into second culture medium to be converted into a subsequent intermediate, or into an end
product such as RebA. The product produced by the second, or final microorganism is then
recovered. The microorganisms can have the same or a different group of mutations in
endogenous fransporters. It will also be appreciated that in some embodiments, a
recombinant microorganism is grown using nutrient sources other than a culture medium

and utilizing a system other than a fermenter.

[00120] Steviol glycosides do not necessarily have equivalent performance in different
food systems. It is therefore desirable to have the ability to direct the synthesis to steviol
glycoside compositions of choice. Recombinant hosts described herein can produce
compositions that are selectively enriched for specific steviol glycosides (e.g., RebD) and
have a consistent taste profile. Thus, the recombinant microorganisms described herein can
facilitate the production of compositions that are tailored to meet the sweetening profile
desired for a given food product and that have a proportion of each steviol glycoside that is
consistent from batch to batch. Microorganisms described herein do not produce the
undesired plant byproducts found in Stevia extracts. Thus, steviol glycoside compositions
produced by the recombinant microorganisms described herein are distinguishable from

compositions derived from Stevia plants.

[00121] Steviol glycosides and compositions obtained by the methods disclosed herein
can be used to make food products, dietary supplements and sweetener compositions. See,
e.g., WO 2011/153378, WO 2013/022989, WO 2014/122227, and WO 2014/122328, each of

which has been incorporated by reference in its entirety.
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[00122] For example, substantially pure steviol or steviol glycoside such as RebM or
RebD can be included in food products such as ice cream, carbonated beverages, fruit
juices, yogurts, baked goods, chewing gums, hard and soft candies, and sauces.
Substantially pure steviol or steviol glycoside can also be included in non-food products such
as pharmaceutical products, medicinal products, dietary supplements and nutritional
supplements. Substantially pure steviol or steviol glycosides may also be included in animal
feed products for both the agriculture industry and the companion animal industry.
Alternatively, a mixture of steviol and/or steviol glycosides can be made by culturing
recombinant microorganisms separately, each producing a specific steviol or steviol
glycoside, recovering the steviol or steviol glycoside in substantially pure form from each
microorganism and then combining the compounds to obtain a mixture comprising each
compound in the desired proportion. The recombinant microorganisms described herein
permit more precise and consistent mixtures to be obtained compared to current Stevia
products. For example, recombinant microorganisms described herein can express
transporters specific for transport of a particular rebaudioside into the culture medium.
When a transporter is specific for a particular rebaudioside it will enrich the concentration of
that compound in the fermentation broth, preventing it from being further reacted to a
different compound, and by selectively transporting the rebaudioside into the fermentation
broth it will make it easier to recover from the other rebaudiosides and therefore making the

process more efficient.

[00123] In another alternative, a substantially pure steviol or steviol glycoside can be
incorporated into a food product along with other sweeteners, e.g. saccharin, dextrose,
sucrose, fructose, erythritol, aspartame, sucralose, monatin, or acesulfame potassium. The
weight ratio of steviol or steviol glycoside relative to other sweeteners can be varied as
desired to achieve a satisfactory taste in the final food product. See, eg., U.S.
2007/0128311. In some embodiments, the steviol or steviol glycoside may be provided with

a flavor (e.g., citrus) as a flavor modulator.

[00124] Compositions produced by a recombinant microorganism described herein can
be incorporated into food products. For example, a steviol glycoside composition produced
by a recombinant microorganism can be incorporated into a food product in an amount
ranging from about 20 mg steviol glycoside/kg food product to about 1800 mg steviol
glycoside/kg food product on a dry weight basis, depending on the type of steviol glycoside
and food product. For example, a steviol glycoside composition produced by a recombinant
microorganism can be incorporated into a dessert, cold confectionary (e.g., ice cream), dairy
product (e.g., yogurt), or beverage (e.g., a carbonated beverage) such that the food product
has a maximum of 500 mg steviol glycoside/kg food on a dry weight basis. A steviol
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glycoside composition produced by a recombinant microorganism can be incorporated into a
baked good (e.g., a biscuit) such that the food product has a maximum of 300 mg steviol
glycoside/kg food on a dry weight basis. A steviol glycoside composition produced by a
recombinant microorganism can be incorporated into a sauce (e.g., chocolate syrup) or
vegetable product (e.g., pickles) such that the food product has a maximum of 1000 mg
steviol glycoside/kg food on a dry weight basis. A steviol glycoside composition produced by
a recombinant microorganism can be incorporated into a bread such that the food product
has a maximum of 160 mg steviol glycoside/kg food on a dry weight basis. A steviol
glycoside composition produced by a recombinant microorganism, plant, or plant cell can be
incorporated into a hard or soft candy such that the food product has a maximum of 1600 mg
steviol glycoside/kg food on a dry weight basis. A steviol glycoside composition produced by
a recombinant microorganism, plant, or plant cell can be incorporated into a processed fruit
product (e.g., fruit juices, fruit filling, jams, and jellies) such that the food product has a

maximum of 1000 mg steviol glycoside/kg food on a dry weight basis.

[00125] For example, such a steviol glycoside composition can have from 90-99% RebA
and an undetectable amount of stevia plant-derived contaminants, and be incorporated into
a food product at from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg, 250-1000 mg/kg,
50-500 mg/kg or 500-1000 mg/kg on a dry weight basis.

[00126] Such a steviol glycoside composition can be a RebB-enriched composition
having greater than 3% RebB and be incorporated into the food product such that the
amount of RebB in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg,
250-1000 mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the
RebB-enriched composition has an undetectable amount of stevia plant-derived

contaminants.

[00127] Such a steviol glycoside composition can be a RebD-enriched composition
having greater than 3% RebD and be incorporated into the food product such that the
amount of RebD in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg,
250-1000 mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the
RebD-enriched composition has an undetectable amount of stevia plant-derived

contaminants.

[00128] Such a steviol glycoside composition can be a RebE-enriched composition
having greater than 3% RebE and be incorporated into the food product such that the
amount of RebE in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg,
250-1000 mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the
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RebE-enriched composition has an undetectable amount of stevia plant-derived

contaminants.

[00128] Such a steviol glycoside composition can be a RebM-enriched composition
having greater than 3% RebM and be incorporated into the food product such that the
amount of RebM in the product is from 25-1600 mg/kg, e.g., 100-500 mg/kg, 25-100 mg/kg,
250-1000 mg/kg, 50-500 mg/kg or 500-1000 mg/kg on a dry weight basis. Typically, the
RebM-enriched composition has an undetectable amount of stevia plant-derived

contaminants.

[00130] In some embodiments, a substantially pure steviol or steviol glycoside is
incorporated into a tabletop sweetener or “cup-for-cup” product. Such products typically are
diluted to the appropriate sweetness level with one or more bulking agents, e.g.,
maltodextrins, known to those skilled in the art. Steviol glycoside compositions enriched for
RebA, RebB, RebD, RebE, or RebM, can be package in a sachet, for example, at from
10,000 to 30,000 mg steviol glycoside/kg product on a dry weight basis, for tabletop use.

[00131] The invention will be further described in the following examples, which do not

limit the scope of the invention described in the claims.

EXAMPLES

[00132] The Examples that follow are illustrative of specific embodiments of the invention,
and various uses thereof. They are set forth for explanatory purposes only, and are not to

be taken as limiting the invention.
Example 1. LC-MS Analytical Procedures

[00133] The LC-MS methods described here are oriented towards the separation, general
detection and potential identification of chemicals of particular masses (ie. steviol
glycosides) in the presence of a mixture (ie. culture media). LC-MS analyses were
performed on: (A) an UltiMate® 3000-TSQ (Thermo Fisher Scientific); (B) a 1290 Infitity —
6130SQ (Agilent); or (C) an Acquity —XevoTQD (Waters) sytem. Specific methods used for
each system are described below,

[00134] Method A: LC-MS analyses were performed using an UltiMate® 3000 UPLC
system (Dionex) fitted with a waters ACQUITY UPLC® BEH shield RP18 column (2.1 x 50
mm, 1.7 pm particles, 130 A pore size) connected to a TSQ Quantum® Access
(ThermoFisher Scientific) triple quadropole mass spectrometer with a heated electrospray
ion (HESI) source, unless otherwise indicated. Elution was carried out using a mobile phase
of eluent B (MeCN with 0.1% Formic acid) and eluent A (water with 0.1% Formic acid) by
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increasing the gradient from 25% to 47 % B from min. 0.0 to 4.0, increasing 47% to 100% B
in min. 4.0 to 5.0, holding 100% B from min. 5.0 to 6.5 re-equilibration. The flow rate was
0.4 mU/min and the column temperature 35°C. The steviol glycosides were detected using

SIM (Single lon Monitoring) with the following m/z-traces.

Table 1. MS analytical information for Steviol Glycosides

Description Exact Mass m/z trace compound (typical f; in
min)

Steviol [M+H]" 481.2796 | 481.2+ 0.5 19-SMG  (2.29), 13-SMG

+ 1 Glucose [M+Na]" 503.1£ 0.5 (3.5)

503.2615

Steviol [M+Na]" 665+ 0.5 Rubusoside (2.52)

+ 2 Glucose 665.3149 Steviol-1,2-bioside (2.92)
Steviol-1,3-bioside (2.28)

Steviol [M+Na]" 827.4+0.5 1,2-Stevioside (2.01)

+ 3 Glucose 827.3677 1,3-Stevioside (2.39)
RebB (2.88)

Steviol [M+Na]” 989.4+05 RebA (2.0)

+ 4 Glucose 989.4200

Steviol [M+Na]"’ 11514+ 05 RebD (1.1)

+ 5 Glucose 1151.4728

Steviol [M+Na]" 1313.5+0.5 RebM (1.3)

+ 6 Glucose 1313.5257

[00135] The levels of steviol glycosides were quantified by comparing with calibration

curves obtained with authentic standards from LGC Standards. For example, standard
solutions of 0.5 to 100 uM RebA were typically utilized to construct a calibration curve.

[00136] Method B: A second analytical method was performed on the Agilent system
1290 Infinity fitted with a waters ACQUITY UPLC® BEH shield RP18 column (2.1 x 50 mm,
1.7 um particles, 130 A pore size, Waters) was connected to a 6130 single quadrupol mass
detector (Agilent) with a APCI ion source. Elution was carried out using a mobile phase of
eluent B (MeCN with 0.1% Formic acid) and eluent A (water with 0.1% Formic acid) by
increasing the gradient from 23% to 47 % B from min. 0.0 to 4.0, increasing 47% to 100% B
in min. 4.0 to 5.0, holding 100% B from min. 5.0 to 6.5 re-equilibration. The flow rate was
0.6 mL/min and the column temperature 50°C. The steviol glycosides were detected using

SIM (Single lon Monitoring) with the following m/z-traces.

Table 2. MS analytical information for Steviol Glycosides

SiM time m/z Exact Mass Description | compound (typical
trace | window trace tzin min)

No

1 0.0-1.51Tmin | 1289.5 | [M-HJ Steviol RebM (0.91)
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1289.5281 + 6 Glucose
1.51-1.90 687.3 [M+HCOOH-H] | Steviol Rubusoside
min 687.3217 + 2 Glucose
1.90-5.0 min | 641.0 [M-HT Steviol 1,2-Stevioside (1.44)
641.3168 + 2 Glucose | 1,3-stevioside (1.74)
0.0-1.0 min 1127.4 | [M-HJ Steviol RebD (0.81)
1127,4752 + 5 Glucose
1.0-5.0 min 525.3 [M-HCOOH-H]" | Steviol 19SMG (2.49)
525.2689 + 1 Glucose | 13SMG (2.65)
0.0-2.8 min 965.4 [M-H] 965.4224 | Steviol RebA (1.42)
+ 4 Glucose
0.0-3.2 min 803.4 [M-HT Steviol 1,2-Stevioside (2.16)
803.3696 + 2 Glucose | 1,3-Stevioside (2.34)
RebB (2.13)
[00137] The levels of steviol glycosides were quantified by comparing with calibration

curves obtained with authentic standards from LGC Standards. For example, standard

solutions of 0.3 to 25 yM RebA were typically utilized to construct a calibration curve.

[00138] Method C: A third analytical method used was LC-MS analyses performed using
a Waters ACQUITY UPLC (Waters Corporation, Milford, MA) with Waters ACQUITY UPLC®
BEH C18 column (2.1 x 50 mm, 1.7 pym particles, 130 A pore size) coupled to a Waters
ACQUITY TQD ftriple quadropole mass spectrometer with electrospray ionization (ESI) in
negative mode. Compound separation was achieved by a gradient of the two mobile
phases A (water with 0.1% formic acid ) and B (MeCN with 0.1% formic acid) by increasing
from 20% to 50 % B between 0.3 to 2.0 min, increasing to 100% B at 2.01 min, holding
100% B for 0.6 min and re-equilibrate for another 0.6 min. The flow rate was 0.6 mL/min
and the column temperature 55°C. RebD (m/z 1127.5), RebM (m/z 1289.5), redaudioside A
(m/z 965.4) and RebB (m/z 803.4) were monitored using SIM (Single lon Monitoring) and

quantified by comparing with authentic standards.

Example 2. Construction of a Steviol Glycoside-Producing Yeast Strain

[00139]
in WO 2011/153378, WO 2013/022989, WO 2014/122227, and WO 2014/122328, each of
which is incorporated by reference in its entirety. For example, a yeast strain comprising a

Steviol glycoside-producing S. cerevisiae strains were constructed as described

recombinant gene encoding a Synechococcus sp. GGPPS polypeptide (SEQ ID NO:1, SEQ
ID NO:149), a recombinant gene encoding a truncated Zea mays CDPS polypeptide (SEQ
ID NO:2, SEQ ID NO:150), a recombinant gene encoding an A. thaliana KS polypeptide
(SEQ ID NO:3, SEQ ID NO:151), a recombinant gene encoding a recombinant S.
rebaudiana KO1 polypeptide (SEQ ID NO:4, SEQ ID NO:152), a recombinant gene encoding
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an A. thaliana ATR2 polypeptide (SEQ ID NO:5, SEQ ID NO:153), a recombinant gene
encoding an O. sativa EUGT11 polypeptide (SEQ ID NO:12; SEQ ID NO:148), a
recombinant gene encoding an SrkKAHe1 polypeptide (SEQ ID NO:6, SEQ ID NO:154), a
recombinant gene encoding an S. rebaudiana CPR8 polypeptide (SEQ ID NO:7, SEQ ID
NO:155), a recombinant gene encoding an S. rebaudiana UGT85C2 polypeptide (SEQ ID
NO:8, SEQ ID NO:156), a recombinant gene encoding an S. rebaudiana UGT74G1
polypeptide (SEQ [D NO:9, SEQ ID NO:157), a recombinant gene encoding an S.
rebaudiana UGT76G1 polypeptide (SEQ ID NO:10, SEQ ID NO:158), and a recombinant
gene encoding an S. rebaudiana UGT91D2 variant (or functional homolog), UGT91D2e-b
(SEQ ID NO:11, SEQ ID NO:159) polypeptide produced steviol glycosides. As analyzed by
LC-MS (Method C) following DMSO-extraction of total steviol glycosides from the whole cell
and broth mixture (total production), the strain produced between 18-21 pg/mL or 1-1.5
ug/mL/ODgyy RebM after growth for five days in 1 mL SC (Synthetic Complete) media at
30°C with 400 rpm shaking in deep-well plates. See Table 3.

Table 3. Steviol glycoside production in a representative S. cerevisiae strain
comprising genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11,
SrKAHe1, CPRS8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

"RebE TRebA " I'RebD RebM I Normalized by
(ug/mL/ODsgoo) | (Mg/mL/ODgoo) | (MG/ML/ODggo) | (Mg/ML/ODggo) | ODggo
0.21 0.33 0.33 1.3 Average
0.028 0.054 0.032 0.14 Std Deviation
RebB (pg/mL) | RebA (ug/mL) | RebD (ug/mL) | RebM (ug/mL)
3.1 4.9 5.0 19.0 Average
0.42 0.81 0.48 2.1 Std Deviation

[00140] A second strain, which comprised additional copies of the genes of the first strain,
was analyzed for steviol glycoside production. The second strain produced RebD and RebM
as primary steviol glycosides, although at higher levels than the first strain.

[00141] As analyzed by LC-MS (Method C) following DMSO-extraction of total steviol
glycosides from the whole cell and broth mixture (total production), the second strain
produced between 60-80 ug/mL or 4-6 ug/mL/ODgyy RebM, after growth for five days in 1 mL
SC media at 30°C with 400 rpm shaking in deep-well plates. Production of RebA, RebB,
RebD and RebM by the second strain is shown in Table 4.
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Table 4. Steviol glycoside production in an S. cerevisiae strain comprising additional
copies of genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11,
SrKAHe1, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

RebA RebB RebD RebM Normalized by
(ug/mL/ODego) | (HG/ML/ODggq) | (HG/ML/ODsggo) | (MG/ML/ODsggo) | ODsggo

2.1 0.67 1.6 4.8 Average

0.66 0.21 0.75 2.3 Std Deviation

RebA RebB RebD RebM

(ug/mL) (ug/mL) (ug/mL) (pg/mL)

31.0 10.1 23.7 725 Average

9.9 3.1 11.3 34.4 Std Deviation

Example 3. Knockout of Yeast Endogenous Transport Genes and Transport-Related

Genes

[00142] Observations from deep-well studies of Example 2 and similar strains indicated
that the fraction of RebA, RebB, RebD or RebM in the supernatant changes with time, and
the effect was determined not to be the result of cell lysis. To determine the effect of various
transporters on steviol glycoside excretion in S. cerevisiae, deletion cassettes for
homologous recombination were obtained by designing primers annealing approximately
200 bp upstream and downstream of the open reading frame (ORF) and then ampilifying the
ORF-specific deletion cassette from the S. cerevisiae deletion collection. The candidate
genes selected include identified ORFs with relation to transport or comprising membrane
spanning domains, regardless of subcellular localization. In the resulting colonies, the
presence of the deletion cassette at the correct locus was verified by colony PCR. A
maximum of 6 clones of each deletion was frozen down as freezer stock. All samples for
analysis were initiated from the freezer stock and grown in SC medium for 5 days (30°C,
shaking 400 rpm) prior to harvest and extraction of samples for LC-MS. Samples were
analyzed for the presence of RebA, RebB, RebD and RebM in the culture broth lacking cells
(Supernatant) as well as in the whole cell and broth mixture (Total production).

[00143] Concentrations of total and supernatant RebA, RebB, RebD and RebM were
compared to the levels in a control steviol glycoside-producing strain. The amounts of
RebA, RebB, RebD and RebM in each sample were normalized to the control strain by
dividing the value of a particular steviol glycoside with the corresponding value for the control
strain, thereby calculating a percentage to the control strain, where 1 equals 100 percent.
The “ideal candidate” would exhibit a decrease in RebA, RebB, RebD and/or RebM levels in
the supernatant, as compared to the control steviol glycoside-producing strain, without
decreasing RebA, RebB, RebD, and/or RebM total production.
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[00144] The effect of yeast gene knockouts on transport of higher molecular weight
steviol glycosides into the culture medium was tested in a strain that produces steviol
glycosides, such as the strains described in Example 2. Disruption of each specific
transporter gene was performed by homologous recombination. After 5 days of growth in 1
mL SC medium at 30°C and 400 rpm, cells were harvested. A 50 pL aliquot of the culture
was mixed with an equal volume of 100% DMSO, vortexed, and heated to 80°C for 10 min.
The suspension was then centrifuged to remove cell debris. 60 uL of the mixture were
analyzed by LC-MS as the “Total” sample. The remaining culture was then centrifuged to
pellet cells. An aliquot of 50 uL was removed from the supernatant (i.e., the culture medium)
and mixed with an equal volume of 100% DMSO. The suspension was heated to 80°C for
10 min and centrifuged. 60 pL of the the mixture were analysed by LC-MS as the
“Supernatant” sample. The amounts of higher molecular weight steviol glycosides (including
RebA, RebB, RebD, RebM) were measured by LC-MS (Method C), as described in Example
1.

[00145] The data demonstrate that disruption of a single endogenous yeast transporter
gene in a steviol glycoside-producing strain resulted in a decrease in the level of various
steviol glycosides in the supernatant of the culture media, as evaluated by the normalized
amount transported into the supernatant (see Tables 5-10). Tables 5-10 comprise lists of
transport related genes that were knocked out in a steviol glycoside-producing strain. More
specifically, Table 5 comprises a compiled list of genes by ordered locus name found to
affect steviol glycoside excretion in steviol glycoside-producing strains and are therefore
identified as having a role in steviol glycoside excretion. When the specified genes were
knocked out, a more than 40% decrease in either the supernatant alone or in the ratio of
supernatant/total production of RebA, RebB, RebD, and/or RebM was observed. This
corresponded approximately to more than 2 standard deviations removed from the mean of
a control steviol glycoside-producing strain (a value of 1 equals 100 percent of the control
strain, whereas a value of 0.5 indicates a 50% decrease).

[00146] Table 6 comprises a compiled list of genes by ordered locus name found to affect
steviol glycoside excretion in steviol glycoside-producing strains and are therefore identified
as having a role in steviol glycoside excretion. When knocked out, these genes caused a
mean of between 20-40% decrease in either the supernatant alone or in the ratio of
supernatant/total production. This corresponded to approximately between 1 and 2 standard
deviations removed from the mean of the control strain (a value of 1 equals 100 percent of

the control strain, whereas a value of 0.5 indicates a 50% decrease).
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Table 5A. Transport related genes with over a 40% decrease in Reb A, RebB, RebD or
RebM levels compared to a control steviol glycoside-producing strain.

SEQOrdered

iD |Locus Gene Uniprot
No. Name Family Description name Accession No.
13 |YBR180OW [MFS Secondary Transporter DTR1 P38125
14 IYALO67C |MFS Secondary Transporter [SEO1 P39709
15 |YBLO8SSW |AAAP Secondary Transporter IAVTS P38176
16 |[YBLO9SW [F-ATPase ATP-Dependent ATP1 P07251
17 IYBR241C |MFS Secondary Transporter P38142
18 |[YBR294W [SulP Secondary Transporter SUL1 P38359
19 [YCLOBOW |MFS Secondary Transporter VBA3 P25594
20 |YCR028C |MFS Secondary Transporter FEN2 P25621
21 [YCRO75C |LCT Secondary Transporter |ERS1 P17261
22 |[YDL128W |CaCA Secondary Transporter VCX1 Q99385
23 [YDL185W [F-ATPase WATP-Dependent VMA1 P17255
24 [YDL194W IMFS Secondary Transporter [SNF3 P10870
25 [YDL210OW |APC Secondary Transporter UGA4 P32837
26 |YDRO61W ABC ATP-Dependent Q12298
27 |YDRO93W |P-ATPase ATP-Dependent DNF2 Q12675
28 |YDR338C |MOP/MATE|Secondary Transporter Q05497
29 |[YDR406W |ABC ATP-Dependent PDR15 Q04182
30 YDR536W IMFS Secondary Transporter STL1 P39932
31 [YELO31W |P-ATPase ATP-Dependent SPF1 P39986
32 |YER166W |P-ATPase ATP-Dependent DNF1 P32660
33 YFLO11W  IMFS Secondary Transporter HXT10 P43581
34 [YGLOOBW P-ATPase |ATP-Dependent PMC1 P38929
35 [YGLO13C [Transcription factor PDR1 P12383
36 [YGL255W ZIP Secondary Transporter ZRT1 P32804
37 YGR125W |SulP Secondary Transporter P53273
38 [YGR181W MPT ATP-Dependent TIM13 P53299
39 [YGR217W NIC lon Channels CCH1 P50077
40 YGR224W MFS Secondary Transporter AZR1 P50080
41 [YGR281W ABC ATP-Dependent YOR1 P53049
42 [YHLO16C |SSS Secondary Transporter [DUR3 P33413
43 |[YILOBBC  |AAAP Secondary Transporter AVT7 P40501
44 YJLO93C \VIC lon Channels TOK1 P40310
45 [YJLO94C |[CPAZ Secondary Transporter KHA1 P40309
46 [YJL108C  [ThrE Secondary Transporter PRM10 P42946
47 [YJL212C  |OPT Secondary Transporter |OPT1 P40897
48 YJR106W CaCA Secondary Transporter ECM27 P47144
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Table 5B. Continued list of Transport related genes with over a 40% decrease in Reb
A, RebB, RebD or RebM levels compared to a control steviol glycoside-producing

strain.

Ordered Uniprot

Locus Accession
No. Name Family Description Gene name |No.
49 YJR160C |MFS Secondary Transporter [MPH3 POCEQO
50 [YKLO64AW  MIT lon Channels MNR2 P35724
51 [YKROSOW [Trk Secondary Transporter [TRK2 P28584
52 [YKR105C |MFS Secondary Transporter [VBAS P36172
53 [YKR106W MFS Secondary Transporter |(GEX2 P36173
54 [YLR447C |F-ATPase |ATP-Dependent VMAB P32366
55 [YML116W IMFS Secondary Transporter |[SNQ1/ATR1  |P13090
56 [YMR034C BASS Secondary Transporter Q05131
57 YMRO56C |MC Secondary Transporter IAAC1 P04710
58 [YMR253C |DMT Secondary Transporter Q04835
59 [YNLO65W IMFS Secondary Transporter AQR1 P53943
60 [YNLO70W |MPT ATP-Dependent TOM7 P53507
61 [YNLO83W MC Secondary Transporter |SAL1 D6W196
62 [YNLO95C |AEC Secondary Transporter P53932
63 [YNL121C MPT ATP-Dependent TOM70 P07213
64 [YNL142W Amt lon Channels MEP2 P41948
65 [YOLO20W |APC Secondary Transporter [TAT2 P38967
66 [YOLO75C ABC ATP-Dependent Q08234
67 YOLO77W-AF-ATPase |ATP-Dependent ATP19 P81451
68 [YOL122C |Nramp Secondary Transporter |[SMF1 P38925
69 YOR079C [ZIP Secondary Transporter IATX2 Q12067
70 [YORO87W [TRP-CC |lon Channels YVC1 Q12324
71 [YOR092W |AEC Secondary Transporter |[ECM3 Q99252
72 [YOR130C MC Secondary Transporter [ORT1 Q12375
73 [YOR222W MC Secondary Transporter (ODC2 Q99297
74 YOR291W |P-ATPase ATP-Dependent YPK9 Q12697
75 IYOR306C |MFS Secondary Transporter IMCH5 Q08777
76 [YOR316C |CDF Secondary Transporter |[COT1 P32798
77 YOR334W MIT lon Channels MRS2 Q01926
78 YPLO78C |F-ATPase ATP-Dependent ATP4 P05626
79 [YPL270W |ABC ATP-Dependent MDL2 P33311
80 [YPL274W APC Secondary Transporter ISAM3 Q08986
81 [YPROO3C ISulP Secondary Transporter P53394
82 [YPRO11C |MC Secondary Transporter Q12251
83 [YPRO58W |MC Secondary Transporter [YMC1 P32331
84 YPR128C MC Secondary Transporter IANT1 Q06497
85 [YPR201W ACR3 Secondary Transporter ARR3 Q06598
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Table 6A. Transport related genes with a 20-40% decrease in Reb A, RebB, RebD or
RebM levels compared to a control steviol glycoside-producing strain.

SEQ Uniprot
ID Ordered Gene Accession
No. [Locus Name Family Description name No.

86 |YBRO0O8C |MFS Secondary Transporter |[FLR1 P38124
87 [YBRO21W INCS1 Secondary Transporter [FUR4 P05316
88 |YBR0O43C |MFS Secondary Transporter |QDR3 P38227
89 (YBR287TW EC Secondary Transporter F38355
90 |YBR295W |P-ATPase IATP-Dependent PCA1 P38360
91 [YBR296C |PIT Secondary Transporter |[PHO89 P38361
92 |YCLO38C MFS Secondary Transporter ATG22 P25568
93 |YCRO11C ABC ATP-Dependent ADP1 P25371
94 [YDLO54C MFS Secondary Transporter |MCH1 Q07376
95 |YDL100C  |ArsAB ATP-Dependent GET3 Q12154
96 [YDL245C |MFS Secondary Transporter  |[HXT15 P54854
97 |YDL247TW  MFS Secondary Transporter |MPH2 POCD99
98 |YDRO11W |ABC ATP-Dependent SNQ2 P32568
99 |YDR292C ISP ATP-Dependent SRP101  |P32916
100 [YDR497C MFS Secondary Transporter |[ITR1 P30605
101 [YELOOBW  MC Secondary Transporter [YEAB P39953
102 [YELO27W  |[F-ATPase ATP-Dependent VMAS3 P25515
103 [YELO6SW  IMFS Secondary Transporter |SIT1 P39980
104 YERO19C-A |lISP ATP-Dependent SBH2 P52871
105 YERO53C MC Secondary Transporter |PIC2 P40035
106 YER119C  |AAAP Secondary Transporter AVT6 P40074
107 [YFLO28C  |ABC ATP-Dependent CAF16 P43569
108 [YFRO45W  MC Secondary Transporter P43617
109 [YGLO84C  |GUP Secondary Transporter |\ GUP1 P53154
110 YGL104C  MFS Secondary Transporter [VPS73 P53142
111 YGL114W  IOPT Secondary Transporter P53134
112 YGL167C  |P-ATPase ATP-Dependent PMR1 P13586
113 YGR257C MC Secondary Transporter  MTM1 P53320
114 YHLO35C  |ABC ATP-Dependent VMR1 P38735
115 [YHLO36W  |APC Secondary Transporter  IMUP3 P38734
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Table 6B. Continued list of Transport related genes with a 20-40% decrease in Reb A,
RebB, RebD or RebM levels compared to a control steviol glycoside-producing strain.

Ordered
Locus Gene Accession

No. [Name Family Description name No.

116 [YHRO02W MC Secondary Transporter |LEUS P38702
117 [YHR096C [MFS Secondary Transporter [HXT5 P38695
118 [YILOOBW MC Secondary Transporter |YIA6 P40556
119 IYIL120W MFS Secondary Transporter |QDR1 P40475
120 [YIL121W ]MFS Secondary Transporter |[QDR2 P40474
121 YIL166C IMFS Secondary Transporter  |SOA1 P40445
122 \YJL133W {MC Secondary Transporter  IMRS3 P10566
123 [YJL219W MFS Secondary Transporter [HXT9 P40885
124 YKLO16C [F-ATPase ATP-Dependent ATP7 P30902
125 [YKLO50C MIT lon Channels P35736
126 YKL120W MC Secondary Transporter  JOACH P32332
127 IYKL146W |JAAAP Secondary Transporter AVT3 P36062
128 [YKL209C ABC ATP-Dependent STEG P12866
129 YKRO38W APC Secondary Transporter  |GAP1 P19145
130 YLR411W Cir lon Channels CTR3 Q06686
131 YMLO38C DMT Secondary Transporter [YMD8 Q03697
132 YMR166C MC Secondary Transporter Q03829
133 [YMR279C IMFS Secondary Transporter Q03263
134 [YNLOO3C MC Secondary Transporter |PET8 P38921
135 [YNL268W APC Secondary Transporter  |LYP1 P32487
136 [YNRO55C MFS Secondary Transporter [HOL1 P53389
137 [YOL158C IMFS Secondary Transporter [ENB1 Q08299
138 [YOR100C MC Secondary Transporter  |CRC1 Q12289
139 YOR153W ABC ATP-Dependent PDR5 P33302
140 YOR271C MTC Secondary Transporter |[FSF1 Q12029
141 YOR273C MFS Secondary Transporter [TPO4 Q12256
142 YOR307C DMT Secondary Transporter  [SLY41 P22215
143 YOR332W F-ATPase ATP-Dependent VMA4 P22203
144 [YOR348C APC Secondary Transporter |PUT4 P15380
145 YPLO36W |P-ATPase ATP-Dependent PMA2 P19657

[00147] Steviol glycoside exporter candidates were selected from the data based on two
selection criteria for each steviol glycoside measured (ie., two methods of normalizing

expression).

[00148] Transporter selection criterion 1 corresponded to selection based on the level of
high molecular weight steviol glycosides (RebA, RebB, RebD, or RebM) available in the
supernatant, as well as the total production of the said steviol glycoside. Both values were
normalized to the value of the corresponding steviol glycoside-producing control strain. The

control level was set to 1, and the corresponding steviol glycoside level was calculated as a
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percentage of the control. For Ordered Locus Names (i.e., genes) of interest, the steviol
glycoside available in the supernatant should be below 0.6 (below 60% of the control) or
between 0.8-0.6 (80-60% of the control). To avoid false positives or a bias towards
transporters that decrease the production in general, the calculation had an additional
requirement that the total production had to be similar to the control. In the current
calculation, production was set to be between 0.85 and 1.15 of the control, when the control
is set to 1. In this regard, steviol glycoside production levels did not affect results. Table 7
shows the supernatant/total ratio for each candidate that fulfills the selection criteria.

[00149] Transporter selection criterion 2 corresponded to selection based on the ratio of
high molecular weight steviol glycosides (RebA, RebB, RebD, or RebM) in the supernatant
relative to total production of the said steviol glycoside. The supernatant-to-total production
ratio was normalized to the ratio of the corresponding steviol glycoside-producing strain
control. The control level was set to 1, and the corresponding steviol glycoside ratio was
calculated as a percentage of the control. For Ordered Locus Names (i.e., genes) of
interest, the supernatant-to-total production ratio for a given steviol glycoside should be
below 0.6 (below 60% of the control) or between 0.8-0.6 (80-60% of the control). To avoid
false positives or a bias towards transporters that decrease the production in general, the
calculation had an additional requirement that the total production had to be similar to the
control. In the current calculation, production was set to be between 0.85 and 1.15 of the
control, when the control is set to 1. In this regard, steviol glycoside production levels did not
affect results. Table 8 shows the supernatant/total ratio for each candidate that fulfills the

selection criteria.

[00150] The data demonstrate that disruption of a single endogenous yeast transporter
gene in a steviol glycoside-producing strain resulted in a decrease in the level of various
steviol glycosides in the supernatant of the culture media, as evaluated by the normalized
amount transported into the supernatant (see Tables 5-10), and are therefore identified as

having a role in steviol glycoside excretion.

[00151] For example, deletion in a steviol glycoside-producing strain of YDL128W (SEQ
ID NO:22), YDL194W (SEQ ID NO:24), YDL210W (SEQ ID NO:25), YFLO11W (SEQ ID
NO:33), YGLOOBW (SEQ ID NO:34), YGLO13C (SEQ ID NO:35), YGL255W (SEQ ID
NO:36), YGR181W (SEQ ID NO:38), YGR217W (SEQ ID NO:39), YIL088C (SEQ ID
NO:43), YJL094C (SEQ ID NO:45), YJR106W (SEQ ID NO:48), YNLO65W (SEQ ID NO:59),
YNLO83W (SEQ ID NO:61), YNL121C (SEQ ID NO:63), YNL142W (SEQ ID NO:64),
YOR306C (SEQ ID NO:75), or YPR0O11C (SEQ ID NO:82) led to a measurable decrease of
RebD excreted into the culture medium, indicating that each plays a role in RebD excretion.
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This was confirmed by transporter selection criteria 1 and 2 (see Tables 7 and 8, RebD

column).

[00152] Furthermore, for example, deletion in a steviol glycoside-producing strain of
YBR180W (SEQ ID NO:13), YBR241C (SEQ ID NO:17), YCLO69W (SEQ ID NO:19),
YCRO75C (SEQ ID NO:21), YDL128W (SEQ ID NO:22), YDL194W (SEQ ID NO:24),
YDRO93W (SEQ ID NO:27), YDR338C (SEQ ID NO:28), YER166W (SEQ ID NO:32),
YFLO11W (SEQ ID NO:33), YGLOO6W (SEQ ID NO:34), YGL0O13C (SEQ ID NO:35),
YGL255W (SEQ ID NO:36), YGR217W (SEQ ID NO:39), YJL094C (SEQ ID NO:45),
YJR106W (SEQ ID NO:48), YJR160C (SEQ ID NO:49), YKR106W (SEQ ID NO:53),
YML116W (SEQ ID NO:55), YMR056C (SEQ ID NO:57), YNLO70W (SEQ ID NO:60),
YNLO83W (SEQ ID NO:61), YNLO95C (SEQ ID NO:62), YNL121C (SEQ ID NO:63),
YORO087W (SEQ ID NO:70), YOR291W (SEQ ID NO:74), YOR306C (SEQ ID NO:75),
YPL274W (SEQ ID NO:80), or YPRO11C (SEQ ID NO:82) led to a measurable decrease of
RebM, indicating that each plays a role in RebM excretion. This was confirmed by
transporter selection criteria 1 and 2 (see Tables 7 and 8, RebM column).

[00153] Table 7 represents the calculated ratio, normalized to a steviol glycoside-
producing strain comprising genes encoding GGPPS, truncated CDPS, KS, KO, ATRZ2,
EUGT11, SrKAHe1, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides, of
supernatant/total production for each gene (by ordered locus name) deleted in the steviol
glycoside-producing strain. The supernatant or supernatant/total ratio of less than 0.6
represented a more than 40% decrease in either the supernatant alone or in the ratio of
supernatant/total production of RebA, RebB, RebD, or RebM, which corresponded
approximately to more than 2 standard deviations removed from the mean of the control
steviol glycoside-producing strain and indicates the gene as having a role in steviol glycoside
transportation (Table 7). The supernatant or ratio supernatant/total of between 0.6 and 0.8
represents a 40-20% decrease in either the supernatant alone or in the ratio of
supernatant/total production of RebA, RebB, RebD, or RebM, which corresponds to
approximately between 1 and 2 standard deviations removed from the mean of the control
steviol glycoside-producing strain, and indicates the gene as having a role in steviol
glycoside transportation and/or production (Table 8). Total production of each steviol
glycoside was between 0.85 and 1.15 compared to the steviol glycoside-producing strain.
Table 8 shows the supernatant/total ratio for each candidate that fulfills the selection criteria.

Table 7. Transport related genes with over a 40% decrease in RebA, RebB, RebD or
RebM compared to a control steviol glycoside-producing strain comprising genes
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encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11, SrKAHe1, CPRS,
UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

Transporter selectionrransporter selection
criterion 1 criterion 2
Total vs. Supernatant Ratio Sup/Total vs. Total
RebA RebB RebD RebM |RebA RebB RebD RebM
YBR180W 0.486 0.486
YBR241C 0.529 0.529
YCLO6SW 0.519 0.519
YCRO75C 0.448 0.448
YDL128W 0.459 0.405 0.459 10.405
YDL194W 0.652 10.482 0.482
YDL210W 0.000 0.000
YDRO93W 0.569 0.569
YDR338C 0.451 0.451
YELO31W 0.488 0.488
YER166W 0.495 0.495
YFLO11W 0.581 0.547 0.581 10.547
YGLOOBW 0.410 [0.424
YGLO13C 0.673 |0.507 0.507
YGL255W 0.669 0.632
YGR181W 0.419 0.419
YGR217W 0.598 10.429 0.598 10.429
Y1L088C 0.135 0.135
YJL094C 0.568 [0.525 0.568 10.525
YJR106W 0.470 0.432 0.470 |0.432
YJR160C 0.689
YKLOG4W 0.337 0.337
YKR106W 0.509 0.509
YML116W 0.706
YMRO56C 0.591
YNLO65W 0.571
YNLO70W 0.633
YNLO83W 0.481 0.592 10.481
YNLO95C 0.610
YNL121C 0.620 10.456 0.456
YNL142W 10.561 0.369 0.561 0.369
YORO87W 0.611
YOR291W 0.681
YOR306C 0.596 (0.559 0.596 |0.559
YOR334W 0.520 0.520
YPLO78C 0.580 0.590
YPL270W 0.665
YPL274W 0.561 0.561
YPRO11C 0.542 0.611 0.542

Table 8. Transport related genes with a 20-40% decrease in Reb A, RebB, RebD or
RebM compared to a control steviol glycoside-producing strain comprising genes
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encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11, SrKAHe1, CPRS,
UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

Transports cal 2; ratio sup/total vs
Transports cal 1; total vs sup total

RebA . RebB RebD RebM | RebA RebB RebD RebM
YBLO8OW 0.739 0.739
YBR0OO8C | 0.784 0.640 | 0.784 0.640
YBRO21W 0.731 0.731
YBR043C | 0.755 0.796 0.755 0.796
YBR180W 0.747 0.747
YBR241C 0.688 0.798 0.688
YBR287W | 0.781 | 0.823 | 0.768 0.781 0.768
YBR295W 0.885 0.876
YBR29
6C 0.724 | 0.799 | 0.790 0.724 | 0.799 0.790
YCL038C 0.709 0.752 0.709 0.752
YCLOBSW 0.785 0.785
YCRO075C 0.634 0.634
YDL0O54C 0.920
YDL100C 0.867
YDL194W 0.652
YDL210W 0.834
YDL245C | 0.852
YDL247W 0.682 0.682
YDRO11W 0.852
YDRO93W | 0.792 | 0.775 | 0.704 0.792 | 0.775 | 0.704
YDR338C | 0.711 0.695 | 0.680 0.711 | 0.695 | 0.680
YDR497C 0.694 0.694
YELOOBW 0.657 0.774 | 0.657
YELOG65W 0.635 0.635
YER119C 0.872
YER166W | 0.771 | 0.843 | 0.687 0.771 0.687
YFLO11W 0.787 0.787
YFLO28C 0.641 0.641
YFRO45W 0.779 0.779
YGLOO6W 0.410 | 0.424
YGL013C 0.673
YGLO84C 0.804
YGL104C | 0.628 | 0.731 0.683 | 0.628 | 0.731 0.683
YGL114W 0.796
YGL167C | 0.829
YGL255W 0.669 | 0.8632
YGR217W 0.801
YGR257C | 0.842
YHL035C 0.800 0.792 0.792
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Transports cal 2; ratio sup/total vs
Transports cal 1; total vs sup total

RebA° RebB RebD RebM | RebA RebB RebD RebM
YHLO36W 0.798 0.798
YHRO96C 0.879 | 0.798 0.798
YILOOBW 0.763 0.689 | 0.763 0.791 0.689
YiL120W 0.814
YIL121W 0.903
YiL166C 0.844
YJL212C 0.817 | 0.682 0.682
YJR106W | 0.719 0.719
YJR160C 0.781 | 0.985 0.781 0.689
YKLO50C 0.896
YKL120W 0.706 0.706
YKL146W 0.890
YKRO39W | 0.763 0.763
YKR106W 0.785 | 0.738 0.785 | 0.738
YLR411W | 0.852 0.782 0.782
YML0O38C 0.724 0.724
YML116W 0.898 0.706
YMRO056C 0.675 | 0.591 0.786 | 0.675
YMR279C 0.885
YNLO65W | 0.710 | 0.792 | 0.571 0.710 | 0.792
YNLO70W | 0.893 0.892 0.633
YNLO83W 0.592
YNLO95C 0.726 0.726 0.610
YNL121C 0.620
YNL268W 0.920
YNRO55C 0.643 0.643
YOL122C 0.935
YOL158C 0.848 | 0.728 0.728
YORO0O87W 0.611
YOR100C 0.916
YOR271C 0.889 | 0.758 | 0.608 0.758 0.608
YOR273C | 0.726 | 0.916 | 0.635 0.726 0.635
YOR291W 0.681
YOR307C 0.765
YOR348C 0.644 0.644
YPLO36W | 0.763 0.698 0.763 0.698
YPL0O78C 0.798 0.798
YPL270W 0.746 0.665 | 0.746
YPL274W | 0.817 | 0.807 | 0.721 0.721
YPRO11C | 0.763 0.763 0.611
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[00154] The effect of yeast gene knockouts on transport of higher molecular weight
steviol glycosides into the culture medium (i.e., supernatant) also was tested in a steviol
glycoside-producing strain comprising additional copies of genes encoding GGPPS,
truncated CDPS, KS, KO, ATR2, EUGT11, SrKAHe1, CPR8, UGT85C2, UGT74G1,
UGT76G1, and EUGT11 polypeptides, which was described in Example 2. The data
demonstrated that disruption of a single endogenous yeast transporter gene in the steviol
glycoside-producing strain resulted in a decrease in the level of various steviol glycosides in
the supernatant of the culture media, as evaluated by the normalized amount transported or
by the supernatant-to-total-production ratio (see Tables 9 and 10, RebD column). For
example, deletion in the steviol glycoside-producing strain of YDR536W (SEQ ID NO:30),
YHLO16C (SEQ ID NO:42), YKRO50W (SEQ ID NO:51), YOR291W (SEQ ID NO:74),
YOR334W (SEQ ID NO:77), YPL270W (SEQ ID NO:79), YPR0O58W (SEQ ID NO:83), or
YPR128C (SEQ ID NO:84) led to a measurable decrease of RebD transported into the
supernatant, indiciating that they play a role in RebD excretion. This was confirmed by

transporter selection criteria 1 and 2 (see Tables 9 and 10, RebD column).

[00155] Furthermore, for example, deletion of YALO67C (SEQ ID NO:14), YDR406W
(SEQ ID NO:29), YHLO16C (SEQ ID NO:42), YJL212C (SEQ ID NO:47), YKRO50W (SEQ ID
NO:51), YMRO034C (SEQ ID NO:56), YMR253C (SEQ ID NO:58), YOLO75C (SEQ ID
NO:66), YOL122C (SEQ ID NO:68), YOR222W (SEQ ID NO:73), YPROO3C (SEQ ID
NO:81), or YPR201W (SEQ ID NO:85) led to a measurable decrease of RebM transported
into the supernatant, indicating that they play a role in RebM excretion. This was confirmed
by transporter selection criteria 1 and 2 (see Tables 9 and 10, RebM column).

