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(57) Abstract: The invention relates to recombinant microorganisms and methods for producing steviol glycosides and steviol glyc-
oside precursors.



WO 2016/023844 PCT/EP2015/068314

PRODUCTION OF STEVSOL 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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€)) 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

transcription 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,
YBL0O89W set forth in SEQ ID NO: 15, YBL0O99W 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 |D NO: 18, YBR295W set
forth in SEQ ID NO:90, YBR296C set forth in SEQ ID NO:91, YCL038C set forth in SEQ ID
NO:92, YCLO69W set forth in SEQ ID NO:19, YCRO1 1C set forth in SEQ ID NO:93,
YCRO028C set forth in SEQ ID NO:20, YCRO075C 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, YDRO1 1W 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 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 ID NO:103, YER019C-A set forth in SEQ ID NO: 104, YER053C
set forth in SEQ ID NO: 105, YER1 19C set forth in SEQ ID NO: 106, YER166W set forth in
SEQ ID NO:32, YFLO1 1W set forth in SEQ ID NO:33, YFL028C set forth in SEQ ID NO: 107,
YFRO045W set forth in SEQ |D NO.108, YGLOO6W 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, YGL1 14W set forth in SEQ ID NO:1 11, YGL167C set forth in SEQ ID NO:1 12,
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 [D NO:41,
YHLO16C set forth in SEQ ID NO:42, YHLO35C set forth in SEQ ID NO: 114, YHLO36W set
forth in SEQ ID NO:1 15, YHRO02W set forth in SEQ D NO:1 16, YHR096C set forth in SEQ
ID NO:1 17, YILOO6W set forth in SEQ ID NO:1 18, 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 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, YKLO16C set forth in SEQ ID
NO:124, YKLO50C set forth in SEQ ID NO:125, YKL064W se? 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 {D NO:52, YKR106W set forth in SEQ ID NO:53,
YLR41 1W set forth in SEQ ID NO: 130, YLR447C set forth in SEQ ID NO:54, YMLO38C set
forth in SEQ ID NO:131, YML1 16W set forth in SEQ ID NO:55, YMR034C 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, YOLO20W 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 [D NO:80, YPRO03C set forth in SEQ ID NO:81, YPRO1 1C set
forth in SEQ ID NO:82, YPR0O58W set forth in SEQ ID NO:83, YPR128C set forth in SEQ ID
NO:84, or YPR201W set forth in SEQ ID NO:85.

[0013] In some aspects of the recombinant host disclosed herein, YBR043C set forth in

SEQ ID NO:88, YDL100C set forth in SEQ ID NO:95, YDLO54C set forth in SEQ ID NO:94,
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YDL128W set forth in SEQ ID NO:22, YDL198C set forth in SEQ ID NO: 146, YDR0O61W set
forth in SEQ ID NO:26, YDR536W set forth in SEQ ID 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:1 12,
YGR181W set forth in SEQ ID NO:38, YHL0O16C set forth in SEQ ID NO:42, YIL166C set
forth in SEQ ID NO:121, YJL093C set forth in SEQ iD NO:44, YIJR106W set forth in SEQ ID
NO:48, YKL120W set forth in SEQ ID NO:126, YKL146W set forth in SEQ {D 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 {D
NO:69, YPL270W set forth in SEQ ID NO:79, and/or YPRO1 1C set forth in SEQ ID NO:82

are overexpressed .

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

(@) 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;

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

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

(h) a gene encoding a UGT85C2 polypeptide;

0) a gene encoding a UGT76G1 polypeptide;

(K) a gene encoding a UGT91 D2 functional homolog; and/or

0] a gene encoding a EUGT1 1 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,

(@)

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 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 D 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;

) 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 UGT76G1l polypeptide comprises a polypeptide having at least
50% identity to an amino acid sequence set forth in SEQ ID NO: 158;

0] the UGT74G1l 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 EUGTL1 1 polypeptide comprises a polypeptide having at least 65%
identity to an amino acid sequence set forth in SEQ ID NO: 148.

[0018] In 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,
Lactobacillus 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 ceil from the Saccharomyces cerevisiae

species.

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

comprising:

@ 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:
@ 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, UGT74G1l, and UGT91D2 and/or
EUGT1 1; and

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

herein expressing UGT85C2, UGT76G1, UGT74G1l, and UGT91D2 and/or
EUGT1 1.
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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, YDL054C 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 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, YHL0O16C set forth in SEQ ID 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, YMR034C 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.

[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:

(@) 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 YDR0O61W (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 YDRO61W (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;
uM/OU ggo), Figure 4B shows levels of RebA (total levels and supernatant levels; gM/ODggo),
Figure 4C shows levels of RebB (total levels and supernatant levels; UM/ODyq), Figure 4D
shows levels of RebD (total levels and supernatant levels; uM/ODgy), and Figure 4E shows
levels of RebM (total levels and supernatant levels; pM/00 5,00 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 ID NO:88),
YELO27W (SEQ ID NO:102), YJL0O93C (SEQ ID NO:44), YJR106W (SEQ ID NO:48),
YMR166C (SEQ {D 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), and YPRO1 1C (SEQ ID NO:82). See Example 6.

[0036] Figure 5A shows supernatant levels of RebA, RebB, RebD, and RebM (in
LM/ODeoo) 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), YJL0O93C (SEQ ID NO:44), and YBR043C (SEQ ID
NO:88) by the USER cloning system. Figure 5B shows total levels of RebA, RebB, RebD,
and RebM (in uM/OD,0) 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 (PGR) 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 a/., 1989,
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing Associates and
Wiley Interscience, New York, and PGR Protocols: A Guide to Methods and Applications
(Innis et al., 1990, Academic Press, San Diego, CA).

[0041] As used herein, the terms "polynucleotide,” "nucleotide,” "oligonucleotide,” 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
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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 sequence 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 to S. cerevisiae strain
S288C. 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. See,
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, PGR 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 a/, 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
encodes 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), Duicoside 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 tri-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 201 1/153378, 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 EUGT1 1 polypeptide. The skilled worker will appreciate that
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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, UGT76G1l, UGT74G1l, 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 EUGT1 1. RebM can be
synthesized in a steviol-producing recombinant microorganism expressing UGT85C2,

UGT76G1, UGT74G1, and UGT91D2 and/or EUGTL1 1 (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 vitro. 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.

[0056] 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 ceil; 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, inter 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, decanoic acid, 8,1 1,14-eicosatrienocic  acid, 2-
methyloctadecane, pentacosane, octacosane, tetracosane, octadecanol, stigmastero!, -
sitosterol, a- and P-amyrin, iupeo!, 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/ODeoo. mg/L, puM, 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,

(x and y) orz,” "x or (y and z)," or"x ory

orz." In some embodiments, "and/or" is used to refer to the exogenous nucleic acids that a
recombinant cell comprises, wherein a recombinant ceil 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 glycoside 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 transporter 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 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 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
encoding 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
a/., 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 transmembrane 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 transporter genes
include PDR5, YDRO061W, PDR15, SNQ2, YOR1, YOLO75C, 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 a/., J. Mol. Microbiol.
Biotechnoi. 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, inter 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, SEO01, YBR241C, VBA3, FENZ2,
SNF3, STL1, HXT10, AZR1, MPH3, VBA5, GEX2, SNQ1, AQR1, MCH1, MCH5, ATG22,
HXT15, MPH2, ITR1, SIT1, VPS73, HXT5, QDR1, QDR2, QDR3, SOA1, HXT9, YMR279C,
YIL166C, HOL1l, 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, 2009, 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 a/.,, 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, YBLO89W/AVT5, YER1 19C/AVT6 and
YILO88C/AVT7), the ATPase family (for example, YBLO99W/ATP1, YDL185W/VMA1 ,
YLR447C/VMAG6, YOLO77W/ATP19, YPLO78C/ATP4, YELO27W/VMA3, YKLO16C/ATP7,
and YOR332W7VMAA4), the sulfate permease (SulP) family (for example, YBR294W/SUL1 ,
YGR125W and YPRO003C), 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,  YNL268WI/LYP1,
YHLO36W/MUP3, YKRO39W/GAP1 and YOR348C/PUT4), multidrug/oligosaccharidyi-
lipid/polysaccharide (MOP) (for example, YDR338C), the ZRT/IRT-like protein (ZIP) metal
transporter family (for example, YGL225W/ZRT1 and YORO079C/ATX2), the mitochondrial
protein translocase (MPT) family (for example, YGR181W/TIM13, YNLO70W/TOM7,
YNL121C/TOM70, the voltage-gated ion channel (VIC) family (for example,
YGR217W/CCH1 and YJL0O93C/TOK1), the monovalent cation:proton antiporter-2 (CPA2)
family (for example, YJL094C/KHAL), the ThrE family of putative transmembrane amino acid
efflux transporters (for example, YJL108C/PRM10), the oligopeptide transporter (OPT)
family (for example, YJL212C/OPT1 and YGL1 14W), 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 YOR307C/SLY4l), the mitochondrial carrier (MC) family (for
example, YMRO56C/AAC1, YNLO83W/SAL1, YOR130C/ORT1, YOR222W/ODC2,
YPRO1 1C, YPRO58W/YMC1, YPR128C/ANT1, YELOO6W/YEA6, YERO053C/PIC2,
YFRO45W, YGR257C/MTM1, YHROO2W/LEU5,  YILOO6W/YIA6,  YJL133W/MRSS3,
YKL120W/OAC1, YMR166C, YNLOO3C/PET8 and YOR100C/CRC1), the auxin efflux carrier
(AEC) family (for example, YNLO95C, 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 nucieobasexation symporter-1 (NCS1)
family (for example, YBR021W/FUR4), the inorganic phosphate transporter (PiT) family (for
example, YBR296C/PH089), the arsenite-antimonite (ArsAB) efflux family (for example,
YDL100C/GET3), the msp 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/MRS2), the copper transport (Ctr) family (for
example, YLR41 1W/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 repiacing 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 transcription 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 PDR5, SNQ2 and YORL. 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, YBLO089W, YBL099W, YBROOS8C,
YBR021W, YBR043C, YBR180W, YBR241C, YBR287W, YBR294W, YBR295W, YBR296C,
YCLO038C, YCL069W, YCRO1 1C, YCR028C, YCRO075C, YDLO0O54C, YDL100C, YDL128W,
YDL185W, YDL194W, YDL210W, YDL245C, YDL247W, YDRO1 1W, YDR0O61W, YDRO93W,
YDR292C, YDR338C, YDR406W, YDR497C, YDR536W, YELOO6W, YELO27W, YELO31W,
YELO65W, YERO019C-A, YERO053C, YER1 19C, YER166W, YFLO1 1W, YFL0O28C, YFR045W,
YGLOO6W, YGLO013C, YGL084C, YGL104C, YGL1 14W, YGL167C, YGL255W, YGR125W,
YGR181W, YGR217W, YGR224W, YGR257C, YGR281W, YHL016C, YHLO35C,
YHLO36W, YHRO02W, YHRO096C, YILOO6W, YILO88C, YIL120W, YIL121W, YIL166C,
YJLO93C, YJL094C, YJL108C, YJL133W, YJL212C, YJL219W, YJR106W, YJR160C,
YKLO016C, YKLO50C, YKLO64W, YKL120W, YKL146W, YKL209C, YKRO39W, YKRO50W,
YKR105C, YKR106W, YLR41 1W, YLR447C, YMLO38C, YML1 16W, YMR034C, YMRO56C,
YMR166C, YMR253C, YMR279C, YNLOO3C, YNLO65W, YNLO70W, YNLO83W, YNLO95C,
YNL121C, YNL142W, YNL268W, YNRO55C, YOLO20W, YOLO75C, YOLO77W-A,
YOL122C, YOL158C, YOR079C, YOR087W, YOR092W, YOR100C, YOR130C, YOR153W,
YOR222W, YOR271C, YOR273C, YOR291W, YOR306C, YOR307C, YORS316C,
YOR332W, YOR334W, YOR348C, YPLO36W, YPLO78C, YPL270W, YPL274W, YPROO3C,
YPRO1 1C, 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), YFLO1 1w (SEQ ID NO:33), YGLOO6W (SEQ ID NO:34),
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YGL013C (SEQ ID NO:35), YGL255W (SEQ ID NO:36), YGR181W (SEQ ID NO:38),
YGR217W (SEQ ID NO:39), YHLO16C (SEQ ID NO:42), Y1L088C (SEQ ID NO:43),
YJL094C (SEQ ID NO:45), YJR106W (SEQ ID NO:48), YKRO50W (SEQ ID NO:51),
YNLO65W (SEQ ID NO:59), YNLO83W (SEQ ID NO0:61), 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),
YCLO69W (SEQ ID NO:19), YCRO75C (SEQ ID NO:21), YDL128W (SEQ ID NO:22),
YDL194W (SEQ ID NO:24), YDR093W (SEQ ID NO:27), YDR338C (SEQ ID NO:28),
YDR406W (SEQ ID NO:29), YER166W (SEQ ID NO:32), YFLO11W (SEQ ID NO:33),
YGLOO6W (SEQ ID NO:34), YGL013C (SEQ ID NO:35), YGL255W (SEQ ID NO:36),
YGR217W (SEQ ID NO:39), YHLO16C (SEQ ID NO:42), YJL094C (SEQ ID 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), YMRO56C (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), YPRO0O3C (SEQ ID NO:81),
YPRO1 1C (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
YDRO61W (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 YDRO61W (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), YJL093C (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 YPRO1 1C (SEQ ID NO:82). In
some embodiments, integration of YBR043C (SEQ ID NO:88), YELO27W (SEQ ID NO:102),
YJL093C (SEQ ID NO:44), YIJR106W (SEQ ID NO:48), YKL120W (SEQ ID NO:126), or
YMR166C (SEQ ID NO:132) improves excretion and/or totai production of 13-SMG. 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 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,
YJL093C of SEQ ID NO:44, YIJR106W 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), YJL093C of SEQ ID NO:44,
YJR106W of SEQ ID NO:48, and YMR166C of SEQ ID NO: 132 improves excretion and/or
totai 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 YJL093C (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 YJL093C 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 ID 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 UGT74G1l 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
microorganisms, 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 construct 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 to 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 detall
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,
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Corynebacterium, Eremothecium, Escherichia, Fusarium/Gibberella, Kluyveromyces,
Laetiporus, Lentinus, Phaffia, Phanerochaete, Pichia, Physcomitreila, Rhodoturula,
Saccharomyces, Schizosaccharomyces, Sphaceloma, Xanthophyilomyces or Yarrowia.
Exemplary species from such genera include Lentinus tigrinus, Laetiporus sulphureus,
Phanerochaete chrysosporium, Pichia pastoris, Cyberlindnera jadinii, Physcomitreila patens,
Rhodoturula giutinis, Rhodoturula mucilaginosa, Phaffia rhodozyma, Xanthophyilomyces
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 biology, 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.

Aspergillus 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
platform. 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 yield. 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 (Blastobotrvs 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 lipolvtica

[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, Appl
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 a!.,, 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 a/,, 2013, Nature Commun. 3:1 112; Ageitos ef a/.,
201 1, 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(1 0):21 25-38.

Hansenula polymorpha (Pichia angusta)

[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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[001148] 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 stevioi and/or stevioi glycosides. For example, a first microorganism can
comprise one or more biosynthesis genes for producing stevioi and null mutations in a first
group of endogenous transporters, while a second microorganism comprises stevioi
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., stevioi, 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 transporters. 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] Stevioi glycosides do not necessarily have equivalent performance in different
food systems. It is therefore desirable to have the ability to direct the synthesis to stevioi
glycoside compositions of choice. Recombinant hosts described herein can produce
compositions that are selectively enriched for specific stevioi 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 stevioi glycoside that is
consistent from batch to batch. Microorganisms described herein do not produce the
undesired plant byproducts found in Stevia extracts. Thus, stevioi glycoside compositions
produced by the recombinant microorganisms described herein are distinguishable from

compositions derived from Stevia plants.

[00121]  Stevioi 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 201 1/153378, 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, e.g., U.S.
2007/01 2831 1. 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.

[00129] 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 (i.e. steviol
glycosides) in the presence of a mixture (i.e. 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

35



WO 2016/023844 PCT/EP2015/068314

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 mlmin 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 fz 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+0.5 RebA (2.0)

+ 4 Glucose 989.4200

Steviol [M+Na]"’ 11514+ 0.5 RebD (1.1)

+ 5 Glucose 1151.4728

Steviol [M+Na] 13135+ 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.

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

For example, standard

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
Elution was carried out using a mobile phase of
with 0.1% Formic acid) by

detector (Agilent) with a APCI ion source.
eiuent B (MeCN with 0.1% Formic acid) and eluent A (water
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 0.0-1.51min | 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-H] Steviol 1.2-Stevioside (1.44)
641 .3168 + 2 Glucose | 1.3-stevioside (1.74)
0.0-1.0 min 1127.4 | [M-H] 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)
3 0.0-2.8 min 965.4 [M-H]- 965.4224 | Steviol RebA (1.42)
+ 4 Glucose
4 0.0-3.2 min 803.4 [M-HI 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 uM RebA were typically utilized to construct a calibration curve.

[00138]
a Waters ACQUITY UPLC (Waters Corporation, Miiford, MA) with Waters ACQUITY UPLC®

Method C: A third analytical method used was LC-MS analyses performed using

BEH C18 column (2.1 x 50 mm, 1.7 pm particles, 130 A pore size) coupled to a Waters
ACQUITY TQD triple quadropoie 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

guantified by comparing with authentic standards.

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

[00139] Steviol glycoside-producing S. cerevisiae strains were constructed as described
in WO 201 1/153378, 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
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),
rebaudiana K01 polypeptide (SEQ ID NO:4, SEQ ID NO:152), a recombinant gene encoding

a recombinant gene encoding a recombinant S.
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an A. thaliana ATR2 polypeptide (SEQ ID NO:5, SEQ ID NO:153), a recombinant gene
encoding an O. sativa EUGT1 1 polypeptide (SEQ ID NO:12; SEQ ID NO:148), a
recombinant gene encoding an SrKAHel polypeptide (SEQ ID NO:6, SEQ ID NO:154), a
recombinant gene encoding an S. rebaudiana CPR8 polypeptide (SEQ [D 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 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
pg/mlJobeoo 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,
SrKAHel, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

RebB RebA RebD RebM Normalized by
(ng/mL/ODgoo) | (HG/ML/ODgoo) | (M9/ML/ODgoo) | (49/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 pg/mL or 4-6 Hg/mLJODgo 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 ifn an S. cerevisiae strain comprising additional
copies of genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGTI1],
SrKAHe-l, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

RebA RebB RebD RebM Normalized by
iﬂglmL/ODmo) (“gILnL/ODsqo) (“glmL/ODsQQ) (uglleODmo) OD¢goo

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) (ug/mL)

31.0 10.1 23.7 72,5 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 amplifying 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 PGR. 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 yL 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 ulI_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).

40



WO 2016/023844

PCT/EP2015/068314

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.

SEQQOrdered

iD |Locus Gene Uniprot
No. Name Family Description name Accession No.
13 [YBR180OW IMFS Secondary Transporter DTR1 P38125
14 YALO67C |MFS Secondary Transporter [SEO1 P39709
15 |YBLO8SW |AAAP Secondary Transporter JAVTS P38176
16 |[YBLO99W [F-ATPase ATP-Dependent ATP1 P07251
17 IYBR241C |MFS Secondary Transporter P38142
18 [YBR294W SulP Secondary Transporter |[SUL1 P38359
19 [YCLOG6SW MFS Secondary Transporter VBA3 P25594
20 YCR028C |MFS Secondary Transporter FEN2 P25621
21 IYCRO75C ILCT Secondary Transporter [ERS1 P17261
22 |YDL128W |CaCA Secondary Transporter VCX1 Q99385
23 [YDL185W |[F-ATPase ATP-Dependent VMA1 P17255
24 [YDL194W IMFS Secondary Transporter SNF3 P10870
25 |YDL21OW 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 |MFS Secondary Transporter |STL1 P39932
31 |YELO31W P-ATPase |ATP-Dependent SPF1 P39986
32 |YER166W |P-ATPase ATP-Dependent DNF1 P32660
33 YFLO11IW  IMFS Secondary Transporter [HXT10 P43581
34 [YGLOO6W 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 VIC lon Channels CCH1 P50077
40 YGR224W MFS Secondary Transporter |AZR1 P50080
41 [YGR281W JABC 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 |CPAZ2 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 [YKLO64W MIT lon Channels MNR2 P35724
51 [YKRO50W [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 VMAS P32366
55 [YML116W MFS Secondary Transporter |[SNQ1/ATR1 _ |P13090
56 [YMR034C BASS Secondary Transporter Q05131
57 YMR0O56C MC Secondary Transporter JAAC1 P04710
58 [YMR253C DMT Secondary Transporter Q04835
59 [YNLO65W MFS Secondary Transporter AQR1 P53943
60 [YNLO70W |MPT ATP-Dependent TOM7 P53507
61 [YNLO83W MC Secondary Transporter |SAL1 D6W196
62 [YNL0O95C AEC Secondary Transporter P53932
63 [YNL121C MPT ATP-Dependent TOM70 P07213
64 [YNL142W |Amt lon Channels MEP2 P41948
65 [YOLO20W PC 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 [YORO79C [ZIP Secondary Transporter |ATX2 Q12067
70 [YORO87W [TRP-CC llon Channels YVCA 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 IATP-Dependent YPK9 Q12697
75 [YOR306C |MFS Secondary Transporter [IMCHb 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 [SAM3 Q08986
81 [YPROO3C [SulP Secondary Transporter P53394
82 [YPRO11C MC Secondary Transporter Q12251
83 [YPRO58W [MC Secondary Transporter [YMCA1 P32331
84 YPR128C MC Secondary Transporter JANT1 Q06497
85 [YPR201W |ACRS3 Secondary Transporter JARR3 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 |YBR0O21W INCS1 Secondary Transporter IFUR4 P05316
88 [YBR0O43C IMFS Secondary Transporter |QDR3 P38227
89 |YBR287W |AEC Secondary Transporter P38355
90 |YBR295W |P-ATPase ATP-Dependent PCA1 P38360
91 |YBR296C |PIT Secondary Transporter |PHO89 P38361
92 (YCLO38C |MES Secondary Transporter ATG22 P25568
93 |YCRO11C ABC ATP-Dependent ADP1 P25371
94 |YDL0O54C  MFS Secondary Transporter |MCH1 Q07376
95 |YDL100C  |ArsAB ATP-Dependent GET3 Q12154
96 [YDL245C |MFS Secondary Transporter HXT15 P54854
97 [YDL247W  MFS Secondary Transporter [MPH2 POCDS9
98 |YDRO11W ABC ATP-Dependent SNQ2 P32568
99 |YDR292C |lISP ATP-Dependent SRP101  |P32916
100 [YDR497C  IMFS Secondary Transporter |ITR1 P30605
101 [YELOOBW  MC Secondary Transporter [YEAB P39953
102 [YELO27W  [F-ATPase IATP-Dependent VMAS P25515
103 |YELO65W  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 IMC Secondary Transporter P43617
109 YGL0O84C  |GUP Secondary Transporter |(GUP1 P53154
110 YGL104C  |MFS Secondary Transporter  VPS73 P53142
111 IYGL114W  |OPT Secondary Transporter P53134
112 [YGL167C  [P-ATPase |ATP-Dependent PMR1 P13586
113 [YGR257C MC Secondary Transporter IMTM1 P53320
114 YHLO35C JABC 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 [YHR002W MC Secondary Transporter LEUS P38702
117 [YHR096C [MFS Secondary Transporter |HXTS P38695
118 [YILOOBW IMC Secondary Transporter  [YIAG P40556
119 lYIL120W 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 YJL218W MFS Secondary Transporter HXTS P40885
124 [YKLO16C |F-ATPase ATP-Dependent ATP7 P30902
125 [YKLO50C MIT lon Channels P35736
126 [YKL120W MC Secondary Transporter |OAC1 P32332
127 [YKL146W AAAP Secondary Transporter |AVT3 P36062
128 [YKL209C ABC ATP-Dependent STE6 P12866
129 [YKRO39W |APC Secondary Transporter |(GAP1 P19145
130 YLR411W (Cir fon 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 [YNROS5C MFS Secondary Transporter [HOLA 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 (i.e., 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), YFLO1 1IW (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), YIL094C (SEQ ID NO:45), YIR106W (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 YPRO1 1C (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), YGL013C (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), YMRO56C (SEQ ID NO:57), YNLO70W (SEQ ID NO:60),
YNLO83W (SEQ ID NO:61), YNLO95C (SEQ ID NO:62), YNL121C (SEQ ID NO:63),
YOR087W (SEQ ID NO:70), YOR291W (SEQ ID NO:74), YOR306C (SEQ ID NO:75),
YPL274W (SEQ ID NO:80), or YPR0O11C (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, ATR2,
EUGT1 1, SrKAHel, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT1 1 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, SrKAHel, CPRS,
UGT85C2, UGT74G1, UGT76G1, and EUGT11 polypeptides.

Transporter selection{Transporter 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 0.458 0.405 0.459 0.405
YDL194W 0.652 [0.482 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
YFLO1T1IW 0.581 10.547 0.581 10.547
YGLOO6W 0.410 0.424
YGL013C 0.673 {0.507 0.507
YGL255W 0.669 0.632
YGR181W 0.419 0.419
YGR217W 0.598 [0.429 0.598 [0.429
Y1.088C 0.135 0.135
YJLO94C 0.568 [0.525 0.568 10.525
YJR106W 0.470 0.432 0.470 [0.432
YJR160C 0.689
YKLO64W 0.337 0.337
YKR106W 0.509 0.509
YML116W 0.706
YMR0O56C 0.591
YNLO65W 0.571
YNLO70W 0.633
YNLO83W 0.481 0.592 10.481
YNLO95C 0.610
YNL121C 0.620 |0.456 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 0.590 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, SrKAHel, 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
YBR0O0O8C | 0.784 0.640 | 0.784 0.640
YBR021W 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
YCL0O38C 0.709 0.752 0.709 0.752
YCLO69W 0.785 0.785
YCRO75C 0.634 0.634
YDLO54C 0.920
YDL100C 0.867
YDL194wW 0.652
YDL210W 0.834
YDL245C | 0.852
YDL247W 0.682 0.682
YDRO11W 0.852
YDROQ3W | 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
YELO65W 0.635 0.635
YER119C 0.872
YER166W | 0.771 | 0.843 | 0.687 0.771 0.687
YFLO11W 0.787 0.787
YFL028C 0.641 0.641
YFR0O45W 0.779 0.779
YGLO06W 0.410 | 0.424
YGL013C 0.673
YGL084C 0.804
YGL104C | 0.628 | 0.731 0.683 | 0.628 | 0.731 0.683
YGL114W 0.796
YGL167C | 0.829
YGL255W 0.669 | 0.632
YGR217W 0.801
YGR257C | 0.842
YHL035C 0.900 | 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
YHR096C 0.879 0.798 0.798
YILOO6W 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
YLR41 1W 0.852 0.782 0.782
YMLO38C 0.724 0.724
YML116W 0.898 0.706
YMRO56C 0.675 0.591 0.786 0.675
YMR279C 0.885
YNLOG5W 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
YORO87W 0.61 1
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
YPLO78C 0.798 0.798
YPL270W 0.746 0.665 0.746
YPL274W 0.817 0.807 0.721 0.721
YPRO1 1C 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, SrKAHef , CPR8, UGT85C2, UGT74Gl1,
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 {D 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), YPRO58W (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), YPR003C (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, EUGT1 1, SrKAHel, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT1 1
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,
SrKAHel, 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
YALO67C 0.541 0.541
YBLO8OW  10.433 0.416 0.433 [0.416
YBLO9SW  [0.523 0.523
YBR294W 10.495 0.495
YCRO028C 0.419 0.419
YDL185W  10.551 0.551
YDL210W  ]0.626 [0.469 0.469
YDROG61W  10.482 0.471 0.482 0.471
YDR406W 0.288 0.288
YDR536W [10.715 0.365 0.365
YFLO11W 0.444 0.444
YGR125W 0.400 0.400
YGR224W 0.361 0.361
YGR281W 0.596 0.596
YHLO16C 0.427 10.296 0.427 10.296
YJL093C 0.449 0.449
YJL108C 0.589 0.589
YJL212C 0.442 0.461 ]0.442 0.461
YKRO50W [0.554 0.378 10.304 10.554 0.378 10.304
YLR447C  j0.512 0.512
YMRO034C 0.331 0.316 0.331 0.316
YMR253C [0.389 0.375 ]0.389 0.375
YOLO20W  0.371 0.371
YOLO75C  10.494 0.471 j0.494 0.471
YOLO77W-A |0.531 0.531
YOL122C 0.457 0.457
YOR(079C {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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Transporter selection
Transporter selectionjcriterion 2 ratio sup/total vs
criterion 1 total vs sup otal

RebA RebB RebD RebM |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,
SrKAHel, 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
YCR0O11C 0.654 0.654
YDL210W 0.729 0.626 0.729
YDR292C | 0.724 0.724
YDR536W 0.715
YELO27W 0.799 0.799
YERO19C-
A 0.789 0.789
YERO53C | 0.651 0.651
YGR256W | 0.744 0.744
YHROO2W | 0.795 0.795
YJL133W | 0.691 0.691
YJL219W | 0.674 0.674
YKLO16C 0.627 0.627
YKL209C 0.721 0.721
YKR105C 0.646
YMR166C 0.924
YNLOQO3C 0.814
YOR153W | 0.801
YOR316C 0.640
YOR332W | 0.700 0.700

[00157] Knockouts of YDL210W (SEQ ID NO:25) and YPL270W (SEQ [D NO:79)
resulted in decreased RebD excretion in the steviol glycoside-producing strain comprising
genes encoding GGPPS, truncated CDPS, KS, KO, ATR2, EUGT1 1, SrKAHel, CPRS,
UGT85C2, UGT74G1l, UGT76G1, and EUGT1 1 polypeptides and the steviol glycoside-
producing strain comprising additional copies of genes encoding GGPPS, truncated CDPS,
KS, KO, ATR2, EUGT1 1, SrKAHel, CPR8, UGT85C2, UGT74G1, UGT76G1, and EUGT1 1
polypeptides. As well, knockouts of YJL212C (SEQ ID NO:47) and YOL122C (SEQ ID

NO:68) 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 YDR0O61W (SEQ D
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.