[00156] Table 9 represents the calculated ratio, normalized to a steviol glycoside-
producing strain comprising additional copies of genes encoding GGPPS, truncated CDPS,
KS, KO, ATR2, EUGT11, SrKAHe1, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11
polypeptides, of supernatant/total production for each gene (by ordered locus name) deleted
in the steviol glycoside-producing strain. The supernatant or ratio supernatant/total of less
than 0.6 represents a more than 40% decrease in either the supernatant alone or in the ratio
of supernatant/total production of RebA, RebB, RebD, or RebM, which corresponds
approximately to more than 2 standard deviations removed from the mean of a control
steviol glycoside-producing strain, and indicates the gene as having a role in steviol
glycoside transportation and/or production (Table 9). The supernatant or ratio
supernatant/total of between 0.6 and 0.8 represents a 40-20% decrease in either the
supernatant alone or in the ratio of supernatant/total production of RebA, RebB, RebD, or
RebM, which corresponds to approximately between 1 and 2 standard deviations removed
from the mean of the control strain, and indicates the gene as having a role in steviol
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glycoside transportation and/or production, and indicates the gene as having a role in steviol
glycoside transportation and/or production (Table 10). Total production of each steviol
glycoside was between 0.85 and 1.15 compared to the control steviol glycoside-producing
strain. Table 10 shows the supernatant/total ratio for each candidate that fulfills the selection

criteria.

Table 9. Transport related genes with over a 40% decrease in Reb A, RebB, RebD or
RebM compared to a control steviol glycoside-producing strain comprising additional
copies of genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11,
SrKAHe1, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

Transporter selection
Transporter selectionjcriterion 2 ratio sup/total vs
criterion 1 total vs sup otal
RebA RebB RebD RebM [RebA RebB RebD RebM
YALOB7C 0.541 0.541
YBLO8SW  10.433 [0.416 0.433 [0.416
YBLO9SW  10.523 0.523
YBR294W 10.495 0.495
YCR028C 0.419 0.419
YDL185W  10.551 0.551
YDL210W  ]0.626 [0.469 0.469
YDROG1W 10.482 0.471 0.482 0.471
YDR406W 0.288 0.288
YDR536W [10.715 0.365 0.365
YFLOT1W 0.444 0.444
YGR125W 0.400 0.400
YGR224W 0.361 0.361
YGR281W 0.596 0.596
YHLO16C 0.427 [0.296 0.427 10.296
YJLO93C 0.449 0.449
YJL108C 0.589 0.589
YJL212C 0.442 0.461 ]0.442 0.461
YKRO50W [0.554 0.378 [0.304 J0.554 0.378 10.304
YLR447C  |0.512 0.512
YMRO34C  10.331 0.316 0.331 0.316
YMR253C {0.389 0.375 ]0.389 0.375
YOLO20W  10.371 0.371
YOLO75C  10.494 0.471 j0.494 0.471
YOLO77W-A |0.531 0.531
YOL122C 0.457 0.457
YOR079C {0.552 0.552
YORO092W  10.407 0.407
YOR130C |0.588 0.588
YOR222W [0.469 0.457 10.469 0.457
YOR291W 0.428 0.428
YOR334W 0.327 0.327
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criterion 1 total vs sup

RebA RebB RebD RebM

PCT/EP2015/068314
Transporter selection
Transporter selectionicriterion 2 ratio sup/total vs

otal

RebA RebB RebD RebM

YPL270W 0.375 0.375
YPROO3C  10.400 0.418 ]0.400 0.418
YPRO58W 0.461 0.461
YPR128C 0.342 0.342
YPR201W  0.376 0.353 [0.376 0.353
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Table 10. Transport related genes with a 20-40% decrease in Reb A, RebB, RebD or
RebM compared to a control steviol glycoside-producing strain comprising additional
copies of genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11,
SrKAHe1, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

Transports cal 2; ratio sup/total vs
Transports cal 1; total vs sup total
RebA RebB RebD RebM | RebA RebB RebD RebM
YCRO11C 0.654 0.654
YDL210W 0.729 0.626 0.729
YDR292C | 0.724 0.724
YDR536W 0.715
YELO27W 0.799 0.799
YERO18C-
A 0.789 0.789
YERO53C | 0.651 0.651
YGR256W | 0.744 0.744
YHRO02W | 0.795 0.795
YJL133W | 0.691 0.691
YJL219W | 0.674 0.674
YKL0O16C 0.627 0.627
YKL209C 0.721 0.721
YKR105C 0.646
YMR166C 0.924
YNLOO3C 0.814
YOR153W | 0.801
YOR316C 0.640
YOR332W | 0.700 0.700

[00157] Knockouts of YDL210W (SEQ ID NO:25) and YPL270W (SEQ ID NO:79)
resulted in decreased RebD excretion in the steviol glycoside-producing strain comprising
genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT11, SrKAHe1, CPRS,
uGTesC2, UGT74G1, UGT76G1, and EUGT11 polypeptides and the steviol glycoside-
producing strain comprising additional copies of genes encoding GGPPS, truncated CDPS,
KS, KO, ATR2, EUGT11, SrKAHe1, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11
polypeptides. As well, knockouts of YJL212C (SEQ ID NO:47) and YOL122C (SEQ ID
NO:88) resulted in decreased RebM transport in both strains.

Example 4. Confirmation of Knockout of Yeast Endogenous Transport Genes by
overexpression in a RebD/M-producing strain
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[00158] Overexpression of a subset of the initial candidate transporters from Example 3
was performed using both plasmid-based expression and an integration cassette. First,
deep-well microtiter plate culture experiments were carried out. Two transport genes were
overexpressed using a plasmid in a RebD/M-producing strain in order to confirm the results
from the knockout experiements. YGR181W (SEQ ID NO:38), a TIM complex, helper
protein for insertion of mitochondrial inner membrane proteins, and YDRO61W (SEQ ID
NO:26) an ABC-like transporter were overexpressed. The data shown in Figure 2
demonstrate that the phenotype based on the knockout studies was confirmed with a
plasmid based overexpression phenotype for YGR181W (SEQ ID NO:38) and YDR0O61W
(SEQ ID NO:26) in deep-well plates.

[00158] Next, confirmation of the phenotype in fermenters was performed in additional
steviol glycoside-producing strains, which were characterized by intergration of YGR181W
(SEQ ID NO:38) or YDROG61W (SEQ ID NO:26) on chromosome Xll. The steviol glycoside-
producing strains were grown on defined media at 30°C in a fed-batch fermentation for about
5 days under glucose-limited conditions, and the levels of RebA, RebB, RebD, and RebM
were measured using LC-MS (Method B, Example 1). The graphs shown in Figure 3
illustrate an approximate 2-fold increase in RebD and RebM transported in the culture
medium for the new integration constructs, and little change in RebA and RebB transport.
Overexpression of YGR181W (SEQ ID NO:38) or YDR0O61W (SEQ [D NO:26) resulted in
improved (~2-fold) RebD and RebM transport into the culture medium (~400-500 mg/L of
supernatant RebD and RebM in YGR181W (SEQ ID NO:38) and YDRO61W (SEQ ID
NO:26) overexpression strains versus ~250 mg/L of supernatant RebD and RebM in a
control steviol glycoside-producing strain). See Figure 3A. The ratio of transported RebD as
compared to the total RebD increased from 0.158 in the control strain to 0.21-0.25 with the
candidate genes overexpressed. RebM transport into the culture medium was also

simultaneously improved. See Figure 3.

Example 5. Overexpression of Selected Yeast Endogenous Transport Genes

[00160] Overexpression in a steviol glycoside-producing strain (as described in Example
2) using a plasmid with a constitutive promoter of the transporter genes shown in Table 11
resulted in greater than a 20% increase in excretion of RebA, RebB, RebD, and/or RebM.
Results were analyzed using criterion 2 described in Example 3.  Additionally,
overexpression of the transporter genes shown in Table 12 resulted in greater than a 40%
improvement in production of RebA, RebB, RebD, and/or RebM. Table 11 shows the
supernatant/total ratio for each candidate that fulfills the selection criteria.
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Table 11. Transport related genes with over a 20% increase in RebA, RebB, RebD or
RebM excretion, compared to a control steviol glycoside-producing strain.

Ratio Supernatant/Total

RebB RebA RebD RebM
YORO79C 1.21
YMR166C 1.36 1.53 1.38
YELO27W 1.62 1.82 1.52
YDL054C 1.45 1.38 1.31
YKL120W 1.83 1.89 1.93
YDR536W 1.79 1.80 1.76
YBLO9SW 1.22
YML116W 1.32 1.31 1.42
YIL166C 1.27 1.22
YKRO39W 1.26 1.41
YOR307C 1.23
YKL146W 1.36 1.47 | 1.66
YGL167C 1.33
YJLO93C 1.29
YOR306C 1.67
YDL128W 1.85 1.29
YOR153W 1.42 1.21
YKLO50C 1.59 1.22
YJL094C 1.71 1.24 1.24
YCLO6SW 1.59
YOL158C 1.52
YFLO11W 1.44
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Ratio Supernatant/Total

RebB RebA RebD RebM

YJR106W 1.38 1.33
YBR043C 1.20
YPRO11C 1.27

Table 12. Transport related genes with over a 40% increase in RebA, RebB, RebD or
RebM production, compared to a control steviol glycoside-producing strain.

Increases in Production

RebB RebA RebD RebM
YMR166C 1.52
YIL166C 1.41 1.50 | 1.55
YKRO39W 148 | 1.52
YKL146W 1.42
YJLO93C 1.46 1.43
YOR306C 1.59
YDL128W 1.49
YOL122C 1.41 1.59
YILOOBW 1.64 | 2.03
YFL028C 1.55
YBR0O21W 1.51 1.87
YHRO02W 1.51 1.73
YELO31W 1.45 | 1.66
YCLOBOW 1.53
YOL158C 142 | 1.63
YKLO64W 1.40 | 1.44
'YHRQO96C 1.42
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Increases in Production

RebB RebA RebD RebM
YOR332W 1.44
YDR338C 1.50 1.55
YJR106W 1.41 1.44
YBR043C 1.55 1.49
YPR011C 1.43
YFRO45W 1.44

Example 6. Genomic Integration of Transporter Genes

[00161] DNA of the fransporter genes selected for integration into the genome of a
RebD/M-producing S. cerevisiae strain (see Example 2) was amplified from an $288C
background by PCR and cloned into a plasmid with homology regions for the integration site
and a PGK1 promoter for overexpression, using the USER cloning system. See, e.g., Nour-
Eldin et al., 2010, Methods Mol Biol. 643:185-200. The USER cloning construct including
the homology regions and the transporter was cut out from the plasmid using restriction
enzymes, and the linear piece of DNA was integrated into the genome of the receiving
RebD/M-producing strain by standard LiAc method. The genomically integrated transporters
were tested in plates that release glucose from a polymer after addition of a growth medium.
A polymer that releases 20 g/L glucose over 3 days was used to mimic the feed profile
during fermentation. Steviol glycoside levels were measured by LC-MS (see Example 1),
and ODggo was measured on a Perkin Elmer 2104 Multilabel reader. YBR043C (SEQ ID
NO:88), YELO27W (SEQ ID NO:102), YJLO93C (SEQ ID NO:44), YJR106W (SEQ ID
NO:48), YKL120W (SEQ ID NO:126), and YMR166C (SEQ ID NO:132) showed improved
excretion of 13-SMG. (Figure 4A). YBRO043C (SEQ ID NO:88), YEL027W (SEQ ID
NO:102), and YMR166C (SEQ ID NO:132) showed improved excretion of RebA (Figure 4B).
YBRO043C (SEQ ID NO:88), YEL027W (SEQ ID NO:102), and YMR166C (SEQ ID NO:132)
showed improved excretion of RebB (Figure 4C). YBR043C of SEQ ID NO:88, YEL027W of
SEQ ID NO:102, YJLO93C of SEQ ID NO:44, YJR106W of SEQ ID NO:48, and YMR166C of
SEQ ID NO:132 showed improved production of RebD, and YBR043C of SEQ ID NO:88,
YELOZ27W of SEQ ID NO:102, YIL166C (SEQ ID NO:121), YJL0O93C of SEQ ID NO:44,
YJR106W of SEQ ID NO:48, and YMR166C of SEQ ID NO:132 showed improved
production of RebM, as measured by an increase in RebD and RebM levels in the
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supernatant compared to a control steviol glycoside-producing strain. See Figures 4D and
4E. Controls with a URA marker are also shown in Figure 4.

[00162) Figure 5A shows supernatant levels of RebA, RebB, RebD, and RebM of an
additional steviol glycoside-producing strain overexpressing YMR166C (SEQ ID NO:132),
YELO27W (SEQ ID NO:102), YKL120W (SEQ ID NO:126), YJR106W (SEQ ID NO:48),
YJLO93C (SEQ ID NO:44), and YBR043C (SEQ ID NO:88) by the USER cloning system.
The strain of Figure 5 comprised a recombinant gene encoding a Synechococcus sp.
GGPPS polypeptide (SEQ ID NO:1, SEQ ID NO:149), a recombinant gene encoding a
truncated Zea mays CDPS polypeptide (SEQ ID NO:2, SEQ ID NO:150), a recombinant
gene encoding an A. thaliana KS polypeptide (SEQ ID NO:3, SEQ ID NO:151), a
recombinant gene encoding a recombinant S. rebaudiana KO1 polypeptide (SEQ ID NO:4,
SEQ ID NO:152), a recombinant gene encoding a KO polypeptide (SEQ ID NO:XX, SEQ ID
NO:XX), a recombinant gene encoding an A. thaliana ATR2 polypeptide (SEQ ID NO:5,
SEQ ID NO:153), a recombinant gene encoding an O. sativa EUGT11 polypeptide (SEQ ID
NO:12; SEQ ID NO:148), a recombinant gene encoding an SrkKAHe1 polypeptide (SEQ ID
NO:6, SEQ ID NO:154), a recombinant gene encoding an S. rebaudiana CPR8 polypeptide
(SEQ ID NO:7, SEQ ID NO:155), a recombinant gene encoding an S. rebaudiana UGT85C2
polypeptide (SEQ ID NO:8, SEQ ID NO:156), a recombinant gene encoding an S.
rebaudiana UGT74G1 polypeptide (SEQ ID NO:9, SEQ ID NO:157), a recombinant gene
encoding an S. rebaudiana UGT76G1 polypeptide (SEQ ID NO:10, SEQ ID NO:158), and a
recombinant gene encoding an S. rebaudiana UGT91D2 variant (or functional homolog),
UGT91D2e-b (SEQ ID NO:11, SEQ ID NO:159) polypeptide. Figure 5B shows total levels of
RebA, RebB, RebD, and RebM of the above described steviol glycoside-producing strain
overexpressing YMR166C (SEQ ID NO:132), YELO27W (SEQ ID NO:102), YKL120W (SEQ
ID NO:126), YIL166C (SEQ ID NO:132), YJR106W (SEQ ID NO:48), YJL093C (SEQ ID
NO:44), and YBR043C (SEQ ID NO:88) by the USER cloning system.

Example 7. Production of RebD and RebM by Fermentation of Steviol Glycoside-
Producing S. cerevisiae strains overexpressing YJL093C or YBR043C

[00163] YJLO93C (SEQ ID NO:44) and YBR0O43C (SEQ ID NO:88) were individually
overexpressed in the steviol glycoside-producing strain described in Example 3. The strains
were cultivated by fermentation (fed-batch, minimum medium, glucose-limiting) for
approximately 130 h. Production of RebD and RebM was measured by LC-MS. As shown in
Table 13, the strains overexpressing YJL093C or YBR043C produced higher levels of RebD
and RebD + RebM, as compared to a control steviol glycoside-producing strain.
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Table 13. Production of RebD and RebM in S. cerevisiae strains overexpressing

YJLOS3C and YBRO043C.
Strain Ferm. Final Cell @ RebD Titer RebM RebD + RebD/Reb
Length (h) Dry {g/L) Titer (g/L) RebM M Ratio
Weight (g/g)
Control 126.83 104.53 1.38 4.47 5.85 0.31
YJLO93C 130.10 114.40 3.42 2.80 6.22 1.22
YBR043C 129.17 112.00 3.56 2.72 6.28 1.31
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Table 14. Sequences disclosed herein.

SEQ ID NO:
Synechococcus sp. GGPPS

atggtcgeac
gaggecctaa
tactcecotec
ttggcaggtyg
acaatgtcac
aagccaacta
ttagettacy
ctacaagtta
gtogtagacce
tcacataaga
geagatgaaqg
caaatcgteg
ggtaaagacc
agacagaaad
caagecagago

SEQ ID NO:

1

aaactttcaa
gtgctgetet
tggcaggtgyg
gttoctgttga
taattcatga
atcacaaqggt
cttttgaaca
ttgctagaat
ttgaatctga
ctggagectt
agetttigge
atgatatcct
aggecageoge
cggaagagtt
cactcctage

2

cotggatace
tgtgccaget
caaaagatta
acaagccatg
tgacctgccea
gttcggggaa
tattgettet
cggacacgoc
aggtaaaget
getggaagea
cagattgtct
ggatgttact
aaaggeaact
gattcaatct
getggeagac

Zea mays truncated CDPS

atggcacageaca catcagaatce cgecagectgtce geaaagggea gceagtttgac cecectatagtyg

agaactgacy
ttagtggatg
gcatacgata
ttteccageay
goeogeattat
acaaggtggt
atgtggaaat
ccatctttga
geecctacaaqg
atgcataccy
gctaaactac
gecatatgett
aagaaattca
goocgttgata
tgeatggatt
gatgtcaaaqg
ageogteagte
ggacagtcta
ttcocaggey
aaagaagcaqg
gttgtgtata
tacctagagc
cecacttgtaa
getttgeate
gactttggtyg
tacgageccoctt
geecgtgagea
aggtgtagac
geagttttag
atccatggag

ctgagtcaag
agatcaggge
cageoctgggh
ctgtgagatg
tctetgecta
cecctagaacce
tagcaactga
tagagcttge
gaatctacto
tteccaacateo
ttaaactaca
taatgaatac
acggcggegt
gacttgaaag
atgtaaacag
aggtggacga
ctgatgtgtt
atcaagetgt
aggatgtget
agggagettt
ctttggattt
aatacggagg
acaatgatgt
agttagagty
tecgeceoccaaga
gtagagctge
ccecacttaaqg
ctagtgaaga
taaaggetgt
gtgacccaga

gagaacaaga
gatgcttact
cggattggtt
gataagaaat
tgacaggcett
agagatgaga
agatgaagag
taagagecta
ttcaagagag
aatattgcac
gagcagcgac
cggagatgac
ccctaatgtt
attaggaatc
geattggact
cacagcetatg
taaaaactte
taccggtatyg
tcatagaget
Jagggacaag
tcecatggtac
tggtgatgac
atatttggaa
geaaggacta
agatgeccctt
cgagaggett
aaatagccca
gacagatggce
cttaagactt
agatattata

tacttatcce
tatcctgaga
agacctatct
ccaactgogt
gccatggata
gatatagcca
caaacaagaqg
gttgctgeaa
atttecttag
tcagtigtet
cattacgeta
getacatetyg
tatccaagtc
getaaggaaqg
ttcatcacac

tggccaaccy
tccatgtetyg
ccaagattag
aaccagttgce
atcaataccc
ggtagaggac
tcaatgeocta
ggtgtccatg
atcaaaatga
agtttggagy
ggaagttttt
aggtgtttta
tatccagtgy
tccaggtact
gaggacggta
gocectttagac
gaaaaggacy
tacaacttaa
ggtgecetteot
tggatcattt
ggcaacttac
gbtttggattyg
ttggcaagaa
aaaagatggt
agagcttatt
geatgggceta
tcattcagaqg
tcotggttta
actgattcat
cacaagtigt

60

{GenBank ABCY98596.1)

aaagacaaca
gaatatacga
tatgtttage
gtgecacttga
acgatgattt
tcttageggy
gagtaccacc
caggcctegt
aaacattgga
caggoggtat
gagatatagg
aacagttggyg
tattgggttt
ccttaagacce
gtcgteagea

atgacgatga
atggtgacat
acggeggtga
ctgacggaag
ttgococtgegt
tatettittt
ttggettcga
acttccctta
agaggattcco
gtatgcctgg
tgttctcacce
goctacatcga
atctatttga
tccaaaagga
tttgttggge
ttcttaggtt
gtgaattott
acagagcaag
catatgagtt
ctaaagatctl
ctagagtcga
gcaagacatt
tggatttcaa
atactgaaaa
ttettgeage
gagccgeaat
aaaggttaga
actocctcaag
tagcoagygga
taagatctgce
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acaagttgaa
agctatgaga
tgcttgecgaa
aatgatccat
cagaagagga
tgatgocgett
tcaattggtyg
tggaggccaa
gtatattcac
tctogeagygy
cttggetttt
gaaaaccget
agaagcctet
ttacggttca
ttaa

cgceccgaaccot
ttcegtgage
aggtcectcaa
ttggggegat
tgtaactttg
gggtaggaac
attagcattt
tgatcaccaqg
aaaagaagtyg
cctagattgg
agectgeocact
tagaacagta
acatatttgg
gatcgaacaa
aaggaactct
gcacggetac
cgecatttgte
ccagatatcce
cttgaggaga
acctggtgaa
ggccagagac
gtataggatg
cecactgocaqg
taggttgatyg
cgcatcetgtt
actagctaac
grattctett
tggctctgat
agcacagoca

ttgggcegag

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
894

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860



WO 2016/023844

tgggttaggy
caagagggat
gaaatttcetg
attcaattaa
coctgaaaaaa
gagttecgtte
caaacatttt
gttgatagac

SEQ ID NO:
ARrabidopsis thaliana KS§

atgtctatta
ggtctagact
aagatcagga
gtagectatgy
tggetacttyg
agcttaaaga
ggaataggcy
gttaccgatyg
aagtacgeca
atcaggaaaa
gottatettyg
aaatatcaga
actcaatttyg
gcegeagtge
ttagaatcat
acctataggt
cttgetttta
tttgcagagy
gtattagagoc
tgttgctgga
agggacaagt
ttagaaagaa
gtaaccaaga
gtcgacgatt
tggatagtgyg
tactttagtyg
gctaagggag
gaagagcettyg
tactcttecag
ggtgataaaqg
ttggacttac
tctttggaag
ccagctacat
aatcaattat
aagagggaat
gacaacagaa
gaggaattac
gaagccttcot
acatctaacyg
aaggagagtce

SEQ ID NO:

aaaaggcaga
caagaatggt
ccggtaggge
caggetecat
atgaagagat
aatatttget
taagtatagt
acattagtag

3

atttgagatc
ctgaagttca
gaatgcecttga
tecccatcace
ataatcaaca
aagatgtgtt
aaagacagat
aaactataca
gggaccttaa
gagatctaga
cctatgttot
gaaagaacgqg
geaatgacygy
ctagtgtata
tgggaattga
actggettag
ggttgetttot
aatctggttt
ttttcaaggco
caaaacaata
acttgaaaaa
gtgaccacag
cctettacaqg
tcaacttttyg
agaatagact
gegetgecac
gtgttctaac
agaacttaat
agcatgtaga
cectttacata
ttaagagcat
attacatgga
accttatagg
acaaattggt
cageegaggd
gceaaagaggt
acaaacttgt
taaaaatgtc
acttgatgag
taacttga

cgectgeogat
ccatgataas
agcetggtgaa
ctgcgacagt
gatgtctcac
tagactaggt
gaaatcatgt
agtgatttte

tteocggttgt
aacaagagca
gaaggtcgag
atccagtceaa
tgaggacgge
gtcatcecaca
caataaggagt
aaaacctaca
tttgaccata
cttaaagtgt
tgaaggaact
tagtectattt
ttgocttgaqgg
tccatttgat
cagagattte
aggtgacgaa
agcocecacgyge
cagcgatacce
tgcoccaaagt
tctagaaatqg
ggaagtggag
aaggaaaatt
gttgcataat
ccaatctatt
acaggaatta
actattctet
cacagtagtc
tcacttggtg
aataattttc
tcagggcaga
gctaagggag
gaatgcctat
acctccacta
tagtaccatg
aaaacttaat
tattatagaa
actagaagag
aaaagtgttg
cettgtgaaa

agogtgtgea
cagacctgto
gcagecagtyg
cttaagcaaa
gtggatgacyg
gaaaaaaaga
tactatgeoctyg
gagccagtaa

agetcocccaa
aacaatgtat
ttgagcgtga
aacgcaccte
tcttggggat
ttagecctcta
ctacagttca
ggtttcgaca
cctettgget
gatagcocgaga
aggaacttga
gatagtccag
tacttatgtt
caatacgceta
aagactgaga
gaaatttgcce
tatgacgtgt
cttgagggat
tacccteaty
gaactaagtt
gatgctttgg
cttaatgget
atatgtacat
catagagagg
aagttcgeca
ccagaattgt
gatgactttt
gaaaagtggy
tctgtectaa
aacgttactc
goctgaatggt
atcagecttog
cctgaaaaga
ggtagactat
gecagtgtete
tcecatgaaag
aaaggtagtyg
saccbttttt
tococgtecatet

61

atggtagtte
tattattggc
aggacggega
aaatgctagt
aattgaagtt
ctggatctag
ctcattgece
gtgccgecaaa

taagcgceaac
cttttgagea
gtgcctatga
tttteccaca
tggataacca
tectagetet
ttgaattaaa
tcatttttee
cagaagtagt
aattcagcaa
aggactggga
ctacaaccgc
cacttttaca
gattaagcat
taaaaagcat
tagatttgge
catacgatcc
atgttaaaaa
agagtgettt
catgggttaa
catttccate
cagecagttga
cagatatctt
aaatggaaaqg
gacaaaaatt
ctgacgoaaqg
ttgatgttgy
atcttaatqgg
gagacactat
accatattgt
ccagtgacaa
cattaggtce
ctgtcgacte
taaacgatat
tacatatgaa
gattggetga
tcgtteocaag
ataggaagga
acgagectgt
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tgeagtagaa
tagaatgatc
tagaagaata
ttecacaggac
gaggattaga
cgaaaccagy
acctecatgtc
gtaaccgegyg

{(similar to GenBank AFEE36246.1)

tttggaaagy
gaccaaagaqg
cactagttgg
gtgcgtcaaa
cgaccatcag
taagaaatgg
ctctgeacta
aggaatgatt
cgacgatatyg
aggtagagag
chtaattgtg
cgcagettte
gaaattcgag
aatcgtcact
attggatgag
cacatgtgca
tctaaageoca
caccttttoe
gaaaaagcag
aacaagegtt
atatgecctet
aaacacaaga
aaaacttget
attggataga
ggcttactgt
gatctcatgg
cggtagtasza
agttcectgasa
cttagaaacc
gaaaatatgg
atcaacccca
tattgtatty
ccaccaatat
ccagggettt
gcatgaaaga
aaggaaaaga
agaatgcaaqg
tgatggette
ttcacttcaa

1820
1980
2040
2100
2160
2220
2280
2340

60
120
180
240
300
360
420
480
540
600
660
720
180
840
9500
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2358
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S. rebaudiana KO1

atggatgetyg
gotgtageat
agatcccaat
aatctgttac
tatggaccta
gagatagcca
aaagccctyga
tatcataaaa
aagcatagaa
gtgaaaaaca
tteggettag
ctgaaaatca
ggagecaatcg
aagttcgaaa
atcasagagc
cttttatctyg
atcattgaat
aaaaacccta
aagataaccy
ctgagaagac
ctaggcecgget
atggacaaaa
aatgagacasa
ggttocttge
gaatggaaac
atgttaagac

SEQ ID NO:
A, thaliana ATRZ

atgtcttecct
ggtgaaccag
gaattgtctt
gectgttttga
aaaagagtcy
ggtagaaaga
aaagcecttag
ttggatgact
gecatttttot
tacaaatggt
gtttteggtt
gatattttgg
caatgtatag
atcttgagag
tacagagttt
ggtaacggtt
agagaattac
ggttceggtt
gaaactgttyg
cacgotgaaa
tgtaacttaa
goettggttyg
ttagecatctce

tgacgggttt
tggcggtage
caaatcatct
aattgaagga
tctatagtat
aggaggeatt
aagtacttac
cagttaagag
ttecacagaga
acccagaaca
ctatgagaca
ctatgaatag
atgttgattyg
atactattca
acaaaaagaqg
aagctcaaac
cttcagatac
aattgcaaga
aagagcatct
actcaccagt
accatgttec
acgtttggga
ttgattttca
aagececetttt
tgaaggatat
cattgagage

5

cttcectette
ttatcgtcte
caatgttgat
teggttgtat
aacctttgaa
aagttacaat
gtgaagaagce
atgccegetga
ttttggeaac
ttacagagqyg
tgggtaacag
togaacaagy
aagatgactt
aagaaggtyga
ccatccatyga
atacagtttt
atacaccaga
taaccatgaa
atgaagcatt
aagaagatygg
gaacageoctt
ctttageege
cagceoggtaa

gttaactgte
getaatettt
toecaagagtyg
gaaaaagoca
caaaactggy
ggtgaccaga
agcagataaqg
acacatactg
tatcatgatg
ggaagaggta
agecttagga
agacgaaatce
gagagacttc
acaaatgtac
aatagegtcea
tttaaccgat
aacaatggte
taggttgtac
atcacagetg
tecctatcatt
tgctggeaca
aaatccagag
aaagacgatg
aactgcatct
gactcaagaqg
tattatcaaa

cagtacctct
cgacccagea
cgaaaacaga
tgtcatgttg
accattagta
atttttceggt
taaggcaaga
tgacgatgaa
ctatggtgac
taatgatcgt
acaatacgaa
tgctcaaaga
tactgcectyg
caccgeegtt
tagtgaagac
cgatgeacaa
atccgacaga
gttgggtgac
gagattgttg
tacaccaatt
gaccagatac
tcatgcectagt
agatgaatat

{codon optimized)

ccagcaaccy
tggtacctga
cctgaagtoce
tacatgactt
gcectacaagta
ttccaatcca
acaatggteg
accgoogtet
gataacatat
gaccttagaa
aaggatgttg
tttecaagtce
tttcecatace
atcagaagaqg
ggcgaaaagce
cagcaactat
acaacagaat
agagacatta
ccttacatta
cctectaagac
gaacttgceg
gaatggaacc
geoctteggty
attgggattg
gaagtgaaca
cctaggatcet

{codon optimized)

atgattgatt
aatgcctcty
caattcegeca
gtatggagaa
attaageceaa
acccaaactqg
tacgaaaaga
tacgaagaaa
ggtgaaccaa
ggtgaatggt
catttcaaca
ttagtccaag
agagaagcett
gctaccocat
geaaagttta
cacccttaca
agttgtatac
catgtaggtyg
gatatgtccc
tccagtteott
gettgettgt
gatcctactyg
tcaaagtggy

62

ctataactat
aatcctacac
caggtgttee
ttacgagatyg
tggttgtggt
tatctacaaqg
caatgtcaga
tgggtcctaa
ctactcaact
aaatctttea
aaagtttgta
ttgttgttga
taaagtgggt
aagctgttat
taaatagtta
tgatgtcott
gggcaatgta
agteocgtetyg
cagectatttt
atgtacatgs
ttaacatcta
cagaaagatt
gtggtaagag
ggagaatggt
cgataggeoct
aa

tgatggetge
cttatgaatc
tgatcgtaac
gatccggtag
gagaagaaga
gtacagctga
ctagattcaa
agttgaagaa
ctgacaatge
tgaaaaactt
aagttgceaaa
taggtttggy
tgtggectyga
atactgctgce
atgatatcac
aagctaacgt
acttggaatt
ttttatgega
ctgacactta
taccacctce
tatcatccco
aagceagaaaqg
tagttgaatc
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tggtggaact
atcagcetaga
attgttagga
ggcagocgaca
atcatctaat
gaacttatcoct
ttatgatgat
tgcacagaaa
tcatgaattc
atctgagtta
cgttgaagac
tccaatgatyg
cccaaacaaas
gaaatcttta
tatcgattac
gtgggaacca
cgaattaget
tggatctgaa
ccacgaaaca
agataccgtt
cggttgcaac
catgaaagag
agtttgtget
tcaagagttc
aactacacaa

tattattaaa
agttgectgea
tacatcaatc
tggtaattcet
aatagatgac
aggttttgca
gatagtcgat
agaagatgtt
agocagattc
aaagtacggt
ggttgtcgac
tgacgatgac
attagacaca
agtattagaa
tttggccaat
tgcagtcaaqg
tgatatcget
caatttgtot
ttttagttty
attccecctecea
taaaaagtcce
attgaaacac
tcaaagatca

60
120
180
240
300
360
420
480
540
600
6560
720
780
840
900
960

1020
1080
11490
1200
1260
1320
1380
1440
1500
1542

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
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ttgttagaaqg
ggtgtageac
gaaactagaa
cacaagggtg
ttgttettag
aaggttccaa
caagaaagat
ggttgtagaa
tetggtgeat
gttcaacata
tatttgtacyg
acaattgctce
ttacaaactt

SEQ ID NO:
Stevia rebaudiana KAHel

atggaagect
actcaactta
attggacact
aagtacggac
ccatcageaqg
acattgtttg
tggcgtaate
tttecatgata
tctectgtta
atctctggea
tttegagaaa
ttaccaatat
aaaaagagag
aaagtaggcea
cctgagtact
agtgatactt
gtattgaaga
gagtcagaca
tatoccageag
tacaatatac
aaagtotyggy
agagatggtt
ttggcaataa
agagtaggag
gttccattag
taa

SEQ ID NO:

ttatggecaga
ctagattgcea
ttecatgttac
tatgetctac
gtagaccaat
taatcatgat
tggetttagt
acagaagaat
tggcoccgaatt
agatgatgga
tttgcggtga
aagaacaaqq
cecggtagata

6

cttacctata
gaaggaagag
tatacttact
caatactgea
cagaagagtg
gcaaaatagt
taaggagagt
tcagagtygga
ctocttataac
aaagatattt
tcttagacga
tgaactggtt
atgacttttt
aaggtagaaa
atacagatgce
cagcgggeac
aagctcaagce
ttggaaatat
ggccattgtt
ctagaggtac
atgatcctga
tcaaacttat
ggctgttagg
atgagatggt
ttgccaaatg

7

attteccatct
accaagattce
atgtgcatta
ttggatgaaa
cttegtaaga
aggtcotggt
tgaatctggt
ggattteatc
atctgtaget
taaggcatce
cgcaaaggygt
ttcecatggat
cttgagagat

catttctatt
cgctaatcta
caaaaagcct
attacaacte
ctttaccaat
gggtggaaca
agcttctatce
tgagaacaga
agtecttttat
cgacagtggy
aacgttgett
gggagttaag
ccagggtttg
aacgatgatc
tatgataaga
tatggaatgg
tgaaatcgat
ccettacatce
gttccoccacat
aatgttaatc
aacctttaaa
gccatteggt
gatgacacta
tgacatgaca
taagccacygt

Stevia rebaudiana CPRS
ATGCAATCTAACTCCGTGAAGATTTCGCCGCTTGATCTGGTAACTGCGCTGTTTAGCGGCAAGGTTTT
GGACACATCGAACGCATCGGARTCGGGAGAATCTGCTATGCTGCCGACTATAGCGATGATTATGGAGA
ATCGTGAGCTGTTGATGATACTCACAACGTCGGETTGCTGTATTGATCGGATGCETTGTCETTTTGGTG
TGGCGCAGATCGTCTACGAAGAAGTCGGCETTGGAGCCACCGGTGATTGTGGTTCCGAAGAGAGTGCA
AGAGGAGGAAGTTGATGATGGETAAGAAGARAGTTACGETTTTCTTCGGCACCCAAACTGGAACAGCTG
ABGGCTTCGCTAAGGCACTTGCTTGAGGAAGCTARAGCTCGATATGAAMAGGCTGTCTTTARAGTAATT
GATTTGGATGATTATGCTGCTGATGACGATGAGTATGAGGAGAARACTAAAGAAAGAATCTTTGGCCTT

gccaageeote
tactcaatca
gtctacgaaa
aatgctgtte
caatcasact
acaggtttag
gtecgaattag
tatgaagaaqg
ttttcaagag
gacatatgga
atggccagag
agtaccaaag
gtetggtga

{codon—~optimized)

ttgecttttac
ccaccaaceg
ctttatagaa
ggctacagac
aacgatgtaa
tcocttggea
gaaatcetat
ttgttaatta
gctcoctaacat
gatagagaat
ctagcoccggtyg
tctettgaaa
attgaacagg
gaactcttat
tcttttgteco
goecatgaget
agagttatcg
gggtgtatta
gaaagttctyg
gtaaaccaat
cctgaaagat
tctgggagaa
ggctcagtga
gaaggtttgg
tecocgaaatga

63

cattaggtgt
gttecttecace
agatgccaac
cttacgaaaa
tcaagttgee
ccecatteag
gtcottecagt
aattgcaaag
aaggtccaac
acatgatcag
atgtccatag
ctgaaggttt

tggcatcata
tgtttcecate
ctttageaaa
gtgttctggt
tecttegeaaa
gtttatccta
cagttcatag
gaaaacttag
tgaacgtcat
tggaggagga
cttctaatgt
agaaattgat
ttagaaaatc
tatctttgea
taggtctget
tactggtcaa
gtaataacag
tcaatgaaac
cecgactgoegt
gggegattca
ttcaaggatt
gaggatgtee
tccaatgttt
gtgtcacact
ctaatctcct
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cttetttget
taagatcget
cggtagaatt
atcagaaaaqg
ttetgattea
aggtttettyg
tttgttettt
attcgtegaa
taaggaatac
tcaaggtget
atctttgeac
cgtaaagaac

cctgttecace
aataccaatc
aattgcecget
gatttcctea
tagacctaaqg
cggogatcaa
gttgaacgaa
aagttcatct
tatgagaatg
aggtaagaga
tggcgactac
cgetttgeag
tcgtggtget
agagtcagaa
ggctgeaggt
tcacccacat
attgattgac
tctaagacte
tatttecoggt
tcacgatcect
agaaggaact
aggtgaaggt
tgattgggag
tectaaggcee
atccgaactt

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2139

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1503
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TTTCTTTTTGGCTACGTATGGAGATGGTGAGCCAACAGATAATGCTGCCAGATTTTATARATGGTTTA
CTGAGGGAGATGCGAAAGGAGAATGCCTTAATRAAGCTTCAATATGCAGTATTTGGTTTGGGTRAACAGA
CAATATGAACATTTTAACAAGATCGCARAAACTGGTTCGATGATGGTCTTGTAGARACAGGGTGCAAAGCG
TCTTGTTCCTGTTGGACTTGCAGATGATGATCAATGTATTGAAGATGACTTCACCGCATGGAAAGAGT
TAGTATGGCCGGAGTTGCGATCAATTACTTCCTGATGAGGATGACACAACTGTTGCTACTCCATACACA
GCTGCTGTTGCAGAATATCGCGTTGTTTTTCATGARARACCAGACGCGCTTTCTGAAGATTATAGTTA
TACAAATGGCCATGCTGTTCATGATGCTCAACATCCATGCAGATCCAACGTGGCTGTCAAAAAGGAAC
TTCATAGTCCTGAATCTCACCGGTCTTGCACTCATCTTGAATTTGACATCTCGAACACCGGACTATCA
TATGAAACTGGGGACCATGTTGCAGTTTACTGTGAAAACTTGAGTCGAAGTTGTGAATGATGCTGAAAG
ATTAGTAGGATTACCACCAGACACTTACTCCTCCATCCACACTGATAGTGAAGACGGGTCGCCACTTG
GCGGAGCCTCATTGCCGCCTCCTTTCCCGCCATGCACTTTAAGCARAGCATTGACGTGTTATGCTGAT
GTTTTGAGTTCTCCCAAGAAGTCGGCTTTGCTTGCACTAGCTGCTCATGCCACCGATCCCAGTGAAGC
TGATAGATTGAAATTTCTTGCATCCCCCGCCGGARAGCGATGAATATTCTCAATGGATAGTTGCAAGCC
AARGARAGTCTCCTTGAAGTCATGGAAGCATTCCCGTCAGCTAAGCCTTCACTTIGGTGTTTTCTTTGCA
TCTGTTGCCCCGCGCTTACAACCAAGATACTACTCTATTTCTITCCTCACCCARGATGGCACCGGATAG
GATTCATGTTACATGTGCATTAGTCTATGAGAAAACACCTGCAGGCCGCATCCACAAAGGAGTTTLTT
CAACTTGGATGAAGAACGCAGTGCCTATCACCGAGAGTCAAGATTGCAGTTGGGCCCCAATATACGTC
CGARCATCCAATTTCAGACTACCATCTGACCCTAAGGTCCCGGTTATCATGATTGGACCTGGCACTGG
TTTGGCTCCTTTTAGAGGTTTCCTTCAAGAGCGGTTAGCTTTAAAGGAAGCCGGAACTGACCTCGGTT
TATCCATTTTATTCTTCGGATGTAGGAATCGCAAAGTGGATTTCATATATGAARAACGAGCTTAARCARC
TTTGTGGAGACTGGTGCTCTTTCTGAGCTTATTGTTGCTTTCTCCCGTGAAGGCCCGACTAAGGAATA
TCTGCAACACAAGATGAGTGAGAAGGCTTCGGATATCTGGAACTTGCTTTCTGAAGGAGCATATTTAT
ACGTATGTGGTGATGCCARAAGGCATGGCCAAAGATGTACATCGAACCCTCCACACAATTGTGCAAGAA
CAGGGATCTCTTGACTCGTCAAAGGCAGAACTCTACGTGAAGAATCTACAAATGTCAGGAAGATACCT
CCGTGACGTTTGGTAA

SEQ ID NO:8

Stevia rebaudiana UGT85C2 (codon optimized)

atggatgcaa tggcaactac tgagaaaaag cctcatgtga tcttcecattcece atttcectgea 60
caatctcaca taaaggcaat gcectaaagtta gcecacaactat tacaccataa gggattacag 120
ataactttcg tgaataccga cttcatccat aatcaatttce tggaatctag tggecctcoat 180
tgtttggacg gagccccagg gtttagattce gaaacaattc ctgacggtgt ttcacattcoce 240
ccagaggect ccatcccaat aagagagagt ttactgaggt caatagaaac caactttttg 300
gatcgtttea ttgacttggt cacaaaactt ccagacccac caacttgeat aatctctgat 360
ggctttctgt cagtgtttac tatcgacget gcocaaaaagt tgggtatcece agttatgatg 420
tactggacte ttgctgecatg cggtttcatg ggtttetate acatccattc tcttatcgaa 480
aagggttttyg ctccactgaa agatgecatca tacttaacca acggctacct ggatactgtt 540
attgactggg taccaggtat ggaaggtata agacttaaag attttccttt ggattggtet 600
acagacctta atgataaagt attgatgttt actacagaag ctccacsaag atctcataag 660
gtttcacatc atatctttca cacctttgat gaattggaac catcaatcat caaaaccttg 720
tctetaagat acaatcatat ctacactatt ggtccattac aattacttct agatcaaatt 780
cctgaagaga aaaagcaaac tggtattaca tceccttacacyg getactcettt agtgaaagag 840
gaaccagaat gttttcaatg gctacaaagt aaagagcecta attctgtggt ctacgtcaac 900
ttcggaagta caacagtcat gtccttggaa gatatgactg aatttggttg gggeccttget 960
aattcaaatc attactttct atggattatc aggtccaatt tggtaatagy ggaaaacgoce 1020
gtattacctce cagaattgga ggaacacatc aaaaagagag gtttcattge ttectggtgt 1080
tctcaggaaa aggtattgaa acatccttcect gttggtggtt tecttactceca ttgeggttgy 1140
ggctctacaa tcgaatcact aagtgcagga gttccaatga tttgttggec atattecatgg 1200
gaccaactta caaattgtag gtatatctgt aaagagtggg aagttggatt agaaatggga 1260
acaaaggtta aacgtgatga agtgaaaaga ttggttcagyg agttgatggyg ggaaggtgge 1320

64
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cacaagatga gaaacaaggce caaagatigg aaggaaaaag
aacgggteat cctcectctaaa cattgataag atggtcaaag

aactaa

SEQ ID NO:-
S. rebaudiana UGT74G1

atggecggaac
caaggecata
acaacacttg
accaccteca
geaggagaat
atcaagaagce
gaatgggttt
gettgtgttg
ggtgaaacty
ttgragaatc
aatattgatce
atagagtgga
taccttgaca
catcatgagt
tttggtagee
gatagtgatg
aatctttegy
gatgtgttag
cttgaagcaa
acaaatgcca
aatgggatag
agaggagtaa
catgaaggty
taaatttttg
aatattgaat
tgcgacttaa

SEQ ID NO:

9

aacaaaagat
taaacccttt
ttaccaccat
tcgaaatcca
catatttgga
ttcaaagtga
tagatgttge
taaacagett
ttteggtteo
atgagcaaat
aagcacgttyg
cgagaaagat
aacgacttga
gcatgaacty
tggtgaaaca
tcaacttett
aagtaataaa
cacacgaatc
taagtettgg
agettctaga
tgagaagagg
taatccgaaa
gtagctcaga
ttgetttgta
cataactaaa
aacctttagt

10

5. rebaudiana UGT76G1

atggaaaaca
cettttecaag
ttttctatta
ttcacattca
acccacggtco
cttagaagadg
ctgattactg
agattggtac
tttgacgaat
ggttttccta
aaagagatct
agtttcaaaqg
tcattcectga
gacagaacayg
tttggtagta
gatagtaagc
gtogaaccac
caacaggaaqg

agaccgaaac
ggcacatcaa
caatcttteca
gattcatact
ctttagetygg
aattagagtt
acgoetotatyg
taatgacatc
tgggatactt
tgttgaaagt
taggaaagat
agttagaaga
taccattacc
tttttcaatg
cttoctgaagt
agtcattcct
ttecagatgg
ttttagetea

caagaaatca
catccagttt
cecacacctta
agcaatttcc
aacattcaaa
aggaaccaca
aattgagttt
atattatcat
tggatticca
acagageoct
ggtcttcaca
atggaacttg
tgatgataaa
gttagacgat
tggaceccgaa
gtgggttatc
aaccggaaaqg
agtaggatgc
agtccoccogtt
tgaaattttg
aaatcttgcyg
gaatgeggta
caatgatatt
ttttatgtgt
ttcaagatta
ttataaaaag

{GenBank AAR0GY920.

ccacacgtte
ggcaaacgat
aactcaacco
gatggttgty
caagttgggt
attgatgcaa
ggaatcgatyg
gttecataagqg
gtgcttcaac
tggtctecaga
aatagttttt
aaggtaatcg
gataacggat
aagccaaagq
caagtggaag
aaacataaaqg
ggtttgattg
tttgttacac
gttgcaatge
ggtgttggag
tcatgtatta
aaatggaagqg
gtcgaatttg
tatggttttt
ttgtttgtaa
aaattagaaa

{codon optimized)

aacagttaga
tccaatacta
caccaattte
tgataatgat
aatgagaatt
acttatgttg
gtactttgee
cagtctgttt
ggaccctgat
caaagatatce
gatcaaacag
gtotgaattyg
aaaacatttqg
gttggaccaa
cgatgaaaag
ctgggtegtg
ttttetagge
tggegetatt

cgtaggegta
caactagccea
aacaaaccaa
cecacaagatyg
ccaatcatca
gcatccgaay
caatctgtagy
aactittcacyg
gacaagacta
aagtctgeot
acaaaggett
gagactgtaa
actgctteet
caaccaccta
gacttcettg
cgteccaggtt
gaaagaggta
ggggecattet

65

ccagaattge
agattacagt

1)

tactcatcce
taatctecaa
taaaccacaqg
atgaaggcgg
ctaaatcact
tcatttatga
gtggttegtt
gtttgattte
gatgggagac
tgttgtttgg
acaagctcga
ggccaacact
ttaatctcta
aatcagttgt
aaatcacacy
aagagggaaa
tagcatggty
attgtgggtt
ctcaatttte
ttagagttaa
agatgattat
atttggctaa
taagtgaget
tgatttagat
tattotttgt
atactattgce

gaatcattcet
acgttttgta
aaacatccaa
aacgtatttce
atgaacatqgg
aggacgagda
ctgatagttt
ctecatgttag
ggttagagga
attctaattg
catctggagt
tcagagaaat
cttectettt
gttctgtttt
aaatcgeaaqg
tcgtgaaagyg
gaatagtcaa
ggactcattc

PCT/EP2015/068314

tattgctoct
cttagccaga

attcccttta
aggtgtcaaa
taacaccacc
ttttatgagt
agctgactta
ttctatgact
tttcactcaa
tttgecattg
accgttaatt
tcagtttget
ggaagaggra
tcecatccaty
caaagcaaac
ttacgtagea
ggetttaata
gectecoccagaa
caaacaatig
caactcaact
ggatcaaact
ggctgatgag
ggaggaggaa
agtagcecgtt
aattaaggcet
gtattcaatt
cctaaaattt
acgga

gtttcecagta
ctectaaaggt
ttacccacat
aaacttacct
tgocgatgag
agtctecttgt
gaatttgagg
tttaccacaa
acaggeoctet
gcaaatcttg
gatttggaac
tcecageacct
gttggatcat
gtacgtgtea
aggcttagto
ctcaacatygg
atgggttect
cggatggaat

1380
1440
1446

60
120
180
240
300
360
420
480
540
600
660
120
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1555

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560

1020
1080
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tcaactttag
caaccactga
ggctgggaaa
gagtatatca
ggaggcectett

SEQ ID NO

$. rebaudiana UGT91D2e-b

atggctactt
tggttggett
ggtcacaagqg
tcecccattga
gectgaageta
ggtttacaac
gattatactc
ttetetgtta
aacggttcotg
ttteccaacaa
ccaggtattt
totaagtget
gttccagttg
acttgggttt
getttgggtt
gaattgtetyg
gattctgttg
acttettggg
cattgtggtt
ccaatoetttyg
gaaatoccaa
agatccecgttg
aagatctaca
gaaaagaatyg

SEQ ID NO

aatcagtatg
acgcaagata
ggggtgaaat
gacaaaacgc
catacgaatc

: 11

ctgattccat
tcggtecatat
tttcattett
tcaacgttgt
ctactgatgt
cagaagttac
attactggtt
ctactccatg
atggtagaac
aagtctgttyg
ctgatggtta
atcatgaatt
tteccagtagy
ccatcaaaaa
cogaagettt
gtttgcecatt
aattgccaga
cteccacaatt
ctggttetat
gtgaccaacce
gaaatgaaga
tegttgaaaa
acgataccaa
ctagagetgt

112

Cryza sativa seqguence

atggatagtg
ccttggttygg
agaggccata
agacctgctco
ttgoccagacy
ttgcatagaa
tgtgragact
cataaggtge
gatagaagat
gctgecgoeo
gggatgagtc
agatccetgeg
cctattactt
gatgctactyg
ggttctyagy
geoggaacaa
ctaccageotg
ccacaaatga

getactecte
cetttggtea
gagtatcatt
tagecteoctot
gogetgaate
gagcctttga
gggttatagt
cttgtgetat
tggaaagagc
caacctttga
ttgctgaaag
tcgagttega
teettggtet
ttaggtyggtt
taccactagqg
gattecetttyg
ggttecgaaga
gtattctage

cgaaggggta
catgtcectgat
agctaatgea
aagagtgctg
cttagaatcet

cgttgacgat
tttgecatac
gtctaccacc
tcaattgact
tcatccagaa
tagattettyg
gocatceecatt
ggctattget
taccgttgaa
gagaaaacac
cagaatgggt
cggtactcaa
tttgttgecea
gtggttggat
ggtttctcaa
tgtttggget
tggtttcogtt
gagaattttg
cgttgaaggt
attgaacgct
agatggttge
agaaggtgaa
ggtcgaaaaa
tgocecattgat

encoding EBEUGT11

atcttatget
cotgttacea
tgtgtctact
agttgeattce
tactaatgac
tggattggea
cgatgtattt
gatgttgtta
tgaaacagaa
agtggctaga
gtitttctetg
acctgaaaca
aatgccteoca
agatgcccaa
ggtggaaaag
ggctttgaga
gagaacaaga
tcatgcaget

cctatgatet
gttttgaaag
ataagacytyg
aagcaaaaqgq
cbttgtttect

(codon optimized)

agaaagcaat
ctgecaattgt
agaaacatcce
ttgccaagag
gatatccctt
gaacaacatt
getgettceat
ratatgggtc
gatttgacta
gatttggeta
atggttttga
tggttgectt
ccagaaatte
ggtaagcaaa
accgaagttyg
tacagaaaac
gaaagaacta
tctecatgaat
ttgatgtttg
agattattgg
ttgaccaaaqg
atctacaagqg
gaatacgttt
catgaatctt

gectgoegetyg
tgtctggatt
cctagaaata
gttgectotte
gtaccacatg
getcocecatttt
catcactggy
gggtcagcac
tcececcageeg
atgaaattga
acattatcta
gtacctttac
ttacatgaaqg
cergetaagt
gtgcatgaat
aaaccaacceqg
ggccgtggtg
gtaggggeot
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tttcagattt
tgggtgtata
ttatggttga
ccgacgttte
acatttecate

tgeatgttge
ccaagttgat
aaagattgtc
tccaagaatt
acttgaaaaa
coccoccagatty
tgggtattte
catctgetga
ctccaccaaa
gattggttee
aaggttcocga
tgttggaaac
caggtgacga
agggttctgt
ttgaattgge
ctaaaggtcc
gagatagagg
cegtetgtgy
gtcacccatt
aagataagca
aatctgttge
ctaacgetag
ccocaattogt

ga

{codon optimized)

gtatgeacgt
tagcccaaag
tctetegttt
cacttccaaqg
atagacctga
ctgagttect
ctgoctgcage
acatgatcge
cagcaggaca
ttegtactaa
gatcatcatt
tatctacttt
gadaggagaga
ctgttgttta
tagecattagg
gtgtttctga
tegttgetac
ttctaacccea
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tggtottgat
tctagaaaat
tgaagagggy
tctaatgaay
actgtaa

tacttttcca
tgetgaaaag
cteteatatc
geecagaagat
ggocttocogat
gatcatctac
tagagocceat
tgctatgatt
gtggtttcea
atacaaagct
ttgettgtoyg
attgcatcaa
aaaagacgaa
tgtttatgtt
tttggatttyg
agctaagtct
tttggtttgy
tttecttgact
gattatgttg
agtcggtate
tagatcttty
agaattgtcc
tgactacttyg

tgtgatctyge
actggeoctea
accaccagtc
agtagaagga
catggtcgaa
gggcacagca
cgecattggaa
atccataget
aggtaggeca
aggtagttca
agttgtaggt
gagaggceaaa
agatggtgaa
cgttgeattyg
acttgagetg
cgoocgacttyg
tagatgggte
ttgcggttgg

1140
1200
1260
1320
1377

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560

1020
1080
1140
1200
1260
1320
1380
1422

60
120
180
240
300
360
420
480
540
600
660
120
780
840
900
960

1020
1080
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aactcaacaa
gatcagggac
aatgatggtg
gttgaggaag
gctgacatygg

tagaaggact
ctaacgcaaqg
atggttcctt
agtcatctaa
cttgtcacga

gatgtttggt
attgattgag
tgatagagaa
agttttccaa
aagatacatc

catccactta
gcaaagaacyg
ggcgttgeag
gctaaggeca
gatggtttca

ttatgttacc
caggtctgca
ctgccatcag
aaaaattaca
tccaacaatt

PCT/EP2015/068314

aatctttggce
ggtitgcacgt
agcagtcgece
agagattgtg
gagaagttat

aaagactaa

SEQ ID NO:13
YBR1BOW

>sp|P38125|DTR1_YEAST Dityrosine transporter 1 OS=Saccharomyces

cerevisiae (strain ATCC 204508 / 8288c) GN=DTR1l PE=1 §V=1
MGSEPEFQKKNLGLOINSQESGTTRSTFHSLEDLGDDVINESWDOVNQKRANIDHDVEFHEH
PDSSPSLSAQKAKTKEEEVAVKSSNSQSRDPSPDTOAHIPYTYFSKDQRLIIFGIIIFIG
FLGPMSGNIYIPALPLLQREYDVSATTINATVSVFMAVESVGPLFWGALADFGGRKFLYM
VSLESLMLIVNILLAAVPVNIAALFVLRIFQAFASSSVISLGAGTVTDVVPPKHRGKATIAY
FMMGPNMGPIIAPIVAGLILMEKGNYWRWLFGEFTSIMTGIALILVTALLPETLRCIVGNGD
PKWGDKKDERENNESPFFEGNKISHRRLFPDIGIRKPVNNDAFFQENFPKPPKAGLTLYW
KMIKCPPIIITSVSTALLESSYYAFSVTEFSYYLEHDYRFTMLEIGAAYVCPGVAMLLGSQ
SGGHLSDYLRSRWIKSHPKKKFPAEFRLLLNLIGILLTICGTIGYGWAIFFHYHFVVLLY
FSALTAFGMTWCSNTSMTYLTELFPKRAAGTVAVSSFFRNVGAAISSAITILOQLCNAMGIG
WCFTGLGLCSSISLIGILYLLIFQRKYTAKEF

SEQ ID NO:14
YALO&ETC

1140
1200
1260
1320
1380
1389

>sp|P39709|SEO0L YEAST Probable transporter SEOL OS=Saccharomyces

cerevisiae (strain ATCC 204508 / S288c) GN=SEQOl PE=1 8V=1
MYSIVKEIIVDPYKRLKWGEFIPVKRQVEDLPDDLNSTEIVTISNSIQSHETAENFITTTS
EKDQLHPETSSYSEHKDNVNVIRSYEYRDEADRPWWREFFDEQEYRINEKERSHNRWYSWE
KOGTSFKEKKLLIKLDVLLAFYSCIAYWVKYLDTVNINNAYVSGMKEDLGFQGNDLVHTQ
VMY TVGNIIFQLPFLIYLNKLPLNYVLPSLDLCWSLLTVGAAYVNSVPHLKAIRFFIGAF
EAPSYLAYQYLFGSFYKHDEMVRRSAFYYLGOYIGILSAGGIQSAVYSSLNGVNGLEGWR
WNEFIIDAIVSVVVGLIGEYSLPGDPYNCYSIFLTDDEIRLARKRLKENQTGKSDFETKVE
DIKLWKTIFSDWKIYILTLWNIFPCWNDSNVSSGAYLLWLKSLERYSIPRLNQLSMITPGL
GMVYLMLTGIIADKLHSRWFAIIFTQVFNIIGNSILAAWDVAEGAKWFAFMLQCFGWAMA
PVLYSWONDICRRDAQTRAITLVIMNIMAQSSTAWISVLVWKTEEAPRYLKGETFTACSA
FCLEIWTEFVVLYFYKRDERNNAKKNGIVLYNSKHGVEKPTSKDVETLSVSDEK

SEQ ID NO:15

YBLOBOW

>sp|P38176|AVTS_YEAST Vacuolar amino acid transporter 5
OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c)
PE=3 SV=2
MPSNVRSGVLTLLHTACGAGVLAMPFAFKPFGIMPGLITLTFCGICSLCGLLLOTRIAKY
VPKSENASFARLTQLINPSISVVFDFATAVRKCFGVGVSYLITIVGDLVPQIVOSIFYRNDD
NMSGSQEHHMFLDRRLYITLIIVEFVISPLCFKRSLNSLRYASMIATIVSVAYLSGLIIYHE
VNRHQLERGQVYFMVPHGDSQSHSPLTTLPIFVFAYTCHHNMFPSVINEQVDKSFKVIRRI
PIFAIVLAYFLYITIGGTGYMTFGENIVGNILTLYPNSISTTIGRLAMLLLVMLAFPLQC
HPCRSSVENIIIFIENFRKGKLYDNRASFIPLDNEFNSEDPQEAPTQONNEEPNLRSESLR
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HINIITLCILLFSYLLAISITSLAKVLAIVGATGSTSISFILPGLFGYKLIGSEFTGTNE
RVPTSIKIFKYLSLSLFIWGIAVMVASLSAIVELGTSSH

SEQ ID NO:le

YBLOOOW

>sp | POT7251ATPA YEAST ATP synthase subunit alpha, mitochondrial
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S$S288c) GN=ATPL
PE=1 SV=5
MLARTAAIRSLSRTLINSTKAARPAAAALASTRRLASTKAQPTEVSSILEERIKGVSDEA
NLNETGRVLAVGDGIARVEGLNNIQAEELVEFSSGVKGMALNLEPGQVGIVLFGSDRLVK
EGELVKRTGNIVDVPVGPGLLGRVVDALGNPIDGKGPIDAAGRSRAQVKAPGILPRRSVH
EPVQTGLKAVDALVPIGRGOQRELIIGDROTGKTAVALDTILNQKRWNNGSDESKKLYCVY
VAVGQKRSTVAQLVOTLEQHDAMKYS I IVAATASEAAPLOYLAPFTAASIGEWFRDNGKH
ALIVYDDLSKOAVAYROQLSLLLRRPPGREAYPGDVFYLHSRLLERAAKLSEKEGSGSLTA
LPVIETQGGDVSAYIPTNVISITDGOIFLEAELFYKGIRPAINVGLSVSRVGSAAQVEAL
KOVAGSLKLFLAQYREVAAFAQFGSDLDASTKQTLVRGERLTQLLKONQYSPLATEEQVP
LIYAGVNGHLDGIELSRIGEFESSFLSYLKSNHNELLTEIREKGELSKELLASLKSATES
FVATFE

SEQ ID NO:17

YBRZ241C

>spiP38142|YB9]1 YEAST Probable metabolite transport protein YBR241C
OS=Saccharomyces cerevislae (strain ATCC 204508 / 35288c) GN=YBR241C
PE=1 8V=1
MAETERLMPNGGSRETKPLITGHLILGTIVACLGSIQYGYHIAELNAPQEFLSCSRFEAP
DENISYDDTWVGQHGLKQCIALTDSQYGAITSIFSIGGLFGSYYAGNWANRYGRKYVSMG
ASAMCMVSSLLLFFSNSYLQLLFGRFLVGMSCGTAIVITPLFINEIAPVEWRGAMGSMNG
VSINLGILLTQTLALKYADSYNWRWLLFSGSVIAVANILAWLKVDESPRWLVSHGFVSEA
ETALFKLRPGTYQOAKQEIQDWQRSHGHNRDPESSEETHSGPTLWQYVTDPSYKKPRTVI
LAILSCOQFCGINSIIFYGVKVIGKILPDYSIQVNFAISILNVVVTLAASATIIDHVGRRP
LLLASTTVMTAMSLLISVGLTLSVSFLLVTATFVYIAAFAIGLGPIPFLIIGELSYPQDA
ATAQSFGTVCNWLATFIVGYLFPIGHGLMGGYVFAIFAATAAMFATYVYRKRVPETKGKTT
YSEVWAGY

SEQ ID NO:18

YBR294W

>sp | P3B359|SUL] YEAST Sulfate permease 1 OS=Saccharomyces cerevisiae
{(strain ATCC 204508 / S288c) GN=SULl PE=1 SV=2
MSRKSSTEYVHNQEDADIEVFESEYRTYRESEAAENRDGLHNGDEENWKVNSSKQKFGVT
KNELSDVLYDSIPAYEESTVILKEYYDHSIKNNLTAKSAGSYLVSLFPIIKWFPHYNFTW
GYADLVAGITVGCVLVPQSMSYAQIASLSPEYGLYSSFIGAFIYSLFATSKDVCIGPVAY
MSLOTAKVIAEVLKEYPEDQTEVTAPITATTLCLLCGIVATGLGILRLGFLVELISLNAV
AGFMTGSAFNIIWGQIPALMGYNSLVNTREATYKVVINTLKHLPNTKLDAVFGLIPLVIL
YVWKWWCGTFGITLADRYYRNQPKVANRLKSFYFYAQAMRNAVVIVVFTAISWSITRNKS
SKDRPISILGTVPSGLNEVGVMKIPDGLLSNMSSEIPASIIVLVLEHIAISKSFGRINDY
KVVPDQELIAIGVINLIGTFFHSYPATGSFSRSALKAKCNVRTPFSGVFTGGCVLLALYC
LTDAFFFIPKATLSAVIIHAVSDLLTSYKTTWIFWKTNPLDCISFIVIVFITVESSIENG
IYFAMCWSCAMLLLKQAFPAGKFLGRVEVAEVLNPTVQEDIDAVISSNELPNELNKQVKS
TVEVLPAPEYKFSVKWVPFDHGYSRELNINTTVRPPPPGVIVYRLGDSFTYVNCSRHYDI
IFDRIKEETRRGQLITLRKKSDRPWNDPGEWKMPDSLKSLFKFKRHSATTNSDLPISNGS
SNGETYEKPLLKVVCLDFSQVAQVDSTAVOSLVDLRKAVNRYADRQVEFHFAGIISPWIK
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RSLLSVKFGTTNEEYSDDSITAGHSSFHVAKVLKDDVDYTDEDSRISTSYSNYETLCAAT
GTNLPFFHIDIPDEFSKWDV

SEQ ID NO:19

YCLOG69W

>sp|P25594 | VBA3 YEAST Vacuolar basic amino acid transporter 3
OS=Saccharomyces cerevisiae {(strain ATCC 204508 / 5288c) GN=VBA3
PE=1 SV=1
MNMLIVGRVVASVGGSGLYTLCFVIGCTMVGERSRPLVISILSCAFAVAAIVGPIIGGAF
TTHVIWRWCFYINLPIGGLATI IMFLLTYKAENKGILOQIKDAIGTISSFTFSKFRHQVNFE
KRIMNGIIFKFDFFGFALCSAGLVLFLLGLTFGGNKYSWNSGOQVIAYLVLGVLLFIFSLY
YDFFLFDKFNPEPDNISYRPLLLRRLVAKPAIITIINMVTFLLCTGYNGOMIYSVQFFQLI
FASSAWKAGLHLIPIVITNVIAAIASGVITKKLGLVEPLLIFGGVLGVIGAGLMTLMTNT
STKSTQIGVLLLPGFSLGFALQASLMSAQLOITKDRPEAAMDFIEVTAFNTFMKSLGTTL
GGVLSTTVFSASFHNKVSRAHLEPYEGKTVDDMILYRLONYDGSHSTIGNILSDSIRKNVE
WMDLGFYALGFLFCSFSSNEKKLIIPKKDETPEDNLEDK

SEQ ID NO:Z20

YCROZ8BC

>sp|P25621 | FENZ YEAST Pantothenate transporter FENZ 0OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=FEN2 PE=1 SV=1
MMKESKSITQHEVERESVSSKRAIKKRLLLFKIDLFVLSFVCLOYWINYVDRVGFTNAYT
SGMKEDLKMVGNDLTVSNTVEMIGYIVGMVPNNLMLLCVPPRIWLSFCTFANGLLTLGMY
KVISFRKHICAIRFEQALFESCTFSGTHEVLGSWYKEDELPIRSAIFTGSGLVGEMESGEM
QTSIFTHLNGRNGLAGWRWLEFIIDFCITLPIAIYGEIFFPGLPDOTSAVSKESMTRYIFN
EQELHYARRRLPARDESTRLDWSTIPRVLKRWHWWMFSLVWVLGGENLGFASNSTFALWL
ONOKYTLAQRNNYPSGIFAVGIVSTLCSAVYMSKI PRARHWHVSVFISLVMVIVAVLIRA
DPLNPRVVFSAQYLGGVAYAGQAVFFSWANIICHADLQERATVLASMNMFSGAVNAWWS T
LEFASDMVPKFERGCYALLATAISSGIVSVVIRSLOIKENLSKKQVPYIDANDMPGEDDD
DDNQDNENDGDDESMEVELHNEEMAEISNPFR

SEQ ID NO:21

YCROT5C

>splPl7261|ERS1 YEAST Cystine transporter OS=Saccharomyces
cerevisiae ({strain ATCC 204508 / S288c) GN=ERS1 PE=1 5V=1
MVSLDDILGIVYVTSWSISMYPPITTNWRHKSASATISMDFVMLNTAGYSYLVISIFLQLY
CWKMTGDESDLGRPRLTQFDFWYCLHGCLMNVVLLTQVVAGARIWRFPGKGHRKMNPWYL
RILLASLAIFSLLTVQFMYSNYWYDWHNSRTLAYCNNLFLLKISMSLIKYIPQVTHNSTR
KSMDCFPIQGVFLDVTGGIASLLOLIWQLSNDQGFSLDTEVTNFGKVGLSMVTLIFNEIF
IMOWFVYRSRGHDLASEYPL

SEQ ID NO:22

YDL128W

>sp Q99385 | VCX1_YEAST Vacuolar calcium ion transporter
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=VCX1
PE=1 S§V=1
MDATTPLLTVANSHPARNPRKHTAWRAAVYDLOYILKASPLNFLLVFVPLGLIWGHFQLSH
TLTFLFNFLAIIPLAATLANATEELADKAGNTIGGLLNATFGNAVELIVSIIALKKGQVR
IVOASMLGSLLSNLLLVLGLCFIFGGYNRVQQTFNQTAAQTMSSLLAIACASLLIPAAFR
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ATLPHGKEDHFIDGKILELSRGTSIVILIVYVLEFLYFQLGSHHALFEQQEEETDEVMSTI
SRNPHHSLSVKSSLVILLGTTIVIISFCADFLVGTIDNVVESTGLSKTFIGLIVIPIVGNA
AEHVTSVLVAMKDKMDLALGVAIGSSLQVALFVTPFMVLVGWMIDVPMTLNFSTFETATL
FIAVFLSNYLILDGESNWLEGVMSLAMYILIAMAFFYYPDEKTLDSIGNSL

SEQ ID NO:23

YDL185W

>sp|P17255|VATA YEAST V-type proton ATPase catalytic subunit A
0OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=VMAL
PE=1 85V=3
MAGATENARKEIKRISLEDHAESEYGAIYSVSGPVVIAENMIGCAMYELVKVGHDNLVGE
VIRIDGDKATIQVYEETAGLTVGDPVLRTGKPLSVELGPGLMETIYDGIQRPLKAIKEES
QSIYIPRGIDTPALDRTIKWOFTPGKFQVGDHISGGDIYGSVFENSLISSHKILLPPRSR
GTITWIAPAGEYTLDEKILEVEFDGKKSDFTLYHTWPVRVPRPVTEKLSADYPLLTGQRY
LDALFPCVQGGTTCIPGAFGCGKTVISOSLSKYSNSDATIIYVGCFAKGTNVLMADGSIEC
IENIEVGNKVMGKDGRPREVIKLPRGRETMYSVVQKSQHRAHKSDSSREVPELLKFTCNA
THELVVRTPRSVRRLSRTIKGVEYFEVITFEMGQKKAPDGRIVELVKEVSKSYPISEGPE
RANELVESYRKASNKAYFEWTIEARDLSLLGSHVRKATYQTYAPILYENDHFFDYMOKSK
FHLTIEGPKVLAYLLGLWIGDGLSDRATFSVDSRDTSLMERVTEYAEKLNLCAEYKDRKE
POVAKTVNLYSKVVRGNGIRNNLNTENPLWDAIVGLGFLKDGVKNIPSFLSTDNIGTRET
FLAGLIDSDGYVTDEHGIKATIKTIHTSVRDGLVSLARSLGLVVSVNAEPAKVDMNGTKH
KISYAIYMSGGDVLLNVLSKCAGSKKFRPAPAAAFARECRGFYFELQELKEDDYYGITLS
DDSDHQFLLANQVVVHNCGERGNEMAEVLMEFPELYTEMSGTKEPIMKRTTLVANTSNMP
VAAREASIYTGITLAEYFRDQGKNVSMIADSSSRWAEALREISGRLGEMPADQGFPAYLG
AKLASFYERAGKAVALGSPDRTGSVSIVAAVSPAGGDFSDPVTTATLGITQVEFWGLDKKL
AQRKHFPSINTSVSYSKYTNVLNKFYDSNYPEFPVLRDRMKEILSNAEELEQVVQLVGKS
ALSDSDKITLDVATLIKEDFLQONGYSTYDAFCPIWKTFDMMRAFISYHDEAQKAVANGA
NWSKLADSTGDVEKHAVSSSKFFEPSRGEKEVHGEFEKLLSTMQERFAESTD

SEQ ID NO:24

YDL194W

>sp|P1l0870|SNF3_YEAST High-affinity glucose transporter SNF3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 35288c) GN=SNF3
PE=1 8§V=3
MDPNSNSSSETLRQEKQGFLDKALOQRVKGIALRRNNSNKDHTTDDTTGSIRTPTSLORON
SDROSNMTSVFTDDISTIDDNSILFSEPPQRQSMMMSICVGVEVAVGGFLEGYDTGLINS
ITSMNYVKSHVAPNHDSFTAQOMSILVSFLSLGTFFGALTAPFISDSYGRKPTIIFSTIF
IFSIGNSLOVGAGGITLLIVGRVISGIGIGAISAVVPLYQAEATHKSLRGAIISTYQWAT
TWELLVSSAVSQGTHARNDASSYRIPIGLOYVWSSFLAIGMFFLPESPRYYVLKDKLDEA
AKSLSFLRGVPVHDSGLLEELVEIKATYDYEASFGSSNFIDCFISSKSRPKQTLRMFTGI
ALQAFQOFSCINFIFYYGVNFFNKTGVSNSYLVSFITYAVNVVENVPGLFFVEFFGRRRY
LVVGGVIMTIANFIVAIVGCSLKTVAAAKVMIAFICLFIAAFSATWGGVVHWVISAELYPL
GVRSKCTAICAAANWLVNFICALITPYIVDTGSHTSSLGAKIFFIWGSLNAMGVIVVYLT
VYETKGLTLEEIDELYIKSSTGVVSPKENKDIRERALKFQYDPLORLEDGKNTFVAKRNN
FODETPRNDFRNTISGEIDHSPNQKEVHSIPERVDIPTSTEILESPNKSSGMTVPVSPSL
CDVPIPQTTEPAEIRTKYVDLGNGLGLNTYNRGPPSLSSDSSEDYTEDEIGGPSSQGDQS
NRSTMNDINDYMARLIHSTSTASNTTDKFSGNQSTLRYHTASSHSDTTEEDSNLMDLGNG
LALNAYNRGPPSILMNSSDEEANGGETSDNLNTAQDLAGMKERMAQFAQSYIDKRGGLEP
ETQSNILSTSLSVMADTNEHNNEILHSSEENATNQPVNENNDLK
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SEQ ID NO:25

YDL210W

>sp|{P32837|UGA4_YEAST GABA-specific permease OS=3accharomyces
cerevisiae (strain ATCC 204508 / $28Bc) GN=UGA4 PE=1 §SV=1
MSMSSKNENKISVEQRISTDIGOAYQLOGLGSNLRSIRSKTGAGEVNYIDAAKSVNDNQL
LAEIGYKQELKRQFSTLOVFGIAFSIMGLLPSIASVMGGGLGGGPATLVWGWEVAAFFIL
LVGITMAEHASS I PTAGGLYYWTYYYAPEGYKEIISFIIGCSNSLALRAGVCSIDYGLAE
EIAAAVTILTKDGNFEVTSGKLYGIFAGAVVVMCICTCVASGAIARLOTLSIFANLFIIVL
LFIALPIGTKHRMGGENDGDFIFGKYENLSDWNNGWQFCLAGFMPAVWTIGSFDSCVHQS
EEAKDAKKSVPIGIISSIAVCWILGWLIIICLMACINPDIDSVLDSKYGFALAQIIYDSL
GKKWAIAFMSLIAFCQFLMGASITTAVSROVWAFSRDNGLPLSKYIKRVDSKYSVPFFAT
LAACVGSLILGLLCLIDDAATDALFSLAVAGNNLAWSTPTVFRLTSGRDLFRPGPFYLGK
IWSPIVAWTGVAFQLFITILVMFPSQOQHGITKSTMNYACVIGPGIWILAGIYYKVYKEKY
YHGPATNLSDDDYTEAVGADVIDTIMSKQEP

SEQ ID NO:26

YDROG1IW

>sp|Q12298|YD061 YEAST Uncharacterized ABC transporter ATP-binding
protein YDROG1IW OS=Saccharomyces cerevisilae (strain ATCC 204508 /
S5288c) GN=YDROGIW PE=1 3V=1l
MSTNKFVVRITNALFKSSLASNSPPVYPKRIRHFEILPNEKWVIWGPGKGKFLDVLNNKY
ICEPPLSLRFGFLKESSNILPRIEQVAFKGVMPTAHLSARYEYFKDDYDQTCRQFIFDKA
SGSNAVSYRVETNNRQINMELYNALVENLNLSSLODRWVMGLSNGOMRRARLARSILKEP
DLLLIDDPFLGLDPAATATISQFLARKYDSIEVSGGCPIVIGLRYQDTIPAWCTHICCVDE
KNGILFEGPIEKLOSKMDETRSRALKELEQLKKASNSKEDISINDLICIHPMYGKKEHRET
IKMPHLIELDGLSVSYKGEAVLENLHWKVQPGSKWHIRGDNGSGKSTLLSLLTAEHPQSW
NSRVIDNGVPRRTGKTNYFDLNSKIGMSSPELHATIFLKNAGGRLNIRESVATGYHEASSN
NYLPIWKRLDENSQEIVNMYLKYFGLDKDADSVLFEQLSVSDORKLVLEVRSLIKMPQILI
LDEAFSGMEVEPMMRCHEFLEEWPGTVLVVAHVAEETPKCAHYLRLISPGEYEIGDMEN

SEQ ID NO:27

YDROS3W

>sp|Ql2675|ATC4 YEAST Phospholipid-transporting ATPase DNFZ
0S=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=DNF2
PE=1 SV=1
MESPSKPTSPEFVDDIEHESGSASNGLSSMSPFDDSFQFEKPSSAHGNIEVAKTGGSVLKR
OSKPMKDISTPDLSKVIFDGIDDYSNDNDINDDDELNGKKTEIHEHENEVDDDLHESFQAT
PMPNTGGFEDVELDNNEGSNNDSQADHKLKRVRFGTRRNKSGRIDINRSKTLEKWAKKNFH
NAIDEFSTKEDSLENSALONRSDELRTVYYNLPLPEDMLDEDGLPLAVYPRNKIRTTKYT
PLTFFPEKNILFQFHNFANIYFLILLILGAFQIFGVTNPGFASVPLIVIVIITAIKDGIED
SRRTVLDLEVNNTRTHILSGVKNENVAVDNVSLWRRFKKANTRALIKIFEYFSENLTAAG
REKKLOKKREELRREKRNSRSFGPRGSLDSIGSYRMSADFGRPSLDYENLNQTMSOANRYN
DGENLVDRTLOPNPECRFAKDYWKNVKVGDIVRVHNNDEIPADMILLSTSDVDGACYVET
KNLDGETNLKVROSLKCSKIIKSSRDITRTRFWVESEGPHANLYSYQGNFKWQODTONGNT
RNEPVNINNLLLRGCTLRNTKWAMGMVIFTGDDTKIMINAGVTPTKKSRISRELNFSVIL
NFVLLFILCFTAGIVNGVYYKQRPRSRDYFEFGTIGGSASTNGFVSEFWVAVILYQSLVPI
SLYISVEIIKRTAQAIFIYTDVLLYNAKLDYPCTPKSWNISDDLGQIEYIFSDKTGTLTON
VMEFKKCTINGVSYGRAYTEALAGLRKRQGVDVESEGRREKEEIAKDRETMIDELRSMSD
NTQFCPEDLTEFVSKEIVEDLKGSSGDHQQKCCEHFLLALALCHSVILVEPNKDDPKKLDIK
AQSPDESALVSTARQLGYSFVGSSKSGLIVEIQGVOKEFQVLNVLEFNSSRKRMSCIIKI
PGSTPKDEPKALLICKGADSVIYSRLDRTONDATLLEKTALHLEEYATEGLRTLCLAQRE
LTWSEYERWVKTYDVAAASVITNREEELDKVTDVIERELILLGGTAIEDRLODGVPDSIAL
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LAEAGIKLWVLTGDKVETAINIGFSCNVLNNDMELLVVKASGEDVEEFGSDPIQVVNNLY
TRYLREKFGMSGSEEELKEAKREHGLPOGNFAVIIDGDALKVALNGEEMRRKFLLLCKNC
KAVLCCRVSPAQKAAVVKLVKKTLDVMTLAIGDGSNDVAMIQSADVGVGIAGEEGROAVM
CSDYAIGQFRYVTRLVLVHGKWCYKRLAEMIPOFFYKNVIFTLSLEFWYGIYNNEDGSYLFE
EYTYLTEYNLAFTSVPVILLAVLDQDVSDTVSMLVPQLYRVGILRKEWNQTKFLWYMLDG
VYQSVICFFFPYLAYHKNMVVTENGLGLDHRYFVGVFVTAIAVISCNFYVEFMEQYRWDWE
CGLFICLSLAVFYGWTGIWTSSSSSNEFYKGAARVEFAQPAYWAVLFVGVLFCLLERFTID
CIRKIFYPKDIEIVREMWLRGDFDLYPQGYDPTDPSRPRINEIRPLTDFKEPISLDTHED
GVSHSQETIVIEEIPMSILNGEQGSRKGYRVSTTLERRDQLSPVITTNNLPRRSMASARG
NKLRTSLDRTREEMLANHQLDTRYSVERARASLDLPGINHAETLLSQRSRDR

SEQ ID NO:28

YDR338C

>sp Q05497 |YD338 YEAST Uncharacterized transporter YDR338C
OS=Saccharomyces cerevisiae {(strain ATCC 204508 / S288c) GN=YDR338C
PE=1 8V=1
MAGILSKTLSEVHPSLRTNGMGIGNTHRRISLGFLPPNKKNPLVRKFRARTRNIDQRSFR
SLTDDFGSNVHEPNPYLGNIDEEPDLYYHDEEDGELSRTISLPSRVSETPELSPQODVDWI
LHEHERRYSSVCNSDNEEASQSNTPDRIQEYSGRELEYDEFMNRLQAQKQKLTRSAVTDA
KGTSHHRRPSFVSVTSRGSVPTIYOEIDENDSEALAELAHSHVTFKSEARVLASYSFPLI
FTFLLEQIFPMVCSLTVGHLGKNELAAVSLASMTSNITLAIFEGIATSLDTLCPQAYGSG
RFYSVGVHLOQRCIAFSLVIYIPFAVMWWYSEPLLSYIIPEKELINLTSRFLRVLILGAPA
YIFFENLKRFLOAQGIFDAGIYVLTICAPLNVLVSYTLVWNKYIGVGFIGAATIAVVLNEW
ILMFFLLLEYALYIDGRKCWGGEFSREKAFTHWNDLGHLAFSGIIMLEAEELSYELLTLFSAY
YGVSYLARAQSAVSTMAALLYMIPFAIGISTSTRIANFIGAKRTDFAHISSQVGLSFSFIA
GFINCCILVFGRNLIANIYSKDPEVIKLIAQVLPLVGIVONFDSLNAVAGSCLRGQGMQS
LGSIVNLMAYYLFGIPLALILSWEFFDMKLYGLWIGIGSAMLLIGLVEAYYVLFPDWDKIM
TYAEILRETEDDEVDSDEYLTDSDDPDENTALLGA

SEQ ID NO:29

YDR406W

>splQ04182]PDR15_YEAST ATP-dependent permease PDR15 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S$288c¢c) GN=PDR15 PE=1 8V=1
MSSDIRDVEERNSRSSS5S33SNSARQSIGOHPYRGFDSEAAERVHELARTLTSOSLLYT
ANSNNSSSSNHNAHNADSRSVESTDMEGVNPVETNPDTPGYNPEKLDPNSDQFSSTAWVON
MANICTSDPDFYKPYSLGCVWKNLSASGDSADVSYQSTFANIVPELLTKGLRLLKPSKEE
DTFQILKPMDGCLNPGELLVVLGRPGSGCTTLLKSISSNSHGFKIAKDSIVSYNGLSSSD
IRKHYRGEVVYNAESDIHLPHLTVYQTLFTVARMKTPONRIKGVDREAYANHVTEVAMAT
YGLSHTRDTKVGNDLVRGVSGGERKRVSIAEVAICGARFQCWDNATRGLDSATALEFIRA
LKTQADIGKTAATVAIYQCSQDAYDLFDKVCVLDDGYQLYFGPAKDAKKY FQDMGYYCPEP
ROTTADFLTSITSPTERIISKEFIEKGTRVPOQTPKDMAEYWLQSESYRKNLIKDIDSTLEK
NTDEARNIIRDAHHAKQAKRAPPSSPYVVNYGMOVKYLLIRNFWRMKQSASVTLWQVIGN
SVMAFILGSMEYKVMEKKNDTSTFYFRGAAMFFAILFNAFSCLLEIFSLYETRPITEKHRT
YSLYHPSADAFASVLSEMPPRKLITAVCENIIFYFLVDERRNGGVFFFYFLINVIATFTLS
HLFRCVGSLTKTLOEAMVPASMLLLAISMYTGFAIPKTKILGWSIWIWYINPLAYLFESL
MINEFHDRRFPCAQYIPAGPAYQNITGTQRVCSAVGAYPGNDYVLGDDFLKESYDYEHKH
KWRGFGIGMAYVVFFFFVYLILCEYNEGAKQKGEMVVEFLRSKIKQLKKEGKLQEKHRPGD
TENNAGSSPDSATTEKKILDDSSEGSDSSSDNAGLGLSKSEATIFHWRDLCYDVPIKGGOR
RILNNVDGWVKPGTLTALMGASGAGKTTLLDCLAERVTMGVITGNIFVDGRLRDESFPRS
IGYCQQODLHLKTATVRESLRFSAYLRQPSSVSIEEKNRYVEEVIKILEMQQYSDAVVGY
AGEGLNVEQRKRLTIGVELAARPKLLVFLDEPTSGLDSQTAWDTCQLMRKLATHGQATLC
TIHOPSAILMQQFDRLLFLOKGGOTVYFGDLGEGCKTMIDYFESKGAHKCPPDANPAEWM
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LEVVGAAPGSHATQDYNEVWRNSDEYRKAVOEELDWMEKNLPGRSKEPTAEEHKPFAASLY
YOFKMVTIRLFQOYWRSPDYLWSKFILTIFNQVFIGFTFFKADRSLOGLONQMLSIFMYT
VIENPILQQYLPSEVQORDLYEARERPSRTFSWLAFFLSQIIVEIPWNILAGTIAYCIYY
YAVGFYANASAAGQLHERGALFWLESIAPYVYIGSMGLLMISFNEVAETAAHMGTLLETM
ALSFCGVMATPKVMPRFWIFMYRVSPLTYMIDALLALGVANVDVKCSNYEMVKFTPPSGT
TCGDYMASYIKLAGTGYLSDPSATDICSFCAVSTTNAFLATFSSHYYRRWRNYGIFICYI
AFDYIAATEFLYWLSRVPKEKNGKISEKPKK

SEQ ID NO:30

YDR536W

>sp| P39932|STL1_YEAST Sugar transporter STL1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 3288c) GN=STL1l PE=l S5V=2
MEDLKLSNFKGKFISRTSHWGLTGKKLRYFITIASMTGFSLFGYDQGLMASLITGKQFNY
EFPATKENGDHDRHATVVQGATTSCYELGCPAGSLFVMFCGERIGRKPLILMGSVITIIG
AVISTCAFRGYWALGQFIIGRVVTIGVGTGLNTSTIPVWOSEMSKAENRGLLVNLEGSTIA
FGTMIAYWIDFGLSYTNSSVOWRFPVSMOIVFALFLLAFMIKLPESPRWLISQOSRTEEAR
YLVGTLDDADPNDEEVITEVAMLHDAVNRTKHEKHSLSSLFSRGRSOQNLQRALIAASTQF
FQOFTGCNAAIYYSTVLFNKTIKLDYRLSMIIGGVFATIYALSTIGSFFLIEKLGRRKLF
LLGATGQAVSFTITFACLVKENKENARGAAVGLFLFITFFGLSLLSLPWIYPPEIASMKY
RASTHNAFSTCTNWLCNFAVVMETPIFIGOSGWGCYLFFAVMRYLYIPVIFFFYPETAGRS
LEEIDIIFAKAYEDGTQPWRVANHLPKLSLOEVEDHANALGSYDDEMEKEDFGEDRVEDT
YNQINGDNSSSSSNIKNEDTVNDKANFEG

SEQ ID NO:31

YELC31W

>sp|P39986|ATC6 YEAST Manganese-transporting ATPase 1
0S=Saccharomyces cerevisiae {(strain ATCC 204508 / S288c) GN=SPF1
PE=1 §V=1
MTKKSFVSSPIVRDSTLLVPKSLIAKPYVLPFFPLYATFAQLYFQOOYDRYIKGPEWTEVY
LGTLVSLNILVMLMPAWNVKIKAKENYSTTKNVNEATHILIYTTPNNGSDGIVEIQRVTE
AGSLOTFFQFOQKKRFLWHENEQVFSSPRKFLVDESPKIGDFQKCKGHSGDLTHLKRLYGEN
SFDIPIPTFMELFKEHAVAPLFVFQVFCVALWLLDEFWYYSLFNLFMI ISMEAAAVEQRL
TALKEFRTMGIKPYTINVFRNKEKWVALOQTNELLPMDLVSITRTAEESAIPCDLILLDGSA
IVNEAMLSGESTPLLKESIKLRPSEDNLOLDGVDKIAVLHGGTKALQVTPPEHKSDIPPP
PDGGALAIVTKTGFETSQGSLVRVMIYSAERVSVDNKEALMFILFLLIFAVIASWYVWVE
GTKMGRIQSKLILDCILIITSVVPPELPMELTMAVNSSLAALAKFYVYCTEPFRIPFAGR
IDVCCFDKTGTLTGEDLVFEGLAGISADSENIRHLYSAAEAPESTILVIGAAHALVKLED
GDIVGDPMEKATLKAVGWAVERKNSNYREGTGKLDIIRRFQFSSALKRSASIASHNDALF
AAVKGAPETIRERLSDIPKNYDEIYKSFTRSGSRVLALASKSLPKMSOSKIDDLNRDDVE
SELTFNGFLIFHCPLKDDAIETIKMLNESSHRSIMITGDNPLTAVHVAKEVGIVFGETLT
LDRAGKSDDNQLLEFRDVEETVSIPEFDPSKDTFDHSKLEFDRYDIAVITGYALNALEGHSQLR
DLLRHTWVYARVSPSQKEFLLNTLKDMGYQTLMCGDGTNDVGALKQAHVGIALLNGTEEG
LEKLGEQRRLEGMKMMY IKQTEFMARWNQPOQPPVPEPIAHLFPPGPKNPHYLKALESKGT
VITPEIRKAVEEANSKPVEVIKPNGLSEKKPADLASLLLNSAGDAQGDEAPALKLGDASC
AAPFTSKLANVSAVTINIIRQGRCALVNTIOMYKILALNCLISAYSLSTIIYMAGVKEFGDGY
ATVSGLLLSVCFLSISRGKPLEKLSKQRPOSGIFNVYIMGSILSQFAVHIATLVYITTEL
YRKLEPREPOQVDLEKEFAPSLLNTGIFIIQLVQQVSTFAVNYQGEPFRENIRSNKGMYYGL
LGVTGLALASATEFLPELNEAMKEVPMTDDFKIKLTLTLLLDEFFGSWGVEHFFKFEFFMDD
KPSDISVQQVKIASK