[00159] 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 YDRO61W (SEQ ID NO:26) on chromosome XlIl. 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 ID 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 wusing 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 stevtol 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 stevioi 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
YPR0O11C 1.43
YFRO45W 1.44

Example 6. Genomic Integration of Transporter Genes

[00161] DNA of the transporter genes selected for integration into the genome of a
RebD/M-producing S. cerevisiae strain (see Example 2) was amplified from an S288C
background by PGR 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-
Eidin et a/., 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 OD,,, was measured on a Perkin Elmer 2104 Multilabel reader. YBRO43C (SEQ ID
NO:88), YELO27W (SEQ ID NO:102), YJL093C (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), YELO27W (SEQ ID
NO.102), and YMR166C (SEQ ID NO:132) showed improved excretion of RebA (Figure 4B).
YBR043C (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, YELO27W of
SEQ ID NO: 102, YJL093C of SEQ ID NO:44, YIJR106W of SEQ ID NO:48, and YMR166C of
SEQ ID NO: 132 showed improved production of RebD, and YBR043C of SEQ ID NO:88,
YELO27W of SEQ ID NO:102, YIL166C (SEQ ID NO:121), YJL093C 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),
YJL093C (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 K01 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 EUGT1 1 polypeptide (SEQ ID
NO:12; SEQ ID NO:148), a recombinant gene encoding an SrKAHel 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 {D 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:1 1, 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] YJL093C (SEQ ID NO:44) and YBR043C (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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Tab'!e 13. Production of RebD and RebM in S. cerevisiae strains overexpressing
YJL093C and YBR043C.

Strain Ferm. Final Cell | RebD Titer RebM RebD + RebD/Reb
Length (h) Dry (a/L) Titer (g/L) RebM M Ratic
Weight (g/g)
Control 126.83 104.53 1.38 4.47 5.85 0.31
YJL093C 130.10 114.40 3.42 2.80 6.22 1.22
YBR0O43C 129.17 112.00 3.56 272 6.28 1.31
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Table 14. Sequences disclosed herein.
SEQ ID NO 1

Synechococcus

at ggt cgcac
gaggccct aa
tactccctcc
ttggcaggt g
acaat gt cac
aagccaact a
ttagcttacg
ctacaagtta
gt cgt agacc
t cacat aaga
gcagat gaag
caaat cgt cg
ggt aaagacc
agacagaaag
caagcagagc

SEQ
Zea mays

at ggcacagcaca

agaact gacg
ttagtggatg
gcacacgat a
tttccagcag
gccgcatt at
acaaggt ggt
at gt ggaaat
ccatctttga
gccct acaag
at gcat accg
gct aaact ac
gcat at gctt
aagaaattca
gccgttgata
tgcat ggat t
gat gt caaag
agcgt cagt c
ggacagtcta
ttcccaggceg
aaagaagcag
gttgtgtata
tacct agagc
ccacttgtaa
gctttgcatc
gactttggtg
tacgagcctt
gccgt gagca
aggt gt agac
gcagttttag
at ccat ggag

sp.
aaactttcaa
gt gct gct ct
tggcaggt gg
gttctgttga
taattcatga
at cacaaggt
cttttgaaca
tt gct agaat
ttgaatctga
ct ggagcect t
agcttttggce
at gat at cct
aggcagccgce
cggaagagt t
cact cctagc

I D NO 2
truncat ed
cat cagaatc

ct gagt caag
agat cagggc
cagcct gggt
ct gt gagatg
tctctgecta
ccct agaacc
tagcaact ga
tagagcttgc
gaatctactc
ttccaacatc
ttaaact aca
t aat gaat ac
acggcggegt
gact t gaaag
at gt aaacag
aggt ggacga
ctgatgtgtt
at caagct gt
aggat gt gct
agggagcettt
ctttggattt
aat acggagg
acaat gat gt
agtt agagt g
t cgcccaaga
gt agagct gc
cccact taag
ct agt gaaga
t aaaggct gt
gt gacccaga

cctggat acc
t gt gccagct
caaaagatta
acaagccat g
t gacct gcca
gt t cggggaa
tattgcttct
cggacacgcc
aggt aaagct
gct ggaagca
cagat t gt ct
ggat gt t act
aaaggcaact
gatt caat ct
gct ggcagac

CDPS

gagaacaaga
aatgcttact
cggattggtt
gat aagaaat
t gacaggct t
agagat gaga
agat gaagag
t aagagcct a
tt caagagag
aat at t gcac
gagcagcgac
cggagat gac
ccctaatgtt
attaggaat c
gcat t ggact
cacagctatg
t aaaaacttc
taccggtatg
t cat agagct
gagggacaag
tccat ggtac
t ggt gat gac
atatttggaa
gcaaggact a
agat gccct t
cgagaggct t
aaat agccca
gacagat ggc
cttaagactt
agatattata

tacttatccc
tat cct gaga
agacct at ct
ccaact gcgt
gccat ggat a
gat at agcca
caaacaagag
gttgctgcaa
atttccttag
tcagttgtct
cattacgcta
gctacatctg
tat ccaagtc
gct aaggaag
ttcatcacac

t ggccaaccg
tccatgtctg
ccaagat t ag
aaccagttgc
at caat accc
ggt agaggac
tcaat gccta
ggtgtccatg
at caaaat ga
agt tt ggagg
ggaagttttt
aggtgtttta
t at ccagt gg
t ccaggt act
gaggacggt a
gcctttagac
gaaaaggacg
tacaacttaa
ggtgccttct
tggatcattt
ggcaacttac
gtttggattg
tt ggcaagaa
aaaagat ggt
agagcttatt
gcat gggct a
t catt cagag
tcctggttta
actgattcat
cacaagtt gt

60

GGPPS (GenBank ABC98596. 1)

aaagacaaca
gaat at acga
tatgtttagc
gtgcacttga
acgatgattt
tcttagcggg
gagt accacc
caggcct cgt
aaacat t gga
caggcggt at
gagat at agg
aacagttggg
tattgggttt
ccttaagacc
gt cgt cagca

cgcagctgtc gcaaagggca gcagtttgac

at gacgat ga
at ggt gacat
acggcggt ga
ct gacggaag
ttgcctgegt
tatctttttt
ttggcttcga
acttccctta
agaggattcc
gtatgcctgg
tgttctcacc
gct acat cga.
atctatttga
t ccaaaagga
tttgttggge
ttcttaggtt
gtgaattttt
acagagcaag
cat at gagt t
ct aaagat ct
ct agagt cga
gcaagacat t
tggatttcaa
at act gaaaa
ttcttgcage
gagccgcaat
aaaggt t aga
act cct caag
t agccaggga
t aagat ct gc

PCT/EP2015/068314

acaagttgaa
agct at gaga
tgcttgcgaa
aat gat ccat
cagaagagga
t gat gcgcett
tcaattggtg
t ggaggccaa
gtatattcac
t ct cgcaggg
cttggctttt
gaaaaccgct
agaagcct ct
ttacggttca
ttaa

cgccgaacct
ttccgt gagce
aggt cct caa
tt ggggcgat
tgtaactttg
gggt aggaac
attagcattt
t gat caccag
aaaagaagt g
cctagattgg
agct gccact
t agaacagt a
acatatttgg
gat cgaacaa
aaggaact ct
gcacggct ac
cgcatttgtc
ccagat at cc
ctt gaggaga
acct ggt gaa
ggccagagac
gt at aggat g
ccact gccag
taggttgatg
cgcatctgtt
act agct aac
gcattctctt
t ggct ct gat
agcacagcca

ttgggccgag

ccctatagtg

60
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
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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t gggt t aggg
caagagggat
gaaatttctg
attcaattaa
cct gaaaaaa
gagttcgttc
caaacatttt
gtt gat agac

SEQ I D NO
Ar abi dopsi s
atgtctatta
ggt ct agact
aagat cagga
gt agct at gg
tggctacttg
agctt aaaga
ggaat aggcg
gttaccgatg
aagtacgcca
at caggaaaa
gcttatcttg
aaat at caga
actcaatttg
gccgcagt gc
tt agaat cat
acct at aggt
cttgctttta
tttgcagagg
gt att agagc
tgttgctgga
agggacaagt
tt agaaagaa
gt aaccaaga
gt cgacgatt
t ggat agt gg
tactttagtg
gct aagggag
gaagagcttg
tactcttcag
ggt gat aaag
ttggacttac
tctttggaag
ccagct acat
aat caatt at
aagagggaat
gacaacagaa
gaggaattac
gaagccttct
acat ct aacg
aaggagagtc

SEQ I D NO,

aaaaggcaga
caagaat ggt
ccggt agggce
caggct ccat
at gaagagat
aatatttgct
t aagt at agt
acatt agt ag

t hal i ana
atttgagatc
ctgaagttca
aaat gcttga
tcccat cacc
at aat caaca
aagatgtgtt
aaagacagat
aaact at aca
gggaccttaa
gagat ct aga
cctatgttct
gaaagaacgg
gcaat gacgg
ctagtgtata
t gggaatt ga
actggcttag
ggttgetttt
aatctggttt
ttttcaaggc
caaaacaat a
actt gaaaaa
gt gaccacag
cctcttacag
tcaacttttg
agaat agact
gcgct gccac
gtgttctaac
agaact t aat
agcat gt aga
cctttacata
tt aagagcat
attacat gga
accttat agg
acaaat t ggt
cagccgaggg
gcaaagaggt
acaaactt gt
t aaaaatgtc
acttgatgag
taacttga

cgct gccgat
ccat gat aaa
agct ggt gaa
ct gcgacagt
gat gt ct cac
t agact aggt
gaaat cat gt
agtgattttc

KS (simlar

ttccggttagt
aacaagagca
gaaggt cgag
at ccagt caa
t gaggacggc
gt cat ccaca
caat aagggt
aaaacct aca
tttgaccata
ct t aaagt gt
t gaaggaact
tagtctattt
ttgcttgagg
tccatttgat
cagagatttc
aggt gacgaa
agcccacggc
cagcgat acc
t gcccaaagt
t ct agaaat g
ggaagt ggag
aaggaaaat t
gt tgcat aat
ccaatctatt
acaggaatta
actattctct
cacagt agtc
tcacttggtg
aataattttc
t cagggcaga
gct aagggag
gaat gcct at
acctccacta
tagtaccatg
aaaact t aat
tattatagaa
act agaagag
aaaagtgttg
ccttgtgaaa

agcgtgtgca
cagacctgtc
gcagccagtg
cttaagcaaa
gt ggat gacg
gaaaaaaaga
tactatgctg
gagccagt aa

agct ccccaa
aacaat gt at
tt gagcgt ga
aacgcacctc
t ct t ggggat
ttagcctcta
ctacagttca
ggtttcgaca
cctcttggcet
gat agcgaga
aggaacttga
gat agt ccag
tacttatgtt
caat acgcta
aagact gaga
gaaatttgcc
t at gacgt gt
ct t gagggat
taccctcatg
gaact aagtt
gatgctttgg
cttaat ggct
at at gt acat
cat agagagg
aagttcgcca
ccagaatt gt
gatgactttt
gaaaagt ggg
tctgtcctaa
aacgttactc
gct gaat ggt
atcagcttcg
cct gaaaaga
ggt agact at
gcagtgtctc
t ccat gaaag
aaaggt agtg
aacctttttt
t ccgt cat ct

61

atggtagttc
tattattggc
aggacggcga
aaat gct agt
aattgaagtt
ct ggat ct ag
ctcattgccc
gt gccgcaaa

t aagcgcaac
cttttgagca
gtgcctat ga
ttttcccaca
t ggat aacca
t cctagct ct
ttgaattaaa
tcatttttcc
cagaagt agt
aatt cagcaa
aggact ggga
ct acaaccgc
cacttttaca
gatt aagcat
t aaaaagcat
tagatttggc
cat acgat cc
at gt t aaaaa
agagtgcttt
catgggttaa
catttccatc
cagcagttga
cagatatctt
aaat ggaaag
gacaaaaat t
ct gacgcaag
ttgatgttgg
atcttaat gg
gagacact at
accatattgt
ccagt gacaa
cattaggtcc
ctgtcgactc
t aaacgat at
tacat at gaa
gattggctga
tcgttccaag
at aggaagga
acgagcct gt
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t gcagt agaa
t agaat gat ¢
t agaagaat a
tt cacaggac
gaggatt aga
cgaaaccagg
acctcatgtc
gt aaccgcgg

to GenBank AEE36246. 1)

ttt ggaaagg
gaccaaagag
cactagttgg
gt gcgt caaa
cgaccat cag
t aagaaat gg
ctctgcacta
aggaat gatt
cgacgatatg
aggt agagag
cttaattgtg
cgcagctttc
gaaatt cgag
aat cgt cact
at t ggat gag
cacat gtgca
t ct aaagcca
caccttttcc
gaaaaagcag
aacaagcgtt
at at gcct ct
aaacacaaga
aaaacttgct
at t ggat aga
ggcttact gt
gat ct cat gg
cggt agt aaa
agttcctgaa
ct t agaaacc
gaaaat at gg
at caacccca
tattgtattg
ccaccaat at
ccagggcttt
gcat gaaaga
aaggaaaaga
agaat gcaag
tgatggcttc
ttcacttcaa

1920
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2340

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2358



WO 2016/023844

S. rebaudi ana KO

at ggat gct g
gct gt agcat
agat cccaat
aatctgttac
t at ggacct a
gagat agcca
aaagccct ga
t at cat aaaa
aagcat agaa
gt gaaaaaca
ttcggcttag
ct gaaaat ca
ggagcaat cg
aagttcgaaa
at caaagagc
cttttatctg
at cat t gaat
aaaaaccct a
aagat aaccg
ct gagaagac
ct aggcggct
at ggacaaaa
aat gagacaa
ggttccttge
gaat ggaaac
at gtt aagac

SEQ

atgtcttcct
ggt gaaccag
gaattgtctt
gctgttttga
aaaagagt cg
ggt agaaaga
aaagcctt ag
tt ggat gact
gcatttttct
t acaaat ggt
gttttcggtt
gatattttgg
caat gt at ag
at ct t gagag
tacagagttt
ggt aacggt t
agagaatt ac
ggttccggtt
gaaactgttg
cacgct gaaa
tgt aacttaa

gccttggttg
ttagcatctc

t gacgggttt
t ggcggt age
caaat cat ct
aat t gaagga
t ct at agt at
aggaggcat t
aagtacttac
cagt t aagag
tt cacagaga
acccagaaca
ct at gagaca
ct at gaat ag
atgttgattg
atactattca
acaaaaagag
aagct caaac
cttcagatac
aat t gcaaga
aagagcat ct
act caccagt
accatgttcc
acgtttggga
ttgattttca
aagccctttt
t gaaggat at
cat t gagagc