SEQ ID NO:32
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YERL16G66W

>spl P32660|ATCS YEAST Phospholipid-transporting ATPase DNF1
O8=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=DNF1
PE=1 SV=2
MSGTFHGDGHAPMSPFEDTFQFEDNSSNEDTHIAPTHFDDGATSNKYSRPQVSFNDETPK
NKREDAEEFTFNDDTEYDNHSFQPTPKLNNGSGTFDDVELDNDSGEPHTNYDGMKRFRMG
TEKRNKKGNPIMGRSKTLKWARKNIPNPFEDFTKDDIDPGAINRAQELRTVYYNMPLPKDM
IDEEGNPIMQYPRNKIRTTKYTPLTFLPKNILFQFHNFANVYFLVLIILGAFQIFGVTNP
GLSAVPLVVIVIITAIKDATIEDSRRTVLDLEVNNTKTHILEGVENENVSTDNISLWRRFK
KANSRLLFRFIQYCKEHLTEEGKKKRMORKRHELRVOKTVGTSGPRSSLDSIDSYRVSAD
YGRPSLDYDNLEQGAGEANIVDRSLPPRTDCKFAKNYWKGVKVGDIVRIHNNDEIPADIT
LLSTSDTDGACYVETKNLDGETNLKVROSLKCTNTIRTSKDIARTKFWIESEGPHSNLYT
YOGNMKWRNLADGEIRNEPITINNVLLRGCTLRNTKWAMGVVMFTGGDTKIMLNSGITPT
KKSRISRELNFSVVINFVLLFILCEFVSGIANGVYYDKKGRSRFSYEFGTIAGSAATNGEY
SFWVAVILYQSLVPISLYISVEITKTAQAAFIYGDVLLYNAKLDYPCTPKSWNISDDLGY
VEYIFSDKTGTLTONVMEFKKCTINGVSYGRAYTEALAGLRKROQGIDVETEGRREKAEIA
KDRDTMIDELRALSGNSQFYPEEVTEFVSKEFVRDLKGASGEVQQORCCEHFMLALALCHSV
LVEANPDNPKKLDLKAQSPDEAALVATARDVGFSFVGKTKKGLITEMQGIQKEFEILNIL
EFNSSRKRMSCIVKIPGLNPGDEPRALLICKGADSIIYSRLSROSGSNSEAILEKTALHL
EQYATEGLRTLCIAQRELSWSEYERKWNERYDIAAASLANREDELEVVADSIERELILLGG
TAIEDRLODGVPDCIELLAEAGIKLWVLTGDRKVETAINIGFSCNLLNNEMELLVIKTTGD
DVKEFGSEPSEIVDALLSKYLKEYFNLTGSEEEIFEAKKDHEFPKGNYAIVIDGDALKLA
LYGEDIRRKFLLLCKNCRAVLCCRVSPSQKAAVVKLVKDSLDVMTLAIGDGSNDVAMIQS
ADVGIGIAGEEGROAVMCSDYAIGOFRYLARLVLVHGRWSYKRLAEMIPEFFYKNMIFAL
ALFWYGIYNDFDGSYLYEYTYMMEFYNLAFTSLPVIFLGILDQDVNDTISLVVPQLYRVGI
LRKEWNQRKFLWYMLDGLYQSIICFFFPYLVYHKNMIVTSNGLGLDHRYFVGVYVTTIAV
ISCNTYVLLHQYRWDWEFSGLFIALSCLVVFANTGIWSSAIASREFFKAAARIYGAPSEFWA
VFFVAVLFCLLPRFTYDSFQOKFFYPTDVEIVREMWQHGHFDHYPPGYDPTDPNRPKVTKA
GOHGEKIIEGIALSDNLGGSNYSRDSVVTEEIPMTFMHGEDGSPSGYQKQETWMTSPKET
ODLLOSPOFQOAQTFGRGPSTNVRSSLDRTREQMIATNQLDNRYSVERARTSLDLPGVTN
AASLIGTQQONN

SEQ ID NO:33

YFLOL1W

>sp|P43581|HXT10 YEAST Hexose transporter HXT10 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=HXT10 PE=1 8V=I1
MVSSSVSILGTSAKASTSLSRKDEIKLTPETREASLDIPYKPIIAYWTVMGLCLMIAFGG
FIFGWDTGTISGFINQTDFKRRFGELQRDGSFQLSDVRTGLIVGIFNIGCALGGLTLGRL
GDIYGRRKIGLMCVILVYVVGIVIQIASSDKWYQYFIGRIVEGMGVGGVAVLSPTLISEIS
PKHLRGTCVSEYQLMITLGIFLGYCTNYGTKKYSNSIQWRVPLGLCFAWATI FMVIGMVMY
PESPRYLVEKGKYEEARRSLAKSNKVIVTDPGVVFEFDTIVANMELERAVGNASWHELFS
NEKGAILPRVIMGIVIQSLOQLTGCNYFEYYGTTIFNAVGMQDSFETSIVLGAVNFASTEV
ALYIVDKFGRREKCLLWGSASMAICFVIFATVGVTRLWPQGKDQPSSQSAGNVMIVETCEF
IFSFAITWAPIAYVIVAETYPLRVEKNRAMATIAVGANWMWGFLIGFFTPFITRSIGFSYGY
VEMGCLIFSYFYVFFEVCETKGLTLEEVNEMYEERIKPWKSGGWIPSSRRTPQPTSSTPRL
VIVDSK

SEQ ID NO:34

YGLOOOW

>sp|{P38929|ATC2 YEAST Calcium~transporting ATPase 2 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S$288c) GN=PMCl PE=1 SV=1
MSRQDENSALLANNENNKPSYTGNENGVYDNFKLSKSQLSDLHNPKSIRSFVRLEFGYESN
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SLFKYLKTDKNAGISLPEISNYRKTNRYKNYGDNSLPERIPKSFLOLVWAAFNDKTMQLL
TVAAVVSEVLGLYELWMQPPOYDPEGNKIKQVDWIEGVAIMIAVEVVVLVSAANDYQREL
QFAKLNKKKENRKIIVIRNDQEILISIHHVLVGDVISLOTGDVVPADCVMISGKCEADES
SITGESNTIQKFPVDNSLRDFKKFNSIDSHNHSKPLDIGDVNEDGNEIADCMLISGSRIL
SGLGRGVITSVGINSVYGOTMTSLNAEPESTPLOLHLSQLADNISVYGCVSATILFLVLE
TRYLFYIIPEDGRFHDLDPAQKGSKFMNIFITSITVIVVAVPEGLPLAVTLALAFATTRM
TKDGNLVRVLRSCETMGSATAVCSDKTGTLTENVMTVVRGFPGNSKFDDSKSLPVSEQRK
LNSKKVFEENCSSSLRNDLLANIVLNSTAFENRDYKKNDKNTNGSKNMSKNLSFLDKCKS
RLSFFKKGNREDDEDQLFKNVNKGROEPFIGSKTETALLSLARLSLGLOQPGELQYLRDQP
MEKFNIEKVVQTIPFESSRKWAGLVVKYKEGKNKKPEYRFFIKGAARETIVSKNCSYKRNSD
DTLEEINEDNKKETDDEIKNLASDALRAISVAHKDFCECDSWPPEQLRDKDSPNIAALDL
LFNSQKGLILDGLLGIQDPLRAGVRESVQQOUQRAGVTVRMVTGDNILTAKATARNCATILS
TDISSEAYSAMEGTEFRKLTKNERIRILPNLRVLARSSPEDKRLLVETLKGMGDVVAVTG
DGTNDAPALKLADVGFSMGISGTEVAREASDIILMTDDEFSAIVNAIKWGRCVSVSIKKET
QFQLIVNITAVILTEFVSSVASSDETSVLTAVOQLLWINLIMDTLAALALATDKPDPNIMDR
KPRGRSTSLISVSTWKMILSQATLQLIVTFILHFYGPELFFKKHEDEITSHQOQOLNAMT
FNTFVWLQFFTMLVSRKLDEGDGISNWRGRISAANLNFFODLGRNYYFLTIMAIIGSCQV
LIMFFGGAPFSIARQTKSMWITAVLCGMLSLIMGVLVRICPDEVAVKVEPAAFVQREFRYV
PGLEFLREKNHTGKHDDEEALLEESDSPESTAFY

SEQ ID NO:35

YGLO13C

>sp|P12383|PDR1_YEAST Transcription factor PDR1 OS=Saccharomyces
cerevisiae {strain ATCC 204508 / S$288c¢c) GN=PDR1 PE=1 §V=2
MRGLTPKNGVHIETGPDTESSADSSNFSTGFSGRKIRKPRSKVSKACDNCREKRKIKCNGKE
PCASCEIYSCECTFSTROGGARIKNLHKTSLEGTTVQVKEETDSSSTSFENPQRCTDGPC
AVEQPTKFFENFKLGGRSSGDNSGSDGKNDDDVNRNGEYEDDSESQATLTSLOTTLKNLK
EMAHLGTHVTSAIESIELQISDLLKRWEPKVRTKELATTKFYPNKSIETQLMKNKYCDVV
HLTRYAAWSNNKKDODTSSQPLIDEIFGLYSPFQFLSLOGIGKCEFONYRSKSKCEIFPRT
AKETIYIMLRFFDVCFHHINQGCVSIANPLENYLOKMNLLPSTPSSISSAGSPNTAHTKS
HVALVINHLPOQPEFVRNITGISNSELLSEMNNDISMFGILLKMLDMHRKNSYQNFLMEITSN
PSVAKNTOSIDVLOEFIHYCOQAGEALIALCYSYYNSTLYNYVDFTCDITHLEQLLYFLDL
LFWLSEIYGFERKVLNVAVHFVSRVGLESRWEFYVGLDENFAERRRNLWWKAFYFEKTLASK
LGYPSNIDDSKINCLLPENFRDVGFLDONRDFIENVHLVRRSEAFPDNMCISDLKYYGELAY
LOIVSHFSSSVLENEKFTSIRNTSKPSVVREKLLFEVLEIFNETEMKYDATKEQTGKLFED
IAFSKDSTELKVSREDKIMASKFVLEFYEHHFCRMVNESDNIVARLCVHRRPSILIENLKI
YLHKIYKSWTDMNKILLDEDNDYSVYRSFAHYSISCITLVSQAFPSVAEFTKVNDVVNMIR
VFKRFLDIKIFSENETNEHVEFNSQSFKDYTRAFSFLTIVTIRIMLLAYGESSSTNLDVISK
YIDENAPDLKGITELVLDTNSCAYRFLLEPVQKSGFHLTVSQMLKNRKFQEPLMSNEDNK
OMKHNSGKNLNPDLPSLKTGTSCLLNGIESPQLPFNGREAPSPVRNNSLPEFAQLPSFRS
LSVSDMINPDYAQPTNGONNTQVOSNKPINAQQOIPTSVOVPFMNTNE INNNNNNNNNNK
NNINNINNNNSNNFSATSEFNLGTLDEFVNNGDLEDLYSILWSDVYPDS

SEQ ID NO:36

YGLZ255W

>sp|P32804|ZRT1_YEAST Zinc-regulated transporter 1 OS=Saccharomyces
cerevisiae {strain ATCC 204508 / $288c) GN=ZRT1l PE=1 85V=1
MSNVITTPWWKQWDPSEVTLADKTPDDVWKTCVLQGVYFGGNEYNGNLGARISSVEVILEV
STFEFTMFPLISTKVKRLRIPLYVYLFAKYFGSGVIVATAFIHILMDPAYGAIGGTTCVGQT
GNWGLYSWCPAIMLTSLTFTFLTDLFSSVWVERKYGLSHDHTHDETIKDTVVRNTAAVSSE
NDNENGTANGSHDTENGVEYYEDSDATSMDVVOSFQAQFYAFLILEFGVIFHSVMIGLNL
GSVGDEFSSLYPVLVFHQSFPEGLGIGARLSATEFPRSKRWWPWALCVAYGLTTPICVAIG
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LGVRTRYVSGSYTALVISGVLDAISAGILLYTGLVELLARDFIFNPQRTKDLRELSFNVI
CTLFGAGIMALIGKWA

SEQ ID NO:37

YGR125W

>sp|P53273|YG35 YEAST Uncharacterized vacuolar membrane protein
YGR125W OS=Saccharomyces cerevislae (strain ATCC 204508 / S288c)
GN=YGR1Z5W PE=1 5V=1
MGRTIRRRRSNSSLSEATSVSLGINQDSSVNKMHRASVEAMSPPLCRSYMSGFFTGGNSP
MINNLSDSKLPISNKQHPKVIHGSENLHRQTAQLSNEFCSSSVEENSPTIKDYMDIIGNG
DRKDDOSMRTIEENIDEEYSDEYSRLLLSPASSNVDDDRNRGLONSSLPELEDGYAGGYQ
SLRPSHNLRFRPRNLWHMCTSFPSKFAHYLPAAVLGLLLNILDALSYGMIIFPITEPVFES
HLGPTGISMFYISTIISQAVYSGGWSSFPSGIGSEMIEITPRFYHTMALAIKEALAGNDDE
JITTTIFCYVISSMLTGVVEYALGKLRLGKIVGEFFPRHILIGCIGGVGYFLIITGIEVTT
RVAKFEYSWPFFSGLFTDYDTLAKWLLPVLLTVVLIGTQRYFKNSLVLPSFYILTLVLFH
FIVAIIPTLSLDALRQAGWIFPIANSDSKWYDHYRLFNVHRVHWSLVLOQIPTMMALTFF
GILHVPINVPALAMSLOMDKYDVDRELIAHGYSNFFSGLLGSVONYLVYTNSVLFIRAGA
DSPFAGFLLIALTICIMIIGPVIISFIPICIVGSLIFLLGYELLVEALVDTWNKLNRFEY
LTVVIIVEFTMGIFDFVLGIIVGILIACFSEFLVDSTKLOTINGEYNGNVARSTVYRDYVQT
KFLDGIGEQIYVLKLONLLFFGTIISIEEKIERLLQISNKDATKRRIKYLILDFKNINAD
NIDYSAAEGFNRIKRFTETKRIKLIISSIKERDRIYNAFNNVGLLNDVELFADLNSALEW
CENEFLFQYKQLRKKAKERLEEGKONNVVSAVIAATKNKKIDTIGNGLNRGSNGDTARNL
MSLPTNTPRNYQILSVAQNVFVNDEQAVKNFKKEYKDDEPVLPILLFALKQYRPDIISEY
QEKVREKEIRFWAQLCPYFTRRRLASQSHLLHADNIFFLVETGMLKATYELPQGTLYEIFS
NGTCFGKIIAPGNAMPREQKLTIETETDSVLWVIDSSSLNKLKEDNLALYVEVALMVMCI
KDTRFKELLGYTLVSA

SEQ ID NO:38B

YGR1B1W

>sp|P53289|TIM13 YEAST Mitochondrial import inner membrane
translocase subunit TIM13 OS=Saccharomyces cerevisiae (strain ATCC
204508 / 3288c) GN=TIM13 PE=1 SV=1
MGLSSIFGGGAPSQOKEAATTAKTTPNPIAKELKNQIAQELAVANATELVNKISENCFEK
CLTSPYATRNDACIDQCLAKYMRSWNVISKAYISRIQNASASGET

SEQ ID NO:39

YGRZ217W

>sp|{P50077|CCH]1 YEAST Calcium-channel protein CCHl1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=CCH1l PE=1 35V=1
MOGRKRTLTEPFEPNTNPFGDNAAVMTENVEDNSETDGNRLESKPQALVPPALNIVPPES
SIHSTEEKKGDEYNGNDKDSSLISNIFRTRVGRSSHENLSRPKLSLKTASFGAAESSRRN
VSPSTKSAKSSSQYIDLNDERLRRRSFSSYSRSSSRRVSNSPSSTDRPPRSAKVLSLIAA
DDMDDFEDLOKGFKSAIDEEGLTWLPQLKSEKSRPVSDVGEDRGEGEQESIPDVHT PNVG
ASATPGSIHLTPEPAQNGSVSEGLEGSINNSRKKPSPKFFHHLSPOKEDKDQTEVIEYAE
DILDFETLORKLESRPFVLYGHSLGVFSPTNPLRIKIARFLLHRRYSLLYNTLLTFYAIL
LAIRTYNPHNVVFLYRFSNWIDYFIFILSACETGNDIAKIIAFGFWDDSEMFKAYGREYK
SILORSGIMKLYIYLREKYGRKLIDFIIPFRITISPGEETKYQRSSLSTSLTKPYGAKENQ
RPFGTPRAFARSSWNRIDLVSSVSFWLCGMFLSIKSYDTKTGIRIFKPLAILRILRLVNVD
TGMPSILRGLKYGIPQLVNVSSMLVYFWIFFGILGVQIFQGSFRROQCVRENPEDPTDTYQ
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YDMOQFCGGYLDPVTKRKQNY IYEDGSEGSVSKGFLCPQYSKCVSNANPYNGRISFDNIVN
SMELVFVIMSANTFTDLMYYTMDSDEMAACLFFIVCIFVLTIWLLNLLIAVLYVSSFEIAN
EEYKKKKFIYGSREKTGYVARIVIGYWKYFKLKANQTKEFPNWSQKGLAIYSHVEFIFVILI
ICDIGMRASVKVSTSANCNNILLKTDRGISIVLEFIESLARLVLYLPNMWKFLTKPSYVYD
FIISIITLVISCLAVEGVLGHMYAWLSIFHISREYRVIISENLTKKLWKQILSNGVMIWN
LSSEYFFFTFLVAIIMAVYFEGVIPPEEMADQPFGMYSLPNSFLSLFIIGSTENWTDILY
ALQKHSPNISSTFFCSVEFFIIWFLLSNSVILNIFIALISESMEVKEEEKRPQQIKHYLKF
VYPOQKIQEYTHASLVARIRKKFFGGHRNEDTRDFKQFLMRGTAIMNIAQNMGELADEFKE
PPSENLFKKGLSKLTIGVPSLKRLRMFANNPFYKNSDVVFTETNDINGRTYILELNEYED
EKLDYLKKYPLFNYSYYFFSPQHRFRRFCOQRLVPPSTGKRTDGSREFEDSTDLYNKRSYF
HHIERDVEVFIFALATILLIVCSCYVTPLYRMHHKMGTWNWSSALDCAFIGAFSIEFIVK
TVADGFIYSPNAYLRNPWNEFIDFCVLISMWINLIAYLKNNGNLSRIFKGLTALRALRCLT
ISNTARQTFNLVMFDGLNKIFEAGLISLSLLFPFTVWGLSIFRKGRLGTCNDGSLGRADCY
NEYSNSVEQWDIMSPRVYQOPYLHLDSFASAFSSLYQIISLEGWVDLLENMMNSSGIGTP
ATVMGSAGNALFLVLEFNFLSMVEILNLEVSEFIVNNQARTTGSAYFTIEEKAWLESQKLLS
QAKPKAIPNLIELSRVRQFFYQLAVEKKNFYYASFLOVVLYLHIIMLLSRSYNPGNLIGY
QGVYFMESTSVFLIQEALHMCGEGPRLYFROKWNSIRLSITIIIAFIMNAVAFHVPASHYW
FHNIKGFFLLVIFLFPIIPONDTLTELLETAMASLPPILSLTYTWGVLEFLVYATIALNQIFG
LTRLGSNTTDNINEFRTVIKSMIVLFRCSFGEGWNYIMADLTVSEPYCSSDDNSTYTDCGS
ETYAYLLLMSWNIISMYIFVNMFVSLIIGNFSYVYRSGGSRSGINRSEIKKYIEAWSKED
TDGTGELELSYLPRIMHSFDGPLSFRIWEGRLTIKSLVENYMEVNPDDPYDVKIDLIGLN
KELNTIDKAKIIQRKLOYRRFVOSIHYTNAYNGCIRFSDLLLOIPLYTAYSARECLGIDQ
YVHHLYILGKVDKYLENQRNFDVLEMVVTRWKFHCRMKRTIEPEWDVKDPTVSSHISNIN
VNLEPAPGILEREPIATPRMDYGVNNFMWS PRMNQDSTMEPPEEPIDNNDDSANDLIDR

SEQ ID NO:40

YGRZ224W

>sp|P50080|AZR]1_YEAST Azole resistance protein 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=AZR1 PE=1 5V=1
MEGEPKTYSMSDLSYYGERAQQONEKQOKQYVVRRNSTQSTSKONVSVVLEDNASESNEL
PKGFILYASLIALALSLFLAALDIMIVSTIIEEVAKQFGSYSEIGWLFTGYSLPNALLAL
IWGRIATPIGFRKETMLFAIVIFEIGSLISALANSMSMLIGGRVIAGVGGCGIQSLSFEFVIG
STLVEESQRGILIAVLSCSFATIASVVGPFLGGVETSSVTWRWCEYVNLPIGGLAFFLFLE
FYNPGLSTFQETMDNIRKFPSQFIEIVRNVAYHLLKIKGFSKLNGWRKPFMELIFMYDIT
EFVFCSAGFTCILLAFTPGGNRYAWNSASTITIILFITIGIVLVVLAGIYDFLVFPKENIVKA
TPHYQPLMSWTNIRKKPGIFTVNIALFLTCAGYISQFTYIVQYFQLIYNDSAWRAAVHLVA
CIISTVVIAILCGAITDKTRQIKPIIVISSIFGVVGAGILTLLNNNANNSAHIGLLILPG
VAFGGLAQSSMLASQIQLDKKSPTFRSDEVSITTFNTFCKNLGQALGGVISNTVFSAAAT
KKLTKANIQLPDGTTVDNLVIYROTNFDGSHSKLGNIISESLTDVFYMALGFYALSLIFA
VFASNKRVTASLR

SEQ ID NO:41

YGRZB1W

>sp|P53049|YOR1 YEAST Oligomycin resistance ATP~dependent permease
YOR1 OS=Saccharomyces cerevisiae {(strain ATCC 204508 / S2B88c)
GN=YOR1l PE=1 SV=1
MTITVGDAVSETELENKSQNVVLSPRKASASSDISTDVDKDTSSSWDDKSLLPTGEYIVDR
NEPQTYLNSDDIEKVTESDIFPQKRLFSFLHSKKIPEVPQTDDERKIYPLFHTNIISNMF
FWWVLPILRVGYKRTIQPNDLFKMDPRMSIETLYDDFEKNMIYYFEKTRKKYRKRHPEAT
EEEVMENAKLPKHTVLRALLFTFKKQYFMSIVFAILANCTSGFNPMITKRLIEFVEEKAT
FHSMHVNKGIGYATIGACLMMFVNGLTFNHFFHTSQLTGVOAKSILTKAAMKKMFNASNYA
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RHCFPNGKVTSFVTTDLARIEFALSFQPFLAGFPAILAICIVLLIVNLGPIALVGIGIFF
GGFFISLFAFKLILGFRIAANIFTDARVTMMREVLNNIKMIKYYTWEDAYEKNIQDIRTK
EISKVRKMOLSRNFLIAMAMSLPSIASLVIFLAMYRKVNKGGROPGNIFASLSLFQVLSLY
MEFLPIAIGTGIDMIIGLGRLOSLLEAPEDDPNQMIEMKPS PGFDPKLALKMTHCSFEWE
DYELNDAIEEAKGEAKDEGKKNKKKRKDTWGKPSASTNKAKRLDNMLKDRDGPEDLEKTS
FRGFKDLNFDIKKGEFIMITGPIGTGKSSLLNAMAGSMRKTDGKVEVNGDLLMCGYPWIQ
NASVRDNIIFGSPFNKERKYDEVVRVCSLKADLDILPAGDMTEIGERGITLSGGOKARINL
ARSVYRKKDIYLFDDVLSAVDSRVGKHIMDECLTGMLANKTRILATHQLSLIERASRVIV
LGTDGOVDIGTVDELKARNQTLINLLQFSSONSEKEDEEQEAVVAGELGQLKYESEVKEL
TELKKKATEMSQTANSGKIVADGHTSSKEERAVNSISLKIYREYIKAAVGKWGFIALPLY
ATLVVGTTFCSLEFSSVWLSYWTENKFKNRPPSFYMGLYSFFVEAAFIFMNGOFTILCAMG
IMASKWLNLRAVKRILHTPMSYIDTTPLGRILNRFTKDTDSLDNELTESLRLMTSQFANT
VGVCVMCIVYLPWFATATPFLLVIFVLIADHYQOSSGREIKRLEAVORSFVYNNLNEVLGG
MDTIRKAYRSQERFLARKSDFLINKMNEAGYLVVVLORWVGIFLDMVAIAFALIITLLCVTR
AFPISAASVGVLLTYVLOLPGLLNTILRAMTQTENDMNSAERLVTYATELPLEASYRKPE
MTPPESWPSMGEIIFENVDFAYRPGLPIVLENLNLNIKSGEKIGICGRTGAGKSTIMSAL
YRLNELTAGKILIDNVDISQLGLFDLRRKLAIIPQDPVLFRGTIRKNLDPFNERTDDELW
DALVRGGATAKDDLPEVKLOKPDENGTHGKMHKFHLDQAVEEEGSNFSLGERQLLALTRA
LVROSKILILDEATSSVDYETDGKIQTRIVEEFGDCTILCIAHRLKTIVNYDRILVLEKG
EVAEFDTPWTLFSQEDSIFRSMCSRSGIVENDFENRS

SEQ ID NO:42

YHLO16C

>sp|P33413|DUR3_YEAST Urea active transporter OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=DUR3 PE=l 3V=2
MGEFKPPLPQGAGYAIVLGLGAVFAGMMVLTTYLLKRYQKEIITAEEFTTAGRSVKTGLY
AAAVVESSWIWCSTLLTSSTREYADGIFGGYAYAAGACFQIIAFATILATIRTKQOMAPNAHTY
LELVRTRYGKIGHGCYLFYATATNILVITSMLLTSGSAVFSDLTGMNT IASCFLLPVGVVVY
YTLFGGIKATFLTDYMHTCVIIIIVLVFAFKVYATSDVLGSPGKVYDLVREAAKRHPVDG
NYQGEYMTMTSKSAGILLIINLIGNFGTVFLDNGYWNKAISASPAASLEKAYAIGGLAWFA
VPSLISLTMGLACLAVETSPNFPTYPDPLTSFQANSGLVLPAAATATIMGKGGAVASLLMI
FMAVTSAMSAELIAVSSVETYDIYREYIDPRASGKKLIYTSHVACIFFGLAMSGFESVGLY
YGGISMGYIYEMMGITISSAVLPVVLTLCSKDMNLVAAVVSPILGTGLAIMSWLVCTKSL
YRKELTVDTTFMDYPMLTGNLVALLSPATIFIPILTYVFKPONFDWEKMKDITRVDETAELV
QADPDIQLYDAEANDKEQEEETNSLVSDSERKNDVRVNNEKLIEPNLGVVISNAIFQEDDT
QLONELDEEQRELARGLKIAYFLCVFFALAFLVVWPMPMYGSKYIFSKKFFTGWVVVMII
WLEFFSAFAVCIYPLWEGRHGIYTTLRGLYWDLSGOQTYKLREWONSNPQDLHVVTSQISAR
AHRQSSHFGQVDEII

SEQ ID NO:43

YILO88C

>sp|P4050L|AVTT YEAST Vacuolar amino acid transporter 7
OS=5accharomyces cerevisiae (strain ATCC 204508 / $288c) GN=AVT7
PE=1 Sv=1
MEATSSALSSTANLVKTIVGAGTLAIPYSFKSDGVLVGVILTLLAAVTSGLGLFVLSKCS
KTLINPRNSSFFTLCMLTYPTLAPIFDLAMIVQCFGVGLSYLVLIGDLFPGLFGGERNYW
ITASAVIIIPLCLVKKLDQLKYSSILGLFALAYISILVEFSHFVFELGKGELTNILRNDIC
WWKIHDFKGLLSTFSITIFAFTGSMNLEPMINELKDNSMENITFVINNSISLSTALFLIV
GLSGYLTFGNETLGNLMLNYDPNSIWIVIGKFCLGSMLILSFPLLFHPLRIAVNNVIIWI
EITYGGANPEEDPQVSEYTRASNLRPISMTVEDPAQPSDALDATSYNEQECLLPNGNFDN
GSIESQENNNDERGTMAVAGDNEHHAPFVKSREYWITALLLISMYTLALSVQSFALVLSF
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VGATGSTSISEFTLPGLLGYKLIGLDSLAIGKMI PPKDRFYKRCSLLLVFYGLSVMFPLSLY
VIVFNRSDEA

SEQ ID NO:44

YJLOS3C

>sp|P40310|TOK]1_YEAST Outward-rectifier potassium channel TOK1
US=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c¢c) GN=TOKl
PE=1 3SV=1
MTRFMNSFAKQTLCYGNMATVEQESSAQAVDSHSNNTPKQAKGVLAEELKDALRFRDERY
SIINAEPSSTLFVEWEVVSCYFPVITACLGPVANTISIACVVEKWRSLKNNSVVTNPRSN
DTDVLMNQVKTVFDPPGIFAVNIISLVLGFTSNIILMLHFSKKLTYLKSQLINITGWTIA
GGMLLVDVIVCSLNDMPSIYSKTIGFWFACISSGLYLVCTIILTIHFIGYKLGKYPPTEN
LLPNERSIMAYTVLLSLWLIWGAGMFSGLLHITYGNALYFCTVSLLTVGLGDILPKSVGA
KIMVLIPSLSGVVLMGLIVFMTRSIIQKSSGPIFFFHRVEKGRSKSWKHYMDSSKNLSER
EAFDLMECIRQTASRKQHWESLSVTIAIFMAFWLLGALVFKFAENWSYFNCIYFCFLCLL
TIGYGDYAPRTGAGRAFFVIWALGAVPLMGATILSTVGDLLEFDISTSLDIKIGESFNNKVK
SIVFNGROQRALSFMVNTGEIFEESDTADGDLEENTTSSQSSQISEFNDNNSEENDSGVTS
PPASLOESFSSLESKASSPEGILPLEYVSSAEYALQDSGTCNLRNLOQELLKAVKKLHRICL
ADKDYTLSFSDWSYIHKLHLRNITDIEEYTRGPEFWISPDTPLKFPLNEPHFAFMMLFKN
TEELVGNLVEDEELYKVISKRKFLGEHRKTL

SEQ ID NO:45

YJLO94C

>sp|P40309|KHAL YEAST K(+)/H(+) antiporter 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288¢) GN=KHAl PE=1 8v=1
MANTVGGILSGVNPFHYNSSSPLTLFLFQACLILLVCNLIHIPFSMMRQPKVISEVISGY
ILGPTIFGQIPNYTNTIFPTSSIPGLNLVANLGIILFMFFLGLEVDIAFIKKHLKKALVI
GIVITLAVPFGFGCLLAIPLFHTYANKTEGERHIKFSVFMVEFIAVSISVTAFPVLCRILNE
LRLIKDRAGIVVLAAGIINDIMGWILLALSIILSSAEGSPVNTVYILLITFAWFLIYFFEP
LEYLLRWVLIRTHELDRSKPSPLATMCILFIMFISAYFTDIIGVHPIFGAFIAGLVVERD
DHYVVRKLTERMEDIPNIVFIPIYFAVAGLNVDLTLLNEGRDWGYVFATIGIAIFTKIISG
TLTAKLTGLFWREATAAGVIMSCKGIVEIVVLTVGLNAGIISRKIFGMFVLMALVSTEVT
TPLTQLVYPDSYRDGVRKSLSTPAEDDGAADGLDSEGVDKTEINTQLNSLADVSKYRIGE
LTTVINTTEAISPSLKLLNYLSLGVSPKPKNNKHKNETSLSRMTTATDSTLKSNTFKIKK
MVHIWSKSVDDVDTNLSVIDEKLTPFEGVGALRAIHLRLLTERTTDLLOSSSLYNDDPHF
TANTDSLLQIFDIFSNLSKIPFSSEVIFSTMREKAANIATMKMDSTDLILLPLKGASYEY
RGSPVFIDEKYANFDHIYSHLLGLNELSSTFFKSIFPOSLKANFAVQISNTYGRLNADRFK
RERFNLLLPKPYLTOSDYLGLYLLLLICYRDGYNNDNASCSIFINSKNIDFAKDLSTAFA
EHDWLNESTIKIVDIPFETKVPEEAIEKPSFIETVLDVGLSDTALADIEETTFIIGEDLP
DESEPFSEEVRTVIFEGSNRRFDTLIVHHFSSE

SEQ ID NO:4¢

YJL108C

>sp|P42946 | PRM10 YEAST Pheromone-regulated membrane protein 10
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=PRM10
PE=1 5V=1
MIVSEGDATTRTSEVQLVRCTQGLNLWKLHQVHAVYKRVVHDTLGADEGNALLDQILADT
NLYPPWMCVLLYAFCSAMVTPYAFGGDWVNLAISFFMGLCVGSLOFILSQRSYMYSNVEE
ISASIVVSFCGRAFGSIPRSHICFGAVTQGSLALILPGYIILCGALELQSRSLVAGAVRM
FYATIYSLEFLGFGITLGSALFGWMYHNATNEISCPQLISPWFRFLFVPAFTISISLLNQA
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HISQLPVMVFEISCTGYVVTYWAGKHFANSTEFTAALAAFVIGVLGNLYSRIWKGLAVSAM
LPATFVQVPSGIASQNSLLSGLOSANTIVNANETITTSTSDPSSSMSFGMTMIQVCVGIS
VGLFASSLFVYPFGKKKTGLFESL

SEQ ID NO:47

YJLz212cC

>sp|P40897|0OPT1 YEAST Oligopeptide transporter 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S$288Bc) GN=0OPT1 PE=1 SV=1
MSTIYRESDSLESEPSPTPTTIPIQINMEEEKKDAFVKNIDEDVNNLTATTDEEDRDPES
QKFDRHSIQEEGLVWKGDPTYLPNSPYPEVRSAVSIEDDPTIRLNHWRTWFLTTVFVVVE
AGVNQFFSLRYPSLEINFLVAQVVCYPIGRILALLPDWKCSKVPFFDLNPGPFTKKEHAV
VIIAVALTSSTAYAMYILNAQGSFYNMKLNVGYQFLLVWTSOMIGYGAAGLTRRWVVNPA
SSIWPRTLISVSLEFDSLHSRKVERTVANGWTMPRYRFFLIVLIGSFIWYWVPGFLFTGLS
YENVILWGSKTRHNFIANTIFGTQOSGLGALPITEDYTQVSQAMSGSVEATPFYVSANTYA
SVLIFFVIVLPCLYFTNTWYAKYMPVISGSTYDNTONKYNVTKILNEDYSINLEKYKEYS
PVFVPEFSYLLSYALNFAAVIAVEVHCILYHGKDIVAKFKDRKNGGTDIHMRIYSKNYKDC
PDWWYLLLOIVMIGLGFVAVCCFDTKEFPAWAFVIAILISLVNFIPQGILEAMTNQHVGLN
IITELICGYMLPLRPMANLLFKLYGFIVMROGLNLSRDLKLAMYMKVSPRLIFAVQIYAT
IISGMVNVGVQOEWMMHNIDGLCTTDOPNGFTCANGRTVFNASIIWSLPKYLFSSGRIYNP
LMWEFFLIGLLFPLAVYAVOWKEFPKFRKFAKHIHTPYVFFTGPGNIPPSTPYNYSLFFAMSEC
LNLIRKRWRAWFNKYNFVMGAGVEAGVAISVVIIFLCVOYPGGRLSWWGEGNNVWKRTYDND
YEKKFYTLKKGETFGYDKWW

SEQ ID NO:48

YJIR106W

>sp|P47144|ECM27_YEAST Protein ECM27 OS=Saccharomyces cerevisiae
{(strain ATCC 204508 / SZ288c) GN=ECMZ7 PE=1 8V=2
MDWAINVAHPRLLYKDPKLSVTFIVPSLEFHIIIAFVLLGICASDFLCPNVAHISDPNSLR
SNGSLVSKTASHASHTGALMAVLLSWCNSSPDLFSNLMSWATSTRETRSTSVSLSIGEVL
GACGIILCIVEGSIFIIMSRTHIEISQIQKLSIMRDLLEFSLAAMCVMSYVSLMNQVTVLN
CLLMAFPLYAFYLVVKLTFKLNHSAETPDETAADTSLRENSVSPFLDDSLMASGLLPPIQP
GFDISNSITHGIKPSLLSAMDFNSFLSMLENSSLEEDDSRNEMAELNTLRSMTPGQHWSA
SATVAGEATSAGRPFSEPTNAFTEYRDSERAINSSPAVFAPYRDNPDDEESQEQVLLETT
THGHFGAQEMRRFSKRSLGWIIKIFIPHLSNFSQKSISDAIFSIITVPFFIIFKLSCPQP
PSDILSYDPTLNRYSLTTLPIILLFIQSITAPFLLCSILSVLLTYHLGYLVYLFPLILAM
ALILLLTAFITKVNLHNKFTLSLDSSNILQEKLOQKRKLLERLNTSIQITIFLAIGIINITIT
WISLLANSLIEMMEIYQKILGLSKAILGLTIFAWGNSVGDLISNISMCRLYKTQTHYQDR
VRLATKFFMISCASCLGGVMLNSMGGIGFSGLVSMLEFIGAFNDNEWWFLREKVKLOETSQL
DNTLNYKFIVSCVFIILQIILLLLYFGGPNNIKRRLTKEMKLVGISMCGLWALATLINIL
LELFS

SEQ ID NO:49

YJR160C

>sp| POCEQQ |MPH3 YEAST Alpha-glucosides permease MPH3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 35288c) GN=MPH3
PE=1 5V=1
MEKNLSFLINRRKENTSDSNVYPGKAKSHEPSWIEMDDOTKKDGLDIVHVEFSPDTRAPSD
SNKVITEIFDATEDAKEADESERGMPLATALNTYPKAAAWSLLVSTTLIMEGYDTATILGA
FYALPIFQRKFGSQNDKTGEWEISASWOIGLTLCYMAGEIVGLOLTGPSVDLVGNRYTLI
IALFFLAAFTFILYFCNSLCGMIAVGQALCGMPWGCEFQCLTVSYASEICPLALRYYLTTYS
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NLCWLFGQLFAAGIMENSQKKYADSELGYKLPFALQWILPVPLALGIFFAPESPWWLVKK
GRFDEARRSLRRTLSGKGPEKEILVTLEVDKIKVTIDKEKRLTSKEGSYSDCFEDKINRR
RTRITCLCWAGQATCGSILIGYSTYFYERAGVSTEMSFTFSIIQYCLGICATFLSWWASK
YFGRYDLYAFGLAFQTIVFFIIGGLGCSSTHGSKMGSGSLLMAVAFFYNLGIAPVVECLY
SEMPSSRLRTKTIILARNTYNVVSIICSVLILYQLNSKKWNWGAKSGFFWGVLCFCTLIW
AVVDLPETAGKTFVEINELFKLGVSARKFKSTKVDPFVVKTPPKDVSHNDPKGDIEASIA
EE

SEQ ID NO:50

YKLO64W

>sp|P35724 |MNR2 YEAST Manganese resistance protein MNR2
OS=Saccharomyces cerevisiae {strain ATCC 204508 / S288c) GN=MNR2Z
PE=1 5V=1
MSTDNSQKDEGVPLLSPYSSSPOLRKKKRNQKRRKDKFVGHLKSDSRRPTQLLHDNLQHN
HGQITDFDQIDSWGMLHESDSTSNDITKSEDPSLKGAFIDHRPSMSQPREGPQSVSSTVY
POPIMKFSTPSYKKPAGLRPSDONRSLVSDLSPSELESWLKRRKSVHKSFVDENSPTDRR
QSNANNDVVIDVDALMNHVNNNASTGVNDNSKRRKKKRGSDDSSNKNSKSTSSDSNDEED
EYNSRPSSSLSSNNSSLDDVCLVLDDEGSEVPRKAWPDCTVLEEFSKEETERLRSQAIQDA
EAFHFQYDEDEEDGTSNEDGILFSKPIVINIDVPELGNRRVNETENLKNGRLRPKRIAPW
HLIQORPMVLGSNSTKDSKSRIQSGLODNLLVGRNIQYPPHIISNNPEHFREFTYFRVDLDS
TVHSPTISGLLOPGOKFODLEFVASIYSQDNSAGHIKTHPNSPTPGIKAETVSQLOGLTAK
NPSTLSSMSVANIEDVPPEFWLDVSNPTEEEMKILSKAFGIHPLTTEDIFLGEVREKVELF
RDYYLICFRSFDIVAEKHVRRRRKEKQESATLDHESISRRRKSQAYGATMSNESNANNNNS
TSNASRSKWLPSTLRARRRSSANRTTNTSSSSYKRRVKSEKKKMEENEKFKRKSGDRHEHKP
REGELEPLNVYIIVFRTGVLTFHFAPTPHPINVRRRARLLKDYLNVTSDWIAYALIDDIT
DAFAPMIELIEDEVYEIEDAILKMHQSDDSSDSDSSDSDSDSGASDEDAFPFDVYSKKTS
YSSAKSSVSSROMSTSEASFNANLIGWKRKGDMLRRIGECRKRVMS ILRLLGSKADVIKG
FAKRYNEQWEASPOSEIAMYLGDIQDHIVTMVSSLNHYEKLLSRSHSNYLAQINIDMTRKY
NNDMNDVLGKITILGTIVLPMNVITGLWGMNVIVPGOYRDSLTWFIGIVLEFMCMLACSAY
MYTKRRFGF

SEQ ID NO:51

YKRO50W

>3p|P2B584 | TRKZ2 YEAST Low-affinity potassium transport protein
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=TRKZ
PE=1 3V=1
MPTAKRTSSRASLALPFQLRLVHKKSWGHRLRDFISGFLKSCRPIAKYVFPNFIVVHYIY
LITLSTIGSILLYPCKNTAFIDVLEFLAAGASTQGGLATKSTNDFNLYQQIVVYVITLLST
PILIHGFLAFVRLYWFERYFDNIRDISKONFKLRRTMTLOQRELSGSSGNARARSRSFKDN
LFRGKFVSREDPRQSASDVPMDSPDTSALSSISPLNVSSSKEESSDTOSSPPNESSKRQP
SDVDPRDIYKSIMMLOKOQEKSNANSTDSFSSETNGPAFIVQERHERRAPHCSLKRHSVL
PSSQELNKLAQTRKSFOKLLGLRRDEGDHDYFDGAPHKYMVTKKKKISRTQSCNIPTYTAS
PSPRKTSGQVVENHRNLAKSAPSSEFVDEEMSFSPQESLNLOFQAHPPKPKRREGDIGHPFT
RTMSTNYLSWOPTEGRNSVEFIGLTKQOKEELGGVEYRALRLLCCILMVYYIGFNILAFVT
IVPWACTRHHYSEIIRRNGVSPTWWGFFTAMSAFSNLGLSLTADSMVSFDTAPYPLIFMM
FPITIGNTGFPIMLRFIIWIMFKTSRDLSQFKESLGFLLDHPRRCFTLLEFPSGPTWWLET
TLVVLNATDWILFIILDENSAVVROVAKGYRALMGLFQSVCTRTAGFNVVDLSKLHPSIQ
VEYMLMMYVSVLPLATSTIRRTNVYEEQSLGLYDSGQODDENITHEDDIKETDHDGESEERD
TVSTKSKPKKQSPKSFVGAHLRROLSFDLWYLFLGLFIICICEGRKIEDVNKPDENVFAT
LFEVVSAYGTVGLSLGYPNTNTSLSAQFTVLSKLVIIAMLIRGRNRGLPYTLDRAIMLPS
DKLEQIDRLODMEAKGKLLAKVGEDPMTTYVKKRSHKLKKIATKFWGKH
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SEQ ID NO:52

YKR105C

>sp|P36172|VBAS YEAST Vacuolar basic amino acid transporter 5
OS=Saccharomyces cerevisiae {(strain ATCC 204508 / $288c) GN=VBAS
PE=3 8V=1
MEETKYSSQQEIEGACGSDASLNARGSNDSPMGLSLYLCLASLTLVLFITALDILIVGTI
IDVVAEQFGNYSKTGWLVTGYSLPNAILSLIWGRFASIIGFQHSLILAILIFEAGSLIAA
LASSMNMLIFGRVVAGVGGSGLOTLCFVIGCTMVGERSRPLVISILSCAFAVAATVGPIT
GGAFTTHVIWRWCEFYINLPIGGLATIIMFLLTYKAENKGILOQQIKDATIGTISSFTFSKFRH
QVNFEKRLMNGI IFKFDFFGFALCSAGLVLFLLGLTFGGNKYSWNSGQVITYLVLGVLLFTI
FSLVYDFFLFDKFNPEPDNISYRPLLLRRLVAKPATIIIVNMVTFLLCTGYNGOMIYSVQF
FOLIFASSAWKAGLHLIPIVITNVIAATASGVITKKLGLVKPLLIFGGVLGVIGAGLMTL
MTNTSTKSTOIGVLLLPGFSLGFALQASTMSAQLOITKDRPEAAMDFIEVTAFNTFMKSL
GTTLGGVLSTTVEFSASFHNKVSRAHLEPYEGKTVDDMILYRLONYDGSHSTIGNILSDSI
KNVFWMDLCGFYALGFLFCSFSSNEKLIIPKKDDTPEDNLEDK