I D NO 5
A. thaliana ATR2

cttcctcttc
ttatcgtctc
caat gt t gat
tcggtt gt at
aacctttgaa
aagt t acaat
gt gaagaagc
at gccgct ga
ttttggcaac
tt acagaggg
t gggt aacag
t cgaacaagg
aagat gact t
aagaaggt ga
ccat ccat ga
atacagtttt
at acaccaga
t aaccat gaa
at gaagcat t
aagaagat gg
gaacagcctt
ctttagccge
cagccggt aa

gttaactgtc
gctaatcttt
t ccaagagt g
gaaaaagcca
caaaact ggg
ggt gaccaga
agcagat aag
acacat act g
t at cat gat g
ggaagaggt a
agcctt agga
agacgaaat c
gagagacttc
acaaat gt ac
aat agcgt ca
tttaaccgat
aacaat ggtc
t aggt t gt ac
at cacagct g
tcctatcatt
t gct ggcaca
aaat ccagag
aaagacgat g
aact gcat ct
gact caagag
tattat caaa

(codon optimn zed)

cagt acct ct
cgacccagca
cgaaaacaga
tgtcatgttg
accattagta
atttttcggt
t aaggcaaga
t gacgat gaa
ct at ggt gac
t aat gat cgt
acaat acgaa
t gct caaaga
tact gcct gg
caccgccegtt
t agt gaagac
cgat gcacaa
at ccgacaga
gt t gggt gac
gagattgttg
tacaccaatt
gaccagat ac
t cat gct agt
agat gaat at

(codon optinm zed)

ccagcaaccg
t ggt acct ga
cct gaagt cc
t acat gactt
gct acaagt a
ttccaat cca
acaat ggt cg
accgccgt ct
gat aacat at
gaccttagaa
aaggatgttg
tttcaagtcc
tttccatacc
at cagaagag
ggcgaaaagc
cagcaact at
acaacagaat
agagacatta
ccttacatta
cct ct aagac
gaact t gccg
gaat ggaacc
gccttcggtg
attgggattg
gaagt gaaca
cct aggat ct

at gattgatt
aatgcctctg
caattcgcca
gt at ggagaa
att aagccaa
acccaaact g
t acgaaaaga
t acgaagaaa
ggt gaaccaa
ggt gaat ggt
catttcaaca
tt agt ccaag
agagaagct t
gct accccat
gcaaagttta
cacccttaca
agttgtatac
cat gt aggt g
gat at gt ccc
tccagttctt
gcttgettagt
gatcctactg
t caaagt ggg

62

ct at aact at
aat cct acac
caggtgttcc
tt acgagat g
t ggt t gt ggt
t at ct acaag
caat gt caga
t gggt cct aa
ct act caact
aaatctttca
aaagtttgta
ttgttgttga
t aaagt gggt
aagct gt t at
t aaat agtta
tgat gt cctt
gggcaat gt a
agtccgtctg
cagctatttt
at gt acat ga
ttaacatcta
cagaaagat t
gt ggt aagag
ggagaat ggt
cgat aggcct
aa

t gat ggct gc
cttatgaatc
t gat cgt aac
gat ccggt ag
gagaagaaga
gt acagct ga
ctagattcaa
agt t gaagaa
ct gacaat gc
t gaaaaact t
aagttgcaaa
taggtttggg
t gt ggcct ga
at act gctgc
at gat at cac
aagct aacgt
acttggaatt
ttttatgcga
ctgacactta
taccacctcc
tat cat cccc
aagcagaaag
tagttgaatc
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t ggt ggaact
at cagct aga
attgttagga
ggcagcgaca
at cat ct aat
gaactt at ct
tt at gat gat
t gcacagaaa
tcatgaattc
atctgagtta
cgt t gaagac
tccaat gatg
cccaaacaaa
gaaatcttta
tatcgattac
gt gggaacca
cgaat t agct
t ggat ct gaa
ccacgaaaca
agat accgtt
cggt t gcaac
cat gaaagag
agtttgtgct
t caagagttc
aact acacaa

tattattaaa
agttgctgca
t acat caatc
t ggt aat t ct
aat agat gac
aggttttgca
gat agt cgat .
agaagat gt t
agccagattc
aaagt acggt
ggtt gt cgac
t gacgat gac
att agacaca
agt at t agaa
tttggccaat
t gcagt caag
t gat at cgct
caatttgtct
ttttagtttg
attccctcca
t aaaaagt cc
att gaaacac
t caaagat ca
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ttgttagaag
ggt gt agcac
gaaact agaa
cacaagggtg
ttgttcttag
aaggttccaa
caagaaagat
ggtt gt agaa
t ct ggt gcat
gttcaacata
tatttgtacg
acaattgctc
ttacaaactt

ttat ggcaga
ct agattgca
ttcatgttac
tat gct ct ac
gt agaccaat
t aat cat gat
tggct tt agt
acagaagaat
t ggccgaat t
agat gat gga
tttgcggt ga
aagaacaagg
ccggt agat a

SEQ ID NO 6

St evi a rebaudi ana KAHe

at ggaagcct
actcaactta
at t ggacact
aagt acggac
ccat cagcag
acattgtttg
t ggcgtaatc
tttcatgata
tctcctgtta
atctctggca
tttcgagaaa
ttaccaat at
aaaaagagag
aaagt aggca
cct gagt act
agtgat actt
gt att gaaga
gagt cagaca
t at ccagcag
t acaat at ac
aaagt ct ggg
agagat ggtt
ttggcaat aa
agagt aggag
gttccattag
taa

cttacctata
gaaggaagag
tatacttact
caat act gca
cagaagagt g
gcaaaat agt
t aaggagagt
t cagagt gga
ctcttataac
aaagatattt
tcttagacga
t gaact ggt t
atgacttttt
aaggt agaaa
at acagat gc
cagcgggcac
aagct caagc
tt ggaaat at
ggccattgtt
ct agaggt ac
at gat cct ga
t caaactt at
ggct gt t agg
at gagat ggt
ttgccaaatg

SEQ ID NO 7
Stevia rebaudi ana CPR8
ATGCAATCTAACTCCGTGAAGATTTCGCCGCTTGATCTGGTAACTGCGCTGT TTAGCGGCAAGGTTTT
GGACACAT CGAACGCAT CGGAAT CGGGAGAATCTGCTATGCTGCCGACTATAGCGATGATTATGGAGA
ATCGTGAGCTGT TGATGATACTCACAACGT CGGT TGCTGTATTGATCGGATGCGTTGTCGTTTTGGTG
TGGCGGAGAT CGT CTACGAAGAAGT CGGCGT TGGAGCCACCGGT GATTGT GGT TCCGAAGAGAGT GCA
AGAGGAGGAAGT TGATGATGGTAAGAAGAAAGT TACGGT TTTCT TCGGCACCCAAACT GGAACAGCTG
AAGGCTTCGCTAAGGCACTTGT TGAGGAAGCTAAAGCTCGATATGAAAAGGCTGTCTTTAAAGTAATT
GATTTGGATGATTATGCTGCTGATGACGATGAGTAT GAGGAGAAAC TAAAGEAAGAATCTTTGGCCT T

atttccatct
accaagattc
atgtgcatta
tt ggat gaaa
cttcgtaaga
aggt cct ggt
t gaat ct ggt
ggatttcatc
at ct gt agct
t aaggcat cc
cgcaaagggt
tt ccat ggat
ct t gagagat

gccaagcctc
tact caat ca
gt ct acgaaa
aatgctgttc
caat caaact
acaggtttag
gtcgaattag
t at gaagaag
ttttcaagag
gacat at gga
at ggccagag
agt accaaag
gt ctggt ga

(codon-opti m zed)

catttctatt
cgctaatcta
caaaaagcct
attacaactc
ctttaccaat
gggt ggaaca
agcttctatc
t gagaacaga
agtcttttat
cgacagt ggg
aacgttgcett
gggagt t aag
ccagggtttg
aacgat gat c
t at gat aaga
t at ggaat gg
t gaaat cgat
cccttacatc
gttcccacat
aatgttaatc
aacctttaaa
gccat t cggt
gat gacact a
t gacat gaca
t aagccacgt

ttgcttttac
ccaccaaccg
ctttatagaa
ggct acagac
aacgat gt aa
tcccttggca
gaaat cct at
ttgttaatta
gct ct aacat
gat agagaat
ctagccggtg
tctcttgaaa
at t gaacagg
gaactcttat
tcttttgtcc
gccat gagct
agagttatcg
gggtgtatta
gaaagttctg
gt aaaccaat
cct gaaagat
t ct gggagaa
ggct cagt ga
gaaggtttgg
t ccgaaat ga

63

cat t aggt gt
gttcttcacc
agat gccaac
cttacgaaaa
t caagtt gcc
ccccattcag
gt cctt cagt
aat t gcaaag
aaggt ccaac
acat gat cag
at gt ccat ag
ct gaaggttt

tggcatcata
tgtttccatc
ctttagcaaa
gt gt tct ggt
tcttcgcaaa
gtttatccta
cagttcat ag
gaaaact t ag
t gaacgt cat
t ggaggagga
cttctaat gt
agaaat t gat
tt agaaaat c
tatctttgca
t aggt ct gct
t act ggt caa
gt aat aacag
t caat gaaac
ccgact gcgt
gggcgattca
ttcaaggatt
gaggat gt cc
tccaatgttt
gt gt cacact
ct aat ct cct
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cttctttgct
t aagat cgct
cggt agaatt
at cagaaaag
ttctgattca
aggtttcttg
tttgttcttt
attcgtcgaa
t aaggaat ac
t caaggt gct
atctttgcac
cgt aaagaac

cctgttcacc
aat accaatc
aat t gccgcet
gat ttcctca
t agacct aag
cggcgat caa
gt t gaacgaa
aagtt cat ct
t at gagaat g
aggt aagaga
t ggcgact ac
cgctttgcag
t cgt ggt gct
agagt cagaa
ggct gcaggt
t cacccacat
attgattgac
t ct aagactc
tatttccggt
t cacgat cct
agaaggaact
aggt gaaggt
t gat t gggag
t cct aaggcc
at ccgaact t
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TTTCTTTTTGGCTACGTATGGAGAT GGT GAGCCAACAGATAATGCTGCCAGATTTTATAAATGGTTTA
CTGAGGGAGAT GCGAAAGGAGAATGGCT TAATAAGCT TCAATATGGAGT AT TTGGT TTGGGTAACAGA
CAATATGAACATTTTAACAAGAT CGCAAAAGT GGT TGATGATGGT CT TGTAGAACAGGGT GCAAAGCG
TCTTGITCCTGT TGGACT TGGAGAT GATGATCAATGT AT TGAAGAT GACT TCACCGCAT GGAAAGAGT
TAGTATGGCCGGAGT TGGATCAATTACT TCGT GATGAGGAT GACACAACT GTTGCTACTCCATACACA
GCTGCTGI TGCAGAATATCGCGT TGTTTTTCATGAAAAACCAGACGCGCTTTCTGAAGATTATAGT TA
TACAAAT GECCATGCTGI TCATGATGCTCAACAT CCAT GCAGAT CCAACGT GGCTGT CAAAAAGGAAC
TTCATAGTCCTGAATCTGACCGGT CTTGCACTCATCTTGAAT TTGACATCTCGAACACCGGACTATCA
TATGAAACT GGGGACCATGT TGGAGT TTACTGT GAAAACT TGAGT GAAGT TGT GAATGATGCTGAAAG
ATTAGTAGGATTACCACCAGACACT TACTCCTCCATCCACACT GATAGT GAAGACGGGTCGCCACT TG
GCGGAGCCTCATTGCCGCCTCCT TTCCCGCCATGCACT TTAAGGAAAGCAT TGACGT GT TATGCTGAT
GITTTGAGT TCTCCCAAGAAGT CGECT TTGCT TGCACT AGCT GCTCATGCCACCGAT CCCAGT GAAGC
TGATAGATTGAAATTTCT TGCAT CCCCCGCCGGAAAGGAT GAATAT TCTCAATGGATAGT TGCAAGCC
AAAGAAGT CTCCTTGAAGT CATGGAAGCAT TCCCGT CAGCTAAGCCTTCACTTGGTGI TTTCTTTGCA
TCTGITGCCCCGCGCT TACAACCAAGATACTACTCTATTTCT TCCTCACCCAAGAT GGCACCGGATAG
GATTCATGT TACATGT GCATTAGT CTATGAGAAAACACCT GCAGGCCGCATCCACAAAGGAGTI TTGI T
CAACTTGGAT GAAGAACGCAGT GCCTAT GACCGAGAGT CAAGAT TGCAGT TGEGCCCCAATATACGT C
CGAACATCCAATTTCAGACTACCATCTGACCCTAAGGT CCCGGT TATCATGATTGGACCTGGCACT GG
TTTGECTCCTTTTAGAGGT TTCCTTCAAGAGCGGT TAGCT TTAAAGGAAGCCGGAACTGACCTCGGT T
TATCCATTTTATTCTTCGGATGTAGGAAT CGCAAAGT GGATTTCATATAT GAAAACGAGCTTAACAAC
TTTGIGGAGACTGGTGCTCTTTCTGAGCTTATTGT TGCTTTCTCCCGT GAAGGCCCGACTAAGGAATA
TGTGCAACACAAGAT GAGT GAGAAGGCT TCGGATATCTGGAACT TGCTTTCTGAAGGAGCATATTTAT
ACGTATGI GGT GATGCCAAAGGCAT GGCCAAAGAT GTACAT CGAACCCT CCACACAATTGT GCAAGAA
CAGGGATCTCTTGACT CGT CAAAGGCAGAACT CTACGT GAAGAAT CTACAAAT GT CAGGAAGATACCT
CCGTGACGTTTGGTAA

SEQ ID NO 8

Stevia rebaudiana UGI85C2 (codon optim zed)

at ggat gcaa
caat ctcaca
ataactttcg
tgtttggacg
ccagaggcct
gatcgtttca
ggctttct gt
tact ggactc
aagggttttg

at t gact ggg
acagacctta

gtttcacatc
tct ct aagat
cct gaagaga
gaaccagaat
ttcggaagt a
aattcaaatc
gtattacctc
t ct caggaaa
ggct ct acaa
gaccaactta
acaaaggtta

t ggcaact ac
t aaaggcaat
t gaat accga
gagccccagg
ccat cccaat
ttgacttggt
cagtgtttac
ttgctgcatg
ctccact gaa
t accaggt at
at gat aaagt
atatctttca
acaat cat at
aaaagcaaac
gttttcaatg
caacagt cat
attactttct
cagaat t gga
aggt at t gaa
t cgaat cact
caaatt gt ag
aacgt gat ga

t gagaaaaag
gctaaagtta
cttcatccat
gtttagattc
aagagagagt
cacaaaact t
t at cgacgct
cggtttcatg
agat gcat ca
ggaaggt at a
attgatgttt
cacctttgat
ctacactatt
tggtattaca
gct acaaagt
gtccttggaa
atggattatc
ggaacacatc
acatccttct
aagt gcagga
gt at at ct gt
agt gaaaaga

cctcatgtga
gcacaact at
aatcaatttc
gaaacaattc
ttact gaggt
ccagacccac
gccaaaaagt
ggtttctatc
tacttaacca
agact t aaag
act acagaag
gaat t ggaac
ggtccattac
tccttacacg
aaagagcct a
gat at gact g
aggt ccaat t
aaaaagagag
gttggt ggtt
gttccaat ga
aaagagt ggg
ttggttcagg

64

tcttcattcc
tacaccat aa
t ggaat ct ag
ct gacggt gt
caat agaaac
caactt gcat
t gggt at ccc
acatccattc
acggct acct
attttccttt
ct ccacaaag
cat caat cat
aattacttct
gctactcttt
att ct gt ggt
aatttggttg
t ggt aat agg
gtttcattgc
tccttactca
tttgttggec
aagt t ggat t

agt t gat ggg

atttcctgca
gggat t acag
t ggccct cat
ttcacattcc
caactttttg
aat ct ct gat
agttatgatg
tcttatcgaa
ggatactgtt
ggat t ggt ct
at ct cat aag
caaaaccttg
agat caaat t
agt gaaagag
ct acgt caac
gggcct t gt
ggaaaacgcc
ttcctggt gt
ttgcggttgg
atattcatgg
agaaat ggga

ggaaggt ggc
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cacaagat ga gaaacaaggc caaagattgg

aacgggt cat
aact aa

SEQ I D NO

S, rebaudi ana

at ggcggaac
caaggccat a
acaacacttg
accacct cca
gcaggagaat
at caagaagc
gaat gggt tt
gcttgtgttg
ggt gaaact g
ttgcagaat c
aatattgatc
at agagt gga
taccttgaca
cat cat gagt
tttggtagce
gat agt gat g
aatctttcgg
gatgtgttag
ctt gaagcaa
acaaat gcca
aat gggat ag
agaggagt aa
cat gaaggt g
taaatttttg
aat at t gaat
t gcgact t aa.