SEQ ID NO:53

YKR106W

>sp|P36173|GEX2 YEAST Glutathione exchanger 2 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=GEXZ2 PE=1 SV=1
MSSSVVGASSNKKSGIRQSCEIIERERHSNDDTYSMTSTFFKLKENEIMSAQFDSLKYKT
LLISTAFVCGFGISLDYTLRSTYTGYATNSYSEHSLLSTVQVINAVVSVGSQVVYSRLSD
HFGRLRLFLVATIFYIMGTIIQSQATRLTMYAAGSVEYNCGYVGTNLLLTLILSDFSSLK
WRMFYQYASYWPYIIIPWISGNIITAANPQKNWSWNIAMWAFIYPLSTLPIIFLILYMKY
KSSKTAEWRSLKEQARKERTGGLFENLVFLEFWKLDIVGILLITVSLGCILVPLTLANETS
QKWHNSKIIATLVSGGCLFFIFLYWEAKFAKSPLLPFKLLSDRGIWAPLGVTFFNFFTEF
ISCDYLYPVLLVSMKESSTSAARIVNLPDFVAATASPFYSLLVAKTRKLKLSVIGGCAAW
MVCMGLFYKYRGGSGSHEGVIAASVIMGLSGLLCSNSVIVILOAMTTHSRMAVITGIQYT
FSKLGAAIGASVSGAIWTOTMPNQLYKNLGNDTLAEIAYASPYTFISDYPWGSPERDAVY
ESYRYVORIIMTVGLACTVPFFTFTMFMRNPELIDKATHEEFTEDGLVVLPDEENIFSQI
KALFRHNRSNKKSGC

SEQ ID NO:5%4

YLR447C

>sp|P32366|VAOD _YEAST V-type proton ATPase subunit d
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=VMAGL
PE=1 SV=2
MEGVYEFNIDNGFIEGVVRGYRNGLLSNNQYINLTQCDTLEDLKLOLSSTDYGNFLSSVSS
ESLTTSLIQEYASSKLYHEFNYIRDQSSGSTRKFMDYITYGYMIDNVALMITGTIHDRDK
GEILQRCHPLGWEFDTLPTLSVATDLESLYETVLVDTPLAPYFENCFDTAEELDDMNIEIT
RNKLYKAYLEDFYNFVITEEIPEPARECMOTLLGFEADRRSINIALNSLQOSSDIDPDLKSD
LLPNIGKLYPLATFHLAQAQDFEGVRAALANVYEYRGFLETGNLEDHFYQLEMELCRDAF
TQOFAISTVWAWMKSKEQEVRNITWIAECIAQNQRERINNYISVY

SEQ ID NO:55

YML116W

>sp|{P13090{ATR]l YEAST Aminotriazole resistance protein
OS=3accharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=ATR1
PE=1 8V=2
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MGNQSLVVLTESKGEYENETELPVKKSSRDNNIGESLTATAFTQSEDEMVDSNQKWONPN
YFRKYAWQEYLFIFTCMISQLLNQAGTTOQTLSIMNILSDSFGSEGNSKSWLMASFPLVEGS
FILISGRLGDIYGLKKMLLVGYVLVIIWSLICGITKYSGSDTFFIISRAFQGLGIAFVLP
NVLGIIGNIYVGGTFREKNIVISFVGAMAPIGATLGCLFAGLIGTEDPKOQWPWAFYAYSIA
AFINFVLSIYAIPSTIPTNIHHFSMDWIGSVLGVIGLILLNFVWNQAPISGWNQAYIIVI
LIISVIFLVVFIIYEIRFAKTPLLPRAVIKDRHMIQIMLALFFGWGSFGIFTFYYFQEQL
NIRQYTALWAGGTYFMFLIWGIIAALLVGFTIKNVSPSVFLFFSMVAFNVGS IMASVTPV
HETYFRTQLGTMIILSFGMDLSFPASSIIFSDNLPMEYQGMAGSLVNTVVNYSMSLCLGM
GATVETQVNSDGKHLLEKGYRGAQYLGIGLASLACMISGLYMVESFIKGRRARAAAEYDCT
VA

SEQ ID NO:b6

YMRO34C

>sp|Q05131[{YMS4 YEAST Uncharacterized membrane protein YMR0O34C
OS=8accharomyces cerevisiae {strain ATCC 204508 / S5288c) GN=YMRO34C
PE=1 5V=1
MKTQYSLIRKIWAHSVTEFLKSQWFFICLAILIVIARFAPNFARDGGLIKGQYSIGYGCV
AWIFLOSGLGMKSRSLMANMLNWRAHATILVLSFLITSSIVYGFCCAVKAANDPKIDDWY
LIGLILTATCPTTVASNVIMTTNAGGNSLLCVCEVFIGNLLGAFITPALVOMETNRAPFA
YGNPATGNGIGALYGRVMKQVGLSVEVPLFVGOVIQNCFPKGTAYYLGFLKKYHIKIGSY
MLLLIMESSFSTAFRYQDAFTSVSHVCIIFLCFENLGIYIFFTGLSYLCARPWFILKLFPH
EPIEGKSTRLYRYSYNIFRPEYYSKEDAICIMECGPAKTAALGVSLITSQYGDKKEHLGK
LLVPLVLYQVEQVMTANFFVSLFKRWIQKDAQADGSESSCANENEEVDLEKIISIGTGEN
QSVLSNNVPYTQPR

SEQ ID NO:57

YMRO56C

>sp|PC4710{ADT]1 YEAST ADP,ATP carrier protein 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c¢c) GN=AACl PE=1 SvV=1
MSHTETQTQQOSHFGVDFLMGGVSAATAKTGAAPIERVKLLMONQEEMLKOGSLDTRYKGT
LDCFKRTATHEGIVSFWRGNTANVLRYFPTOALNFAFKDKIKSLLSYDRERDGYAKWEFAG
NLFS5GGAAGGLSLLFVYSLDYARTRLAADARGSKSTSQROFNGLLDVYKKTLKTDGLLGL
YRGFVPSVLGIIVYRGLYFGLYDSFRKPVLLTGALEGSFVASFLLGWVITMGASTASYPLD
TVRRRMMMTSGQTIKYDGALDCLRKIVQKEGAYSLFKGCGANIFRGVAAAGVISLYDQLO
LIMFGKKFK

SEQ ID NO:58

YMRZ53C

>sp|Q04835|¥YMB7_ YEAST Uncharacterized membrane protein YMR253C
O8=Saccharomyces cerevisiae (strain ATCC 204508 / S5288c¢) GN=YMR253C
PE=1 85V=1
MNPSVPKVMKRENNTHLLVSKEMNDTSLOQLPSTTRSLSPKESNSNEDFNVDGNETTLQORY
SKDYLEPNIGLVLLTVSYFFNSAMVVSTKVLENDPDDIANDRQIKPLOILLVRMVITYIG
TLIYMYINKSTISDVPFGKPEVRKWLVLRGCTGFFGVFGMYYSIMYLTISDAVLITELAP
SLTIFLSWVILRERFTKVEALGSLISLLGVVLIVRPSFLFGTPELTDSSSQIVESSDPKS
RLIATLVGLWGVLGMSCVYIIIRYIGKRAHAIMSVSYFSLITAIVSFIGINTIPSMKFQTI
PHSKKOQWILFGNLGVSGFIFQLLLTMGIQRERAGRGSIMTYTQLLYAVEFWDVALYKHWPN
IWSWIGMITIISATLWVIRIRAANNETTAKDLTPIIDDEENSIPLTEFDLSDSK
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SEQ ID NO:55

YNLO65W

>sp| P539431AQR]1 YEAST Probable transporter AQR1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c¢) GN=AQR1 PE=1 §V=1l
MSRSNSIYTEDIEMYPTHNEQHLTREYTKPDGOTKSERKLNFEGAYINSHGTLSKTTTRET
EGDLDSETSSHSSDDKVDPTQQITAETKAPYTLLSYGOKWGMVAILTMCGFWSSLGSPIY
YPALRQLEKQFNVDENMVNVIVVVYLLFQGISPTVSGGLADCFGRRPIILAGMLIYVIAS
IGLACAPSYGVIIFLRCIQSIGISPTIAISSGVVGDFTLKHERGTFVGATSGFVLLGQCF
GSLIGAVLTARWDWRAIFWFLTIGCGSCFLIAFLILPETKRTIAGNLSIKPKRFINRAP]T
FLLGPVRRRFKYDNPDYETLDPTIPKLDLSSAGKILVLPEIILSLFPSGLLFAMWTLMLS
SISSGLSVAPYNYHLVIIGVCYLPGGIGGLMGSFFTGRIIDMYFKRKIKKFEQDKANGLT
PODAEINMFRVRLVCLLPONFLAVVAYLLFGWSIDKGWRIESILITSEFVCSYCAMSTLST
STTLLVDLYPTKSSTASSCFNEVRCSLSTIFMGCFAKMKAAMTVGGTFTFLCALVFEFFNF
LMFIPMKYGMEWREDRLLEKQOROSWLNTLAVKAKKGTKRDONDNHN

SEQ ID NO:60

YNLO70W

>sp|P53507|TOM7_YEAST Mitochondrial import receptor subunit TOM7
08=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=TCOM7
PE=1 5V=2
MSFLPSFILSDESKERISKILTLTHNVAHYGWIPFVLYLGWAHTSNRPNFLNLLSPLPSV

SEQ ID NO:61

YNLOB3W

>sp|DEW196|CMCl YEAST Truncated non-functional calcium-binding
mitochondrial carrier SALL1-1 OS=Saccharomyces cerevisiae (strain
ATCC 204508 / 5288c) GN=SAL1l PE=1 8§V=2
MLLKNCETDKQRDIRYACLFKELDVEKGNGQVTLDNLISAFEKNDHPLEGNDEATIKMLETA
MDVNKDSVVDLSDFKKYASNAESQIWNGFQRIDLDHDGKIGINEINRYLSDLDNQSICHNN
ELNHELSNEKVNKFSRFFEWAFPKRKANIALRGOQASHKENTDNDRSKKTTDSDLYVTYDO
WRDFLLLVPRKQGSRLHTAYSYFYLFNEDVDLSSEGDVTLINDFIRGFGFFIAGGISGVI
SRTCTAPFDRLEKVEFLIARTDLSSILLNSKTDLLAKNPNADINKISSPLAKAVKSLYROGG
IKAFYVGNGLNVIKVFPESSIKFGSFEVTKKIMTKLEGCRDTKDLSKEFSTYIAGGLAGMA
AQFSVYPIDTLKFRVQCAPLDTKLKGNNLLFQTAKDMFREGGGOIILQRCHSRYSGHISL
CCIRFGDFFCLKEKMVYCQOTGKDPEPTTRSGHSKQPGCTSNGCIQWNCRSFCCLSNQSFKN
KTTSPRNICTSLCVY

SEQ ID NO:62

YNL0O5C

>sp|P53832[YNJ5 YEAST Uncharacterized transporter YNLO95C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YNLOYSC
PE=]1 5V=1
MVHITLGQAIWVSVEKPIIKIYLIIGVGFLMAKMGILTVEATRIISDIVLTVLLEPSLSFNK
IVANIEDKDIKSVGIICLSALLIFGSGFFFAYVVRLFLPVPKOWYGGILAGGMFPNISDL
PIAYLOSMDOGLVESEEEGNKGVANVIIFLTMFLICIFNLGGFRLIESDFEYNDDESAVR
VSETTKTOPAVSANTINTDTSERFEPSNEQOLEFNNKYTARDSLTEAIGTKGENADVPPISR
RSTNSIAPLSLPDTSSNSKITKPVOQVKARNTIACTOSEESQATRGSNPLDSQSSASTIHS
YNTSESYESSIDTMRARRTASQPRAYNTTTLLEENCLDEKCPKNMSMAALEPIRSIDMRA
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LPSONIHHLIREYSNVDQYGHORRNSSLRGADMNDVHSISSNSTLOQTIKTANLTRILTSD
ATVSKKDIETSGESLPQWMRKEFSLTPLLVFFLEKNCLRPCSMAVIIALTVAFIPWVKALFV
TTANTPHISQAPDNAPPLSFFMDEFTGYVGAACVPFGLILLGATLGRLKIGNLYPGFWKAA
VILVILROQCVMPIFGVLWCDRLVKAGWVNWODDRMLLEVIAISWNLPTMTTLIYFTASFET
PPETTAPIQMECVSFFLMLOYPIMVVSLPFLVSYFLKVQOMNL

SEQ ID NO:63

YNL121C

>sp|PO07213|TOMT70 _YEAST Mitochondrial import receptor subunit TOM7C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢c) GN=TOM70
PE=1 3V=2
MESFITRNKTAILATVAATGTATIGAYYYYNQLOQOOQORGKKNTINKDEKKDTKDSQKETE
GAKKSTAPSNPPIYPVSSNGEPDEFSNKANFTAEEKDKYALALKDKGNQFFRNKKYDDAIK
YYNWALELKEDPVFYSNLSACYVSVGDLKKVVEMSTKALELKPDYSKVLLRRASANEGLG
KEFADAMEDLSVLSLNGDENDASIEPMLERNLNKQAMSKLKEKFGDIDTATATPTELSTQP
ARKERKDKQENLPSVITSMASFFGIFKPELTFANYDESNEADKELMNGLSNLYKRSPESYDK
ADESFTKAARLFEEQLDKNNEDEKLKEKLAISLEHTGIFKFLEKNDPLGAHEDIKKAIELF
PRVNSYIYMALIMADRNDSTEYYNYFDRKALKLDSNNSSVYYHRGOMNFILONYDQAGKDF
DRKAKELDPENIFPYIQLACLAYRENKFDDCETLFSEAKRKFPEAPEVPNFFAEILTDKND
FDKALKQYDLAIELENKLDGIYVGIAPLVGKATLLTRNPTVENFIEATNLLEKASKLDPR
SEQAKIGLAQMKLOOEDIDEAITLFEESADLARTMEEKLQAITFAEAAKVOQRIRSDPVL
AKKIQETLAKLREQGLM

SEQ ID NO:64

YNL142W

>sp|P41948|MEP2 YEAST Ammonium transporter MEP2 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=MEP2 PE=1 SV=1
MSYNFTGTPTGEGTGGNSLTTDLNTQFDLANMGWIGVASAGVWIMVPGIGLLYSGLSRKK
HALSLLWASMMASAVCIFQWFFWGYSLAFSHNTRGNGFIGTLEFFGFRNVLGAP3SVSSL
PDILFAVYQGMFAAVTGALMLGGACERARLFPMMVFLFLWMT IVYCPIACWVWNAEGWLV
KLGSLDYAGGLCVHLTSGHGGLVYALILGKRNDPVTRKGMPKYKPHSVTSVVLGTVFLWE
GWMFFNGGSAGNATIRAWYSIMSTNLAAACGGLTWMVIDYFRCGREKWTTVGLCSGIIAGL
VGITPAAGEFVPIWSAVVIGVVTGAGCNLAVDLKSLLRIDDGLDCYSIHGVGGCIGSVLTG
IFAADYVNATAGSYISPIDGGWINHHYKQVGYQLAGICAALAWTVTIVISILLLTMNAIPF
LEKLRLSADEEELGTDAAQIGEFTYEESTAYIPEPIRSKTSAQMPPPHENIDDKIVGNTDA
EKNSTPSDASSTKNTDHIV

SEQ ID NQ:65

YOLOZ0W

>sp|P38967|TATZ2 YEAST Tryptophan permease 0OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=TAT2 PE=1 SV=l
MTEDFISSVKRSNEELKERKSNFGFVEYKSKQLTSSSSHNSNSSHHDDDNQHGKRNIFQR
CVDSFKSPLDGSFDTSNLKRTLKPRHLIMIAIGGSIGTGLFVGSGKAIAEGGPLGVVIGH
ATAGSQIIGTIHGLGEITVREFPVVGAFANYGTRFLDPSISFVVSTIYVLOQWFFVLPLEIL
AAPMTVOYWNSSIDPVIWVAIFYAVIVSINLFGVRGFGEAEFAFSTIKAITVCGFIILCY
VLICGGGPDHEFIGARKYWHDPGCLANGFPGVLSVLVVASYSLGGIEMTCLASGETDPKGL
PSAIRQVFWRILFFFLISLTLVGEFLVPYTNONLLGGSSVDNSPFVIAIKLHHIKALPSIV
NAVILISVLSVGNSCIFASSRTLCSMAHQGLIPUWFGYIDRAGRPLVGIMANSLFGLLAF
LVEKSGSMSEVENWLMATIAGLATCIVWLSINLSHIRFRLAMKAQGKSLDELEFVSAVGIWG
SAYSALINCLILIAQFYCSLWPIGGWTSGKERAKIFFONYLCALIMLFIFIVHKIYYKCQ
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TCGKWWGVKALKDIDLETDRKDIDIEIVRKQEIAEKKMYLDSRPWYVRQFHEWC

SEQ ID NO:66

YOLO75C

>splQ08234|Y0075 YEAST Uncharacterized ABC transporter ATP-binding
protein/permease YOLO75C OS=Saccharomyces cerevisiae (strain ATCC
204508 / S$S288c) GN=YOLO75C PE=1 8V=3
MSQQENGDVATELIENRLSFSRIPRISLHVRDLSIVASKTNTTLVNTFSMDLPSGSVMAY
MGGSGSGKTTLLNVLASKISGGLTHNGSIRYVLEDTGSEPNETEPKRAHLDGQDHPIQKH
VIMAYLPQODVLSPRLTCRETLKFAADLKLNSSERTKKLMVEQLIEELGLKDCADTLVGD
NSHRGLSGGERKRRLSIGTOMISNPSIMFLDEPTTGLDAYSAFLVIKTLKKLAKEDGRTFI
MSIHQPRSDILFLLDQVCILSKGNVVYCDKMDNTIPYFESIGYHVPQLVNPADYFIDLSS
VDSRSDKEEAATQSRLNSLIDHWHDYERTHLOLOAESYISNATEIQIQONMTTRLPEFWKQV
TVLTRRNFKLNEFSDYVTLISTFAEPLIIGTVCGWIYYKPDKSSIGGLRTTTACLYASTIL
QCYLYLLFDTYRLCEQDIALYDRERAEGSVTPLAFIVARKISLFLSDDFAMTMIFVSITY
FMEGLEADARKFEYQFAVVFLCQLSCSGLSMLSVAVSRDFSKASLYVGNMTFTVLSMGCGE
FVNAKVMPVYVRWIKYIAFTWYSFGTLMSSTFTNSYCTTDNLDECLGNQILEVYGFPRNW
ITVPAVVLLCWSVGYFVVGAIILYLHKIDITLONEVKSKQKKIKKKSPTGMKPEIQLLDD
VYHQKDLEAEKGKNIHITIKLEDIDLRVIFSAPFSNWKEGNFHHETKEILQSVNAIFKPG
MINATMGPSGSGRSSLLNLISGRLKSSVEFAKFDTSGSIMFNDIQVSELMFKNVCSYVSQD
DDHLLAALTVKETLEYAAALRLHHLTEAERMERTDNLIRSLGLKHCENNIIGNEFVKGIS
GGEKRRVTMGVQLLNDPPILLLDEPTSGLDSFTSATILEILEKLCREQGKTITIITIHQPR
SELFKRFGNVLLLAKSGRTAFNGSPDEMIAYFTELGYNCPSFTNVADFFLDLISVNTQNE
ONEISSRARVEKILSAWKANMDNESLSPTPISEKQQYSQESFFTEYSEFVRKPANLVLAY
IVNVKRQFTTTRRSEFDSLMARIAQIPGLGVIFALFFAPVKHNYTSISNRLGLAQESTALY
FVCGMLGNLACYPTERDYFYEEYNDNVYGIAPFFLAYMTLELPLSALASVLYAVFTVLACG
LPRTAGNFFATVYCSFIVICCGEALGIMTNTFFERPGFVVNCISIILSIGTOMSGLMSLG
MSRVLEKGENYLNPVGYTSMIIINFAFPGNLRLTCEDGGKNSDGTCEFANGHDVLVSYGLY
RNTOQRYLGITIVCVAIIYRLIAFFILKAKLEWIKW

SEQ ID NO:67

YOLO77W-~A

>sp|P81451|ATP19 YEAST ATP synthase subunit K, mitochondrial
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=ATP1O
PE=1 SV=1
MGAAYHFMGKAIPPHOLAIGTLGLLGLLVVPNPFKSAKPKTVDIKTDNKDEEKFIENYLK
KHSEKQDA

SEQ ID NO:é8

YOLl22C

>sp| P3BY25|SMF1 YEAST Manganese transporter SMFl OSs=Saccharomyces
cerevisiae (strain ATCC 204508 / 8$288c¢c) GN=SMFl PE=]1 8V=2
MVNVGPSHAAVAVDASEARKRNISEEVFELRDEKKDSTVVIEGEAPVRTFTSSSSNHERED
TYVSKRQVMRDIFAKYLKFIGPGLMVSVAYIDPGNYSTAVDAGASNQFSLLCIILLSNFI
ATFLOQCLCIKLGSVIGLDLSRACREYLPRWLNWILYFFAECAVIATDIAEVIGTAIALNI
LIKVPLPAGVAITVVDVFLIMFTYKPGASSIRFIRIFECFVAVLVVGVCICFAIELAYIP
KSTSVKQVFRGEFVPSAQMFDHNGIYTAISILGATVMPHSLFLGSALVQPRLLDYDVKHGN
YTVSEEQDKVRKKSKSTEEIMEEKYFNYRPTNAATKYCMKYSMVELSITLFTLALFVNCAL
LVVAGSTLYNSPEADGADLFTIHELLSRNLAPAAGTIFMLALLLSGQSAGVVCTMSGQIV
SEGHINWKLOPWORRLATRCISIIPCLVISICIGREALSKALNASQVVLSIVLPFLVAPL
IFFTCKKSIMKTEITVDHTEEDSHNHQNNNDRSAGSVIEQDGSSGMEIENGKDVKIVYMA
NNWITITVIAIIVWLFLSLLNVYAIVQLGMSHGDIS
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SEQ ID NO:69

YOR079C

>splQ12067 |ATX2 _YEAST Metal homeostasis factor ATX2 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=ATX2 PE=1 5V=1
MKFLGVILLASFLLIATFLIGLIPLYYIDKQKSSIVINQEGADSISDFTTNADTQTINDD
VSSYRVKIAVLSQFGIGMLLGTSFMLVIPEGIKACVEHDGNVGVNLLIGFLGVYVLDRLV
TLWVSRKQTVYTHDAVKFQSWKDI INHPRQIWMNLIQNNVVFALFIHGLSDGIALGTTTN
NDSLLIVVLIAIVIHKIPAVLSLTSLMVSRONLMKWEVICNVEFLFASSTPIGYIVLSLLN
LSHSPTMDWISGNLLLMSGGSLLYASFTAFVGGDSHDHDLSVEQEVVLPHDESVYVLIGY
CIPLVISYCISEE

SEQ ID NO:70

YOROETW

>splQ12324|YVC1 YEAST Calcium channel YVCl OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=YVCl PE=1 5V=2
MVSANGDLHLPISNEQCMPENNGSLGFEAPTPRQILRVTLNLKYLIDKVVPIVYDPNDIV
CDHSEILSPKVVKLAYEACGGNPKDKANKRKYQSVIIFSLLKVCEWYSILATMEVHNAKL
YETRNLASQQLCKLLIEREETRDLOFLFMOLLLRRYVINENDEDQEPLNALELATDMHCT
TVIGSSGFQRCLEKWIWRGWIVONGLDPTTFIKDDSLAEVSLISHENPVRLKAPVYQONYLQ
MIFSFLFLGLYTLVVNGKDSERVQSFDLLESIFYVFNTGFILDELTKLYYIGYAHLSFWN
LENDTTYLIITFAMGFRAMSVTPLNAKYSSEDWDKISYRVLSCAAPFVWSRLLLYLESQOR
FIGIMLVILKHMMKESIVFFFLLFLIMIGFTQGFLGLDSADGKRDITGPILGNLTITVLG
LGSFDVFEEFAPPYAATILYYGYYFIVEVILLNILIALYSTAYQKVIDNADDEYMALMSQK
TLRYIRAPDEDVYVSPLNLIEVFMTPIFRILPPKRAKDLSYTVMTIVYSPFLLLISVKET
REARRIKYNRMKRLNDDANEYDTPWDLTDGYLDDDDGLFSDNRNSGMRATQLKNSRSLKL
QRTAEQEDVHFKVPEKEWYRNVKKCSPSFEQYDNDDTEDDAGEDKDEVKELTKKVENLTAV
ITDLLEKLDIKDKKE

SEQ ID NO:71

YORO92W

>sp Q99252 |ECM3 YEAST Protein ECM3 OS=Saccharomyces cerevisiae
{(strain ATCC 204508 / $S288c) GN=ECM3 PE=1 8V=1
MTHITLGOAIWASVRPITIKIYLIIGVGFGLCKMNILTVQOATRSISDIVLTILLPCLSFNK
IVANIEDNDIKDVGIICLTSVILFATGLGFAFIVRSVLPVPKRWRGGILAGGMFPNISDL
PIAYLOSMDQGFIFTEAEGEKGVANVIIFLAMFLICVFNLGGFRLIENDFHYKGDDDEEN
TLTNDDSAQOPTOPIEGNSSSSSNQDILKEPNESTVPNSSQASYISEKNKKEKTELSVPK
PTHTAPPAIDDRSSNSSAVVSIDSITHSLRTNHVDAQSVSELNDPTYRTRSQPIAYTTES
RTSHVHNNRRNSITGSLRSIDMRELPAEGMSDLIREYSNVDOYGRRRKSSISSQGAPSVL
QADGTISPNLTRTSTLORVKTSNLTRIITSDATVSKKDIETSGSSLPKWLOKFPLTKFFV
FELKNCLRPCSMAVILALIIAFIPWVKALFVTTSNTPKIKQAPDNAPALTFIMDETSYVG
AASVPFGLILLGATLGRLKIGKLYPGFWKSAVVLVFLROCIMPIFGVLWCDRLVKAGWLN
WENDKMLLEVTAITWNLPTMTTLIYFTASYTPEDETEPVOMECTSFFLMLOYPLMVVELP
FLVSYFIKVQMKL

5EQ ID NO:72
YOR130C

>sp|QLl2375|0RT1_YEAST Mitochondrial ornithine transporter 1
0S=8accharomyces cerevisiae (strain ATCC 204508 / S288c) GN=0ORTL
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PE=1 SV=2
MEDSKKKGLIEGAILDIINGSTAGACGKVIEFPFDTVKVRLOTOASNVEFPTTWSCIKETY
ONEGIARGFFQGIASPLVGACLENATLEFVSYNQUSKFLEKHTNVSPLGQILISGGVAGSC
ASLVLTPVELVKCKLOVANLOVASAKTKHTKVLPTIKATITERGLAGLWQGQSGTFIRES
FGGVAWFATYEIVKKSLKDRHSLDDPKRDESKIWELLISGGSAGLAFNASIFPADTVKSY
MOTEHISLTNAVKKIFGRKFGLKGFYRGLGITLFRAVPANAAVEYIFETLSAL

SEQ ID NO:73

YORZ22W

>splQ99297|0DC2 YEAST Mitochondrial 2-oxodicarboxylate carrier 2
Os=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=0DCZ
PE=1 8V=1
MSSDSNAKPLPFIYQFISGAVAGISELTVMYPLDVVKTREQLEVTITPTAAAVGKQVERYN
GVIDCLEKKIVKKEGFSRLYRGISSPMLMEAPKRATKFACNDQYQKIFKNLENTNETTQKI
SIAAGASAGMTEAAVIVPFELIKIRMQDVESSYLGPMDCLKKTIKNEGIMGLYKGIESTM
WRNALWNGGYFGVIYQVRNSMPVAKTKGOKTRNDLIAGAIGGTVGTMLNTPFDVVKSRIQ
SVDAVSSAVKKYNWCLPSLLVIYREEGFRALYKGFVPKVCRLAPGGSLMLVVETGMMNFF
RDLKYGH

SEQ ID NO:74

YORZ291W

>splQl2697|YPKS YEAST Vacuolar cation~transporting ATPase YPK9
OS=8accharomyces cerevisiae (strain ATCC 204508 / 3288c) GN=YPKSY
PE=1 8Vv=1
MDIPSSNQIQHGORSERNRRMPRASFSSTATTSTAATLTSAMVLDONNSERPYAGATFEAV
PSSIVSFHHPHSFQSSNLPSPHSSGNLEQRGRRLTESEPLVLSSAEQSRSSSRNPSHERE
FTQEQISNAEGASTLENTDYDMAWDATPAYEQDRIYGTGLSSRRESIRSFSRASSLENAK
SYGSFSKRGRSGSRAPQRLGENSDTGEFVYHSATHSSSSLSRYTTRERIPIELESQTDEIL
EDESSTHSLESSDSRRSASENNRGSFSGHDDVHNQHSEYLKPDYHEKFYPQYAPNLHYQR
FYIAEEDLVIGIAAYQTSKFWYIIYNLCCFPFLTFGLVYLLTRWLPHLKVKLYGVKVPLAKA
EWVVIENEFGEFVIQPIDROWYNRPLSTVLPFENYPNPSYEPNDINLSHHHANEINPNVP
ILITFEYRYIKFIYSPLDDLFKTNNNWIDPDWVDLSTVSNGLTKGVQEDRELAFGKNQIN
LRMRTTSEILFNEVLHPEYVEFQVESIILWGIDEYYYYAACIFLISVLSIFDSLNEQKKVS
RNLAEMSHEFHCDVRVLRDKEWTTISSSELVPGDIYEVSDPNITILPCDSILLSSDCIVNE
SMLTGESVPVSKFPATEETMYQLCDDFQSTQISSEFVSKSFLYNGTNIIRARIAPGQTAAL
AMVVRTGESTTKGSLVRSMVEPKPTGFKFYRDSFKYIGFMSLIAIFGFCVSCVQFIKLGL
DEKKTMILRALDIITIVVPPALPATLTIGTNFALSRLKEKGIFCISPTRLNISGKIDVMCE
DKTGTLTEDGLDVLGVQISEPNGVRGOKFGELLSDIRQVFPKFSLNDCSSPLDFKSRNFF
MSLLTCHSLRSVDGNLLGDPLDFKMFQFTGWSFEEDFQKRAFHSLYEGRHEDDVFPENSE
IIPAVVHPDSNNRENTFTDNDPHNFLGVVRSFEFLSELRRMSVIVKTNNDDVYWSEFTKGA
PEVISEICNKSTLPADFEEVLRCYTHNGYRVIACAGKTLPKRTWLYSQKVSREEVESNLE
FLGFIIFQNKLKKETSETLRSLODANIRTIMCTGDNILTAISVGREAGLIQCSRVYVPST
NDTPLHGEPVIVWRDVNEPDKILDTKTLKPVKLGNNSVESLRECNYTLAVSGDVFRLLFR
DENEIPEEYLNEILLNSSIYARMSPDEKHELMIQLOKLDYTVGFCGDGANDCGALKAADY
GISLSEAEASVAAPFTSKIFNISCVLDVIREGRAALVISFACEFQYMSLYSAIQFITITIL
YSRGSNLGDFQFLYIDLLLIVPIAICMSWSKSYEKIDKKRPSANLVSPKILVPLLISVFEL
VELEQFIPWIIVOKMSWYIKPIVGGDDAVOSSDNTVLFFVENFQYILTAIVLSVGPPYRE
PMSKNFEFIVDITVSIGASLLLMTLDTESYLGKMLOLTPISNSFIMFIIVWVILNYYAQL
YIPPSIKGWLKKKKSSKKYKLLIQEEMKLKEV
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SEQ ID NO:75

YOR306C

>sp|Q08777|MCHS YEAST Riboflavin transporter MCHS5 OS=Saccharomyces
cerevisiae {strain ATCC 204508 / S288c) GN=MCH5 PE=1 8V=2
MSSDSLTPKDTIVPEEQTNQLROPDLDEDSIHYDPEADDLESLETTASYASTSVSAKVYT
KKEVNKGTDIESQPHWGENTSSTHDSDREEDSNEEIESFPEGGFKAWVVTFGCFLGLIAC
FGLLNSTGVIESHLQDNQLSSESVSTIGWLFSLFLFVCSASCIISGTYFDRNGFRTIMIV
GTVFHVAGLFATANSTRKYWHFILSFAIVCGFGNGIVLSPLVSVPAHYFFKRRGTALAMAT
IGGSVGGVVFPIMLRSFFSMKSDTDPTYGEVWGIRTLGFLDLALLTLSIILVKERLPHVI
ENSKDGESRWRYILRVYILOCFDAKAFLDMKYLFCVLGTVFSELSINSALTYYGSYATSH
GISANDAYTLIMIINVCGIPGRWVPGYLSDKFPGRENVAIATLLTLFIVMEFVGWLPFGTNL
TNMYVISALYGFCSGSVFSLLPVCCGQISKTEEFGKRYSTMYFVVGFGTLVGIPITGAIL
SIKTTADYQHYIIFCGLATFVSAVCYIISRAYCVGFRKWVRE

SEQ ID NC:76

YOR316C

>spl|P32798|COT1 YEAST Cobalt uptake protein COT1l OS=Saccharocmyces
cerevisiae (strain ATCC 204508 / S$288c¢c) GN=CQOT1l PE=1 8V=2
MKLGSKQVKIISLLLLDTVFFGIEITTGYLSHSLALIADSFHMLNDI ISLVVALWAVNVA
KNRNPDSTYTYGWKRAEILGALINAVFLIALCVSILIEALQRITIAPPVIENPKFVLYVGV
AGLISNTVGLFLFHDNDQEHGHGHGHSHGGIFADHEMHMPSSHTHTHAHVDGIENTTPMD
STDONISEIMPNAIVDSFMNENTRLLTPENASKTPSYSTSSHTIASGGNYTEHNKRKRSLN
MHGVFLHEVLGDALGNIGVMLSAFFIWKTDYSWKYYTDPLVSLIITGITIFSSALPLSCKAS
KILLQATPSTLSGDOVEGDLLKIPGIIAIHDFHIWNLTESIFIASLHIQLDISPEQFTDL
AKIVRSKLHRYGIHSATLOPEFITREVTISTERAGDSQGDHLONDPLSLRPKTYGTGISGS
TCLIDDAANCNTADCLEDH

SEQ ID NO:77

YOR334W

>sp|Q01926|MRS2 YEAST Magnesium transporter MRS2Z, mitochondrial
OS=Saccharomyces cerevisiae {strain ATCC 204508 / S288c¢) GN=MRS2
PE=] SV=2
MNRRLLVRSISCFQPLSRITFGRPNTPFLREYADTSTAANTNSTILRKQLLSLKPISASD
SLFISCTVENSKGNIISMSEKFPKWSFLTEHRSLFPRDLRKIDNSSIDIIPTIMCKPNCIV
INLLHIKALIERDKVYVFEDTTNPSAAAKLSVIMYDLESKLSSTKNNSQFYEHRALESIFI
NVMSALETDFRLHSQICIQILNDLENEVNRLKLRHLLIKSKDLTLFYQKTLLIRDLLDEL
LENDDDLANMYLTVEKSPKDNFSDLEMLIETYYTQCDEYVQQOSESLIQODIKSTEEIVNIT
LDANRNSLMLLELKVTIYTLGFTVASVLPAFYGMNLKNFIEESEWGFTSVAVESIVSALY
ITKKNENSLRSVIKMTMYPNSPANSSVYPKTSASIALTNKLKRRREKWWKS TKOQRLGVLLY
GSSYTNKANLSNNKINKGFSKVEKKFNMENDIKNKONRDMIWKWLIEDKKN

SEQ ID NO:78

YPLOT8C

>sp| PO5626|ATPF YEAST ATP synthase subunit 4, mitochondrial
O8=S5accharomyces cerevislae {(strain ATCC 204508 / S2B8c) GN=ATP4
PE=1 SV=2
MSMSMGVRGLALRSVSKTLFSQGVRCPSMVIGARYMSSTPEKQTDPKAKANSIINAIPGN
NILTKTGVLGTSAAAVIYAISNELYVINDESILLLTFLGFTGLVAKYLAPAYKDFADARM
KEKVSDVLNASRNKHVEAVEDRIDSVSQLONVAETTKVLFDVSKETVELESEAFELKQRVE
LAHEAKAVLDSWVRYEASLRQLEQROLAKSVISRVOSELGNPKFQERKVLOQOSISEIEQLL
SKLK
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SEQ ID NO:79

YPLZ70W

>sp|P33311|MDLZ_YEAST ATP-dependent permease MDLZ2, mitochondrial
0S=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=MDL2
PE=1 5V=3
MLNGRLPLLRLGICRNMLSRPRLAKLPSIRFRSLVTPSSSQLIPLSRLCLRSPAVGKSLIT
LOSFRCNSSKTVPETSLPSASPISKGSARSAHAKEQSKTDDYKDITIRLFMLAKRDWRLLL
TAILLLTISCSIGMSIPRVIGIVLDTLKTSSGSDFFDLKIPIFSLPLYEFLSFFTVALLT
GCAANFGRFILLRILSERVVARLRANVIKKTLHODAEFFDNHKVGDLISRLGSDAYVVSR
SMTOKVSDGVKALICGVVGVEMMCSLEPOLSILLLFFTPPVLFSASVFGRQIRNTSKDLY
EATGQLTRVAEEQLSGIKTVQOSEFVAEGNELSRYNVAIRDIFQVGKTAAFTNAKFFTTTSL
LGDLSFLTVLAYGSYLVLOSQLSIGDLTAFMLYTEYTGNAVFGLSTFYSEIMOGAGAASR
LFELTDRKPSISPTVGHKYKPDRGVIEFKDVSFSYPTRPSVQIFKNLNFKIAPGSSVCIV
GPSGRGKSTIALLLLRYYNPTTGTITIDNQDISKLNCKSLRRHIGIVQQEPVIMSGTIRD
NITYGLTYTPTKEEIRSVAKQCEFCHNFITKEPNTYDTVIGPHGTLLSGGORQRIATIARAL
IKKPTILILDEATSALDVESEGAINYTFGQLMKSKSMTIVSIAHRLSTIRRSENVIVLGH
DGSVVEMGKFKELYANPTSALSQLLNEKAAPGPSDOQLOIEKVIEKEDLNESKEHDDQKK
DDNDDNDNNHDNDSNNQSPETKDNNSDDIEKSVEHLLKDAAKEANPIKITPQP

SEQ ID NO:80

YPL274W

>splQ083986|SAM3 YEAST S-adenosylmethionine permease SAM3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=SAM3
PE=1 SV=1
MDILKRGNESDKFTKIETESTTIPNDSDRSGSLIRRMKDSFKQOSNLHVIPEDLENSEQTE
QEKIQWKLASQPYQRVLSQRHLTMIAIGGTLGTGLFIGLGYSLASGPAALLIGFLLVGTS
MECVVQSAAELSCQFPVSGSYATHVSREFIDESVGEFTVATNYALAWLISFPSELIGCALTI
SYWNQTVNPAVWVAIFYVFIMVLNLFGVRGFAETEFALSTIIRKVIAIFIFITIIGIVLIAGG
GPNSTGYIGARKYWHDPGAFARKPVEKNLCNTFVSAAFSFGGSELVLLTSTESKNISAISRA
AKGTFWRIAIFYITTVVIIGCLVPYNDPRLLSGSNSEDVSASPFVIALSNTGSMGAKVSN
FMNVVILVAVVSVCNSCVYASSRLIQALGASGQLPSVCSYMDRKGRPLVGIGISGAFGLL
GFLVASKKEDEVFTWLEFALCSISSFFTWFCICMSQIRFRMALKAQGRSNDEIAYKSILGY
YGGILGCVILNALLIAGEIYVSAAPVGSPSSAEAFFEYCLSIPIMIVVYFAHRFYRRDWKH
FYIKRSEIDLDTGCSVENLELFRAQKEAEEQLIASKPFYYKIYREWC

SEQ ID NO:B8l1

YPROO3C

>spi{P53394 | 5ULX_YEAST Putative sulfate transporter YPROO3C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YPROO3C
PE=1 5V=1
MTSNNSLLGRGRMSYSSTAPPRFEKRSVDORDTFSDNFDYDKDSSNRGRTYIAASNSTTGV
PPPNNSRSGCTNNTNNTNNTSNTSNTNNNDSVDENTVFETLPYYLPCEFSWLPEYTFNKLW
GDVIAGISVASFQIPLALSYTTSIAHVPPLCGLYSLAISPFVYGILGSVPOMIVGPESAT
SLVVGQAVESITLHKENVSLIDISTVITFVSGTILLESGISRFGFLGNVLSKALLRGFIS
SVGLVMIINSLISELKLDKFLVSLPOQHYHTPFEKILFLIDYAPAQYHIPTAIFSGCCLIV
LEFLTRLLEKRELMKYHKSAIFFPDILLVVIVTILISMKFNLEKHRYGISIIGDFSMDNEDEL
KNPLTRPRRKLIPDLEFSASLIVAMLGFFESTTASKSLGTTYNLTVSSNRELVALGFMNIV
ISLEFGALPAFGGYGRSKINALSGAQSVMSGVEMGVITLITMNLLLOFVHYIPNCVLSVIT
TIIGISLLEEVPGDIKFHLRCGGESELFVFAVIFPCTTIFYSIEAGICIGCVYSTIINIIKH
SAKSRIQILARVAGTSNETNLDDYMMNMKRNSLDVEGTEEIEGCMIVRIPEPLTFTNSED
LEKQRLDRIERYGSSKIHPGREKSLRSKDSIKYVIFDLGGMTSIDSSARQVLEETITEYKRR
NVFIYLVNVSINDKVRRRLFKAGVAASVERAQANNNENNTSNTFSDAGETYSPYFDSIDA
ALYEIEKMKIKGNNVPNNDSESFMSNTLENSSLV
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SEQ ID NO:82

YPRO11C

>splQ122511YP011 YEAST Uncharacterized mitochondrial carrier YPRO11C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=YPRO11lC
PE=1 SV=]1
MAEVLTVLEQPNSIKDFLKODSNIAFLAGGVAGAVSRTVVSPFERVKILLOVQSSTTSYN
RGIFSSIRQVYHEEGTKGLFRGNGLNCIRIFPYSAVQFVVYEACKKKLFHVNGNNGQEQL
TNTQRLFSGALCGGCSVVATYPLDLIKTRLSIQTANLSSLNRSKAKSISKPPGIWQLLSE
TYRLEGGLRGLYRGVWPTSLGVVPYVALNFAVYEQLREFGVNSSDAQPSWKSNLYKLTIG
AISGGVAQTITYPFDLLRRREFQVLAMGGNELGFRYTSVWDALVTIGRAEGVSGYYKGLAA
NLFKVVPSTAVSWLVYEVVCDSVRNW

SEQ ID NO:83

YPRO58W

>sp|P32331|YMC1 _YEAST Carrier protein YMCl, mitochondrial
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 3288c¢c) GN=YMCL
PE=1 SV=2
MSEEFPSPQLIDDLEEHPOHDNARVVKDLLAGTAGGIAQVLVGQPFDTTKVRLOTSSTPT
TAMEVVRKLLANEGPRGFYKGTLTPLIGVGACVSLQFGVNEAMKRFFHHRNADMSSTLSL
POYYACGVTGGIVNSFLASPIEHVRIRLOTQTGSGTNAEFKGPLECIKKLRHNKALLRGL
TPTILREGHGCGTYFLVYEALIANQMNKRRGLERKDIPAWKLCIFGALSGTALWLMVYPL
DVIKSVMOTDNLOKPREPGNSISSVARTLYANGGIGAFFKGFGPTMLRAAPANGATFATFE
LAMRLLG

SEQ ID NO:84

YPR128C

>sp Q06497 |ANT1_YEAST Peroxisomal adenine nucleotide transporter 1
OS=Saccharomyces cerevisiae {(strain ATCC 204508 / $288c) GN=ANT1
PE=1 5V=1
MLTLESALTGAVASAMANIAVYPLDLSKTIIQSQVSPSSSEDSNEGKVLPNRRYKNVVDC
MINIFRKERGILGLYQGMTVTTVATEFVONFVYFFWYTFIRKSYMKHKLLGLOSLKNRDGPI
TPSTIEELVLGVAAASISQLEFTSPMAVVATRQQTVHSAESAKFTNVIKDIYRENNGDITA
FWKGLRTGLALTINPSITYASFQRLEEVEFFHDHSNDAGSLSAVONFILGVLSKMISTLVT
QPLIVAKAMLQOSAGSKFTTFQEALLYLYKNEGLKSLWKGVLPQLTKGVIVQGLLFAFRGE
LTKSLKRLIFLYSSFFLKHNGQRKLAST