SEQ I D NO

cctctctaaa

9

aacaaaagat
taaacccttt
ttaccaccat
t cgaaat cca
catatttgga
tt caaagt ga
tagatgttgc
t aaacagct t
tttcggttce
at gagcaaat
aagcacgttg
cgagaaagat
aacgacttga
gcat gaact g
t ggt gaaaca
tcaacttctt
aagt aat aaa
cacacgaat c
taagtcttgg
agcttctaga
t gagaagagg
t aat ccgaaa
gt agct caga
ttgctttgta
cat aact aaa
aacctttagt

10

S, rebaudi ana UGT7 6GL

at ggaaaaca
ccttttcaag
ttttctatta
ttcacattca
acccacggtc
ctt agaagag
ctgattactg
agatt ggt ac
ttt gacgaat
ggttttccta
aaagagat ct
agtttcaaag
tcattcctga
gacagaacag
tttggtagta
gat agt aagc
gt cgaaccac
caacaggaag

agaccgaaac
ggcacat caa
caatctttca
gatt cat act
ctttagct gg
aatt agagtt
acgctctatg
t aat gacat ¢
t gggat act t
t gt t gaaagt
t aggaaagat
agtt agaaga
taccattacc
tttttcaatg
cttctgaagt
agtcattcct
ttccagat gg
ttttagctca

UGT74GL

cat t gat aag

{ GenBank

caagaaat ca
catccagttt
ccacacctta
agcaatttcc
aacatt caaa
aggaaccaca
aattgagttt
atattatcat
tggatttcca
acagagccct
ggtcttcaca
at ggaacttg
t gat gat aaa
gt t agacgat
t ggacccgaa
gtgggttatc
aaccggaaag
agt aggat gc
agt cccegtt
tgaaattttg
aaat cttgcg
gaat gcggt a
caatgatatt
ttttatgtgt
ttcaagatta
tt at aaaaag

aaggaaaaag
at ggt caaag

AAR06920. 1)

ccacacgttc
ggcaaacgat
aact caaccc
gatggttgtg
caagt t gggt
attgat gcaa
ggaat cgat g
gt t cat aagg
gt gct t caac
t ggt ct caga
aatagttttt
aaggt aat cg
gat aacggat
aagccaaagg
caagt ggaag
aaacat aaag
ggtttgattg
tttgttacac
gtt gcaat gc
ggt gt t ggag
tcatgtatta
aaat ggaagg
gtcgaatttg
tatggttttt
ttgtttgtaa
aaat t agaaa

(codon optinm zed)

aacagttaga
t ccaat act a
caccaatttc
t gat aat gat
aat gagaat t
acttatgttg
gtactttgce
cagtctgttt
ggaccct gat
caaagat at ¢
gat caaacag
gtctgaattg
aaaacatttg
gtt ggaccaa
cgat gaaaag
ttgggtcgtg
ttttctaggc
tggcgct att

cgt aggcgt a
caact agcca
aacaaaccaa
ccacaagat g
ccaat cat ca
gcat ccgaag
caat ct gt gg
aactttcacg
gacaagact a
aagt ct gcct
acaaaggctt
gagact gt aa
actgcttcct
caaccaccta
gacttccttg
cgt ccaggtt
gaaagaggt a
ggggcat t ct
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ccagaattgc
agatt acagt

tactcatccc
t aat ct ccaa
t aaaccacag
at gaaggcgg
ct aaat cact
tcatttatga
gtggttcgtt
gtttgatttc
ggt gggagac
tgttgtttgg
acaagct cga
ggccaacact
ttaatctcta
aat cagt t gt
aaat cacacg
aagagggaaa
t agcat ggt g
attgtgggtt
ctcaattttc
ttagagttaa
agat gat t at
atttggct aa
t aagt gagct
t gattt agat
tattctttgt
atactattgc

gaat cat t ct
acgttttgta
aaacat ccaa
aacgtatttc
at gaacat gg
aggacgagga
ctgatagttt
ctcatgttag
ggt t agagga
attctaattg
cat ct ggagt
t cagagaaat
cttcctettt
gttctgtttt
aaat cgcaag
t cgt gaaagg
gaat agt caa
ggactcattc
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tattgctcct
cttagccaga

attcccttta
aggt gt caaa
t aacaccacc
ttttatgagt
agctgactta
ttctatgact
tttcactcaa
tttgccattg
accgttaatt
tcagtttgct
ggaagaggt a
t ccat ccat g
caaagcaaac
ttacgtagca
ggctttaata
gct cccagaa
caaacaattg
caact caact
ggat caaact
ggct gat gag
ggaggaggaa
agt agccgtt
aat t aaggct
gtattcaatt
cctaaaattt
acgga

gtttccagta
ct ct aaaggt
ttacccacat
aaacttacct
t gccgat gag
agtctcttgt
gaat t t gagg
tttaccacaa
acaggcct ct
gcaaatcttg
gat ttggaac
t ccagcacct
gt t ggat cat
gtacgtgtca
aggcttagtc
ct caacat gg
at gggt t cct
cggat ggaat

1380
1440
1446

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

1020
1080
1140
1200
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1440
1500
1555

60
120
180
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360
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tcaactttag
caaccact ga
ggct gggaaa
gagt at at ca
ggaggct ctt

aat cagt at g
acgcaagat a
ggggt gaaat
gacaaaacgc
cat acgaat ¢

SEQ ID NO 11
S. rebaudi ana UGI91D2e-b (codon

atggctactt
tggttggctt
ggt cacaagg
tccccattga
gct gaagct a
ggtttacaac
gattatactc
ttctctgtta
aacggttctg
tttccaacaa
ccaggtattt
t ct aagt gct
gttccagttg
acttggottt
gctttgggtt
gaattgtctg
gattctgttg
acttcttggg
cattgtggtt
ccaatctttg
gaaat cccaa
agatccgttg
aagat ct aca
gaaaagaat g

SEQ I D NO

ctgattccat
t cggt cat at
tttcattctt
t caacgtt gt
ct act gat gt
cagaagttac
attactggtt
ctactccatg
at ggt agaac
aagtctgttg
ctgatggtta
at cat gaat t
ttccagt agg
ccat caaaaa
ccgaagcttt
gtttgccatt
aatt gccaga
ctccacaatt
ctggttctat
gt gaccaacc
gaaat gaaga
tcgtt gaaaa
acgat accaa
ct agagct gt

12

Oryza sativa sequence

at ggat agtg
ccttggttgg
agaggccat a
agacctgctc
ttgccagacg
ttgcat agaa
t gt gcagact
cat aaggt gc
gat agaagat
gctgccgecc
gggat gagtc
agat cctgcg
cctattactt
gatgctactg
ggttctgagg
gccggaacaa
ctaccagctg
ccacaaat ga

gctactcctc
cctttggtca
gagt at cat t
t agct cct ct
gcgct gaat ¢
gagcctttga
gggt t at agt
cttgtgct at
t ggaaagagc
caacctttga
tt gct gaaag
tcgagttcga
tccttggt ct
ttaggt ggtt
taccact agg
gattcctttg
ggt t cgaaga
gtattctagc

cgaaggggt a
cat gt ct gat

agct aat gca
aagagt gct g
ctt agaat ct

cgt t gacgat
tttgccatac
gt ctaccacc
t caat t gact
t cat ccagaa
tagattcttg
gccat ccat t
ggct att gct
taccgttgaa
gagaaaacac
cagaat gggt
cggt act caa
tttgttgcca
gt ggt t ggat
ggtttctcaa
tgtttgggcet
tggtttcgtt
gagaattttg
cgt t gaaggt
at t gaacgct
agatggttgc
agaaggt gaa
ggt cgaaaaa
tgccat t gat

cct at gat ct
gttttgaaag
at aagacgt g
aagcaaaagg
cttgtttcct

optim zed)
agaaagcaat
ttgcaattgt
agaaacat cc
tt gccaagag
gatatccctt
gaacaacat t
gctgcettcat
ratatgggtc
gatttgacta
gatttggcta
atggttttga
tggttgectt
ccagaaattc
ggt aagcaaa
accgaagttg
t acagaaaac
gaaagaact a
t ct cat gaat
ttgatgtttg
agattattgg
tt gaccaaag
at ct acaagg
gaatacgttt
catgaatctt

tttcagattt
tgggtgtata
ttatggttga
ccgacgtttc
acatttcatc

tgcatgttgc
ccaagtt gat
aaagattgtc
t ccaagaatt
actt gaaaaa
ccccagattg
tgggtatttc
catctgctga
ctccaccaaa
gattggttcc
aaggttccga
t gt t ggaaac
caggt gacga
agggttctgt
ttgaattggc
ct aaaggt cc
gagat agagg
ccgtctgtgg
gt cacccatt
aagat aagca
aatctgttgc
ct aacgct ag
cccaattcgt

ga

encodi ng EUGT11 (codon optim zed)

atcttatgct
cctgttacca
t gt gt ct act
agttgcattc
t act aat gac
t ggat t ggca
cgatgtattt
gatgttgtta
t gaaacagaa
agt ggct aga
gttttctctg
acct gaaaca
aat gcctcca
agat gcccaa
ggt ggaaaag
ggctttgaga
gagaacaaga
t cat gcagct

gctgccgetg
tgtctggatt
cct agaaat a
gttgctcttc
gtaccacatg
gctccatttt
cat cact ggg
gggt cagcac
tccccagccg
at gaaattga
acattatcta
gtacctttac
ttacat gaag
cct gct aagt
gt gcat gaat
aaaccaaccg
ggccgtgatg
gt aggggcct
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gt at gcacgt
t agcccaaag
tctctegttt
cact t ccaag
at agacct ga
ctgagttcct
ct gct gcagce
acat gat cgc
cagcaggaca
ttcgtactaa
gat cat cat t
tatctacttt
gaaggagaga
ctgttgttta
tagcatt agg
gtgtttctga
tcgttgctac
ttctaaccca
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tggt ct t gat
t ct agaaaat
t gaagagggg
t ct aat gaag
act gt aa

tacttttcca
t gct gaaaag
ctctcatatc
gccagaagat
ggcttccgat
gat cat ct ac
t agagcccat
tgct at gatt
gtggtttcca
at acaaagct
ttgcttgttg
attgcat caa
aaaagacgaa
tgtttatgtt
tttgggtttg
agct aagt ct
tttggtttgg
tttcttgact
gattatgttg
agt cggt atc
tagatctttg
agaattgtcc
tgactacttg

t gt gat ct gc
act ggcctca
accaccagtc
agt agaagga
cat ggt cgaa
gggcacagca
cgcat t ggaa
at ccat agct
aggt aggcca
aggt agttca
agt t gt aggt
gagaggcaaa
agat ggt gaa
cgttgcattg
acttgagctg
cgccgacttg
t agat gggt ¢
ttgcggttgg

1140
1200
1260
1320
1377

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

1020
1080
1140
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1320
1380
1422
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180
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aact caacaa tagaaggact gatgtttggt catccactta ttatgttacc aatctttggc
gat cagggac ctaacgcaag attgattgag gcaaagaacg caggtctgca ggttgcacgt
aatgatggtg atggttcctt tgatagagaa ggcgttgcag ctgccatcag agcagtcgcec
gttgaggaag agtcatctaa agttttccaa gctaaggcca aaaaattaca agagattgtg
gctgacatgg cttgtcacga aagatacatc gatggtttca tccaacaatt gagaagttat
aaagact aa

SEQ ID NO 13
YBR180W

>sp { P38125 { DTR1_YEAST Dityrosine transporter 1 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=DTRL PE=1 SvV=1
MGSEPFQKKNLGLQ NSQESGTTRSTFHSL EDL GDDVI NESWDQVNQKRANI DHDVFHEH
PDSSPSL SAQKAKTKEEEVAVKSSNSQSRDPSPDTQAHI PYTYFSKDQRLI IFAIl IFIG
FLGPVEGNI YI PALPLLQREYDVSATTI NATVSVFMAVFSVGPL FWEAL ADFGGRKFLYM
VSLSLM.I VNI LLAAVPVNI AAL  FVLRI FQAFASSSVI SLGAGTVTDVVPPKHRGKAI AY
FMMGPNMGPI | API VAGLT LMKGNYWRW.FGFTSI MTG ALI LVTALLPETLRCI VGNGD
PKWGEDKKDERENNESPFFEGNKI SHRRLFPDI G RKPVNNDAFFQENFPKPPKAGLTLYW

KM KCPPI I1 TSVSTALLFSSYYAFSVTFSYYLEHDYRFTM.EI GAAYVCPGVAMLLGSQ
SGGHL SDYLRSRW KSHPKKKFPAEFRLLLNLI G LLTI CGTI GYGMI FFHYHFVWWLLV
FSALTAFGMI'WCSNT SMT YL TEL FPKRAAGT VAVSSFFRNVGAAI SSAI | LLCNAMG G
WCFTA.GA.CSSI SLI G LYLLI FQRKYTAKE F

SEQ ID NO 14
YALO67C

>sp | P39709 { SEO1 YEAST Probable transporter SEAQ (OS=Saccharonyces

cerevisiae (strain ATCC 204508 / S288c) GN=SEO1 PE=1 Sv=1
MYSI VKEI | VDPYKRLKWGFI PVKRQVEDLPDDLNSTEI VTI SNSI QSHETAENFI TTTS
EKDQLHFETSSYSEHKDNVNVTRSYEYRDEADRPWARFFDEQEYRI NEKERSHNKWY SWF
KQGTSFKEKKLLI KLDVLLAFYSCI AYW/KYLDTVNI NNAYVSGVKEDL GFQGNDLVHTQ
VMYTVGNI | FOLPFLI  YLNKLPLNYVLPSLDLCWSLLTVGAAYVNSVPHLKAI RFFI GAF
EAPSYLAYQYLFGSFYKHDEMVRRSAFYYLGQYI A LSAGE QSAVYSSLNGVNGLEGAR
VWNFI | DAl VSVWCGLI GFYSLPGDPYNCYSI FLTDDEI RLARKRLKENQTGKSDFETKVF
DI KLVWKTI FSDWKI Yl LTLVWNI FOWNDSNVSSGAYLLW.KSLKRYSI PKLNQLSM TPGL
GWYLM.TGE | ADKLHSRWFAI | FTQVFENI | GNS | LAAWDVAEGAKWFAFML QCFGVWAVA
PVLYSWONDI CRRDAQTRAI TLVTIMNI MAQSSTAW SVLWKTEEAPRYLKGFTFTACSA
FCLSI WTFVWWLYFYKRDERNNAKKNG VL YNSKHGVEKPTSKDVETL SVSDEK

SEQ ID NO 15

YBLO89W
>sp| P3817 6 |AVT5 YEAST Vacuolar amino acid transporter 5

OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=AVTS5

PE=3 SV=2
MPSNVRSGVLTLLHTACGAGVLAMPFAFKPFGLMPGLI TLTFCGE CSLCGE-LLQTRI AKY
VPKSENASFAKLTQLI NPSI SVWWFDFAI AVKCFGVGVSYLI | VGDLVPQ VQSI FYRNDD

NVEGSQEHHMFLDRRLYI TLI | VFVI SPLCFKRSLNSLRYASM Al VSVAYLSGLI | YHF
VNRHQL ERGQVYFMVPHGDSQSHSPLTTLPI FVFAYTCHHNMFSVI NEQVDKSFKVI RRI
Pl FAI VLAYFLY! |1 GGTGYMIFGENI VGNI LTLYPNSI STTI GRLAMLLLVM_AFPLQC
HPCRSSVKNI | | FI ENFRKGKLYDNRASFI PLDNFNSEDPQEAPTQONNEEPNLRSESLR
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HINIITLCILLFSYLLAISI TSLAKVLAI VGATGSTS I SFTLPA FGYKLIGSEFTGINE
RVPTSI KI FKYLSLSLFI W& AVIWASL SAl VFLGTSSH

SEQ ID NO 16

YBLO99W

>sp| PO7251 | ATPA YEAST ATP synthase subunit alpha, nitochondri al
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=ATP1
PE=1 SV=5

M_LARTAAI RSLSRTLI NSTKAARPAAAALASTRRLASTKAQPTEVSSI LEERI KGVSDEA
NLNETGRVLAVGDGE ARVFGLNNI QAEELVE FSSGVKGVALNLE PGQVA VLFGS DRLVK
EGELVKRTGNI VDVPVGPGLLGRVVDAL GNPl DGKGPI DAAGRSRAQVKAPGE LPRRSVH
EPVQTGLKAVDALVP | GRGQRELI | GDRQTGKTAVALDT | LNQKRWNNGS DESKKLYCVY
VAVGKRSTVAQLVQTLEQHDAMKYSI | VAATASEAAPLQYLAPFTAASI GEWFRDNGKH

ALl VYDDL SKQAVAYRQL SLLL RRPPGREAYPGDVFYLHSRLLERAAKL SEKEGSGSLTA

LPVI ETQGGDVSAYI PTNVI SI TDGQ FLEAELFYKA RPAI NVGLSVSRVGSAAQVKAL
KQVAGSL KLFLAQYREVAAFAQFGSDL DASTKQTLVRGERL TQLLKQNQYSPLATEEQVP

L1 YAGVYNGHLDG ELSRI GEFESSFLSYLKSNHNELLTEI REKGEL SKELLASLKSATES
FVATF

SEQ ID NO 17

YBR241C

>sp| P38142 | YB91 YEAST Probable nmetabolite transport protein YBR241C
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) GN=YBR241C
PE=1 Sv=1

MAETERLMPNGGSRETKPLI TGHLI LGTI VACLGSI QYGYHI AELNAPQEFL SCSRFEAP

DENI SYDDTW/GQHGLKQCI ALTDSQYGAI TSI FSI GALFGSYYAGNWANRYGRKYVSMG
ASAMCMWVSSLLLFFSNSYLQLLFGRFLVGVSCGTAI VI TPLFI NEI APVEVWRGAMGSMNQ

VS| NLG LLTQTLALKYADSYNVRWLLFSGSVI AVANI LAW. KVDESPRW.VSHGFVSEA

ETAL FKLRPGTYQQAKQEI QDWORSHGHNRDPESSEETHSGPTLWQYVTDPSYKKPRTVI

LAl LSCQQFCA NSI | FYGVKVI GKI LPDYSI QVNFAI SI LNVWTLAASAI | DHVGRRP
LLLASTTVMTAMSLLI SVGLTLSVSFLLVTAT FVYI AAFAI GLGPI PFLI | GELSYPQDA
ATAQSFGTVCNW.ATFI VGYLFPI GHGLMGGYVFAI FAAI AAMFATYVYKRVPETKGKTT

YSEVWAGY

SEQ ID NO 18

YBR2 94w

>sp ! P38359 | SUL1 YEAST Sulfate pernease 1 OS=Saccharonyces cerevisiae
(strain ATCC 204508 / S288c) GN\=SUL1 PE=1 SV=2
MBRKSSTEYVHNQEDADI EVFESEYRTYRESEAAENRDGL HNGDEENVWKVNSSKQKFGVT
KNELSDVLYDS | PAYEESTVTLKEYYDHS | KNNLTAKSAGS YLVSLFPI | KWFPHYNFTW
GYADLVAQ TVGCVLVPQSMSYAQ ASLSPEYGLYSSFI GAFI YSLFATSKDVCI GPVAV
MBLQTAKVI AEVLKKYPEDQTEVTAPI | ATTLCLLCA VATGLG LRLGFLVELI SLNAV
AGFMTGSAFNI | wGQI PALMGYNSLVNTREATYKWVI NTLKHLPNTKLDAVFGLI  PLVI L
YWKWNCGTFG TLADRYYRNQPKVANRLKSFYFYAQAMRNAWVI WFFTAI SWEI TRNKS
SKDRPI SI LGTVPSGLNEVGVMKI PDGLLSNMVSSEI PASI | VLVLEHI Al SKSFGRI NDY
KVWWPDCQELI Al GVTNLI GTFFHSYPATGSFSRSAL KAKCNVRTPFSGVFTGGCVLLALYC
LTDAFFFI PKATLSAVI | HAVSDLLTSYKTTWIFWKTNPLDCI SFI VTVFI TVFSSI ENG

| YFAMCWSCAM. L L KQAFPAGKFL GRVEVAEVLNPTVQEDI DAVI SSNEL PNELNKQVKS
TVEVLPAPEYKFS VKW/PFDHGYSRELNI NTTVRPPPPGVI VYRLGDSFTYVNCSRHYDI

| FDRI KEETRRGQLI TLRKKSDRPWNDPGEVWKMPDSL KSLFKFKRHSATTNSDLPI SNGS
SNGET YEKPL LKVWCL DFSQVAQVDSTAVQSL VDL RKAVNRYADRQVEFHFAG | SPW K
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RSLL5VKFGITNEEYSDDSI | AGH5 SFHVAKYLKDDYDYI DED5RI STSYSNYETLCAAT
GINLPFFHI DI PDFSKWDV

SEQ ID NO 19
YCLO69W

>sp| P25594 |¥BA3_YEAST Vacuol ar basic amno acid transporter 3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YBA3
PE=1 Sv=1

MNVLI VGRVWASVGGSALQTLCFVI GCTMVGERSRPLVI SI LSCAFAVAAI VGPI | GGAF
TTHVTWRWCFYI NLPI GGLAI | MFLLTYKAENKGE LQQ KDAI GTI SSFTFSKFRHQVNF
KRLMNG | FKFDFFGFALCSAGLVLFLLGLTFGANKYSWNSGQVI AYLVLGVLLFI FSLV
YDFFLFDKFNPEPDNI SYRPLLLRRLVAKPAI I NWTFLLCTGYNGOM YSVQFFQLI
FASSAWKAGLHLI PI VI TNVI AAI ASGVI TKKLGLVKPLLI FGGVLGVI GAGLMILMINT
STKSTQ GVLLLPG-SLGFALQASLMSAQLQ TKDRPEAAMDFI EVTAFNTFIVKSLGTTL
GGVLSTTVFSASFHNKVSRAHLEPYEGKTVDDM LYRLQNYDGSHSTI GNI LSDSI KNVF
WWVDLGFYALGFLFCSFSSNKKLI | PKKDETPEDNLEDK

SEQ ID NO 20

YCR028C

>sp| P25621 | FEN2__YEAST Pant ot henate transporter FEN2 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / 5288c) GN=FEN2 PE=1 Sv=1
MVKESKSI TQHEVERESVSSKRAI KKRLLLFKI DLFVLSFVCLQYW NYVDRVGFTNAYI
SGVKEDL KMVGNDLTVSNTVFM GYI VGWPNNLM_LCVPPRI W.SFCTFAWEL L TLGWY
KVTSFKHI CAl RFFQALFESCTFSGTHFVL GSWYKEDEL Pl RSAlI FTGSGLVGSM-SGFM
QTSI FTHLNGRNGLAGANRW_FI | DFCI TLPI Al YGFI FFPGLPDQT SAVSKFSMTRY!T FN
EQELHYARRRL PARDESTRLDWSTI PRVL KRWAWAMESL VWW/L GGENL GFASNSTFALW.
ONQKYTLAQRNNYPSGE FAVG VSTLCSAVYMSKI PRARHWHVSVFI SLVIWI VAVLI RA
DPLNPKVVFSAQYL GGVAYAGQAVFFSWANI | CHADL QERAI VL ASMNIVFSGAVNAVWASI
LFFASDMWPKFERGCYALLATAI SSA VSWVI RSLQ KENL SKKQVPYI DANDVPGEDDD
DDNQDNENDGDDESMEVEL HNEEMAEI SNPFR

SEQ ID NO 21

YCRO75C

>sp| P17261 | ERS1__YEAST Cystine transporter OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=ERS1 PE=1 Sv=1
MVSLDDI LA VYVTSWSlI SMYPPI | TNVRHKSASAI SMDFVMLNTAGYSYLVI SI FLQLY
CVWKMTI GDESDL GRPKL TQFDFWY CL HGCL MNWVLL TQVWWAGARI WRFPGKGHRKIVNPWY L
Rl LLASLAI FSLLTVQFMYSNYWYDWHNSRTLAYCNNLFLLKI SVSLI KYI PQVTHNSTR
KSMDCFPI QGVFLDVTGGE ASLLQLI WQL SNDQGFSLDTFVTNFGKVGLSMWTLI FNFI F
| MOWFVYRSRGHDLASEYPL

SEQ 1D NO 22

YDL128W

>sp | @9385 | VCX1__ YEAST Vacuol ar cal cium ion transporter
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN\N=VCX1
PE=1 SVv=1

MDATTPLLTVANSHPARNPKHT AWRAAVYDL QYI LKASPLNFLLVFVPLGALI WEHFQLSH
TLTFLFNFLAI | PLAAI LANATEELADKAGNTI GGLLNATFGNAVELI VSI | ALKKGQVR

| VQASMLGSLLSNLLLVLG.CFI FGGYNRVQQTFNQTAAQTMSSLLAI ACASLLI PAAFR
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ATLPHGKEDHFI DGKI LELSRGTSI VI LI VY¥LFLYFQLGSHHAL FEQQEEETDE¥MSTI
SRNPHHSLSVKSSLVI LLGTTVI | SFCADFL¥GTI DN¥VESTGLSKTFI GLI ¥I Pl ¥GNA
AEH¥TS¥LVAMKDKVDLAL GEAI GSSLQ¥AL FVTPFMVLVGWMI DVPMILNFSTFETATL
FI AVFLSNYLI L DGESNW.EGVNMSLAMYI LI AMAFFYYPDEKTLDSI GNSL

SEQ I D NO 23

YDL185W

>sp| P17255{¥AT A YEAST V-type proton ATPase catalytic subunit A
OS=Sacchar onyces cerevisi ae (strain ATCC 204508 /| S288c) G\=¥MAl
PE=1 S¥=3

MAGAI ENARKEI KRI SLEDHAESEYGAI YS¥SGP¥¥! AENM GCAMYEL¥KVGHDNLVGE

VI RI DGDKATI QVYEETAGLTVGDPVLRTGKPL SVEL GPGL METI YDA QRPLKAI KEES
@S| YI PRG DTPALDRTI KWQFTPGKFQ¥CGDHI SGGEDI YGS¥FENSLI SSHKI LLPPRSR

GTI TW APAGEYTLDEKI LEVEFDGKKSDFTL YHTWPVRVPRPVTEKL SADYPLLTGQRV
LDALFPC¥QGGTTClI PGAFGCGKTVI SQSLSKYSNSDAI | YVGCFAKGTNVLMADGSI EC

| ENI E¥GNKVMGKDGRPRE¥| KLPRGRETMY S¥¥ QKSQHRAHKSDSSREVPEL LKFTCNA
THEL¥¥RTPRS¥RRLSRTI KGVEYFEVI TFEM3QKKAPDCRI VEL¥KEVSKSYPI SEGPE

RANEL VESYRKASNKAYFEWT T EARDL SLLGSHVRKATYQT YAPI L YENDHFFDYMQKSK

FHLTI EGPKVLAYLLGLW GDGLSDRATFSVDSRDT SLMER¥ TEYAEKL NL CAEYKDRKE
PQYAKT¥NL YSK¥¥RGNG RNNLNTENPLWDAI ¥GLGFLKDG¥KNI PSFLSTDNI GTRET
FLAGLI DSDGYVTDEHA KATI KTl HTSVRDGL VSLARSL GL¥VSVNAEPAKVDWNGTKH

Kl SYAl YMSGGDVL LNVL SKCAGSKKFRPAPAAAFARECRGFYFEL QELKEDDYYQ TLS

DDSDHQFL L ANQ¥VVHNCGERGNEMAEVL MEFPEL YTEMSGTKEPI MKRTTL¥ANTSNVP

¥AAREASI YTG TLAEYFRDQGKN¥SM ADSSSRWAEAL REI SGRLGEMPADQGFPAYLG

AKLAS FYERAGKAVALGS PDRTGSVS | ¥AA¥S PAGGDFS DP¥TTATLG TQVFWGELDKKL
AQRKHFPSI NTS¥SYSKYTN¥LNKFYDSNYPEFPVLRDRVKEI LSNAEEL EQ¥VQLVGEKS