SEQ ID NO:85

YPR201W

>sp | Q06598 |ARR3 _YEAST Arsenical-resistance protein 3
O5=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=ARR3
PE=1 SV=1
MSEDQKSENSVPSKVNMVNRTDILTTIKSLSWLDLMLPFTITILSIIIAVIISVYVPSSRH
TFDAEGHPNIMGVSIPLTVGMIVMMIPPICKVSWESTHRKYFYRSYIRKQLALSLFLNWVI
GPLLMTALAWMALFDYKEYRQGIIMIGVARCIAMVLIWNQIAGGDNDLCVVLVITNSLLY
MVLYAPLOIFYCYVISHDHLNTSNRVLFEEVAKSVGVFLGIPLGIGIIIRLGSLTIAGKS
NYEKYILRFISPWAMIGEFHYTLFVIFISRGYQFIHEIGSAILCFVPLVLYFFIAWFLTFA
LMRYLSISRSDTQRECSCDQELLLKRVWGRKSCEASFSITMTQCFTMASNNFELSLAIAT
SLYGNNSKQAIAATFGPLLEVPILLILAIVARILKPYYIWNNRN
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SEQ ID NO:86

YBROOBC

>sp|P38124|FLR1_YEAST Fluconazole resistance protein 1
0OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢) GN=FLR1
PE=1 sV=1
MVYTSTYRHTIVVDLLEYLGIVSNLETLQSAREDETRKPENTDKKECKPDYDIECGPNRS
CSESSTDSDSSGSQIEKNDPFRVDWNGPSDPENPONWPLLKKSLVVFQIMLLTCVTYMGS
SIYTPGQEYIQEEFHVGHVVATLNLSLYVLGYGLGPIIFSPLSETARYGRLNLYMVTLFF
FMIFQVGCATVHNIGGLIVMRFISGILCSPSLATGGGTVADIISPEMVPLVLGMWSAGAY
ARPVLAPLLGAAMVDAKNWREFIFWLLMWLSAATFILLAFFFPETQHHENILYRRALKLRKE
TGDDRYYTEQDKLDREVDARTFLINTLYRPLEMIIKEPAILAFDLYIAVAYGCFYLFFEA
FPIVEVGIYHFSLVEVGLAYMGFCVGCVLAYGLFGILNMRIIVPRERNGTFTPEAFLIVA
MCVCWCLPLSLFLFGWTARVHWILPVISEVFFVLAVENIFQATFAYLATCYPKYVASVFA
GNGFCRASFACAFPLFGRAMYDNLATKNYPVAWGSSLVGFLTLGLATIIPFILYKYGPSLR
TRSSYTEE

SEQ ID NGC:87

YBROZ21W

>sp|P05316|FUR4 YEAST Uracil permease OS=Saccharomyces cerevisiae
{strain ATCC 204508 / $S288c¢c) GN=FUR4 PE=3 3V=2
MPDNLSLHLSGSSKRLNSRQLMESSNETFAPNNVDLEKEYKSSQSNITTEVYEASSFEEK
VSSEKPQYSSEFWKKIYYEYVVVDKSILGVSILDSFMYNQDLKPVEKERRVWSWYNYCYFW
LAECFNINTWOIAATGLOLGINWWQCWITIWIGYGEFVGAFVVLASRVGSAYHLSFPISSR
ASFGIFFSLWPVINRVVMAIVWYSVQAYIAATPVSLMLKSIFGKDLODKIPDHFGSPNAT
TYEFMCFFIFWAASLPFLLVPPHKIRHLFTVKAVLVPFASFGFLIWAIRRAHGRIALGSL
TDVOPHGSAFSWAFLRSLMGCMANFSTMVINAPDFSRFSKNPNSALWSQLVCIPFLEFSIT
CLIGILVTAAGYEIYGINYWSPLDVLEKFLOTTYNKGTRAGVEFLISFVFAVAQLGTNISA
NSLSCGTDMSAIFPKFINIKRGSLFCAAMALCICPWNLMATSSKFTMALSAYAIFLSSIA
GVVCSDYFVVRRGYIKLTHIYSHQKGSFYMYGNREFGINWRALAAYLCGVAPCLPGFIAEV
GAPAIKVSDGAMKLYYLSYWVGYGLSFSSYTALCYFFPVPGCPVNNI IKDKGWEFQRWANY
DDFEEEWKDTIERDDLVDDNISVYEHEHEKTFEI

SEQ ID NO:88

YBRO43C

>sp|P38227|QDR3_YEAST Quinidine resistance protein 3
OS=8accharomyces cerevislae (strain ATCC 204508 / $S288c) GN=QDR3
PE=1 8V=Z
MOAQGSQOSNVGSLRSNCSDNSLPNNHVMMHCDESSGSPHSEHNDYSYEKTNLESTASNSR
EHRDNQLSRLKSEEYVVPKNQRRGLLPQLATIIPEFKDARDYPPMMKKMIVEFLIAFSSMMG
PMGTSIIFPAINSITTEFKTSVIMVNVSIGVYLLSLGVEFPLWWSSLSELEGRRTTYITSYE
ALLFAFNIGSALAPDINSFIALRMLCGAASASVQOSVGAGTVADLYISEDRGKNLSYYYLG
PLLAPLLSPIFGSLLVNRWPWRSTOWFMVILSGCNVILLTVLLPETLRKQDSKGATIAQIL
AERRIQVDNNERGEIQEDYQRGEDETDRIENQVATLSTEKHNYVGEVRDQDSLDLESHSS
PNTYDGRAGETQLORIYTEASRSLYEYQLDDSGIDATTAQVTRIRSTDPKLARSIRENSL
RRKLOTNLEEQVKKVLSSNGGEIAPKQVSAVRKVWDTFFVYFIKPLKSLHFLEYPPVALAIL
TESAISFSTVYFVNMTVEYKYSRPPYNFKPLYIGLLYIPNSVTYFFASIYGGRWVDMLLK
RYKERYGILAPEARISWNVVTSVISFPIALLIFGWCLDKKCHWVTPLIGTALFGYAAMMT
IGATLSYLVDSLPGKGATGVALNNLIRQILAATAVEVTTPMLNGMGTGWAFTMLAFIVLG
ASSVLIILKKHGDYWRENYDLOQKLYDKID
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SEQ ID NO:8S

YRRZ287W

>sp|P38355|YB8B YEAST Uncharacterized transporter YBR287W
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S28Bc) GN=YBRZ87W
PE=1 SV=1
MVETFSFAHLAYLVFESVLOVVIIALAGFWSASSGLLPKOSQKIISLLNVDLFTPCLIFS
KLARKSLSMAKIFEIAIIPIFFGLTTGISFISGRKIMSRILDLDKDETNFVVANSVFGNSNS
LEPVSLTLSLAYTLPNLTWDQIPNDNRDNVASRGILYLLIFQQIGOMLRWSWGYNKLMKWS
GENTQHMPPSQVOSLLERTPNIDNEELVNEEQEEQELLEEENNRMNSSFLSSSSIGDKIW
QKSCTVFERIRANLNPPLYSMIFAVVVAAIGPLORELFMEDGFINNTFAEAVTQLGSVSI
PLILVVLGSNLYPSAEVFPKTVHHSKLLIGSIIGRMILPSCFLLPIIATAVKYINVSILD
DPIFLVVGFLLTVSPPAIQLTQITQLNEFFEAEMADILFWGYAVLSLPVSIIVVSESGAIYV
LOQWANPT

SEQ ID NO:90

YBRZ29O5W

>splP38360|ATULl YEAST P-type cation-transporting ATPase
OS=Saccharomyces cerevisiae (strain ATCC 204508 / $5288c) GN=PCAl
PE=1 SV=2
MKPEKLEFSGLGTSDGEYGVVNSENISIDAMODNRGECHRRSIEMHANDNLGLVSQRDCTN
RPRITPOECLSETEQICHHGENRTKAGLDVDDAETGGDHTNESRVDECCAERVNDTETGL
DVDSCCGDAQTGGDHTNESCVDGCCVRDSSVMVEEVTGSCEAVSSKEQLLTSFEVVPSKS
EGLOSIHDIRETTRCNTNSNQHTGKGRLCIESSDSTLKEKRSCKVSROKIEVSSKPECCNI
SCVERIASRSCEKRTFKGSTNVGISGSSSTDSLSEKFFSEQYSRMYNRYSSILKNLGCIC
NYLRTLGKESCCLPRVRFCSGEGASKKTKYSYRNSSGCLTKKKTHGDKERLSNDNGHADF
VCSKSCCTRMKDCAVTSTISGHSSSEISRIVSMEPTIENHLNLEAGSTGTEHIVLSVSGMS
CTGCESKLKKSFGALKCVHGLKTSLILSQAEFNLDLAQGSVKDVIKHLSKTTEFKYEQIS
NHGSTIDVVVPYARKDFINEEWPQGVTELKIVERNIIRIYFDPRKVIGARDLVNEGHSVEY
SIAPFSCHPTIEVGRKHLVRVGCTTALSIILTIPILVMAWAPQLREKISTISASMVLATI
IQFVIAGPFYLNALKSLIFSRLIEMDLLIVLSTSAAYIFSIVSFGYFVVGRPLSTEQFFE
TSSLLVILIMVGREFVSELARHRAVKSISVRSLOASSATILVDKTGKETEINIRLLOYGDIF
KVLPDSRIPTDGTVISGSSEVDEALITGESMPVPKKCQOSIVVAGSVNGTGTLFVKLSKLP
GNNTISTIATMVDEAKLTKPKIQNIADKIASYFVPTIIGITVVTFCVWIAVGIRVEKQSR
SDAVIQATIYAITVLIVSCPCVIGLAVPIVEFVIASGVAARKRGVIFKSAESIEVAHNTSHY
VEDKTGTLTEGKLTVVHETVRGDRENSOSLLLGLTEGIKHPVSMATIASYLKEKGVSAQNY
SNTKAVTGKRVEGTSYSGLKLQGGNCRWLGHNNDPDVRKALEQGYSVFCFSVNGSVTAVY
ALEDSLRADAVSTINLLRQRGISLHILSGDDDGAVRSMAARLGIESSNIRSHATPAEKSE
YIKDIVEGRNCDSSSQSKRPVVVECGDGTNDAIGLTQATIGVHINEGSEVAKLAADVVML
KPRLNNILTMITVSQRKAMFRVKLNFLWSFTYNLFAILLAAGAFVDFHIPPEYAGLGELVS
ILPVIFVAILLRYAKI

SEQ ID NO:8l

YBR296C

>sp|P38361 | PHOB2 YEAST Phosphate permease PHO89 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288¢c) GN=PHOB8Y PE=1 5V=]
MALHOEFDYIFAIAMLFAFLDAFNIGANDVANSFASSISSRSLKYWQAMVLAGLCEFLGAV
LAGARVSGTIKNNIIDSSIFTNDPAVIMLTMTSALIGSSCWLTFATAIGMPVSTTHSIVG
GTIGAGIAAGGANGVVWGHSGVSQIIASWEFIAPILAGAIAATIVFSISREFSVLEVKSLERS
IKNALLLVGVLVFATFSILTMLIVWKGSPNLHLDDLSETETAVSIVLTGAIASIVYFIFF
YPEFYRRKVLDODWTLKLIDIFRGPSFYFKSTDDIPPMPEGHQLTIDYYEGRRNLGTTVSV
EDEENKAASNSNDSVKENKEDIQEVDLVRTETEPETKLESTKOYWWSLLEKQGPKKWPLLFWL
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VISHGWTODVIHAQVNDRDMLSGDLKGMYERSKEYDNRVEYIYSVLOATITAATMS FAHGA
NDVANATGPLSAVYVIWKTNTIGAKSEVPVWVLAYGGVALVIGCWTYGYNI IKNLGNKMI
LOSPSRGFSIELAVAITIVMATQLGIPTSTTQIAVGCGIVAVGLCNKDLKSVNWRMVAWCY
SGWFLTLPIAGLIAGIINGIILNAPREFGVEYQMT

SEQ ID NO:92

YCLO38C

>sp|P25568 |ATG22 YEAST Autophagy-related protein 22 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 8288c) GN=ATGZ22 PE=]1 §V=1
MSYGTINDMNESVINYRIKKAQNNIRKGWYAYSESSEPFVVSAVSTYIPLLLQOFASINGV
KVHDHSIPCLSETGSDSDKCVLGLFNNRIFVDTSSFALYVESLSVLFQTIIVISVSGIVD
LWGSVKFRGRILVWFGIVGALSTVAISKLNDTQIYSLAGLYIVANGCFGVINVVGNSLLP
IFVKDSLECOSQGAYEPDRVDSLTTVISGRGASLGYSSALIVQIVSMFLVASKKGSKQDV
QVAVLFVGIWWFVWOLPMIWLIDDVTIPIRVDDSTLASARSPYPGEQDALGQLNWKNYLS
YGWVSLFESFKHARLLKDVMIFLIAWEFIISDSITTINSTAVLFSKAELHMSTLNLIMISY
LTVVNAMLGAFMIPOFLATKFRWISSQTLMY I T IWASFIPEYGILGFFFNAFGLKHKFEM
FLLAIWYGLSLGGLSAVSRSVEFSLIVPPCKESTFEFSMFSITDRGSSILGPFLVGLLTDKT
HNIRYSFYFEFFPLLLMLSLPVLNCLDVKRGRREAEELSQVLPESERRLD

SEQ ID NOC:93

YCRO11C

>sp|P253711ADP1_YEAST Probable ATP-dependent permease
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=ADP1
PE=] 8V=2
MGSHRRYLYYSILSFLLLSCSVVLAKQDKTPFFEGTSSKNSRLTAQDKGNDTCPPCFNCM
LPIFECKQFSECNSYTGRCECIEGFAGDDCSLPLCGGLSPDESGNKDRPIRAQNDTCHCD
NGWGGINCDVCQEDFVCDAFMPDPSIKGTCYRNGMIVDKVESGCNVTNEKILOILNGKIP
QITFACDKPNQECNFOQFWIDOLESEFYCGLSDCAFEYDLEQNTSHYKCNDVQCKCVEDTVL
CGAKGSIDISDFLTETIKGPGDFSCDLETRQCKFSEPSMNDLILTVFGDPYITLRCESGE
CVHYSEIPGYKSPSKDPTVSWQCGKLVLALTAVMVLALFTFATFYISKSPLFRNGLGSSKS
PIRLPDEDAVNNFLONEDDTLATLSFENITYSVPSINSDGVEETVLNEISGIVKPGQILA
IMGGSGAGKTTLLDILAMKRKTGHVSGSIKVNGISMDRKSFSKIIGEFVDODDFLLPTLTV
FETVLNSALLRLPKALSFEAKKARVYKVLEELRIIDIKDRIIGNEFDRGISGGEKRRVSI
ACELVISPLVLFLDEPTSGLDASNANNVIECLVRLSSDYNRTLVLSIHQPRSNIFYLEDK
LVLLSKGEMVYSGNAKKVSEFLRNEGYICPDNYNIADYLIDITFEAGPOQGKRRRIRNISD
LEAGTDTNDIDNTIHOQTTEFTSSDGTTQREWAHLAAHRDEIRSLLRDEEDVEGTDGRRGAT
EIDLNTKLLHDRKYKDSVYYAELSQEIEEVLSEGDEESNVLNGDLPTGQOUSAGFLOQLSIL
NSRSFRKNMYRNPKLLLGNYLLTILLSLEFLGTLYYNVSNDISGFONRMGLFFFILTYFGFEFV
TEFTGLSSFALERITIFIKERSNNYYSPLAYYISKIMSEVVPLRVVPPILLSLIVYPMTGLN
MKDNAFFRCIGILILFNLGISLEILTIGIIFEDLNNSIILSVLVLLGSLLFSGLFINTKN
ITNVAPKYLKNFSVEFYYAYESLLINEVKTLMLKERKYGLNIEVPGATILSTFGFVVQONLY
FDIKILALFNVVFLIMGYLALKWIVVEQK

SEQ ID NO:94

YDLOS54C

>sp|Q07376|MCH]1_YEAST Probable transporter MCHl OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=MCH1 PE=1 §V=1
MPLSKVEHYLSYHTRLLLPHVLSLOSSHRVAYIFSLLSAVSTGFITLISLYSQPWQKHLN
YSSWOINTIASMTNLGMYLTPPILCGMIADSHGPITLSLLAIIGFIPSYSYLAYVEFNHPEL
SLGGNGDSSEFNLSIICEVEIGISTSALYFSALLTCTKLYPHTKLLSISLPTTCYGISSVV
GSQLLRIKWFWSSNASSSSSNSDLNLGRVEFQTFALVYVVIGLLAWIATSVVSLLHEHFNEEQ
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DNQKRLDDQTDVEQSPLLERSNHVQEKFTQTMLRIFSDPVTYILAVSILLSLGPLEMFIA
NMGSLTNLLVQLDAPTLSTKLLSTYALSSTFTRLLTGIVADFFAKKKISIKWILLTFLSL
GVCAQLFLLKMTSSASPWGLVPTGSLVGIVYGGLEFTVYPTLVLLVWGERSFGTVYGSLLT
APAIGSMIFCMLYAKFYDSRCMSGGGDLRNPSCISAVYKYSSIAFVVSAVLSAVVEFWKLK
SRKLRI

SEQ ID NO:95

YDL10OC

>splQl2154|GET3_YEAST ATPase GET3 OS=Saccharomyces cerevisiae
(strain ATCC 204508 / $288c) GN=GET3 PE=1 SV=1
MDLTVEPNLHSLITSTTHEWIFVGGKGGVGKTTSSCSIAIQMALSQPNKQFLLISTDPAR
NLSDAFGEKFGKDARKVTGMNNLSCMEIDPSAALKDMNDMAVSRANNNGSDGQGDDLGSL
LOGGALADLTGSIPGIDEALSFMEVMKHIKRQEQGEGETFDTVIFDTAPTGHTLREFLOLP
NTLSKLLEKFGEITNKLGPMLNSFMGAGNVDISGKLNELKANVETIRQQFTDPDLTTEVC
VCISEFLSLYETERLIQELISYDMDVNSIIVNQLLFAENDQEHNCKRCOARWKMOKKYLD
QIDELYEDFHVVKMPLCAGEIRGLNNLTKFSQFLNKEYNPITDGKVIYELEDKE

SEQ ID NO:96

YDLZ45C

>sp | P54854 |HXT1S YEAST Hexose transporter HXT15 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=HXT15 PE=1 SV=1
MASEQSSPEINADNLNSSAADVHVOPPGEKEWSDGFYDKEVINGNTPDAPKRGFLGYLIT
YLLCYPVSFGGFLPGWDSGITAGFINMDNFKMNFGSYKHSTGEYYLSNVRMGLLVAMFSV
GCSIGGVAFARLADTLGRRLAIVIVVLVYMVGAIIQISSNHEKWYQYFVGKI IYGLGAGGC
SVLCPMLLSEIAPTDLRGGLVSLYQLNMTFGIFLGYCSVYGTRKYSNTAQWRIPVGLCFEFL
WALITIVGMLLVPESPRYLIECERHEEACVSIAKINKVSPEDPWVLKQADEINAGVLAQR
ELGEASWKELFSVKTKVLOQRLITGILVOQTFLOLTGENYFFFYGTTIFKSVGLTDGFETSI
VLGTVNFFSTITAVMVVDKIGRRKCLLFGAASMMACMVIFASIGVKCLYPHGQODGPSSKG
AGNAMIVFTCEYIFCFATTWAPVAYIVVAESFPSKVKSKAMSISTAFNWLWQFLIGFFTP
PITGSIHFYYGYVFVGCLVAMFLYVFFFLPETIGLSLEEIQLLYEEGIKPWKSASWVPPS
RRGASSRETEAKKKSWKEVLKFPKSFN

SEQ ID NO:87

YDLZ24TW

>sp| POCDO% | MPHZ YEAST Alpha-glucosides permease MPHZ
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 35288c) GN=MPHZ
PE=Z2 8V=1
MENLSFLINRRKENTSDSNVYPGKAKSHEPSWIEMDDQTKKDGLDIVHVEFSPDTRAFRFSD
SNEVITEIFDATEDAKEADESERGMPLATALNTYPRKARAAWSLLVSTTLIMEGYDTAILGA
FYALPIFQRKFGSQNDKTGEWEISASWQIGLTLCYMAGEIVGLOLTGPSVDLVGNRYTLI
IALFFLAAFTFILYFCNSLGMIAVGOALCGMPWGCFQCLTVSYASEICPLALRYYLTTYS
NLCWLFGQLFPAAGIMENSQKKYADSELGYKLPFALQWILPVPLALGIFFAPESPWWLVKK
GRFDEARRSLRRTLSGKGPEKEILVTLEVDKIKVTIDKEKRLTSKEGSYSDCFEDKINRR
RTRITCLCWAGQATCGSILIGYSTYFYEKAGVSTEMSFTFSIIQYCLGICATELSWWASK
YFGRYDLYAFGLAFQTIVFFIIGGLGCSSTHGSKMGSGSLLMAVAFFYNLGIAPVVECLY
SEMPSSRLRTKTIILARNTYNVVSIICSVLILYQLNSKKWNWGAKSGFFWGVLCFCTLIW
AVVDLPETAGKTFVEINELFKLGVSARKFKSTRVDPFVVKTPLKTSLITTPREISKLPLQY
RNSNVSHHL
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SEQ ID NO:98

YDRO11W

>sp|P32568|8NQ2 YEAST Protein SNQ2 OS=Saccharomyces cerevisiae
{(strain ATCC 204508 / 82B8c) GN=SNQ2 PE=1 5V=2
MSNIKSTQDSSHNAVARSSSASFAASEESFTGITHDKDEQSDTPADKLTKMLTGPARDTA
SQISATVSEMAPDVVSKVESFADALSRHTTRSGAFNMDSDSDDGFDAHAIFESFVRDADE
QGIHIRKAGVTIEDVSAKGVDASALEGATFGNILCLPLTIFKGIKAKRHOQKMROIISNVN
ALAREAGEMILVLGRPGAGCSSFLKVTAGEIDQFAGGVSGEVAYDGIPQEEMMKRYKADVT
YNGELDVHFPYLTVROTLDFATACKT PALRVNNVSKKEYIASRRDLYATIFGLRHTYNTK
VENDFVRGVSGGERKRVS IAEALAAKGSIYCWDNATRGLDASTALEYAKATRIMTNLLKS
TAFVTIYQASENIYETFDRVIVLYSGKQIYFGLIHEAKPYFARKMGYLCPPROATAEFLTA
LTDPNGFHLIKPGYENKVPRTAEEFETYWLNSPEFAQMRKKDIAAYKERKVNTERTRKEVYDE
SMAQEKSKYTRKKSYYTVSYWEQVKLCTORGFQRIYGNKSYTVINVCSATIIQSFITGSLE
YNTPSSTSGAFSRGGVLYFALLYYSLMGLANISFEHRPILOKHKGYSLYHPSAEATIGSTL
ASFPFRMIGLTCFFIILFFLSGLHRTAGSFEFTIYLFLTMCSEAINGLFEMVSSVCDTLSY
ANSISGILMMSISMYSTYMIQLPSMHPWEFKWISYVLPIRYAFESMLNAEFHGRHMDCANT
LVPSGGDYDNLSDDYRVCAFVGSKPGOSYVLGDDYLRENQFQYVYKHTWRNFGILWCFLLG
YVVLKVIFTEYKRPVKGGGDALIFKKGSKRFIAHADEESPDNVNDIDAKEQFSSESSGAN
DEVFDDLEAKGVFIWKDVCFTIPYEGGKRMLLDNVSGYCIPGTMTALMGESGAGKTTLLN
TLAQRNVGIITGDMLVNGRPIDASFERRTGYVQQOQODIHIAELTVRESLOFSARMRRPQHL
PDSEKMDYVEKIIRVLGMEEYAEALVGEVGCGLNVEQRKKLSIGVELVAKPDLLLFLDEP
TSGLDSOSSWATIQLLRRLSKAGOSILCTIHQPSATLFEEFDRLLLLRRGGOTVYFGDIG
ENSATILNYFERNGARKCDSSENPAEYILEAIGAGATASVKEDWHEKWLNSVEFEQTKEK
VODLINDLSKQETKSEVGDRPSKYATSYAYQFRYVLIRTSTSFWRSLNYIMSKMMLMLVG
GLYIGFTFFNVGKSYVGLONAMFPAAFISIILSAPAMNQIQGRAIASRELFEVRESQSNMF
HWSLVLITOYLSELPYHLFFSTIFFVSSYFPLRIFFEASRSAVYFLNYCIMFQLYYVGLG
LMILYMSPNLPSANVILGLCLSFMLSFCGVTIQPVSLMPGFWTFMWKASPYTYFVONLVGI
MLHKKPVVCKKKELNYFNPPNGSTCGEYMKPFLEKATGYIENPDATSDCAYCIYEVGDNY
LTHISSKYSYLWRNFGIFWIYIFFNIIAMVCVYYLFHVRQSSFLSPVSILNKIKNIRKKK

Q

SEQ ID NO:99

YDRZ92C

>sp|P32916|SRPR_YEAST Signal recognition particle receptor subunit
alpha homolog OS=Saccharomyces cerevisiae (strain ATCC 204508 /
$288c) GN=SRP101l PE=1 8V=2
MEDQLAVETPOGQVLYQYNCLGKKFSEIQINSFISQLITSPVTRKESVANANTDGFDENL
LTINSEHENSPSEFNALFYLNKQPELYFVVTFAEQTLELNQETQQTLALVLKLWNSLHLSE
SILKNRQGONEKNKHNYVDILQGIEDDLKKFEQYFRIKYEESIKQDHINPDNEFTKNGSVP
QSHNKNTKKKLRDTKGKKQOSTGNVGSGREKWGRDGGMLDEMNHEDAAKLDFSSSNSHNSSQ
VALDSTINKDSFGDRTEGGDFLIKEIDDLLSSHKDEITSGNEAKNSGYVSTAFGEFLQOKHY
LGNKTINESDLEKSVLEKLTQOLITKNVAPEAADYLTQQVSHDLVGEKTANWTSVENTARE
SLTKALTQILTPGVSVDLLREIQSKRSKKDEEGKCDPYVESIVGVNGVGKSTNLSKLAFW
LLOWNFRVLIVACDTFRSGAVEQLRVHVENLAQLMDDSHVRGSKNKRGKTGNDYVELFEA
GYGGSDLVTKIARKQATIKYSRDONFDIVIMDTAGRRHNDPTLMSPLKSFADQAKPDRIIMY
GEALVGTDSVQQAKNFNDAFGKGRNLDFFIISKCDTVGEMLGTMVNMVYATGIPILEVGY
GOTYTDLRTLSVREKWAVNTLMS

SEQ ID NO:100
YDR4STC

>sp|P30605|ITR1 _YEAST Myo-inositol transporter 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / $288¢) GN=ITRl PE=1 S§V=2
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MGIHIPYLTSKTSQSNVGDAVGNADSVEFNSEHDSPSKRGKITLESHEIQRAPASDDEDR
IQIKPVNDEDDTSVMITFNQSLSPFIITLTFVASISGFMFGYDTGYISSALISIGTDLDH
KVLTYGEKEIVTAATSLGALITSIFAGTAADIFGRKRCLMGSNLMEFVIGAILQVSAHTFEW
OMAVGRLIMGEFGVGIGSLIAPLFISEIAPKMIRGRLTVINSLWLTGGQLVAYGCGAGLNY
VNNGWRILVGLSLIPTAVQFTCLCFLPDTPRYYVMKGDLARATEVLKRSYTDTSEEITIER
KVEELVTLNQSIPGKNVPERVWNTIKELHTVPSNLRALIIGCGLOAIQQFTGWNSLMYFES
GTIFETVGFKNSSAVSIIVSGTNEFIFTLVAFFSIDKIGRRTILLIGLPGMTMALVVCSIA
FHFLGIKFDGAVAVVVSSGFSSWGIVIIVFIIVFAAFYALGIGTVPWQOSELFPONVRGT
GTSYATATNWAGSLVIASTFLTMLONITPAGTFAFFAGLSCLSTIFCYFCYPELSGLELE
EVOTILKDGFNIKASKALARKKRKQQOVARVHELKYEPTQEITIEDT

SEQ ID NO:101

YELOOGW

>sp|P39953|YEA6 YEAST Mitochondrial nicotinamide adenine
dinucleotide transporter 2 OS=Saccharomyces cerevisiae (strain ATCC
204508 / $288c) GN=YEA6 PE=1 5V=1
MNNGDNKTTLENSKNASLANGNYATIPTKLNRLEKNADPRVAAISGALSGALSAMLYVCPED
VAKTRLOAQGLONMTHOSQHYKGEFFGTFATIFKDEGAAGLYKGLOPTVLGYIPTLMIYFES
VYDFCRKYSVDIFPHSPFLSNASSAITAGAISTVATNPIWVVKTRLMLOTGIGKYSTHYK
GTIDTFREKIIQQEGAKALYAGLVPALLGMLNVAIQFPLYENLKIRFGYSESTDVSTDVTS
SNFOKLILASMLSKEMVASTVTYPHEILRTRMOLKSDLPNTVQRHLLPLIKITYRQEGFAG
FYSGFATNLVRTVPAAVVTLVSFEYSKKYLTTFFQ

SEQ ID NO:102

YELOZTW

>sp|P2Z5515{VATL1 YEAST V-type proton ATPase subunit c
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c¢c) GN=VMA3
PE=1 8V=1
MTELCPVYAPFFGAIGCASAIIFTSLGAAYGTAKSGVGICATCVLRPDLLFRKNIVPVIMA
GITATYGLVVSVLVCYSLGOKQALYTGFIQLGAGLSVGLSGLAAGFAIGIVGDAGVRGESS
QOPRLFVGMILILIFAEVLGLYGLIVALLLNSRATQDVVC

SEQ ID NO:103

YELD65W

>sp|P39980|SIT1 YEAST Siderophore iron transporter 1
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 3288c) GN=SIT1
PE=3 8SV=1
MDPGIANHTLPEEFEEVVVPEMLEKEVGAKVDVKPTLTTSSPAPSYIELIDPGVHNIEILY
AEMYNRPIYRVALEFFSLFLIAYAYGLDGNIRYTFOAYATSSYSQHSLLSTVNCIKTVIAA
VGOIFFARLSDIFGRFSIMIVSIIFYSMGTITESQAVNITRFAVGGCFYQLGLTGIILIL
EVIASDFSNLNWRLLALFIPALPFIINTWISGNVTSAIDANWKWGIGMWAFILPLACIPL
GCICMLHMRYLARKHAKDRLKPEFEALNKLEWKSFCIDIAFWKLDIIGMLLITVFFGCVLY
PETLAGGLKEEWKTAHIIVPEVIGWVVVLPLYMILWEIKYSRHPLTPWDLIQDRGIFFALL
IAFFINFNWYMOGDYMYTVLVVAVHESTIKSATRITSLYSFVSVIVGTILGFILIKVRRTK
PFITFGISCWIVSFGLLVHYRGDSGAHSGIIGSLCLLGFGAGSFTYVTQASIQASAKTHA
RMAVVTSLYLATYNIGSAFGSSVSGAVWTNILPKEISKRISDPTLAAQAYGSPFTFITTY
TWGTPERIALVMSYRYVOKILCIIGLVFCFPLLGCAFMLRNHKLTDSIALEGNDHLESKN
TFEIEEKEESFLKNKFFTHFTSSKDRKD
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SEQ ID NO:104

YERQ19C~A

>sp|P528711SC6B2 YEAST Protein transport protein SBH2
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=SBHZ
PE=1 5V=1
MAASVPPGGORILOQKRROAQSIKEKQAKQTPTSTROAGYGGSSSSILKLYTDEANGFRVD
SLVVLFLSVGFIFSVIALHLLTKEFTHII

SEQ ID NO:105

YER(Q53C

>sp|P40035|PIC2 YEAST Mitochondrial phosphate carrier protein 2
O8=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=PIC2
PE=1 5V=1
MESNKQPRKIQLYTKEFYATCTLGGIIACGPTHSSITPLDLVKCRLOVNPKLYTSNLQGF
RRKIIANEGWKKVYTGFGATFVGYSLOGAGKYGGYEYFKHLYSSWLSPGVTVYLMASATAE
FLADIMLCPFEAIKVKQOTTMPPFCNNVVDGWKKMYAESGCMKAFYKGIVPLWCRQIPYT
MCKFTSFEKIVORKIYSVLPKKEEEMNALQQISVSFVGGYLAGILCAAVSHPADVMVSKIN
SERKANESMSVASKRIYOQKIGFTGLWNGIMVRIVMIGTLTSFOQWLIYDSFRKAYVGLPTTG

SEQ ID NO:106

YER119C

>sp|P40074|AVT6_YEAST Vacuolar amino acid transporter 6
OS=Saccharomyces cerevisiae {strain ATCC 204508 / 35288c) GN=AVT6
PE=1 5V=1
MVASIRSGVLTLLHTACGAGILAMPYAFKPFGLIPGVIMIVLCGACAMOSLFIQARVAKY
VPQGRASFSALTRLINPNLGIVEFDLATIATIKCFGVGVSYMIVVGDLMPQIMSVWTRNAWLL
NRNVQISLIMLEFFVAPLSFLKKLNSLRYASMVAISSVAYLCVLVLLHYVAPSDEILRLKG
RISYLLPPQSHDLNVLNTLPIFVFAYTCHHNMESIINEQRSSRFEHVMKIPLIAISLALI
LYIAIGCAGYLTFGDNIIGNIIMLYPQAVSSTIGRIAIVLLVMLAFPLQCHPARASTIHQT
LOHFAEENVSISATSADEPTVATESSPLIRDSSLDLNEVIEEESIYQPKETPLRGKSEFIV
ITCSILVASYLVAISVSSLARVLAIVGATGSTSISFILPGLEFGYKLIGTEHKTAVPLTTK
IFKYTGLLLFIWGLIIMITCLTAALKLN

SEQ ID NC:107

YFLO2BC

>sp|P43569|CAF16_YEAST CCR4-associated factor 16 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 8288c) GN=CAFl6 PE=]1 §V=1
MVSQFAIEVRNLTYKFKESSDPSVVDINLQIPWNTRSLVVGANGAGKSTLLKLLSGKHLC
LDGKILVNGLDPFSPLSMNQVDDDESVEDSTNYQTTTYLGTEWCHMSIINRDIGVLELLK
SIGFDHFRERGERLVRILDIDVRWRMHRLSDGOKRRVQLAMGLLKPWRVLLLDEVTVDLD
VIARARLLEFLKWETETRRCSVVYATHIFDGLAKWPNQVYHMKSGKIVDNLDYQKDVEFRS
EVVNAKVNGOQVAFENDNNKVVISKVNSLHPLALEWLKRDNQIPDKEIGI

SEQ ID NO:108

YFRO45W

>sp|P43617|YFLS5 YEAST Uncharacterized mitochondrial carrier YFRO45W
O8=Saccharomyces cerevisiae {strain ATCC 204508 / 5288c) GN=YFRO45W
PE=1 SV=3
MANONSDLYKQITAGSVAAVEQTTMTYPFEYLKTGLOLOPKGTAFETIILPQIKSYFVGCS
ALNVAAFGKTILRFPVTFDELCHSLNNNIDNNDNFQRLTGYNLLIAGTLTGIVESLFIIPF
ENIKTTLIQSAMIDHKKLEKNQPVVNAKATFHRKVATKSTPVARIEKLLPAVKHMYQTRGP
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AAFVOGTTATIFRQIANTSIQFTAYTAFKRLLOARNDKASSVITGLATSFTLVAMTQPID
VVKTRMMSONAKTEYENTLNCMYRIEVOQECGMATFWKGSIFRFMEVGISGGLTEFTVYEQVS
LLLGFSSRS

SEQ ID NO:109

YGLOB4C

>sp|P53154|GUPL YEAST Glycerol uptake protein 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508B / $5288c) GN=GUPl PE=1 SV=1
MSLISILSPLITSEGLDSRIKPSPKKDASTTTKPSLWKTTEFKEFYYIAFLVVVPLMFEYAG
LOASSPENPNYARYERLLSQGWLFGRKVDNSDSQYRFFRDNFALLSVLMLVHTSIKRIVL
YSTNITKLRFDLIFGLIFLVAAHGVNSIRILAHMLILYAIAHVLENFRRIATISIWIYGI
STLEFINDNFRAYPFGNICSFLSPLDHWYRGIIPRWDVEFFNFTLLRVLSYNLDFLERWENL
QKKKSPSYESKEAKSAILLNERARLTARHPIQDYSLMNYIAYVTYTPLFIAGPIITFNDY
VYOSKHTLPSINFKFIFYYAVREFVIALLSMEFILHFLHVVAISKTKAWENDTPFQISMIG
LENLNIIWLKLLIPWRLEFRIWALLDGIDTPENMIRCVDNNYSSLAFWRAWHRSYNKWVVR
YIYIPLGGSKNRVLTSLAVESEFVAIWHDIELKLLIWGWLIVLFLLPEIFATQIFSHYTDA
VWYRHVCAVGAVENIWVMMIANLFGFCLGSDGTKKLLSDMFCTVSGFKFVILASVSLFIA
VQIMFEIREEEKRHGIYLEC

SEQ ID NO:110

YGL104C

>sp|P53142{VP373 YEAST Vacuolar protein sorting-associated protein
73 0S=Saccharomyces cerevisiae (strain ATCC 204508 / 3288c) GN=VP373
PE=1 SV=1
MNRILSSASLLSNVSMPRONKHKITKALCYATIVASIGSIQFGYHLSELNAPQQVLSCSE
FDIPMEGYPYDRTWLGKRGYKQCIPLNDEQIGIVTSVFCIGGILGSYFATSLANIYGRKF
SSLINCTLNIVGSLIIFNSNSYRGLIIGRILVGISCGSLIVIIPLFIKEVAPSGWEGLLG
SMTQICIRLGVLLTQGIALPLTDSYRWRWILFGSFLIAVLNFFMWFIVDESPKWLLAHGR
VITDAKLSLCKLRGVTFDEAAQETIQDWOLOIESGDPLIEPTTTNSISGSNSLWKYLRDRTN
VKSRHVITVLLFGQQOFCGINSIVLYGTKIISQLYPQHATIRINFFISMVNVLVTILVSLLI
HSLPRKPLLMTSTVLVSVTAFIMGIAMNHNKMNLLIVFSFIYMGVFTMGLNPLPFIIMRE
VSKPODMVLAQRYGTICNWVGTFITIAYTFPITHDVLSGYVFIIFAIIACSISAFIWKKVE
ETKRSG

SEQ ID NO:111

YGL114W

>sp|P53134|YGL4 YEAST Putative oligopeptide transporter YGL114W
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c¢c) GN=YGL114W
PE=1 SV=1
MPQOSTPSQEVOQRVPWDNKPALKQITLRATIAGIAIGSLVLTSNFQFGLOTGWVSMMSLPS
ALLACAFFEKNIWPLIFPNDRPFSDVENVYVQSMAVAVGTGPLAFGFVGVIPAIERFLTND
ESGGLREQGOSFTFRELLIWSTALAFFGIFFAVPLREKQVIVREKLPFPSGSATATLISVL
NGTEILQEVSKSELLEMROQRRLNECPEVLOPNRDPEEADYLMNSSHSELGDYTATSQDGS
SILSTGSENYRANITILLKTEFVVSSLYTMVSYFVPVIRSIPVFGKYLSNNYLWNFQPSPA
YIGQGIIMGLPTVSYMLIGCFLGWGVLAPLARYKRWVPPDADVHDWEEGVQGWILWSSLS
IMVADSVVAFIVVIVRESIVKFILIDDKAALLNNIIDDTFQSMLLEEERAINSSRRNTYVD
GRODTVRLVSRDNEIEVDSKHLVRYTTVISGCLVSSIICIVSIIYLFGIQVIPLYAIITA
LILALFLSILGIRALGETDLNPVSGIGKISQLIFAFIIPRDRPGSVLMNVVSGGIAEASA
QOAGDLMODLKTGHLLGASPRAQFCAQLIGACWSIILSSFMYLCYNKVYSIPSEQFRIPT
AVVWIDCARLVTGKGLPDKALECSMILGVIFAVLSLIRNTYRDYGYGWILYIPSGVAVGY
GIFNSPSFTIARFIGGWASHEFWLKNHRGDLNAKTKMIVFSSGLVLGEGIFSVINMLFICL
NVPHY
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SEQ ID NO:112

YGL167C

>splPLl3586|ATCl YEAST Calcium-transporting ATPase 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) GN=PMR1l PE=]1 §V=1
MSDNPFNASLLDEDSNREREILDATAEALSKPSPSLEYCTLSVDEALEKLDTDKNGGLRS
SNEANNRRSLYGPNEITVEDDESLFKKFLSNFIEDRMILLLIGSAVVSLFMGNIDDAVSIT
TLAIFIVVIVGFVQEYRSEKSLEALNKLVPAECHLMRCGQESHVLASTLVPGDLVHFRIG
DRIPADIRIIEAIDLSIDESNLTGENEPVHKTSQTIEKSSFNDOPNSIVPISERSCIAYM
GTLVKEGHGKGIVVGTGTNTSFGAVFEMMNNIEKPKTPLOLTMDKLGKDLSLVSFIVIGM
ICLVGIIQGRSWLEMFQISVSLAVAAIPEGLPTIVTIVTLALGVLRMAKRRKAIVRRLPSVE
TLGSVNVICSDKTGTLTSNHMTVSKLWCLDSMSNKLNVLSLDKNKKTKNSNGNLKNYLTE
DVRETLTIGNLCNNASFSQEHAIFLGNPTDVALLEQLANFEMPDIRNTVQKVQELPFNSK
RKLMATKILNPVDNKCTVYVKGAFERILEYSTSYLKSKGRKKTEKLTEAQKATINECANSM
ASEGLRVFGFAKLTLSDSSTPLTEDLIKDLTFTGLIGMNDPPRPNVKFAIEQLLOGGVHI
IMITGDSENTAVNIAKQIGIPVIDPKLSVLSGDKLDEMSDDOLANVIDHVNIFARATPEH
KLNIVRALRKRGDVVAMTGDGVNDAPALKLSDIGVSMGRIGTDVARKEASDMVLTDDDEST
ILTAIEEGKGIFNNIQNFLTFQLSTSVAALSLVALSTAFKLPNPLNAMOILWINILMDGP
PAQSLGVEPVDHEVMKKPPRKRTDKILTHDVMKRLLTTAACIIVGTVYIFVKEMAEDGKY
TARDTTMTFTCEVEFFDMFNALACRHANTKS IFEIGFFTNKMENYAVGLSLLGOQMCAIYIPF
FOSIFKTEKLGISDILLLLLISSSVFIVDELRKLWTRKKNEEDSTYFSNV

SEQ ID NO:113

YGRZ57C

>sp|P53320 MTM1 YEAST Mitochondrial carrier protein MTMI
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S5288c) GN=MTM1
PE=1 5V=1
MSDRNTSNSLTLKERMLSAGAGSVLTSLILTPMDVVRIRLOQQOMIPDCSCDGAAEVPNA
VSSGSKMKTFTNVGGONLNNAKIFWESACFQELHCKNS SLKFNGTLEAFTKIASVEGITS
LWRGISLTLLMAIPANMVYFSGYEYIRDVSPIASTYPTLNPLFCGAIARVEFAATSIAPLE
LVKTKLOSIPRSSKSTKTWMMVKDLLNETRQEMKMVGPSRALFKGLEITLWRDVPFSALY
WSSYELCKERLWLDSTRFASKDANWVHFINSFASGCISGMIAAICTHPFDVGKTRWQISHM
MNNSDPKGGNRSRNMFKFLETIWRTEGLAALYTGLAARVIKIRPSCAIMISSYEISKKVE
GNKLHQ