ALSDSDKI TLDVATLI KEDFLQQNGYSTYDAFCPI WKTFDMVRAFI SYHDEAQKA¥ANGA

NWSKL ADSTGDVKHA¥ SSSKFFEPSRGEKEVHGEFEKL L STMERFAESTD

SEQ I D NO 24

YDL194W

>sp | P10870 | SNF3__YEAST High-affinity gl ucose transporter SNF3
OS=Sacchar onyces cerevisi ae (strain ATCC 204508 / 5288c) GN=SNF3
PE=1 SV=3

VDPNSNSSSETL RQEKQGFL DKAL QRVKG AL RRNNSNKDHTTDDTTGSI RTPTSLQRQN
SDRQSNMTSVFTDDI STI DDNSI LFSEPPQKQSMWI C¥G¥FVA¥GGFLFGYDTGLI NS

| TSMNYVKSHVAPNHDSFTAQQVSI LVSFLSLGTFFGALTAPFI SDSYGRKPTI | FSTI F
| FSI GNSLQVGAGG TLLI VGR¥I SG G GAl SAVVPLYQAEATHKSL RGAI | STYQWAI
TWELLVSSAVSQGTHARNDASSYRI Pl GLQY¥WSSFLAI GVFFLPESPRYY¥L KDKL DEA

AKSL SFLRGVPVHDSGLLEEL VEI KATYDYEASFGSSNFI DCFlI SSKSRPKQTLRMFTG
ALQAFQQFSG NFI FYYGVYNFFNKTGVSNSYLVSFI TYAVNVWFNVPGL FFVEFFGRRKV

LVVGGVI MIT ANFI VAI ¥GCSLKT¥AAAK¥M AFI CLFI AAFSATWEGV¥\WEI SAEL YPL

GVRSKCTAI CAAANWLVNFI CALI TPYI ¥DTGSHTSSLGAKI FFI WGSLNAMZ¢I  WYLT
¥YETKGLTLEEI DELYI KSSTGV¥SPKFNKDI RERAL KFQYDPL QRLEDGKNT FVAKRNN
FDDETPRNDFRNTI SGEI DHSPNQKE¥HSI PER¥DI PTSTEI LESPNKSSGMT¥P¥ SPSL

QDVPI PQTTEPAEI RTKY¥DL GNGLGLNTYNRGPPSL SSDSSEDYTEDEI GGPSSQGDQS

NRSTMNDI NDYMARL | HSTSTASNT TDKFSGNQSTLRYHTASSHSDT TEEDSNL MDLGNG
LALNAYNRGPPSI L MNSSDEEANGGET SDNL NTAQDL AGVKERMAQFAQSY! DKRGGLEP

ETQSNI LSTSLSVMADTNEHNNEI LHSSEENATNQPVYNENNDLK
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SEQ I D NO 25

YDL210W

>sp | P32837 |[UGA4_YEAST GABA-spccif ic pernease (OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) G\N=UGA4 PE=1 SV=1
VBMSSKNENKI SVEQRI STDI GQAYQL QAL GSNLRSI RSKTGAGEVNY! DAAKSVNDNQL
LAElI GYKQELKRQFSTLQVFG AFSI MGLLPSI ASVMGGGE. GGGPATLVWGWFVAAFFI L
LVG TMAEHASSI PTAGGLYYWTYYYAPEGYKEI | SFI | GCSNSLALAAGVCSI DYGLAE
El AAAVTLTKDGNFEVTSCKLYA FAGAVWWMCI CTCVASGAI ARLQTLSI FANLFI | VL

LFI ALPI GTKHRMGGFNDGDFI FGKYENL SDWNNGWOFCL AGFMPAVWI T GSFDSCVHQS
EEAKDAKKSVPI G | SSI AVCW LGALI | | CLMACI NPDI DSVLDSKYGFALAQ | YDSL
GKKWAI AFNVBLI AFCQFLMGASI TTAVSRQVWAFSRDNGL PL SKY1 KRVDSKYSVPFFAI
LAACVGSLI LALLCLI DDAATDAL FSLAVAGNNLAWSTPTVFRLTSGRDLFRPGPFYLCGK

| WBPI VAWITGVAFQLFI | | LVMFPSQQHGE TKSTMNYACVI GPGA W LAG  YYKVYKKKY
YHGPATNL SDDDYTEAVGADVI DTI MSKQEP

SEQ ID NO 26

YDRO61W

>sp| QL2298 |YDO61 YEAST Uncharacterized ABC transporter ATP-binding
protein YDRO61W COS=Saccharomyces cerevisiae (strain ATCC 204508 /
5288c) GN\N=YDRO61W PE=1 SV=1

MBTNKFVVRI TNALFKSSLASNSPPVYPKRI RHFEI LPNEKW/I WEPGKGKFL DVLNNKY

| CEPPLSLRFGFLKESSNI LPRI EQVAFKGVYMPTAHL SARYEYFKDDYDQTCKQFI FDKA
SGSNAVSYKVETNNRQ NVEL YNAL VENLNL SSL QDRWMGL SNGQVRRARL ARSI LKEP

DLLLI DDPFLGLDPAAI ATl SQFLAKYDSI EVSGGCPI VI GLRYQDTI PAWCTHI CCVDE

KNG LFEGPI EKLQSKMDETRSRALKEL EQLKKASNSKEDI SI NDLI CI HPMYGKKEHEI

| KMPHLI EL DAL SVSYKGEAVL ENLHAKVQPGSKWHI RGDNGSGKSTLLSLLTAEHPQSW

NSRVI DNGVPRRTGKTNYFDLNSKI GVBSPELHAI  FLKNAGGRLNI RESVATGYHEASSN

NYLPI WKRLDKNSQE! VNMYLKYFG.DKDADSVLFEQLSVSDQKLVLFVRSLI KMPQ LI

L DEAFSGVEVEPMVRCHEFL EEWPGT VLVWAHVAEETPKCAHYLRLI SPGEYElI GDVEN

SEQ I D NO 27

YDRO93W

>sp QL2675 |ATCA_YEAST Phosphol i pi d-transporting ATPase DNF2
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=DNg2
PE=1 Sv=1

MBSPSKPTSPFVDDI EHESGSASNGL SSMSPFDDSFQFEKPSSAHGNI EVAKTGGSVLKR
QSKPMKDI STPDLSKVTFDG DDYSNDNDI NDDDEL NGKKTEI HEHENEVDDDL HSFQAT
PMPNT GG-EDVEL DNNEGSNNDSQADHKL KRVRFGTRRNKSGRI DI NRSKTLKWAKKNFH
NAI DEFSTKEDSL ENSAL QNRSDEL RTVYYNLPLPEDM.DEDGLPLAVYPRNKI RTTKYT
PLTFFPKNI LFQFHNFANI YFLI LLI LGAFQ FGVTNPGFASVPLI VI VI | TAI KDA ED
SRRTVLDLEVNNTRTHI LSGVKNENVAVDNVSLWRRFKKANTRAL| KI FEYFSENLTAAG
REKKL QKKREEL RRKRNSRSFGPRGSL DSI GSYRVBADFGRPSL DYENL NQTVSQANRYN
DGENL VDRTL QPNPECRFAKDYWKNVKVGDI VRVHNNDEI PADM LLSTSDVDGACYVET
KNLDGETNLKVRQSLKCSKI | KSSRDI TRTKFWESEGPHANL YSYQGNFKWIDTQNGNI
RNEPVNI NNL LLRGCTLRNTKWAMGWI FTGDDTKI M NAGVTPTKKSRI SRELNFSVI L
NFVLLFI LCFTAG VNGVYYKQKPRSRDYFEFGTI GGSASTNGFVSFW/AVI LYQSLVPI
SLYI SVEI | KTAQAI FI YTDVLLYNAKLDYPCTPKSWNI SDDLGQ EYl FSDKTGTLTON
VVEFKKCTI NGVSYGRAYTEAL AGL RKRQGVDVESEGRREKEEI AKDRETM DELRSMSD
NTQFCPEDLTFVSKEI VEDL KGSSGDHQQKCCEHFLLALAL CHSVL VEPNKDDPKKLDI K
AQSPDESALVSTARQLGYSFVGSSKSGLI VEI QGVQKEFQVLNVLEFNSSRKRIVEC IKI
PGSTPKDEPKALLI CKGADSVI YSRLDRTQNDATLLEKTALHLEEYATEG.RTLCLAQRE
LTWSEYERW/KTYDVAAASVTNREEEL DKVTDVI ERELI LLGGTAI EDRLQDGVPDSI AL
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LAEAG KLW/LTGDKVETAI NI GFSCNVLNNDVEL LVWKASGEDVEEFGSDPI QVVNNLY
TKYLREKFGVBGSEEEL KEAKREHGLPQGNFAVI 1 DGDAL KVALNGEEMRRKFLLLCKNC
KAVL CCRVSPAQKAAVVKLVKKTLDVMILAI GDGSNDVAM QSADVGVG AGEEGRQAVM
CSDYAl GQFRYVTRLVLVHGKWCYKRLAEM  PQFFYKNVI FTLSLFWYG YNNFDGSYLF
EYTYLTFYNLAFTSVPVI LLAVLDCQDVSDTVSMLVPQLYRVGE LRKEWNQTKFLWYM.DG
VYQSVI CFFFPYLAYHKNWVTENGLGLDHRYFVGVFVTAI AVT SCNFYVFMVEQYRWDWF
CGLFI CLSLAVFYGWM G WI' SSSSSNEF YKGAARVFAQPAYWAVL FVGVLFCLLPRFTI D

Cl RKI FYPKDI El VREMALRGDFDL YPQGYDPTDPSRPRI NEI RPLTDFKEPI SLDTHFD
GVSHSQET! VTEEI PMSI LNGEQGSRKGYRVST TLERRDQLSPVTTTNNLPRRSVASARG
NKLRTSL DRTREEMLANHQLDTRYSVERARASL DL PG NHAETLL SQRSRDR

SEQ I D NO 28

YDR338C

>sp| Q05497 | YD338__YEAST Uncharacterized transporter YDR338C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YDR338C
PE=1 Sv=1

MAGQ LSKTLSEVHPSLRTNGMVAE GNTHRRI SLGFL PPNKKNPLVRKFRARTRNI DQRSFR
SL TDDFGSNVHEPNPYLGNI DEEPDL YYHDEEDGEL SRTI SLPSRVSETPEL SPQDVDW
LHEHERRYSSVCNSDNEEASQSNTPDRI QEYSGREL EYDEFMNRL QAQKQKLTRSAVTDA
KGTSHHRRPSFVSVTSRGSVPTI YQEI DENDSEAL AEL AHSHVTFKSEARVLASYSFPLI
FTFLLEQ FPMVCSLTVGHLGKNELAAVSLASMISNI TLAI FEG ATSLDTLCPQAYGSG
RFYSVGVHLQRCI AFSLVI  YI PFAVMMAYSEPLLSY! | PEKELI NLTSRFLRVLI LGAPA
Yl FFENLKRFLQAQA FDAG  YVLTI CAPLNVLVSYTLWWIKYI GVGFI GAAI AVWLNFW
LMFFLLLFYALYI DGRKCWEGFSRKAFTHWNDLGHLAFSG | MLEAEEL SYELLTLFSAY
YGVSYLAAQSAVSTMAALLYM PFAI G STSTRI ANFI GAKRTDFAHI SSQVGLSFSFI A
GFl NCCI LVFGRNLI ANI YSKDPEVI KLI AQVLPLVAE VQNFDSLNAVAGSCL RGQGMS
LGSl VNLMAYYLFG PLALI LSWFFDIMKLYGLW G GSAM_LI GLVEAYYVLFPDWDKI M
TYAEI LKETEDDEVDSDEYL TDSDDPDENTALLGA

SEQ ID NO 29

YDRA4O0 6%

>Sp | Q04182 | PDR15_YEAST ATP-dependent pernmease PDR15 OS=Saccharomnyces
cerevisiae (strain ATCC 204508 / S288c) GN=PDR15 PE=1 Sv=1
MSSDI RDVEERNSRSSSSSSSSNSAAQSI GOHPYRGFDSEAAERVHELARTLTSQSLLYT
ANSNNSSSSNHNAHNADSRSVFSTDVEGYNPVFTNPDTPGYNPKL DPNSDQFSSTAVWON
MANI CTSDPDFYKPYSL GCVWKNL SASGDSADVSYQSTFANI VPKLLTKGLRLLKPSKEE
DTFQ LKPMDGCLNPGEL LVWLGRPGSGCTTLLKSI SSNSHGFKI AKDSI VSYNGLSSSD

| RKHYRGEVVYNAESDI HLPHLTVYQTLFTVARMKTPONRI KGVDREAYANHVTEVANVAT
YGL SHTRDTKVGNDL VRGVSGGERKRVS| AEVAI CGARFQCWDNATRGLDSATALEFI RA
LKTQADI GKTAATVAI YQCSQDAYDL FDKVCVLDDGYQL YFGPAKDAKKYFQDMGYYCPP
RQTTADFLTSI TSPTERI | SKEFI EKGTRVPQTPKDVAEYW.QSESYKNLI KDI DSTLEK
NT DEARN I 1RDAHHAKQAKRAPPS SPYVWNYGMQVKYLL 1RNF#RMKQSA SVTLWQVI GN
SVMAFI LGSMFYKVMKKNDTSTFYFRGAAMFFAI LFNAFSCLLEI  FSLYETRPI TEKHRT
YSLYHPSADAFASVLSEMPPKLI TAVCFNI | FYFLVDFRRNGGVFFFYFLI NVI ATFTLS
HLFRCVGSLTKTLQEAMVPASM_LLAI SMYTGFAI PKTKI LGASI W WY1 NPLAYLFESL

M NEFHDRRFPCAQYl PAGPAYQNI TGTQRVCSAVGAYPGNDYVL GDDFLKESYDYEHKH
KWRGFG GVAYWFFFFVYLI LCEYNEGAKQKGEMWFLRSKI KQLKKEGKL QGEKHRPGD

| ENNAGSSPDSATTEKKI LDDSSEGSDSSSDNAGL GL SKSEAI FHWRDL CYDVPI KGGQR

RI LNNVDGWKPGTLTALMGASGAGKTTLLDCLAERVTMGVI TGN FVDGRLRDESFPRS
| GYCQQQDLHLKTATVRESLRFSAYLRQPSSVSI EEKNRYVEEVI Kl LEMQQYSDAVWGY
ACGEGLNVEQRKRLTI GVELAARPKLLVFLDEPTSG.DSQTAVWDTCQL MRKLATHGQAI LC

TI HQPSAI LMQQFDRL L FL QKGGQTVYFGDLGEGCKTM DYFESKGAHKCPPDANPAEVW
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L EVWGAAPGSHATQDYNEVMRNSDEYKAVQEEL DWVEKNL PGRSKEPTAEEHKPFAASL Y
YQFKMWTI RLFQQYWRSPDYLWSKFI LTI FNQVFI GFTFFKADRSL QGLQNQWLSI FMYT