SEQ ID NO:114

YHLO35C

>sp|P38735|VMR1 _YEAST ABC transporter ATP-binding protein/permease
VMR1 OS=Saccharomyces cerevisiae (strain ATCC 204508 / S5288c)
GN=VMR1 PE=2 SV=1
MGTDPLIIRNNGSFWEVDDFTRLGRTQLLSYYLPLATIASIGIFALCRSGLSRYVRSAEC
DLVNEYLFGAQEERKEDNSIERLLRNSNTOQANYVNVKKQGRILKLRHFDITTIDVKQIDA
KNHGGLTFSRPSTSDHLRKSSEIVIMSLOTIGLSFLRVTKINIELTNRDVTTLLLFWLIL
LSLSILRVYKRSTNLWAICFTAHTTIWISTWIPIRSVYIGNIDDVPSQIFYIFEFVITST
LOPIKLTSPIKDNSSIIYVRDDHTSPSREHISSILSCITWSWITNFIWEAQKNTIKLKDI
WGLSMEDYSIFILKGFTRRNKHINNLTLALFESFKTYLLIGMLWVLVNSIVNLLPTILMK
RFLEIVDNPNRSSSCMNLAWLYI IGMFICRLTLAICNSQGQOFVSDKICLRIRAILIGETY
AKGLRRRLFTSPKTSSDSDSISANLGTIINLISIDSFKVSELANYLYVTVQAVIMIIVVY
GLLFNFLGVSAFAGISIILVMFPLNFLLANLLGKFQKQTLKCTDORISKLNECLONIRIV
KYFAWERNIINEIKSIRQKELRSLLKKSLVUSVTSFLWEVTPTLVTGVTFAICTFVQHED
LNAPLAFTTLSLFTLLKTPLDQLSNMLSFINQSKVSLKRISDFLRMDDTEKYNQLTISPD
KNKIEFKNATLTWNENDSDMNAFKLCGLNIRFQIGKLNLILGSTGSGKSALLLGLLGELN
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LISGSIIVPSLEPKHDLIPDCEGLTNSFAYCSQSAWLLNDTVKNNIIFDNFYNEDRYNKV
IDACGLKRDLEILPAGDLTEIGEKGITLSGGQKORISLARAVYSSAKHVLLDDCLSAVDS
HTAVWIYENCITGPLMENRTCILVTHNVSLTLRNAHFAIVLENGKVKNQGTITELQSKGL
FKERYVQLSSRDSINEKNANRLKAPRKNDSQKIEPVTENINFDANEFVNDGQLIEEEEKSN
GAISPDVYKWYLKFFGGFKALTALFALYITAQILFISQOSWWIRHWVNDTNVRINAPGFAM
DTLPLRKGMTDSSKNKHNAFYYLTVYFLIGIIQAMLGGFKTMMTFLSGMRASRKIFNNLLD
LVLHAQIRFFDVTPVGRIMNREFSKDIEGVDRQELIPYLEVTIFCLIQCASIIFLITVITPR
FLTVAVIVFVLYFPFPVGKWYLTASRELKRLDSITKSPIFQHFSETLVGVCTIRAFGDERRF
ILENMNKIDONNRAFFYLSVIVKWFSFRVDMIGAFIVLASGSFILLNIANIDSGLAGISL
TYAILFTDGALWLVRLYSTFEMNMNSVERLKEYSSIEQENYLGHDEGRILLLNEPSWPKD
GEIEIENLSLRYAPNLPPVIRNVSFKVDPOSKIGIVGRTGAGKSTIITALFRLLEPITGC
IKIDGODISKIDLVTLRRSITIIPQDPILFAGTIKSNVDPYDEYDEKKIFKALSQVNLIS
SHEFEEVLNSEERFNSTHNKFLNLHTEIAEGGLNLSQGERQLLFIARSLLREPKIILLDE
ATSSIDYDSDHLIQGIIRSEFNKSTILTIAHRLRSVIDYDRITIVMDAGEVKEYDRPSELL
KDERGIFYSMCRDSGGLELLKQIAKQSSKMMK

SEQ ID NO:115

YHLO36W

>sp|P38734|MUP3 YEAST Low-affinity methionine permease
O8=Saccharomyces cerevislae (strain ATCC 204508 / S288c) GN=MUP3
PE=1 8V=1
MEPLLFNSGKANPSQDVEFIDVEVGDITTKYGSTNTGSFSSMDTVEAQATIKAETARFMEVP
QGRHLGVFEFSTVVLFVERIMGSGIFAVPSVILLNTGGNKLIYFAIWVFSAAIAFAGLYLFL
EFGSWIPKSGGREKNFLERSFERPRLLISVVFSCYSVLTGYALTGSIVFGKYVLSAFGVTD
DSWSKYVSISFIIFAVLIHGVSVRHGVFIQNALGGLKLIMIVILMCFAGLYTLFFYKSTGQ
VAWDLPVTQVEKDSLLSVSSIATAFISSFFCEFSGWDTVHTVTSETKNPVKTLKVSGPLSL
IICFVCYTMMNVAYLKVLTYEEIVSAGPLVGSVLFTKLFGPRVGGKFIAFSIAISAASNI
LYVIYSISRVNQEIFKEGYLPFSITHMSKNWPFDAPLPSISLCGFITIAWILILPKEGESF
NYLVSMDGYGNQFFLLILVAIGLFIWRFKHKNEVPEIRASTFGVLAIITLSLYMLMAPFFA
DPSLNRVGFLPPYQIMSLLVIVACFFFWLVKFVLLPKFFHYKLLPRITYLHDGLIVTEWY
KKpPCLC

SEQ ID NO:11l6

YHROOZW

>sp|P38702|LEUS_YEAST Mitochondrial carrier protein LEUS
Os=Saccharomyces cerevisiae (strain ATCC 204508 / 3288c) GN=LEUS
PE=3 SV=1
MTRDSPDSNDSYKHINKNTTQKTSFDRNSFDYIVRSGLAGGISGSCAKTLIAPLDRIKIL
FOTSNPHYTRYTGCSLIGLVERAKHIWINDGVRGFFQGHSATLLRIFPYAAVKEFVAYEQIR
NTLIPSKEFESHWRRLVSGSLAGLCSVEFITYPLDLVRVRLAYETEHKRVEKLGRITIKKIYK
EPASATLIKNDYIPNWEFCHWCNEYRGYVPTVLGMIPYAGVSFFAHDLLHDVLKSPFFAPY
SVLELSEDDELERVQKKQRRPLRTWAELISGGLAGMASQTAAYPFEIIRRRLOVSALSPK
TMYDHKFQSISEIAHIIFKERGVRGFEVGLSIGYIKVTPMVACSFFVYERMKWNFGT

SEQ ID NO:117

YHRO96C

>sp|P38695|HXT5 YEAST Probable glucose transporter HXTS
O8=3accharomyces cerevisiae (strain ATCC 204508 / S28Bc) GN=HXTS
PE=1 SV=1
MSELENAHQGPLEGSATVSTNSNSYNEKSGNSTAPGTAGYNDNLAQAKPVSSYISHEGPP
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KDELEELQKEVDKQLEKKSKSDLLFVSVCCLMVAFGGEVEGWDTGTISGEVRQTDFIRRE
GSTRANGTTYLSDVRTGLMVSIFNIGCAIGGIVLSKLGDMYGRKIGLMTVVVIYSIGIIT
QIASIDKWYQYFIGRIISGLGVGGITVLAPMLISEVSPKQLRGTLVSCYQLMITFGIFLG
YCTNFGTRNYSNSVOWRVPLGLCFAWSIFMIVGMTEVPESPRYLVEVGKIEEAKRSLARA
NKTTEDSPLVTLEMENYQSSIEAERLAGSASWGELVTGKPOMFRRTLMGMMIQSLOOLTG
DNYFFYYGTTIFQAVGLEDSFETAIVLGVVNFVSTFFSLYTVDRFGRRNCLLWGCVGMIC
CYVVYASVGVTRLWPNGODQPSSKGAGNCMIVFACFYIFCFATTWAPVAYVLISESYPLR
VRGKAMSTASACNWIWCGFLISFFTPFITSAINEYYGYVFMGCMVFAYFYVEFFEVPETKGL
TLEEVNEMYEENVLPWKSTKWIPPSRRTTDYDLDATRNDPRPFYKRMFTKEK

SEQ ID NO:118

YILOO6W

>sp|P40556|YIA6 YEAST Mitochondrial nicotinamide adenine
dinucleotide transporter 1 OS=Saccharomyces cerevisiae (strain ATCC
204508 / S288Bc) GN=YIA6 PE=1 SV=1
MTQTDNPVPNCGLLPEQOYCSADHEEPLLLHEEQLIFPDHSSQLSSADIIEPIKMNSSTE
STIIGTTLREKWVPLSSTQITALSGAFAGFLSGVAVCPLDVAKTRLOAQGLOTRFENPYYR
GIMGTLSTIVRDEGPRGLYRGLVPIVLGYFPTWMIYFSVYEFSKKFFHGIFPQFDEVAQS
CARTTAGAASTTLTNPIWVVKTRLMLOSNLGEHPTHYKGTFDAFRKLFYQEGFKALYAGL
VPSLLGLFHVAIHFPIYEDLKVRFHCYSRENNTNSINLORLIMASSVSEMIASAVIYPHE
ILRTRMOLKSDIPDSIQRRLFPLIKATYAQEGLKGEFYSGFTTNLVRTIPASAITLVSFEY
FRNRLENISTMVI

SEQ ID NO:119

YIL120W

>sp|P40475|QDR1_YEAST Quinidine resistance protein 1
O3=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c} GN=QDR1
PE=1 5V=]
MTKQQTSVMRNASIAKEEREGSDNNNVDRSSSDAISDNDAERSNSHSEIDNESNFDMVPY
SRESHKQKMLLVVQCAFTGFFSTVAGSIYYPVLTITERKENITEELANVTIVVYFIFQGV
APSIMGGLADTFGRRPIVLWAILAYFCACIGLACAHNYAQILALRCLOAAGISPVIAINS
GIMGDVITKVERGGYVGLVAGFQVVGTAFGALIGAGLSSKWGWRAIFWFLAIGSGICLVE
STLLMPETKRTLVGNGSVTPRSFLNRSLILHVGSVKKTLHLDDPDPETLEPRTSVDFLAP
LKILHIREIDILLSIAGLQFSTWITHQTALTIVLSKKYNLSVAKIGLCFLPAGISTLTSI
ISAGRYLNWSYRTRKVEYNRWIKEQELOQLMEKYKGDKNKVAELTHSNSHYAFNLVEARLH
PAFVILLLSSIGFTAFGWCISVKTPLAAVLCTSAFASLEFSNCILTFSTTLIVDLFPSKAS
TATGCLNLFRCLLSAIFIAALTKMVEKMRYGGVEFTFLSAITSSSSLLLFYLLKNGKQLSE
DRIRANDKSAGRSVGKNSEKVST

SEQ ID NO:120

YIL1Z1W

>sp|P40474|QDRZ _YEAST Quinidine resistance protein 2
OS=3accharomyces cerevisiae {(strain ATCC 204508 / S288c) GN=QDRZ2
PE=1 §V=1
MAGATSSIIRENDFEDELAESMOSYNRETADKLALTRTESVKPEPEITAPPHSRFSRSFK
TVLIAQCAFTGFFSTIAGAIYYPVLSVIERKFDIDEELVNVTVVVYFVFQGLAPTFMGGF
ADSLGRRPVVLVAIVIYFGACIGLACAQTYAQIIVLRCLOAAGISPVIAINSGIMGDVTT
RAERGGYVGYVAGEFQVLGSAFGALIGAGLSSRWGWRAIFWFLAIGSGICFLASFLILPET
KRNISGNGSVIPKSYLNRAPILVLPTVRKSLHLDNPDYETLELPTQLNLLAPFKILKAYE
ICTLMLVAGLOFAMYTTHLTALSTALSKOQYHLTVARKVGLCYLPSGICTLCSIVIAGRYLN
WNYRRRLEKYYONWLGKKRSKLLEEHDNDLNLVQRITIENDPRYTFNIFKARLOQPAFVTLLL
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SSSGFCAYGWCITVKAPLAAVLCMSGFASLESNCILTFSTTLIVDLFPTKTSTATGCLNL
FRCILSAVFIAALSKMVEKMKFGGVFTFLGALTSSSSILLFILLRKGKELAFKRKKQELG
VN

SEQ ID NO:121

YIL166C

>sp|P404451YIQ6 YEAST Uncharacterized transporter YIL166C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=YIL166C
PE=1 svV=1
MSVQKEEYDIVEKAQLSVSAESLTSDSESISHNPFDDFHKAERWRKVYESSGYEGLSKFD
PEFTWTKDEEKKLVREMDLKIFLWVFIMFAFLDLIRKNIARAVSDNFIVDLKMNTNDYNL
GQTVYLVIFLASELPGNLLSKRFGPERVIPVQIVLWSVICITQAGLKNRGQFIATRCLLG
MVQGGFIPDNILYLSYYYTGAELTFRLSFFWCAIPLFQILGSLLASGITIEMRGIHNLAGW
QYLFIIEGFLSLSVGVASFYLMRRGPTQTGESAFHKGKSLFTEYEEKIMVNRILRDDPSK
GDMSNRQPVTFKEILYTLTEFDLWPLFIQGITAFISLOTVGSYLSLILKSLNYSTFLSNI
LATPGOALLLINLPLAALLSRKLKEKSLCVGIANVWVLPFIVSLVALPTDTNPWIKYILL
TGILGLPYTHSILAGWVSEISNSVRSRTIVGTALYNMSAQVGAIIASNMYRNDDKPYYTRG
NKILLGFTCFNICMAVATKFEYYISRNKYKDREKWNSMTKEEQINYLDTTKDKGMKRLDYRF
IH

SEQ ID NO:122

YJL133W

>sp|P10566|MRS3 YEAST Mitochondrial RNA-splicing protein MRS3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=MRS3
PE=1 5V=4
MVENSSSNNSTRPIPAIPMDLPDYEALPTHAPLYHQLIAGAFAGIMEHSVMEFPIDALKTR
IQSANAKSLSAKNMLSOISHISTSEGTLALWKGVOSVILGAGPAHAVYFGTYEFCKKNLI
DSSDTQTHHPFKTAISGACATTASDALMNPFDTIKQRIQLNTSASVWQTTKQIYQSEGLA
AFYYSYPTTLVMNIPFAAFNFVIYESSTKFLNPSNEYNPLIHCLCGSISGSTCAAITTPL
DCIKTVLQIRGSQTVSLEIMRKADTFSKAASATIYQVYGWKGFWRGWKPRIVANMPATALS
WTAYECAKHFLMTY

SEQ ID NO:123

YJILZ19W

>sp | P40BBL|HXTS YEAST Hexose transporter HXT9 OS=3accharomyces
cerevisiae (strain ATCC 204508 / S288c¢) GN=HXTYS PE=1l 3V=]
MSGVNNTSANDLSTTESNSNSVANAPSVKTEHNDSKNSLNLDATEPPIDLPOKPLSAYTT
VAILCLMIAFGGEFIFGWDTGTISGEVNLSDFIRRFGOKNDKGTYYLSKVRMGLIVSIFNI
GCAIGGIVLSKVGDIYGRRIGLITVTAIYVVGILIQITSINKWYQYFIGRIISGLGVGGT
AVLSPMLISEVAPKQIRGTLVQLYQLMCTMGIFLGYCTNYGTRNYHNATOWRVGLGLCFA
WITFMVSGMMEVPESPRYLIEVGKDEEAKRSLSKSNKVSVDDPALLAEYDTIKAGIELEK
LAGNASWSELLSTKTKVEQRVLMGVMIQSLOQLTGDNYFFYYGTTIFKSVGLKDSFQTSI
ITGVVNFESSFIAVYTIERFGRRTCLLWGAASMLCCFAVFASVGVTKLWPQGSSHQDITS
QGAGNCMIVFTMFFIFSFATTWAGGCYVIVSETFPLRVKSRGMATIATAANWMWGFLISFFE
TPRITGAINFYYGYVFLGCLVFAYFYVFFFVPETKGLTLEEVNTMWLEGVPAWKSASHWVE
PERRTADYDADAIDHDDRPIYRRFESS

SEQ ID NO:124
YKLO16C
>sp{P30902|ATP7 YEAST ATP synthase subunit d, mitochondrial
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0S=Saccharomyces cerevisiae (strain ATCC 204508 / S288¢) GN=ATPE7
PE=1 3V=2
MSLAKSAANKLDWAKVISSLRITGSTATQLSSFRKKRNDEARROQLLELQSQPTEVDESHYR
SVLKNTSVIDKIESYVKOQYRPVKIDASKOQLOVIESFERKHAMTNAKETESLVSKELKDLOS
TLDONIQSARPEFDELTVDDLTKIKPEIDAKVEEMVKKGKWDVPGYKDRFGNLNVM

SEQ ID NO:125

YKLO50C

>sp|P35736|YKFO YEAST Uncharacterized protein YKLOS50C
0S=Saccharomyces cerevisiae (straln ATCC 204508 / $S288c) GN=YKL0O50C
PE=1 8V=1
MSLISALQTTDVESVQTSPEQITERKAVRVSTLOESLHSSEMHRAAPETPRSISNSVHKL
KTIYSTYQQOSGOPLSKEAIFRAKQKYGILNTPANYKTLGLGDSKSESVDLAARLASKRTK
VSPDDCVETAIEQRARGEAFKVTFSKIPLTPPEDVPITVNLGLKGRRDFLTRLAAQKALA
FSPSLDNSMKGTSDSSSVKRKKRFSGAPIGNEFDANLVNPOHPAGFKSLDLSKVLDGAERR
ATISRVNDRLYPOKVNFKNGLOSSDOSGVSKANKEVFKKGTLERLEHSAEQFLESHAGNER
ORLSDOQOYMCAKGAADAVKDLDPKTLEDPDEFAAREAQKKLYIKQVASPVVLNEAQKLANR
KLODIDSRDTYMLLEFGNQAYNKLAVNIALQHYSVKQEEKKKIYLGGGLWMT PEEVNAVAK
RLISPYVNEIDERASROQRDVDKDIERRSRVLDQEYEDGNSMERAKEQNDGOLLLAMASKO
QOEKEAKKAEEGORYDOQFVORKMNIKLOOQKEKELENARENRENLRNELQERLSKNLSGEND
ELNDWNDACERDLKNSSIEHYYAVRSHFDNLGNSERGYDELLEERSKIQOVEIERLVASIA
EHKTATHGFGETADAGGAIPAVOKQKIPTRKDLLDATVNDPLVISAEMAKEEAEMATEEC
MLKELQVDEMITIRNIMLRECEKKLEEEKETAKRSRRGTEESKNNSNEFSRDVIMSTPDNN
ERVTPIGKSASPKDVVKSRFLSTYNTGKDIDSSASARSITGVSGVLDDGPKRTPTSNKENE
LIDDEVKSYKVHQAVDGTGEDSIANKRDKSSRPAANSGGSITIEQFLFNKNADKQGLSKT
ESVIMKREPVVDOMDSKKGHDFTHCNDNGRRSFSGFSQGSIENDYSNEVTDDODDOEGSE
TRVRDSNDSNTSPKESFFKEVI

SEQ ID NO:126

YKL120W

>sp|P32332|0AC1 YEAST Mitochondrial oxaloacetate transport protein
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=OAC1
PE=]1 sv=1
MSSDNSKODKOIEKTAAQKISKEFGSFVAGGLAACIAVTVTNPIELIKIRMOLQGEMSASA
ARKVYKNPIQGMAVIFRKNECGIKGLOKGLNAAYIYQIGLNGSRLGFYEPIRSSLNQLEFFPDQ
EPHRKVQSVGVNVESGAASGIIGAVIGSPLELVKTRLOSYSEFIKIGEQTHYTGVWNGLVT
IFKTEGVKGLFRGIDAAILRTGAGSSVQLPIYNTAKNILVKEKNDLMKDGPALHLTASTISG
LGVAVVMNPWDVILTRIYNQKGDLYKGPIDCLVKTVRIEGVTALYKGFAAQVFRIAPHTI
MCLTFMEQTMKELVYSIESRVLGHN

SEQ ID NO:127

YKL146W

>sp|P36062|AVT3 YEAST Vacuolar amino acid transporter 3
OS=B8accharomyces cerevisiae (strain ATCC 204508 / S288c) GN=AVT3
PE=1 sV=1
MNGKEVSSGSGRTOSNNNKKNNNGGSTGISHASGSPLTDGNGGNSNGNSRSRERSRKSSG
TTGGLLKKPPLLVNNEAVHASVPDASHT SCNNGTLEVSINNPEPHVVDAVARHLIRNEPSN
SLOLOGGDITRDLYRKWINDHPSSPSQYQYPSQPALSTSIPSQAPSEFSNRKRSMSFSAAST
ASSSHLNNNSEANGNPLAAIGLAPAPMTHEEIRAPGGEFRRSFITIQKRRKHNVDAPIPNEE
TRNFIEFLTLYGHFAGEDLSEEEEEEEETEEEPEEEALETESTQLVSREHGRHPHKSSTV
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KAVLLLLKSFVGTGVLFLPKAFHNGGWGEFSALCLLSCALISYGCFVSLITTKDKVGVDGY
GDMGRILYGPKMKFAILSSIALSQIGFSAAYTVEFTATNLQVFSENFFHLKPGSISLATYT
FAQVLIFVPLSLTRNIAKLSGTALIADLFILLGLVYVYVYSIYYTAVNGVASDTMLMENK
ADWSLFIGTAIFTPEGIGLLIPIQESMKHPKHFRPSLSAVMCIVAVIFISCGLLCYARFG
SDVKTVVLLNFPODTSYTLTVQLLYALAILLSTPLOLFPAIRILENWTFPSNASGKYNPK
VEWLENYFRCAIVVLTSILAWVGANDLDKEVSLVGSFACIPLIYIYPPLLHYKASILSGT
SRARLLLDLIVIVFGVAVMAYTSWOTIKMWSO

SEQ ID NO:128

YKL208C

>sp|Pl2B866|8TE6 YEAST Alpha-factor-transporting ATPase
0S=Saccharomyces cerevisiae (strain ATCC 204508 / 3288c) GN=STE6
PE=1 §V=1
MNFLSFRKTTKHYHIFRYVNIRNDYRLLMIMIIGTVATGLVPAITSILTGRVFDLLSVFEFVA
NGSHOGLYSQLVQORSMAVMALGAASVPVMWLSLTSWMHIGERQGFRIRSQILEAYLEEKP
MEWYDNNEKLLGDFTQINRCVEELRSSSAEASAITFONLVAICALLGTSFYYSWSLTLIT
LCSSPITTFFAVVESRMIRVYSEKENSETSKAAQLLTWSMNARAQLVRLYCTOQRLERKKFK
EITLNCNTFFIKSCFFVAANAGILRFLTLTMFVQGFWFGSAMIKKGKLNINDVITCFHSC
IMLGSTLNNTLHQIVVLOKGGVAMER IMTLLKDGSKRNPLNKTVAHQFPLDYATSDLTFA
NVSFSYPSRPSEAVLENVSLNFSAGQOFTFIVGKSGSGKSTLSNLLLRFYDGYNGSISING
HNIQTIDOQKLLIENITVVEQRCTLEFNDTLRKNILLGSTDSVRNADCSTNENRHLIKDACQO
MALLDRFILDLPDGLETLIGTGGVTLSGGOQORVAIARAFIRDTPILFLDEAVSALDIVH
RNLIMKATRHWRKGKTTI ILTHELSQIESDDYLYLMKEGEVVESGTOSELLADPTTTFST
WYHLONDYSDAKTIVDTETEEKSIHTVESFNSQLETPRLGSCLSNLGYDETDQLSFYEAT
YORRENVRTRRVKVEEENIGYALKQOKNTESSTGPQLLSIIQITKRMIKSIRYKKILILG
LICSLIAGATNPVESYTFSFLLEGIVPSTDGKTGSSHYLARKWSLLVLGVAAADGIFNFAK
GFLLDCCSEYWVMDLRNEVMEKLTREKNMDWEFSGENNKASEISALVLNDLRDLRSLVSEFL
SAMTSFVTVSTIGLIWALVSGWKLSLVCISMFPLITIFSAIYGGILQKCETDYKTSVAQL
ENCLYQIVTNIKTIKCLOAEFHFQLTYHDLKIKMOQIASKRAIATGFGISMTNMIVMCIOQ
AIIYYYGLEKLVMIHEYTSKEMFTTFTLLLFTIMSCTSLVSQIPDISRGORAASWIYRILD
EKHNTLEVENNNARTVGIAGHTYHGKEKKPIVSIQNLTFAYPSAPTAFVYKNMNFDMFCG
OTLGIIGESGTGKSTLVLLLTRKLYNCEVGKIKIDGTDVNDWNLTSLRKEISVVEQKPLLF
NGTIRDNLTYGLODEILEIEMYDALKYVGIHDEVISSPQGLDTRIDTTLLSGGQAQRLCT
ARALLRKSKILILDECTSALDSVSSSIINEIVKKGPPALLTMVITHSEQMMRSCNSIAVL
KDGRKVVERGNEDTLYNNRGELFQIVSNQSS

SEQ ID NO:129

YKRO39W

>sp|P19145|GAP1_YEAST General amino-acid permease GAP1
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=GAPl
PE=1 SV=2
MSNTSSYEKNNPDNLEKHNGITIDSEFLTQEPITIPSNGSAVSIDETGSGSKWQODFKDSFK
RVKPIEVDPNLSEAERKVAIITAQTPLKHHLENRHLOMIAIGGAIGTGLLVGSGTALRTGG
PASLLIGWGSTGTMIYAMVMALGELAVIFPISGGFTTYATRFIDESFGYANNFNYMLOWL
VVLPLEIVSASITVNFWGTDPKYRDGFVALFWLAIVIINMEFGVKGYGEAEFVFSFIKVIT
VVGFIILGIILNCGGGPTGGY IGGKYWHDPGAFAGDT PGAKFPKGVCSVEVTAAFSFAGSE
LVGLAASESVEPRKSVPKAARKOQVEFWRITLEFYILSLIMIGLLVPYNDKSLIGASSVDAAAS
PFVIAIKTHGIKGLPSVVNVVILIAVLSVGNSAIYACSRTMVALAEQRFLPEIFSYVDRK
GRPLVGIAVTSAFGLIAFVAASKKEGEVFNWLLALSGLSSLFTWGGICICHIRFRKALAA
QGRGLDELSFKSPTGVWGSYWGLFMVIIMFIAQFYVAVFPVGDSPSAEGFFEAYLSFPLY
MVMYIGHKIYKRNWKLFIPAEKMDIDTGRREVDLDLLKQEIAEEKAIMATKPRWYRIWNE
WC
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SEQ ID NO:130

YLR411W

>sp| Q06686 |CTR3 YEAST Copper transport protein CTR3 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S$Z88c) GN=CTR3 PE=1 8V=1
MNMGGSSSTAARKKATCKISMLWNWYTIDTCFIARSWRNDTKGKFAGSCIGCFALVVVAQW
LTRFSROFDVELLKRQKIKHLASYSPEEYVVKCGEEDAKSDIEELQGFYNEPSWKTTLIS
LOKSFIYSEFYVWGPRRLNEPEDDLLKKVLSCCTLITPVDLYPTFLDHMIRVTIFVLOWGL
SYIIMLLEFMYYNGYIIISCLIGAIVGRFIFCYEPLGSLGANGSAQGTVSYDKESDDRKCC

L

SEQ ID NC:131

YMLO38C

>sp| Q03697 |YMD8 _YEAST Putative nucleotide-sugar transporter YMDS
OS=3accharomyces cerevisiae (strain ATCC 204508 / $288c) GN=YMDS
PE=1 8V=1
MNRTVEFLAFVEGWYFCSIALSIYNRWMEDPKDGLGIGYPVLVTTFHQATLWLLSGIYIKL
RHKPVKNVLREKNNGENWSFFLRKFLLPTAVASAGDIGLSNVSFQYVPLTIYTIIKSSSIAF
VLLFGCIFKLEKFHWKLALSVIIMFVGVALMVEFKPSDSTSTKNDQALVIFGSFLVLASSC
LSGLRWVYTQLMLRNNPIQTNTARAVEESDGALFTENEDNVDNEPVVNLANNKMLENFGE
SKPHPIHTIHQLAPIMGITLLLTSLLVEKRKPFPGIFSSSIFRLDTSNGGVGTETTVLSIVR
GIVLLILPGFPAVFLLTICEFSILEQTPVLTVSIVGIVKELLTVIFGIIILSERLSGFYNW
LGMLIIMADVCYYNYFRYKQDLLOKYHSVSTQDNRNELKGFQDFEQLGSKKIAPYSISVD
LTNQEYELDMIAQNVSRSSQQV

SEQ ID NO:132

YMR166C

>sp|Q038291YM39 YEAST Uncharacterized mitochondrial carrier YMR166C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YMR166C
PE=]1 sV=1
MNSWNLSSSIPIIHTPHDHPPTSEGTPDOPNNNRKDDKLHKKRGDSDEDLSPIWHCVVSG
GIGGKIGDSAMHSLDTVKTRQQGAPNVKKYRNMISAYRTIWLEEGVRRGLYGGYMAAMLG
SEFPSAAIFFGTYEYTKRTMIEDWQINDTITHLSAGFLGDFISSFVYVPSEVLKTRLOLOG
RENNPFFQSGYNYSNLRNAIKTVIKEEGFRSLFFGYKATLARDLPFSALQFAFYEKFRQL
AFKIEQKDGRDGELSIPNEILTGACAGGLAGIITTPMDVVKTRVQTQOPPSQSNKSYSVT
HPHVTNGRPAALSNSISLSLRTVYQSEGVLGEFFSGVGPREVWTSVOSSIMLLLYQMTLRG
LSNAFPTD

SEQ ID NO:133

YMR279C

>sp| Q03263 | YMBM YEAST Uncharacterized transporter YMR279C
O8=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=YMRZ79C
PE=1 §V=1
MESIFRKKTSVQGTDSEIDEKITVRAKDKVVVSTEDEEVTTIVSSTKSTQVITNDSPWODP
TYFSSFGKELMFIATCMLAQLLNQAGQTHALCIMNVLSKSFNSEANNQAWLMASFPLAAG
SFILISGRLGDIYGLKKMLIVGYVIVIVWSIISGLSKYSNSDAFFITSRAFQGVGIAFIL
PNIMGLVGHVYKVGSFREKNIVISFIGACAPTGGMFGGLFGGLIVITEDPNQWPWVEFYAFGT
ATFLSLLMAWYSIPNNVPTNIHGLSMDWTGSALATIGLILENFVWNQAPIVGWDKPYIIV
LLIISVIFLVAFFVYESKYAEVPLLPRAMTKNRHMIMILLAVFLGWGSFGIWTFYYVSFQ
LNLRHYSPVWTGGTYFVFVIFGSMAAFFVAFSIKRLGPALLLCFSLMAFDAGSIMESVLP
VEQOSYWRLNFAMOATLCFGMDLSFPASSITILSDEGLPMOYQOGMAGSLYVNTVINYSASLCLG
MGGTVEHQINKSGNDLLEKGYRAAVYLGVGLASLGVVISVTIYMLENLWNRHRKSEDRSLEA
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SEQ ID NO:134

YNLOO3C

>spl|P38921 | PET8 YEAST Putative mitochondrial carrier protein PETS
0S=Saccharomyces cerevisiae (strain ATCC 204508 / S28Bc) GN=PETS
PE=1 SV=1
MNTFFLSLLSGAAAGTSTDLVFFPIDTIKTRLOAKGGFFANGGYKGIYRGLGSAVVASAP
GASLFFISYDYMKVKSRPYISKLYSQGSEQLIDTTTHMLSSSIGEICACLVRVPAEVVKQD
RTQVHSTNSSWQTLOSILRNDNKEGLRENLYRGWSTTIMREIPFTCIQFPLYEYLKKTWA
KANGQSQVEPWKGAICGSIAGGIAAATTTPLDFLKTRLMLNKTTASLGSVIIRIYREEGP
AVFF3GVGPRTMWISAGGAIFLGMYETVHSLLSKSFPTAGEMRA

SEQ ID NO:135

YNLZ6BW

>sp|P32487|LYP1_YEAST Lysine-specific permease OS=Saccharcmyces
cerevisiae (strain ATCC 204508 / $S288c) GN=LYPLl PE=1l SV=2
MGRFSNIITSNKWDERQNNIGEQSMOQELPEDQIEHEMEAIDPSNKTTPYSIDEKQYNTKK
KHGSLOGGAIADVNSITNSLTRLOVVSHETDINEDEEEAHYEDKHVKRALKQRHIGMIAL
GGTIGTGLFVGISTPLSNAGPVGSLIAYIFMGTIVYFVTQSLGEMATFIPVTSSITVESK
RELSPAFGVSNGYMYWENWAITYAVEVSVIGOQVIEYWTDKVPLAAWIAIFWVIITLMNFF
PVKVYGEFEFWVASVRKVLAIMGYLIYALIIVCGGSHQGPIGFRYWRNPGAWGPGIISSDK
SEGRFLGWVSSLINAAFTYQGTELVGITAGEAANPRKTVPRAINKVVFRIVLFYIMSLEF
IGLLVPYNDSRLSASSAVIASSPEVISIONAGTYALPDIFNAVVLITVVSAANSNVYVGES
RVLYSLARTGNAPKQEFGYVTRQGVPYLGVVCTAALGLLAFLVVNNNANTAFNWLINISTL
AGLCAWLFISLAHIRFMOALKHRGISRDDLPFKAKLMPYGAYYARAFFVIVIIFIQGFQAF
CPFRKVSEFFTSYISLILLAVVFEIGCQIYYKCRFIWKLEDIDIDSDRREIEAIIWEDDEPK
NLWEKFWAAVA

SEQ ID NO:136

YNRO55C

>sp|P53389|HOL1 _YEAST Protein HOL1 OS=Saccharomyces cerevisiae
(strain ATCC 204508 / S288c) GN=HOL1l PE=1 5V=1
MDKYTNRDHPDYIPGTEFNIYSSONLENGIIYESKLKKTSSGVVLIPOPSYSPNDPLNWSS
WRKLAHFGLMAFITAFTAATSNDAGAAQDSLNEIYGISYDSMNTGAGVLEFLGIGWSTLFL
APFANLYGREITYIVCTTLGLFGALWFALAKRTSDTIWSQLFVGISESCAEAQVQLSLSD
IFFQHOLGSVLTVYIMCTSIGTFLGPLIAGYISAFTNFRWVGWVAVIISGGLLITIIFGC
EETYFDRGOYMTPLTSCOSGYEDGTTLONSDNTAVSRRKRHLDAKLSTPGAMGEKGVDLS
ETAEFEVNNEEEVTIPETRELIDGSKEHLKPYPKRVAILTKATNLKGYGFKQYFKYLKIN
LRMFLFPPVWLSGMIWGIQDVELTFYLTTQESAYYEPPWNYSDFGVAIMNVPTLIGAVIGC
CICAGIVSDYFVLWMARHNRGILEAEFRLYFSTIATATIGPAGLLMFGIGTARQWPWOATY
VGLGFVGFAWGCSGDIAMAYLMDCYPDMVLEGMVCTATIINNTISCIFTFTCSDWLAASGT
ENTYIALAVINFGITAFPALPMYYYGKRIRLWTKRWYLOSVNLRDGY

SEQ ID NO:137

YQOL158C

>splQ082929|ENBl YEAST Siderophore iron transporter ENBI
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=ENBL
PE=1 SV=1
MLETDHSRNDNLDDKSTVCYSEKTDSNVEKSTTSGLRRIDAVNRVLSDYSSFTAFGVTFES
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SLKTALLVALFLQGYCTGLGGQISQSIQTYAANSEFGKHSQVGSINTVKSIVASVVAVPYA
RISDRFGRIECWIFALVLYTIGEIISAATPTEFSGLFAGIVIQQFGYSGFRLLATALTGDL
SGLRDRTFAMNIFLIPVIINTWVSGNIVSSVAGNVAPYKWRWGYGIFCIIVPISTLILVL
PYVYAQYISWRSGKLPPLKLKEKGOTLROTLWKFADDINLIGVILFTAFLVLVLLPLTIA
GGATSKWREGHIIAMIVVGGCLGFIFLIWELKFAKNPFIPRVYLGDPTIYVALLMEFVWR
LGLOIELEYLVIVLMVAFGESTLSAQRIAQLYNFLOSCTNIVVGIMLHFYPHPKVFVVAG
SLLGVIGMGLLYKYRVVYDGISGLIGAEIVVGIAGGMIRFPMWTLVHASTTHNEMATVTG
LIMSVYQIGDAVGASIAGAIWTQRLAKELIQRLGSSLGMATIYKSPLNYLKKYPIGSEVRY
OMIESYSKIQRLLIIVSISFAAFNAVLCFFLRGFTVNKKQSLSAEEREKEKLKIKQQOSWL
RRVIGY

SEQ ID NO:138

YOR100C

>sp|Q12289|CRC1_YEAST Mitochondrial carnitine carrier
OS=Saccharomyces cerevisiae (strain ATCC 204508 / $288c) GN=CRC1
PE=]1 SV=1
MSSDTSLSESSLLKEESGSLTKSRPPIKSNPVRENIKSFVAGGVGGVCAVEFTGHPFDLIK
VRCONGQANSTVHAITNITKEARKTOQVRGTLFTNSVKGFYKGVIPPLLGVTPIFAVSFWGY
DVGKKLVTFNNKQGGSNELTMGOMAARAGFISATIPTTLVTAPTERVKVVLOTSSKGSFIQA
AKTIVKEGGIASLEFKGSLATLARDGPGSALYFASYEISKNYLNSRQPRODAGKDEPVNIL
NVCLAGGIAGMSMWLAVFPIDTIKTKLOASSTRONMLSATKEIYLORGGIKGFFPGLGPA
LLRSFPANAATFLGVEMTHSLFKKYGT

SEQ ID NO:139

YOR153W

>sp|P33302|PDRS_YEAST Pleiotropic ABC efflux transporter of multiple
drugs 0S=Saccharomyces cerevisiae (strain ATCC 204508 / S$288c)
GN=PDR5 PE=1 3V=1
MPEAKLNNNVNDVTSYSSASSSTENAADLHNYNGEFDEHTEARIQKLARTLTAQSMONSTQ
SAPNKSDAQSIFSSGVEGVNPIFSDPEAPGYDPKLDPNSENFSSAAWVENMAHLSAADPD
FYRKPYSLGCAWKNLSASGASADVAYQSTVVNIPYKILKSGLRKEQRSKETNTFQILKPMD
GCLNPGELLVVLGRPGSGCTTLLKSISSNTHGEFDLGADTKISYSGYSGDDIKKHFRGEVY
YNAEADVHLPHLIVFETLVIVARLKTPONRIKGVDRESYANHLAEVAMATYGLSHTRNTK
VGNDIVRGVSGGERKRVSIAEVSICGSKFQCWDONATRCGLDSATALEFIRALKTQADISNT
SATVAIYQCSODAYDLEFNRKVCVLDDGYQIYYGPADKAKKYFEDMGYVCPSROTTADEFLTS
VISPSERTLNKDMLKKGIHIPQTPKEMNDYWVKSPNYKELMKEVDQRLLNDDEASREAIK
EAHIAKQSKRARPSSPYTVSYMMOVKYLLIRNMWRLRNNIGFTLFMILGNCSMALILGSM
FFKIMRKGDTSTEYFRGSAMEFFAILFNAFSSLLEIFSLYEARPITEKHRTYSLYHPSADA
FASVLSEIPSKLITIAVCFNIIFYFLVDFRRNGGVFFFYLLINIVAVFSMSHLFRCVGSLT
KTLSEAMVPASMLLLALSMYTGFAIPKKKILRWSKWIWYINPLAYLFESLLINEFHGIKFE
PCAEYVPRGPAYANISSTESVCIVVGAVPGODYVLGDDFIRGTYQYYHKDKWRGFGIGMA
YVVEFFFEVYLFLCEYNEGAKQKGEILVIFPRIIVEKRMEKKRGVLTEKNANDPENVGERSDLS
SDREMLQESSEEESDTYGEIGLSKSEAIFHWRNLCYEVQIKAETRRILNNVDGWVKPGTL
TALMGASGAGKTTLLDCLAERVTIMGVITGDILVNGIPRDKSFPRSIGYCQQOQDLHLKTAT
VRESLRFSAYLROPAEVSIEEKNRYVEEVIKILEMEKYADAVVGVAGEGLNVEQRKERLTI
GVELTAKPKLLVFLDEPTSGLDSQTAWSICQLMKKLANHGQAILCTIHQPSAILMQEFDR
LLEMORGGKIVYFGDLGEGCKTMIDYFESHGAHKCPADANPAEWMLEVVGAAPGSHANQD
YYEVWRNSEEYRAVOSELDWMERELPRKGSITAAEDKHEFSQSTIYQTKLVSIRLEQQYW
RSPDYLWSKFILTIFNQLFIGFTFFKAGTSLOGLONOMLAVFMFTVIFNPILQQYLPSEV
QORDLYEARERPSRTFSWISFIFAQIFVEVPWNILAGTIAYFIYYYPIGFYSNASBAGQOL
HERGALFWLFSCAFYVYVGSMGLLVISFNQVAESAANLASLLFTMSLSFCGVMTTPSAMP
REFWIFMYRVSPLTYFIQALLAVGVANVDVKCADYELLEFTPPSGMTCGQYMEPYLOLAKT
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GYLTDENATDTCSFCQISTTNDYLANVNSEYSERWRNYGIFICYIAFNYIAGVFEYWLAR
VPEKNGKLSKK

SEQ ID NO:140

YOR271C

>splQ1l2029|FSF1 _YEAST Probable mitochondrial transport protein FSF1
OS=Saccharomyces cerevisiae {strain ATCC 204508 / S288c) GN=FSF1
PE=1 SV=1
MASSVPGPIDLPESRYDLSTYWGRIRHCAETISDPTMLLTTEKDLAHAREIISAYRHGELK
ETTPEFWRAKKQLDSTVHPDTGKTVLLPFRMESNVLSNLVVIVGMLTPGLGTAGTVEFNQW
ANQSLNVAVNSANANKSHPMSTSQLLTNYAAAVTASCGVALGLNNLVPRLKNISPHSKLI
LGRLVPFAAVVSAGIVNVFLMRGNEIRKGISVEFDSNGDEVGKSKKAAFMAVGETALSRVI
NATPTMVIPPLILVRLORGVLKGKSLGVOTLANLGLISVTMEFSALPFALGIFPOROATHL
NELEPELHGKKDKDGKPIERKVYFNRGT

SEQ ID NO:141

YOR273C

>splQl2256|TPO4 YEAST Polyamine transporter 4 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S$288¢) GN=TP0O4 PE=1 SV=1
MPSSLIKTESNSDPRINIQOVPKALDKENVINSGNLDSTSSSTGSITEDEKRSEPNADSNN
MTGGEPIDPRDLDWDGPDDPDNPHNWSSLKKWYTTMTSAFLCLVVIMGSSLYVSSVPELY
ERYHVSQTLALAGLTFYLLGLSTVIGAPLSEVFGRKPVYLFSLPVSMLETMGVGLSNGHM
RIILPLRFLSGVFASPALSVGSGTILDIFDVDQVSVAMTYFVLSPFLGPVLSPIMAGFAT
EAKGWRWSEWIQLIAGGLILPFIALMPETHKGIILRKRAKKRNIALKKFSREAQKEFLKT
TVTITILRPLKMLVVEPIVEVFSVYVAFIFAILFGFFEAYAVIYRGVYHMSMGISGLPFI
GIGVGLWIGAFFYLYIDRKYLFPKPPAGTQPLTEKERTSKRTTPYRGARDAETGELLPVV
PEKFLIACKFGSVALPIGLFWQAWTARSDVHWMAPVAAGVPFGFGLILIFFSVLMYFSTC
YPPLTVASCLAANNLLRYVMSSVFPLFTIOMYTKMKIKWASTLFALVCVVMIPIPWVIEK
WGSKLRHKSQFGYAAMEKEAETEGGIDDVNAVDGELNLTRMTTLRTMETDPSTREKPGER
LSLRRTHTQPVPASFDREDGQHAQNRNEPISNSLYSAIKDNEDGYSYTEMATDASARMY

SEQ ID NO:142

YOR307C

>sp|P22215|SLY41 YEAST Uncharacterized transporter SLY41
05=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=SLY4l
PE=1 SV=2
MIQTQSTAIKRRNSVHKNLFDPSLYQIPEPPRGGFQHQKKEYSKETFSNQVFGYDITSLK
KRETQLEPSNIQGYLPEVDLRITIICSIWYVTSSISSNLSKAILRTFNHPIALTELQFLY
SAVILCVGFASIVNLFRLPRLKETKFSKALNSFPDGILPEYLDGNFRSSILHKFLVPSKLY
LMTTFPMGIFQFIGHITSHKAVSMIPVSLVHSVKALSPIITVGYYKFFEHRYYNSMTYYT
LLLLIFGVMTTCWSTHGSKRASDNKSGSSLIGLLFAFISMITFVAQNIFAKNILTIRRKY
GILPSSSTDDVTSKEGQPSLDKTREFSPLOVDKITILFYCSCIGFSLTLLPFLTGELMHGG
SVINDLTLETVALVATHGIAHFFQAMLAFQLIGLLSSINYSVANIMKRIVVISVALFWET
KLNFEQVEFGVILTIAGLYGYDKWGLSKKDGRQA

SEQ ID NO:143

YOR332W

>sp|P22203|VATE YEAST V-type proton ATPase subunit E
0S=Saccharomyces cerevisiae {strain ATCC 204508 / S2B88c) GN=VMA4
PE=1 SV=4
MSSAITALTPNQVNDELNRKMOAFIRKEAEEKAKEIQLKADQEYEIEKTNIVRNETNNIDG
NFKSKLEKKAMLSQOQITKSTIANKMRLEKVLSAREQSLDGIFEETKEKLSGIANNRDEYKPI
LOSLIVEALLKLLEPKAIVKALERDVDLIESMKDDIMREYGEKAQRAPLEEIVISNDYLN
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KDLVSGGVVVSNASDKIEINNTLEERLKLLSEEALPAIRLELYGPSKTRKFED

SEQ ID NO:144

YOR348C

>sp|Pl53801PUT4 YEAST Proline-specific permease OS=Saccharomyces
cerevisiae ({strain ATCC 204508 / 5288c¢c) GN=PUT4 PE=1 SV=2
MVNILPFHKNNRHSAGVVTCADDVSGDGSGGDTKKEEDVVQVTESPSSGSRNNHRSDNEK
DDAIRMEKISKNQSASSNGTIREDLIMDVDLEKSPSVDGDSEPHKLKQGLOSRHVQLIAL
GGAIGTGLLVGTSSTLHTCGPAGLFISYIIISAVIYPIMCALGEMVCFLPGDGSDSAGST
ANLVTRYVDPSLGFATGWNYFYCYVILVAAECTAASGVVEYWTTAVPRKGVWITIFLCVVY
ILNFSAVKVYGESEFWFASIKILCIVGLIILSFILFWGGGPNHDRLGFRYWQHPGAFAHH
LTGGSLGNFTDIYTGITIKGAFAFILGPELVCMT SAECADQRRNIAKASRREFVWRLIFFYV
LGTLAISVIVPYNDPTLVNALAQGKPGAGSSPEVIGIQNAGIKVLPHIINGCILTSAWSA
ANAFMFASTRSLLTMAQTGQAPKCLGRINKWGVPYVAVGVSFLCSCLAYLNVSSSTADVE
NWFSNISTISGFLGWMCGCIAYLRIFRKAIFYNGLYDRLPFKTWGOPYTVWFSLIVIGIIT
ITNGYAIFIPKYWRVADFIAAYITLPIFLVLWEFGHKLYTRTWROQWWLPVSEIDVTTGLVE
IEEKSREIEEMRLPPTGFKDKFLDALL

SEQ ID NO:145

YPLO36W

>sp|P19657 | PMAZ YEAST Plasma membrane ATPase < OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S2B88c) GN=PMAZ PE=1 5V=3
MSSTEAKQYKEKPSKEYLHASDGDDPANNSAASSSSSSSTSTSASSSAAAVPREKAAAASA
ADDSDSDEDIDQLIDELOSNYGEGDESGEEEVRTDGVHAGQRVVPEKDLSTDPAYGLTSD
EVARRRKKYGLNQMAEENESLIVKFLMFFVGPIQFVMEAAATLAAGLSDWVDVGVICALL
LINASVGFIQEFQAGSIVDELRKKTLANTATVIRDGOLIEIPANEVVPGEILQLESGTIAP
ADGRIVITEDCFLOIDQSAITGESLAAEKHYGDEVESSSTVKTGEAFMVVTATGDNTFVGR
AAALVGQASGVEGHFTEVLNGIGIILLVLVIATLLLVWTACFYRTVGIVSILRYTLGITI
IGVPVGLPAVVTTTMAVGAAYLAKKQAIVOKLSAIESLAGVEILCSDKTGTLTKNKLSLH
EPYTVEGVSPDDLMLTACLAASRKKKGLDAIDKAFLKSLIEYPKAKDALTKYRVLEFHPF
DPVSKKVITAVVESPEGERIVCVKGAPLFVLKTVEEDHPIPEDVHENYENKVAELASRGFR
ALGVARKRGEGHWEILGVMPCMDPPRDDTAQTINEARNLGLRIKMLTGDAVGIAKETCRY
LGLGTNIYNAERLGLGGGGDMPGSELADFVENADGFAEVFPOHKYRVVEILONRGYLVAM
TGDGVNDAPSLEKADTGIAVEGATDAARSAADIVFLAPGLSAIIDALKTSRQIFHRMYSY
VVYRIALSLHLEIFLGLWIATILNNSLDINLIVEPIAIFADVATLTIAYDNAPYAPEPVKWN
LPRLWGMSITILGIVLAIGSWITLTTMFLPNGGI IQNFGAMNGVMFLOISLTENWLIFVTR
AAGPFWSSIPSWQOLAGAVFAVDIIATMFTLFGWWSENWTDIVSVVRVWIWSIGIFCVLGG
FYYIMSTSQAFDRLMNGKSLKEKKSTRSVEDFMAAMORVSTQOHEKSS

SEQ ID NO:146
YDL198C

MPHTDRKKQSG
SEPLGKRLET
RSAAAGSLIG
NAPGSFALFG
RNFDNPESGL

LARLLGSASA
LFPGLGYAAS
IGEIVLLPLD
GNAFAKEYIL
RIVKNTLKNE

SEQ ID NO:147

YFLOS54C

MSYESGRSSS
TGGSSRNKLS
LSRGVNQGNS
SRASSRRGST

SSESTRPPTL
ALTPLKEVVD
NNYVDPLYRQ
DISRGGSTTS

GIMEIAVEHP
YKVLORVYKY
VLKIKRQTNP
GLKDYSQATW
GVTAFFKGLT

KEEPNGKIAW
ERKDSVQPOV
LNPTMGSSRN
VKDWKRLLRG

VDTISKRLMS
GGQPFANEFL
ESFKGRGFIK
SONFISSIVG
PKLLTTGPKL

EESVKKSREN
PSMGEFTYSLP
RPVWSLNQPL
AAPGKKLGDI
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NHTKITSGQE
NKHYKKDFDN
ILRDEGLFNL
ACSSLIVSAP
VESFALAQSL

NENDSTLLRR
NLKTLNSFSD
PHVLDRGLAA
EAQTQRDNTV

LNRVIFRDHF
LFGEKTGKAM
YRGWGWTAAR
LDVIKTRION
IPRFDNLLSK

KLGETRKAIE
AEQARIMQDY
KMIQKNMDAR
GADVKPTKLE
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PENPQKPSNT
TKLPEELIEE
VIFGVGGNLQ
FPWKKVPVYI
RNAFFDEFIG
RDLGPRIFAS
DNGYIENRVG

HIENVSREKK
ENKSTSALDG
ATVTKGSGGS
VAQIIGAYFG
ASITVGCLMA
MIGYGPHAFH
KLLHAEFHQON

SEQ ID NO:148
Oryza sativa sequence

MDSGYS5S5YA
RPALAPLVAF
CADWVIVDVE
ARAPTFEVAR
PITFLGLMPP
AGTRFLWALR
NSTIEGLMFG
VEEESSKVEQ

AAAGMHVVIC
VALPLPRVEG
HHWARARAALE
MKLIRTKGSS
LHEGRREDGE
KPTGVSDADL
HPLIMLPIFG
AKAKKLQEIV

SEQ ID NG:149
Synechococcus sp. GGPPS

MVAQTFNLDT YLSQRQQQVE EALSAALVPA
LAGGSVEQAM PTACALEMIH TMSLIHDDLP
LAYAFEHIAS QTRGVPPQLV LQOVIARIGHA
SHKTGALLEA SVVSGGILAG ADEELLARLS
GKDOAAAKAT YPSLLGLEAS ROKAEELIQS

SEQ ID NO:150
Zea mays truncated CDPS

MAQHTSESAA
SAYDTAWVGL
LTRWSLEPEM
QALQGIYSSR
TAYALMNTGD
QCMDYVNRHW
VGOSNQAVTG
EVVYTLDFPW
CALHQLEWQG
NAVSTHLRNS
PIHGGDPEDI
IEISAGRAAG
REFVQYLLRL

VAKGSSLTPI
VPRLDGGEGP
RGRGLSFLGR
EIKMKRIPKE
DRCFSYIDRT
TEDGICWARN
MYNLNRASQI
YGNLPRVEAR
LKRWYTENRL
PSFRERLEHS
IHKLLRSAWA
EAASEDGDRR
GEKKTGSSET

SEQ ID NO:151

Arabidopsis thaliana KS

MSINLRSSGC
VAMVPSPSSQ
GIGERQINKG
IRKRDLDLKC
TQFGNDGCLR
TYRYWLRGDE

SSPISATLER
NAPLFPQCVK
LOFIELNSAL
DSEKFSKGRE
YLCSLLOKFE
EICLDLATCA

RTSHNVNFSL
NEIGASEDED
YESLSFAWGE
GAMAYGYEWS
LLDDSNAPPG
LTHWWWTWGA
DGTVSDESGV

GDESYASSIA
ADIMTEPNEW
GCMLGVYVAG
SITEFEGGPH
NGMTALIIGE
WGGPIAGGIA
NENSNTGSKK

encoding EUGT11

PWLAFGHLLP
LPDGAESTND
HEKVPCAMMLL
GMSLAERFSL
DATVRWLDAQ
LPAGFEERTR
DQGPNARLIE
ADMACHERYI

VRTDAESRRT
QFPAAVRWIR
NMWKLATEDE
VMHTVPTSIL
VEKEFNGGVPN
SDVKEVDDTA
SFPGEDVLHR
DYLEQYGGGD
MDFGVAQEDA
LRCRPSEETD
EWVREKADAA
ITQLTGSICD
ROTFLSIVKS

{similar
GLDSEVQTRA
WLLDNQHEDG
VIDETIQKPT
AYLAYVLEGT
ARVPSVYPFD
LAFRLLLAHG

CLDLAQRLAS
VPHDRPDMVE
GSAHMIASIA
TLSRSSLVVG
PAKSVVYVAL
GRGVVATRWV
AKNAGLQVAR
DGFIQQLRSY

YPERIYEAMR

AMDNDDERRG
VAATGLVGGO
HYARDIGLAF
AKEALRPYGS

RWPTDDDDAE
NNQLPDGSWG
ESMPIGFELA
HSLEGMPGLD
VYPVDLFEHI
MAFRLLRLHG
AGAFSYEFLR
DVWIGKTLYR
LRAYFLAAAS
GSWENSSS8GS
DSVCNGSSAV
SLEKQKMLVSQ
CYYAAHCPPH

to GenBank
NNVSFEQTKE
SWGLDNHDHOQ
GFDIIFPGMI
RNLKDWDLIV
QYARLSIIVT
YDVSYDPLKP
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DAESRKLKNM
AKTRYHMREP
GISGGHINPA
IRTTATGACL
LVAATGMALG
GALIYDIFIF
SVPTSS

RGHRVSFVST
LHRRAFDGLA
DRRLERAETE
RSCVEFEPET
GSEVPLGVEK
POMSTILAHAA
NDGDGSFDRE
KD

YSLLAGGKRL

KPTNHKVEGE
VVDLESEGKA
QIVDDILDVT
CAEPLLALAD

PLVDEIRAML
DAALFSAYDR
FPSLIELAKS
WAKLLKLQSS
WAVDRLERLG
YSVSPDVEFKN
REEAEGALRD
MPLVNNDVYL
VYEPCRAAER
DAVLVKAVLR
EQEGSRMVHD
DPERKNEEMMS
VVDRHISRVI

REE36246.1)

KIRKMLEKVE
SLKKDVLSST
KYARDLNLTI
KYQRKNGSLF
LESLGIDRDF
FAEESGFSDT

QTLDGSTRVY
FAEFLGTLVL
VTISMAIFRK
FTDPKSYVTW
YOQTSEFTINPA
TGCESPVNYP

PRNISRLPPV
APFSEFLGTA
SPAMAGQGRP
VPLLSTLRGK
VHELALGLEL
VGAFLTHCGW
GVAAATRAVA

RPILCLAACE

DIAILAGDAL
ISLETLEYIH
ATSEQLGKTA
FITRROH

TSMSDGDISY
LINTLACVVT
LGVHDFPYDH
DGSFLFSPAA
ISRYFQKEIE
FEKDGEFFAF
KWIISKDLPG
ELARMDENHC
LAWARAATLA
LTDSLAREAQ
KQTCLLLARM
HVDDELKLRT
FEPVSAAK

LSVSAYDTSW
LASTILALKKW
PLGSEVVDDM
DSPATTAAAF
KTEIKSILDE
LEGYVKNTFS
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VLELFKAAQS
LERSDHRRKI
WIVENRLQEL
EELENLIHLV
LDLLKSMLRE
NQLYKLVSTM
EELHKLVLEE
KESLT

YPHESALKKQ
LNGSAVENTR
KFARQKLAYC
EKWDLNGVPE
AEWSSDKSTP
GRLLNDIQGF
KGSVVPRECK

SEQ ID NO:152
8. rebaudiana KO1

MDAVTGLLTV
NLLQLKEKKP
KALKVLTADK
VEKNNPEQEEV
GAIDVDWRDF
LLSEAQTLTD
KITEEHLSQL
MDKNVWENPE
EWKLKDMTQE

PATAITIGGT
YMTEFTRWAAT
TMVAMSDYDD
DLRKIFQSEL
FPYLKWVPNK
QOLLMSLWEP
PYITAIFHET
EWNPERFMKE
EVNTIGLTTQ

SEQ ID NG:153
A. thaliana ATRZ

MESSSS58TS
AVLIGCIVML
KALGEEAKAR
YKWFTEGNDR
QCIEDDFTAW
GNGYTVFDAQ
ETVDEALRLL
ALVALAAHAS
GVAPRLOPRF
LFLGRPIFVR
GCRNRRMDFI
YLYVCGDAKG

MIDLMAATIK
VWRRSGSGNS
YEKTRFKIVD
GEWLKNLEKYG
REALWPELDT
HPYKANVAVK
DMSPDTYFSL
DPTEAERLKH
YSISSSPKIA
QSNFRLPSDS
YEEELQRFEVE
MARDVHRSLH

SEQ ID NO:154
Stevia rebaudiana KAHel

MEASYLYISI
KYGPILQLOL
WRNLRRVAST
ISGKRYFDSG
KKRDDFFQGL
SDTSAGTMEW
YPAGPLLFPH
RDGFKLMPEG
VPLVAKCKPR

LLLLASYLFT
GYRRVLVISS
EILSVHRLNE
DRELEEEGKR
IEQVRKSRGA
AMSLLVNHPH
ESSADCVISG
SGRRGCPGEG
SEMTNLLSEL

SEQ ID NO:155

Stevia rebaudiana CPRS

CCWTKQYLEM
VTKTSYRLHN
YFSGAATLES
YSSEHVEILF
SLEDYMENAY
KRESAEGKLN
EAFLKMSKVL

AVALAVALIF
YGPIYSIKTG
YHKTVKRHIL
FGLAMRQALG
KFENTIQQMY
ITESSDTTMV
LRRHSPVPII
NETIDFQKTM
MLRPLRAIIK

GEPVIVSDPA
KRVEPLKPLV
LDDYAADDDE
VEGLGNRQYE
ILREEGDTAV
RELHTPESDR
HAEKEDGTPI
LASPAGKDEY
ETRIHVTCAL
KVPIIMIGPG
SGALAELSVA
TIAQEQGSMD

TQLRRKSANL
PSAAEECETHN
FHDIRVDENR
FREILDETLL
KVGKGRKTMI
VLKKAQAEID
YNIPRGTMLI
LATIRLLGMTL

MQOSNSVKISP LDLVTALFSG KVLDTSNASE
IGCVVVLVWR RSSTKKSALE PPVIVVPKRV
VEEAKARYEK AVFKVIDLDD YAADDDEYLEE

ELSSWVKTSV
ICTSDILKLA
PELSDARISW
SVLRDTILET
ISFALGPIVL
AVSLHMKHER
NLFYRKDDGF

WYLKSYTSAR
ATSMVVVESN
TAVLGPNAQK
KDVESLYVED
IRREAVMKSL
TTEWAMYELA
PLRHVHEDTV
AFGGGKRVCA
PRI

NASAYESVARQ
IRKPREEEIDD
YEEKLKKEDV
HFNKVAKVVD
ATPYTAAVLE
SCIHLEFDIA
SSSLPPPEPP
SKWVVESQRS
VYEKMPTGRI
TGLAPFRGFL
FSREGPTKEY
STKAEGFVKN

PPTVFPSIPI
NDVIFANRPK
LLIRKLRSSS
LAGASNVGDY
ELLLSLOQESE
RVIGNNRLID
VNQWATIHHDP
GSVIQCFDWE

SGESAMLPTI
QEEEVDDGKK
KLRKKESLAFF
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RDKYLKKEVE
VDDEFNFCQSI
AKGGVLTTVV
GDKAFTYQGR
PATYLIGPPL
DNRSKEVIIE
TSNDLMSLVK

RSQSNHLPRV
EIAKEALVTR
KHRIHRDIMM
LKITMNRDEI
IKEHKKRIAS
KNPRKLQDRLY
LGGYHVPAGT
GSLOQALLTAS

ELSSMLTENR
GRKRVTIFFG
AFFFLATYGD
DILVEQGAQR
YRVSIHDSED
GSGLTMKLGD
CNLRTALTRY
LLEVMAEFPS
HEKGVCSTWMK
QERLALVESG
VOHKMMDEAS
LOTSGRYLRD

IGHLYLLKKP
TLEFGKIVGGT
SPVTLITVEY
LPILNWLGVK
PEYYTDAMIR
ESDIGNIPYI
KVWDDPETFK
RVGDEMVDMT

AMIMENRELL
KVIVFFGTQT
FLATYGDGEP

DALAFPSYAS
HREEMERLDR
DDFFDVGGSK
NVTHHIVKIW
PEKTVDSHQY
SMKGLAERKR
SVIYEPVSLO

PEVPGVPLLG
FOQSISTRNLS
DNISTQLHEF
FQVLVVDPMM
GEKLNSYIDY
RDIKSVCGSE
ELAVNIYGCN
IGIGRMVQEF

QFAMIVTTSI
TOTGTAEGFA
GEPTDNAARF
LVOVGLGDDD
AKFNDITLAN
HVGVLCDNLS
ACLLSSPKKS
AKPPLGVEFFA
NAVPYEKSEK
VELGPSVLFF
DIWNMISQGA
VW

LYRTLAKIAA
SLGESLSYGDQ
ALTLNVIMRM
SLEKKLIALQ
SEVLGLLAAG
GCIINETLRL
PERFQGLEGT
EGLGVTLPKA

MILTTSVAVL
GTAEGFAKAL
TDNAARRFYKW
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FTEGDAKGEW
EDDFTAWKEL
VHDAQHPCRS
AERLVGLPPD
LAARHATDPSE
RLOPRYYSIS
PI¥YVRTSNER
KVDFIYENEL
GDAKGMAKDV

LNKLQYGVFG
VWPELDQLLR
NVAVKKELHS
TYSSIHTDSE
ADRLKFLASP
SSPKMAPDRI
LPSDPKVPVI
NNFVETGALS
HRTLHTIVQE

SEQ ID NO:156
Stevia rebaudiana UGTB5C2

MDAMATTEKK
CLDGAPGFRF
GFLSVFTIDA
IDWVPGMEGI
SLRYNHIYTI
FGSTTVMSLE
SQEKVLKHPS
TEVKRDEVER
N

PHVIFIPEFPA
ETIPDGVSHS
AKKLGIPVMM
RLKDFPLDWS
GPLQLLLDQI
DMTEFGWGLA
VGGFLTHCGW
LVQELMGEGG

SEQ ID NO:157
5. rebaudiana UGT74G1

MAEQQOKIKKS
TTSIEIQAIS
EWVLDVAIEF
LONHEQIQSP
YLDKRLDDDK
DSDVNFLWVI
LEAISLGVPV
RGVIIRKNAV

PHVLLIPFPL
DGCDEGGEMS
GIDGGSFFTQ
WSOMLFGQFA
DNGENLYKAN
KHKEEGKLPE
VAMPOQFSDQT
KWKDLAKVAV

SEQ ID NO:158
5. rebaudiana UGT76G1

MENKTETTVR
FTFREFILDND
LITDALWYFA
GFPMLKVKDI
SFLIPLPKHL
DSKQOSFLWVV
STLESVCEGV
EYIRQNARVL

RRRRIILFPV
PODERISNLP
QUSVADSLNLR
KSAYSNWQIL
TASSSSLLDH
RPGFVKGSTW
PMIFSDFGLD
KQKADVSLMK

SEQ ID NO:159
5. rebaudiana UGTS1DZ2e~b

MATSDSIVDD
SPLINVVQLT
DYTHYWLPSI
FPTKVCWREKH
VPVVPVGLLP
ELSGLPEVHWA
HCGSGSIVEG

RKQLHVATFP
LPRVQELPED
AASLGISRAH
DLARLVPYKA
PETPGDEKDE
YRKPKGPAKS
ILMFGHPLIML

LGNRQYEHEN
DEDDTTVATP
PESDRSCTHL
DGSPLGGASL
AGKDEYSQWI
HVTCALVYEK
MIGPGTGLAP
ELIVAFSREG
QGSLDSSKALR

OSHIKAMLKL
PEASIPIRES
YWTLAACGEM
TODLNDKVLMF
PEEKKQTGIT
NSNHYFLWII
GSTIESLSAG
HEMRNKAKDW

KIAKVVDDGL
YTAAVAEYRV
EFDISNTGLS
PPPFPPCTLR
VASQRSLLEV
TPAGRIHKGV
FRGFLOERLA
PTREYVQOHEM
LYVKNLQMSG

AQLLHHKGLQ
LLRSIETNFL
GEYHIHSLIE
TTEAPQRSHK
SLHGYSLVKE
RSNLVIGENA
VPMICWPYSW
KEKARIAIAP

{GenBank AARDGE920.1)

QGHINPFIQF
AGESYLETFK
ACVVNSLYYH
NIDOQARWVET
HHECMNWLDD
NLSEVIKTGK
TNAKLLDEIL
HEGGSSDNDI

PFQGHINPIL
THGPLAGMRI
RLVLMTSSLF
KEILGKMIKQ
DRTVEQWLDQ
VEPLPDGFLG
QPLNARYMSD
GGSSYESLES

WLAFGHILPY
AEATTDVHPE
FSVTTPWAIA
PGISDGYRMG
TWVSIKKWLD
DSVELPDGEV
PIFGDQPLNA

GKRLISKGVK
QVGSKSLADL
VHKGLISLPL
NSFYKLEEEV
KPKESVVYVA
GLIVAWCKQL
GVGVRVKADE
VEFVSELIKA

QLANVLYSKG
PIINEHGADE
NFHAHVSLPQ
TKASSGVIWN
QPPSEVLYVS
ERGRIVKWVP
VLKVGVYLEN
LVSYISSL

LOLSKLIAEK
DIPYLKKASD
YMGPSADAMI
MVLKGSDCLL
GKQKGSVVYV
ERTRDRGLVH
RLLEDKQVGI
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VEQGAKRLVP
VFHEKPDALS
YETGDHVGVY
KALTCYADVL
MEAFPSAKPS
CSTWMKNAVP
LKEAGTDLGL
SEXKASDIWNL
RYLRDVW

ITEVNTDFIH
DRFIDLVTKL
KGFAPLKDAS
VSHHIFHTFEFD
EPECFQWLQOS
VLPPELEEHT
DQLTNCRYIC
NGSSSLNIDK

TTLVITIHTL
IKKLOQSEGTT
GETVSVPGFP
IEWTRKIWNL
FGSLVKHGPE
DVLAHESVGC
NGIVRRGNLA

FSITIFHTNF
LRRELELLML
FDELGYLDPD
SFKELEESEL
FGSTSEVDEK
QOEVLAHGAT
GWERGEIANA

GHKVSFLSTT
GLOPEVTRFL
NGSDGRTTVE
SKCYHEFGTQ
ALGSEALVSQ
TSWAPQLRIL
EIPRNEEDGC

VGLGDDDQCI
EDYSYTNGHA
CENLSEVVND
SSPKKSALLA
LGVFFASVAP
MTESQDCSWA
SILFFGCRNR
LSEGAYLYVC

NQFLESSGPH
PDPPTCIISD
YLTNGYLDTV
ELEPSIIKTL
KEPNSVVYVN
KKRGFIASWC
KEWEVGLEMG
MVKEITVLAR

NSTLNHSNTT
IDAIIYDSMT
VLORWETPLI
KVIGPTLPSM
QVEEITRALI
FVTHCGFNST
SCIKMIMEEE

NEPKTSNYPH
ASEEDEEVSC
DEKTRLEEQAS
ETVIREIPAP
DFLEIARGLV
GAFWTHSGWN
IRRVMVDEEG

RNIQRLSSHI
EQHSPDWIIY
DLTTPPKWEP
WLPLLETLHQ
TEVVELALGL
SHESVCGEFLT
LTKESVARSL
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RSVVVEKEGE

IYKANARELS

SEQ ID NO:160

atggctacct
getttgtett
caagctaaat
caattgaaag
atctactcta
aaagaagcta
aaaattttga
atgatcaaga
tctaacagag
tcteccaagag
ttgaaacaag
actttgtcca
gaagttgatt
actaagatcce
caaaagaaaa
gaaggtaaga
actgctgata
aaaagacaag
gaagaatact
cattctccag
tattacattc
caccaatggg
ccaatggact
ttacaagcta
aagttgagag
tatccaatgce

tgttggaaca
ggttgttttt
tgccaccagt
aaaagaagcce
ttagaactygg
tggttaccag
ccgectgataa
gatatatctt
ataccttgag
aagctgtcaa
cctteggtaa
gagatgaaat
ggagagattt
aaagattata
gaattgccte
ccttgaccat
ccacaatggt
acagattata
tgtcccaatt
ctgctttggt
cagccggtac
aatctccaga
tgtacaaaac
tgttgattge
atggtgaaga
atgctatttt

SEQ ID NO:161

MATLLEHFQA
QLEKEKKPYQT
KILTADKCMV
SPREAVNERR
EVDWRDEFFPY
EGRKTLTMDQI
EEYLSQLPYL
HQWESPEEWK
KLRDGEEENV

MPFATPIALA
FTRWAEEYGP
ATSDYNDFHK
VFEWELFGIA
LRWIPNTRME
SMLLWETVIE
NAVFHETLRK
PERFLDPEFD
DTVGLTTHKR

KIYNDTKVEK

ttttcaaget
gttctacatce
tccagttgtt
ataccaaacc
tgecttctact
atacttgtect
gtgcatggtt
gtctaacgtt
agccaacgtt
ctttagaaga
ggatattgaa
cttcaaggtt
tttccecatac
ctttagaaga
cggtgaagaa
ggaccaaatc
tactactgaa
ccaagaaatc
gccatacttg
tcecattgaga
tgaaattgcce
agaatggaag
tatggectttt
ttgteccaacc
agaaaacgtt
gaagccaaga

ALSWLFLFYI
IYSIRTGAST
MIKRYILSNV
LKQAFGKDIE
TKIQRLYERR
TADTTMVTTE
HSPAALVPLR
PMDLYKTMAFE
YPMHAILKPR

EYVSQFVDYL

atgccattcyg
aaggtttett
ccaggtttge
ttcactagat
atggttgtct
atctctacca
gcecatttetyg
ttgggtccat
tgttctagat
gttttcgaat
aagccaatct
ttggtcttgy
ttgcgttgga
aaggccgtta
atcaactgct
tctatgttgt
tgggctatgt
caaaaggtct
aatgctgttt
tatgctcatg
attaacatct
ccagaaagat
ggtgctggta
atcggtagat
gatactgttg
tcttaa

KVSFFSNKSA
MVVLNTTQVA
LGPSAQKRHR
KPIYVEELGT
KAVMTALINE
WAMYEVAKDS
YAHEDTQLGG
GAGKRVCAGS
S
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EKNARAVAID

ctattccaat
tcttcectecaa
cagttattygg
gggctgaaga
tgaacactac
gaaagttgtc
attacaacga
ctgcccaaaa
tgcattcccea
gggaattatt
acgtcgaaga
acattatgga
ttccaaacac
tgaccgectt
acatcgattt
tgtgggaaac
acgaagttge
gcggttectyga
tccacgaaac
aagatactca
acggttgcaa
ttttggatce
aaagagtttg
tggttcaaga
gtttgaccac

QAKLPPVPVV
KEAMVTRYLS
SNRDTLRANV
TLSRDEIFKV
QKKRIASGEE
KROQDRLYQET
YYIPAGTEIA
LOAMLIACPT

HES

tgctttgget
caaatccgcet
taatttgttyg
atatggtcca
Lcaagttgcce
caacgecettg
tttccacaaqg
aagacataga
agttaagaac
cggtatcget
attgggtact
aggtgccatt
cagaatggaa
gattaacgaa
cttgttgaaa
cgttattgaa
taaggattct
aatggttaca
tttgagaaaa
attgggtggt
catggacaaa
taagtttgac
cgetggttet
atttgaatgg
ccataagaga

PGLPVIGNLL
ISTRKLSNAL
CSRLHSQVEKN
LVLDIMEGAI
INCYIDFLLK
QKVCGSEMVT
INIYGCNMDK
IGRLVQEFEW

[00164]
embodiments thereof, it will be apparent that modifications and variations are possible

Having described the invention in detail and by reference to specific
without departing from the scope of the invention defined in the appended claims. More
specifically, although some aspects of the present invention are identified herein as
particularly advantageous, it is contemplated that the present invention is not necessarily

limited to these particular aspects of the invention.
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WHAT IS CLAIMED IS:

1. A recombinant host capable of synthesizing a steviol glycoside, comprising a gene
encoding a transporter polypeptide and/or a gene encoding a transcription factor
polypeptide that regulates expression of at least one transporter gene;

wherein expression of the gene encoding the transporter polypeptide and/or
the gene encoding the transcription factor polypeptide that regulates expression of at
least one transporter gene is modified and the recombinant host transports at least a

portion of the synthesized steviol glycoside from the host into a culture medium.

2. The recombinant host of claim 1, wherein the gene encoding the transporter

polypeptide is an endogenous gene.

3. The recombinant host of any one of claims 1 or 2, wherein the transporter
polypeptide comprises an ATP-binding cassette (ABC) transporter, a major facilitator
superfamily (MFS) transporter, an amino acid/auxin permease (AAAP) family
transporter, an ATPase transporter, a sulfate permease (SulP) family transporter, a
lysosomal cystine transporter (LCT) family transporter, a Ca2+:.cation antiporter
(CaCA) family transporter, an amino acid-polyamine-organocation (APC) superfamily
transporter, a multidrug/oligosaccharidyl-lipid/polysaccharide (MOP) transporter, a
ZRT/IRT-like protein (ZIP) metal transporter family transporter, a mitochondrial
protein translocase (MPT) family transporter, a voltage-gated ion channel (VIC)
family transporter, a monovalent cation:proton antiporter-2 (CPAZ2) family transporter,
a ThrE family of putative transmembrane amino acid efflux transporter, an
oligopeptide transporter (OPT) family transporter, a K' transporter (Trk) family
transporter, a bile acid:Na symporter (BASS) family transporter, a drug/metabolite
transporter (DMT) superfamily transporter, a mitochondrial carrier (MC) family
transporter, an auxin efflux carrier (AEC) family transporter, an ammonia channel
transporter (Amt) family transporter, a metal ion (Mn*-iron) transporter (Nramp)
family transporter, a transient receptor potential Ca* channel (TRP-CC) family
transporter, an arsenical resistance-3 (ACR3) family transporter, a nucleobase:cation
symporter-1 (NCS1) family transporter, an inorganic phosphate transporter (PiT)
family transporter, an arsenite-antimonite (ArsAB) efflux family transporter, an ISP
family of transporter, a glycerol uptake (GUP) family transporter, a metal ion transport
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(MIT) family transporter, a copper transport (Ctr) family transporter, or a cation
diffusion facilitator (CDF) family transporter.

The recombinant host of any one of claims 1-3, wherein modified expression

comprises:

(a) overexpressing the gene encoding the transporter polypeptide and/or
the gene encoding the transcription factor polypeptide; or

(b) deleting the gene encoding the transporter polypeptide and/or the
gene encoding the transcription factor polypeptide.

The recombinant host of any one of claims 1-4, wherein the gene encoding the
transporter polypeptide and/or the gene encoding the transcription factor polypeptide

has an activity that is increased.

The recombinant host of any one of claims 1-5, wherein one or more of the genes
encoding the transporter polypeptide and/or one or more of the gene encoding the
transcription factor polypeptide is overexpressed.

The recombinant host of claim 6, wherein the transporter polypeptide and/or
transcription polypeptide comprise YALO67C set forth in SEQ ID NO:14, YBL08SW
set forth in SEQ ID NO:15, YBL0O9SW set forth in SEQ ID NO:16, YBR008C set forth
in SEQ ID NO:86, YBR021W set forth in SEQ ID NO:87, YBR043C set forth in SEQ
ID NO:88, YBR180W set forth in SEQ ID NO:13, YBR241C set forth in SEQ D
NO:17, YBR287W set forth in SEQ ID NO:89, YBR294W set forth in SEQ ID NO:18,
YBR295W set forth in SEQ ID NO:90, YBR296C set forth in SEQ [D NO:91,
YCLO38C set forth in SEQ ID NO:92, YCLO6OW set forth in SEQ ID NO:19,
YCRO11C set forth in SEQ ID NO:93, YCR028C set forth in SEQ ID NO:20,
YCRO75C set forth in SEQ ID NO:21, YDL054C set forth in SEQ ID NO:94,
YDL100C set forth in SEQ ID NO:95, YDL128W set forth in SEQ ID NO:22,
YDL185W set forth in SEQ ID NO:23, YDL194W set forth in SEQ ID NO:24,
YDL210W set forth in SEQ ID NO:25, YDL245C set forth in SEQ ID NO:96,
YDL247W set forth in SEQ ID NO:97, YDRO11W set forth in SEQ ID NO:98,
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YDRO61W set forth in SEQ 1D NO:26, YDR093W set forth in SEQ ID NO:27,
YDR292C set forth in SEQ ID NO:99, YDR338C set forth in SEQ ID NO:28,
YDR406W set forth in SEQ ID NO:29, YDR497C set forth in SEQ ID NO:100,
YDR536W set forth in SEQ ID NO:30, YELOO6W set forth in SEQ ID NO:101,
YELO27W set forth in SEQ ID NO:102, YELO31W set forth in SEQ ID NO:31,
YELO65W set forth in SEQ 1D NO:103, YERO19C-A set forth in SEQ ID NO:104,
YERO53C set forth in SEQ ID NO:105, YER119C set forth in SEQ ID NO:106,
YER166W set forth in SEQ ID NO:32, YFLO11W set forth in SEQ ID NO:33,
YFLO28C set forth in SEQ 1D NO:107, YFRO45W set forth in SEQ ID NO:108,
YGLOO6W set forth in SEQ ID NO:34, YGLO13C set forth in SEQ ID NO:35,
YGL084C set forth in SEQ ID NO:109, YGL104C set forth in SEQ ID NO:110,
YGL114W set forth in SEQ ID NO:111, YGL167C set forth in SEQ ID NO:112,
YGL255W set forth in SEQ ID NO:36, YGR125W set forth in SEQ ID NO:37,
YGR181W set forth in SEQ ID NO:38, YGR217W set forth in SEQ ID NO:39,
YGR224W set forth in SEQ ID NO:40, YGR257C set forth in SEQ ID NO:113,
YGR281W set forth in SEQ ID NO:41, YHLO16C set forth in SEQ ID NO:42,
YHLO35C set forth in SEQ 1D NO:114, YHLO36W set forth in SEQ ID NO:115,
YHROO2W set forth in SEQ ID NO:116, YHRO096C set forth in SEQ ID NO:117,
YILOOBW set forth in SEQ ID NO:118, YILO88C set forth in SEQ ID NO:43, YIL120W
set forth in SEQ ID NO:119, YIL121W set forth in SEQ ID NO:120, YIL166C set forth
in SEQ 1D NO:121, YJL0O93C set forth in SEQ 1D NO:44, YJL0Z4C set forth in SEQ
ID NO:45, YJL108C set forth in SEQ ID NO:46, YJL133W set forth in SEQ ID
NO:122, YJL212C set forth in SEQ ID NO:47, YJL219W set forth in SEQ ID NO:123,
YJR106W set forth in SEQ 1D NO:48, YJR160C set forth in SEQ ID NO:49, YKL016C
set forth in SEQ ID NO:124, YKL0O50C set forth in SEQ ID NO:125, YKLO64W set
forth in SEQ ID NO:50, YKL120W set forth in SEQ ID NO:126, YKL146W set forth in
SEQ ID NO:127, YKL209C set forth in SEQ ID NO:128, YKR0O39W set forth in SEQ
ID NO:129, YKRO50W set forth in SEQ ID NO:51, YKR105C set forth in SEQ ID
NO:52, YKR106W set forth in SEQ ID NO:53, YLR411W set forth in SEQ ID NO:130,
YLR447C set forth in SEQ ID NO:54, YML0O38C set forth in SEQ ID NO:131,
YML116W set forth in SEQ ID NO:55, YMR034C set forth in SEQ ID NO:56,
YMROS56C set forth in SEQ ID NO:57, YMR166C set forth in SEQ ID NO:132,
YMR253C set forth in SEQ ID NO:58, YMR279C set forth in SEQ D NO:133,
YNLOO3C set forth in SEQ ID NO:134, YNLO65W set forth in SEQ ID NO:59,
YNLO70W set forth in SEQ ID NO:60, YNLO83W set forth in SEQ ID NO:61,
YNLO95C set forth in SEQ ID NO:62, YNL121C set forth in SEQ ID NO:63,
YNL142W set forth in SEQ ID NO:64, YNL268W set forth in SEQ ID NO:135,
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YNRO55C set forth in SEQ ID NO:136, YOL0O20W set forth in SEQ ID NO:65,
YOLO75C set forth in SEQ ID NG:66, YOLO77W-A set forth in SEQ ID NO:67,
YOL122C set forth in SEQ ID NO:68, YOL158C set forth in SEQ ID NO:137,
YORO079C set forth in SEQ ID NO:69, YOR087W set forth in SEQ ID NO:70,
YORO092W set forth in SEQ ID NO:71, YOR100C set forth in SEQ ID NO:138,
YOR130C set forth in SEQ ID NO:72, YOR153W set forth in SEQ ID NO:139,
YOR222W set forth in SEQ ID NO:73, YOR271C set forth in SEQ ID NO:140,
YOR273C set forth in SEQ ID NO:141, YOR291W set forth in SEQ ID NO:74,
YOR306C set forth in SEQ ID NO:75, YOR307C set forth in SEQ ID NO:142,
YOR316C set forth in SEQ ID NO:76, YOR332W set forth in SEQ ID NO:143,
YORS334W set forth in SEQ ID NO:77, YOR348C set forth in SEQ ID NO:144,
YPLO36W set forth in SEQ ID NO:145, YPLO78C set forth in SEQ ID NO:78,
YPL270W set forth in SEQ ID NO:79, YPL274W set forth in SEQ ID NO:80,
YPRO03C set forth in SEQ ID NO:81, YPR0O11C set forth in SEQ ID NO:82,
YPRO58W set forth in SEQ ID NO:83, YPR128C set forth in SEQ ID NO:84, or
YPR201W set forth in SEQ ID NO:85.

The recombinant host of any one of claims 1-7, wherein YBR043C set forth in SEQ
ID NO:88, YDL100C set forth in SEQ ID NO:95, YDL0O54C set forth in SEQ ID
NO:94, YDL128W set forth in SEQ ID NO:22, YDL198C set forth in SEQ 1D NO:148,
YDRO61W set forth in SEQ ID NO:26, YDR536W set forth in SEQ ID NO:30,
YELO27W set forth in SEQ ID NO:102, YFL0O54C set forth in SEQ ID NO:147,
YGL167C set forth in SEQ ID NO:112, YGR181W set forth in SEQ ID NO:38,
YHLO16C set forth in SEQ 1D NO:42, YiL166C set forth in SEQ ID NO:121, YJL093C
set forth in SEQ ID NO:44, YJR106W set forth in SEQ ID NO:48, YKL120W set forth
in SEQ ID NO:126, YKL146W set forth in SEQ ID NO:127, YKRO39W set forth in
SEQ ID NO:129, YMRO034C set forth in SEQ ID NO:56, YMR166C set forth in SEQ
ID NO:132, YOL122C set forth in SEQ ID NO:68, YOR079C set forth in SEQ ID
NO:69, YPL270W set forth in SEQ ID NO:79, and/or YPR011C set forth in SEQ ID
NO:82 are overexpressed.

The recombinant host of any one of claims 1-8, further comprising:

(a) one or more genes encoding a sucrose transporter and a sucrose

synthase;
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(b) a gene encoding a geranylgeranyl diphosphate synthase (GGPPS)
polypeptide;

(c) a gene encoding an ent-copalyl diphosphate synthase (CDPS)
polypeptide;

(d) a gene encoding a kaurene synthase (KS) polypeptide;
(e) a gene encoding a kaurene oxidase (KO) polypeptide;
(f) a gene encoding a steviol synthase (KAH) polypeptide;

(g9) a gene encoding a cytochrome P450 reductase (CPR)
polypeptide;

(h) a gene encoding a UGT85C2 polypeptide;

(i) a gene encoding a UGT76G1 polypeptide;

)] a gene encoding a UGT74G1 polypeptide;

(k) a gene encoding a UGT91D2 functional homolog; and/or
)] a gene encoding a EUGT11 polypeptide;

wherein at least one of the genes is a recombinant gene; and

wherein the host is capable of producing one or more of RebA, RebB, RebD
and/or RebM.

The recombinant host of claim 9, wherein at least one of the genes is codon

optimized for expression in the host.

The recombinant host of claim 10, wherein at least one of the genes is codon

optimized for expression in Saccharomyces cerevisiae.

The recombinant host of claim 9, wherein:

(a) the GGPPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ ID NO:149;

(b) the CDPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ 1D NO:150;
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(c) the KO polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ 1D NO:152;

(d) the KS polypeptide comprises a polypeptide having at least 40%
identity to an amino acid sequence set forth in SEQ ID NO:151;

(e) the KAH polypeptide comprises a polypeptide having at least 60%
identity to an amino acid sequence set forth in SEQ ID NO:154;

(f) the CPR polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ 1D NO:153 and/or
a polypeptide having at least 65% identity to an amino acid sequence
set forth in SEQ ID NO:155;

(9) the UGT85C2 polypeptide comprises a polypeptide having at least
55% identity to an amino acid sequence set forth in SEQ ID NO:156;

(h) the UGT76G1 polypeptide comprises a polypeptide having at least
50% identity to an amino acid sequence set forth in SEQ ID NO:158;

(i) the UGT74G1 polypeptide comprises a polypeptide having at least
55% identity to an amino acid sequence set forth in SEQ 1D NO:157;

(i) the a UGT91D2 functional homolog comprises a UGT91D2e-b
polypeptide having at least 90% identity to the amino acid sequence
set forth in SEQ 1D NO:159; and

(k) the EUGT11 polypeptide comprises a polypeptide having at least 65%
identity to an amino acid sequence set forth in SEQ ID NO:148.

The recombinant host of any one of claims 1-12, wherein the recombinant host
comprises a microorganism that is a plant cell, a mammalian cell, an insect cell, a

fungal cell, or a bacterial cell.

The recombinant host of claim 13, wherein the bacterial cell comprises Escherichia
bacteria cells, Lactobacillus bacteria cells, Lactococcus bacteria cells,
Cornebacterium bacteria cells, Acetobactfer bacteria cells, Acinetobacter bacteria

cells, or Pseudomonas bacterial cells.

The recombinant host of claim 13, wherein the fungal cell is a yeast cell.
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The recombinant host of claim 15, wherein the yeast cell is a cell from
Saccharomyces cerevisiae, Schizosaccharomyces pombe, Yarrowia lipolytica,
Candida glabrata, Ashbya gossypii, Cyberlindnera jadinii, Pichia pastoris,
Kluyveromyces lactis, Hansenula polymorpha, Candida boidinii, Arxula
adeninivorans, Xanthophyllomyces dendrorhous, or Candida albicans species.

The recombinant host of claim 16, wherein the yeast cell is a Saccharomycete.

The recombinant host of claim 17, wherein the yeast cell is a cell from the

Saccharomyces cerevisiae species.

A method of producing a steviol glycoside, comprising:

(a) growing the recombinant host of any one of claims 1-18 in a culture
medium, under conditions in which the genes discussed in any one of

claims 1 to 18 are expressed,
wherein the steviol glycoside is synthesized by the host; and

(b) optionally isolating the steviol glycoside.

The method of claim 19, wherein the steviol glycoside is RebA, RebB, RebD, and/or

RebM, and wherein:

(a) RebA is capable of being synthesized in the recombinant host of any
one of claims 1-18 expressing UGT85C2, UGT76G1, UGT74G1, and
UGT91DZ;

(b) RebB is capable of being synthesized in the recombinant host of any
one of claims 1-18 expressing UGT85C2, UGT76G1, and UGT91D2;

(c) RebD is capable of being synthesized in the recombinant host of any
one of claims 1-18 expressing UGT85C2, UGT76G1, UGT74G1, and
UGT91D2 and/or EUGT11; and

(d) RebM is capable of being synthesized in the recombinant host of any
one of claims 1-18 expressing UGT85C2, UGT76G1, UGT74G1, and
UGT91D2 and/or EUGT11.
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The method of claims 19 or 20, wherein a gene encoding YBR043C set forth in SEQ
ID NO:88, YDL100C set forth in SEQ ID NO:95, YDL0O54C set forth in SEQ ID
NO:94, YDL128W set forth in SEQ ID NO:22, YDL198C set forth in SEQ ID NO:1486,
YDRO61W set forth in SEQ ID NO:26, YDR536W set forth in SEQ ID NO:30,
YELO27W set forth in SEQ ID NO:102, YFL0O54C set forth in SEQ ID NQO:147,
YGL167C set forth in SEQ ID NO:112, YGR181W set forth in SEQ ID NO:38,
YHL0O16C set forth in SEQ 1D NO:42, YIL166C set forth in SEQ 1D NO:121, YJL093C
set forth in SEQ ID NO:44, YJR106W set forth in SEQ ID NO:48, YKL120W set forth
in SEQ ID NO:126, YKL146W set forth in SEQ ID NO:127, YKRO39W set forth in
SEQ ID NO:129, YMRO034C set forth in SEQ ID NO:56, YMR166C set forth in SEQ
ID NO:132, YOL122C set forth in SEQ ID NO:68, YOR079C set forth in SEQ ID
NO:69, YPL270W set forth in SEQ ID NO:79, and/or YPR0O11C set forth in SEQ ID

NO:82 is overexpressed.

The method of any one of claims 19-21, wherein the steviol glycoside is produced at
a concentration of between about 500 mg/L to about 10,000 mg/L.

A method of increasing production or transport of a steviol glycoside into a culture

medium, comprising:

(a) growing the recombinant host of any one of claims 1-18 in a culture
medium, under conditions in which the genes discussed in any one of

claims 1 to 18 are expressed,
wherein the steviol glycoside is synthesized by the host; and

(b) optionally isolating the steviol glycoside.

The method of claim 23, wherein the steviol glycoside is RebA, RebB, RebD, and/or
RebM.

122