VI FNPI LQQYLPSFVQQRDL YEARERPSRTFSW.AFFLSQ | VEI PWNI LAGTI AYCH YY
YAVGFYANASAAGQL HERGAL FWLFSI AFYVY! GSMGLLM SFNEVAETAAHMGTLLFTM
ALSFCGVMATPKVMPRFW FMYRVSPLTYM DAL LAL GVANVDVKCSNYEMVKFTPPSGT
TCGDYMASY! KLAGTGYL SDPSATDI CSFCAVSTTNAFLATFSSHYYRRWRNYG FI CYI
AFDY! AATFL YW SRVPKKNGKI SEKPKK

SEQ ID NO 30

YDR536W

>sp| P39932 |STL1 _YEAST Sugar transporter STLI OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=STL1 PE=1 SV=2
VKDL KL SNFKGKFI SRTSHWEL TGKKLRYFI TI ASMITGFSLFGYDQGLMASLI TGKQFNY
EFPATKENGDHDRHATVVQGAT TSCYEL GCFAGSLFVMFCGERI GRKPLI LMGSVI Tl | G
AVl STCAFRGYWALGQFI | GRWTGVGTALNTSTI  PVWMQSEMSKAENRGLLVNLEGSTI A
FGTM AYW DFGLSYTNSSVQARFPVSMQ VFALFLLAFM KLPESPRW.| SQGSRTEEAR
YLVGTLDDADPNDEEVI TEVAM_HDAVNRTKHEKHSL SSL FSRGRSQNLQRAL I AASTQF
FQQAFTGCNAAI YYSTVLFENKTI KLDYRLSM | GGVFATI YALSTI GSFFLI EKLGRRKLF
LLGATGQAVSFTI TFACLVKENKENARGAAVGLFLFI TFFGLSLLSLPW YPPEI ASMKV
RASTNAFSTCTNW.CNFAVWM-TPI FI GQSGAECYLFFAVIVNYLYI PVI FFFYPETAGRS
LEEI DI | FAKAYEDGT QPVRVANHL PKL SL QEVEDHANAL GSYDDEMEKEDFGEDRVEDT
YNQ NGDNSSSSSNI KNEDTVNDKANFEG

SEQ ID NO 31

YELO31W

>sp | P3998 6| ATC6_ YEAST Manganese-transporting ATPase 1
OS=Saccharonyces cerevisiae {strain ATCC 204508 / S288c) GN=SPF1
PE=1 SvV=1

MIKKSFVSSPI VRDSTLLVPKSLI AKPYVLPFFPLYATFAQLYFQQYDRYI KGPEWTFVY
LGTLVSLN LVMLMPAVWNVKI KAKFNYSTTKNVNEATH L1 YTTPNNGSDG VEI QRVTE
AGSL QT FFQFQKKRFLWHENEQVFSSPKFLVDESPKI GDFQKCKGHSGDL THLKRLYGEN
SFDI Pl PTFMELFKEHAVAPL FVFQVFCVALW.LDEFWYYSLFENLFM | SMEAAAVFQRL
TALKEFRTMA KPYTI NVFRNKKW/ALQTNELLPMDLVSI TRTAEESAI PCDLI LLDGSA

| VNEAMLSGESTPLLKESI KLRPSEDNL QL DGVDKI AVLHGGTKAL QVTPPEHKSDI Ppp
PDGGALAI VTKTGFETSQGSLVRVM  YSAERVSVDNKEALMFI LFLLI FAVI ASWYVW/E
GTKMGRI QSKLI LDCI LI | TSVWWPPELPMELTMAVNSSLAALAKFYVYCTEPFRI  PFAGR
| DVCCFDKTGTLTCGEDLVFEGLAG SADSENI RHLYSAAEAPESTI LVI GAAHAL VKLED
GDl VGDPMVEKATLKAVGWAVERKNSNYREGT GKLDI | RRFQFSSALKRSASI ASHNDALF
AAVKGAPET| RERLSDI PKNYDEI YKSFTRSGSRVLALASKSL PKMSQSKI DDLNRDDVE
SELTENGFLI FHCPLKDDAI ETI KMLNESSHRSI M TGDNPLTAVHVAKEVGE VFGETLI

L DRAGKSDDNQLLFRDVEETVS | PFDPSKDTFDHSKLFDRYDI AVTGYALNALEGHSQLR
DLLRHTW/YARVSPSQKEFLLNTLKDMGYQT L MCGDGTNDVGALKQAHVGE ALLNGTEEG

L KKLGEQRRLEGVKMMY1 KQTEFMARVWNQPQPPVPEPI AHLFPPGPKNPHYLKALESKGT

VI TPEI RKAVEEANSKPVEVI KPNGL SEKKPADL ASL LLNSAGDAQGDEAPAL KL GDASC
AAPFTSKLANVSAVTNI | RQGRCALVNTI QWYKI LALNCLI SAYSLSI | YMAGVKFGDEQ
ATVSGLLLSVCFLSI SRGKPLEKL SKQRPQSG FNVYI MGSI LSQFAVHI ATLVYI TTEI
YKLEPREPQVDLEKEFAPSLLNTG FI | QLVQQVSTFAVNYQGEPFRENI RSNKGWYYCGL
LGVTGLALASATEFL PEL NEAMKFVPMIDDFKI KLTLTLL L DFFGSWGVEHFFKFFFVDD
KPSDI SVQQVKI ASK

SEQ I D NO 32
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YER166W

>spi P32660!A?C5_YEAST Phospholi pid- transporting ATPase DNF1
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=Dyrl
PE=1 SV=2

MSGT FHGDGHAPMSPFEDTFQFEDNSSNEDTHI APTHFDDGAT SNKYSRPQVSFNDETPK
NKRE DAEEFTFNDDTEYDNHSFQPTPKL NNGSGT FDDVEL DNDSGEPHT NY DGVKRFRMG
TKRNKKGNPI MGRSKTLKWARKNI PNPFEDFTKDDI DPGAI NRAQEL RTVYYNWVPL PKDM

| DEEGNPI MQYPRNKI RTTKYTPLTFLPKNI LFQFHNFANVYFLVLI | LGAFQ FGVTNP
GLSAVPLWI VI | TAI KDAI EDSRRTVLDLEVNNTKTHI LEGVENENVSTDNI SLWRRFK
KANSRLLFKFI QYCKEHL TEEGKKKRMQRKRHEL RVQKTVGT SGPRSSLDSI DSYRVSAD
YGRPSLDYDNLEQGAGEANI VDRSL PPRTDCKFAKNYWKGVKVGDI VRI HNNDEI PADI |
LLSTSDTDGACYVETKNLDGETNLKVRQSLKCTNTI RTSKDI ARTKFW ESEGPHSNLYT
YQGNMVKWRNLADGEI RNEPI TI NNVLLRGCTLRNTKWAMGVWMFTGGDTKI MLNSAE TPT
KKSRI SRELNFSWVI NFVLLFI LCFVSGA ANGVYYDKKGRSRFSYEFGT | AGSAATNGFV
SFW/AVI LYQSLVPI SLYI SVEI | KTAQAAFI YGDVLLYNAKLDYPCTPKSWNI SDDLGQ
VEYI FSDKTGTLTONVMVEFKKCTI NGVSYGRAYTEALAGLRKRQG DVETEGRREKAEI A
KDRDTM DEL RAL SGNSQFYPEEVTFVSKEFVRDL KGASGEVQORCCEHFMLALAL CHSV
LVEANPDNPKKL DL KAQSPDEAAL VATARDVG-SFVGKTKKGLT | EMQGE QKEFEI LNI L
EFNSSRKRVSCI VKI  PGLNPGDEPRALLI CKGADS | | YSRLSRQSGSNSEAI LEKTALHL
EQYATEGLRTLClI AQRELSWSEYEKWNEKYDI AAASLANREDEL EVVADSI ERELI LLGG
TAI EDRLQDGVPDCI ELLAEAGQ KLW/LTGDKVETAI NI GFSCNLLNNEMELLVI KTTGD
DVKEFGSEPSEI VDALLSKYLKEYFNLTGSEEEI FEAKKDHEFPKGNYAI VI DGDALKLA
LYGEDI RRKFLLLCKNCRAVL CCRVSPSQKAAVVKLVKDSLDVMILAI GDGSNDVAM QS
ADVA d AGEEGRQAVMCSDYAI GQFRYLARLVLVHGRWSYKRLAEM PEFFYKNM FAL
ALFA#YGlI YNDFDGSYLYEYTYMVFYNLAFTSLPVI FLA LDQDVNDTI SLWPQLYRVA
L RKEWNQRKFLWYMLDALY(QSI | CFFFPYLVYHKNM VTSNGLGLDHRYFVGVYVTTI AV

I SCNTYVLLHQYRWDWFSGLFI ALSCLVVFAWIA WESAI ASREFFKAAARI YGAPSFWA
VFFVAVLFCLLPRFTYDSFQKFFYPTDVElI VREMAHGHFDHYPPGYDPTDPNRPKVTKA
GOHGEKI | EG ALSDNLGGSNYSRDSVVTEEI PMIFVHGEDGSPSGYQKQETWMI SPKET
QDL L QSPQFQQAQTFGRGPSTNVRSSL DRTREQM ATNQLDNRYSVERARTSLDLPGVTN
AASLI GTQQ\N

SEQ I D NO 33

YFLO11W

>sp| P43581 | HXT10JYEAST Kexcse transporter HXT10 OS=Saccharomnyces
cerevisiae (strain ATCC 204508 / S288c) OGN=HXT10 PE=1 SV=1
MVSSSVSI LGTSAKASTSL SRKDEI KLTPETREASLDI PYKPI | AYWTVMGELCLM AFGG

FI FGADTGTI SGFI NQTDFKRRFGEL QRDGSFQLSDVRTGL I VA FNI GCALGGELTLGRL
GDI YGRKI GLMCVI LVYWE VI QF ASSDKWYQYFI GRI VSGMGVGGVAVLSPTLI SEI' S
PKHLRGTCVSFYQLM TLA FLGYCTNYGTKKYSNSI QARVPLGLCFAVWAI FWI GWMW/
PESPRYLVEKGKYEEARRSL AKSNKVTVTDPGVVFEFDTI VANMEL ERAVGNASWHEL FS
NKGAI LPRVI M3 VI QSLQALTGCNYFFYYGTTI FNAVGVMQDSFETSI VL GAVNFASTFV
ALY VDKFGRRKCLLWGSESASMAI CFVI FATVGVTRLWPQGKDQPSSQSAGNVM VFTCFF

| FSFAI TWAPI AYVI VAETYPL RVKNRAMAI AVGANWMAG-LI GFFTPFI TRSI GFSYGY
VEMECLI FSYFYVFFFVCETKGLTLEEVNEMYEERI KPVWKSGGW PSSRRTPQPTSSTPL
VI VDSK

SEQ I D NO 34
YGLOO6W

>sp | P38929 |ATC2__ YEAST Cal ciumtransporting ATPase 2 (OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=PMC1 PE=1 Sv=1
MSRQDENSAL L ANNENNKPSYTGNENGVYDNFKL SKSQL SDLHNPKSI RSFVRLFGYESN
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SLFKYLKT DKNAGI SL PEI SNYRKTNRYKNYGDNS LPERI PKSFLQLVWAAFNDKTMQLL
TVAAVWSFVL GLYELVWWQPPQYDPEGNKI KQVDW EGVAI M AVFVVWLVSAANDY(QKEL
QFAKLNKKKENRKI | VI RNDQEI LI SI HHVLVGDVI SLOTGDVVPADCVM SGKCEADES

S| TGESNT! QKFPVDNSL RDFKKFNSI DSHNHSKPL DI GDVNEDGNKI ADCMLI SGSRI L
SGLGRGVI TSVA NSVYGOTMISLNAEPESTPLQLHL SQLADNI SVYGCVSAI | LFLVLF
TRYLFYI | PEDGRFHDLDPAQKGSKFMNI FI TSI TVI VWAVPEGLPLAVTLALAFATTRM
TKDGNLVRVLRSCETMSGSATAVCSDKTGTL TENVMI VWRGFPGNSKFDDSKSL PVSEQRK
LNSKKVFEENCSSSLRNDLLANI VLNSTAFENRDYKKNDKNTNGSKNVBKNL SFL DKCKS

RL SFFKKGNREDDEDQL FKNVNKGRQEPFI GSKTETALLSLARL SLGLQPGEL QYLRDQP
MVEKFNI EKWQTI PFESSRKWAGL VWKYKEGKNKKPFYRFFI KGAAEI VSKNCSYKRNSD
DTLEEI NEDNKKETDDEI KNLASDAL RAI SVAHKDFCECDSWPPEQL RDKDSPNI AAL DL
LFNSQKGLI LDGLLG QDPLRAGVRESVQQCQRAGVTVRWTGDNI LTAKAI ARNCAI LS

TDI SSEAYSAMEGTEFRKLTKNERI Rl LPNLRVLARSSPEDKRL LVETLKGMGDWAVTG
DGTNDAPALKLADVGFSMA SGTEVAREASDI | LMTDDFSAI VNAI KWGRCVSVSI KKFI

QFQLI VNI TAVI LTFVSSVASSDETSVLTAVQLLW NLI MDTLAALALATDKPDPNI MDR
KPRGRSTSLI SVSTVWKM LSQATLQLI VTFI LHFYGPELFFKKHEDEI TSHQQQQLNAMT
FNTFVWALQFFTMLVSRKLDEGDG SNWRGRI SAANLNFFQDLGRNYYFLTI MAI | GSCQV

LI MFFGGAPFSI ARQTKSMA TAVLCGMWLSLI MGVLVRI CPDEVAVKVFPAAFVOQRFKYV
FGLEFL RKNHTGKHDDEEAL LEESDSPESTAFY

SEQ I D NO 35

YGL013C

>sp | P12383 | PDRL___YEAST Transcription factor PDR OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=PDR1 PE=1 SV=2
MRGLTPKNGVHI ETGPDTESSADSSNFSTGFSGKI RKPRSKVSKACDNCRKRKI KCNGKF
PCASCEI YSCECTFSTRQGGARI KNLHKTSLEGT TVQVKEETDSSSTSFSNPQRCTDGPC
AVEQPTKFFENFKL GGRSSGDNSGSDGKNDDDVNRNGFYEDDSESQATL TSLQTTLKNLK
EMAHLGTHVTSAI ESI ELQ SDLLKRWEPKVRTKELATTKFYPNKSI ETQLMKNKYCDWV
HL TRYAAWSNNKKDQDTSSQPLI DEI FGLYSPFQFLSLQG GKCFQNYRSKSKCEI FPRT
AKET! YI MLRFFDVCFHHI NQGCVSI ANPLENYLQKMNLLPSTPSSI SSAGSPNTAHTKS
HVALVI NHLPQPFVRNI TG SNSELL SEMNNDI SMFG LLKM_DVHKNSYOQNFLMEI TSN
PSVAKNTQSI DVLQEFI HYCQAGEALI ALCYSYYNSTLYNYVDFTCDI THLEQLLYFLDL
LFW.SEI YGFEKVLNVAVHFVSRVGL SRAEFYVGL DENFAERRRNL WAKAFYFEKTLASK
LGYPSNI DDSKI NCL L PKNFRDVGFLDNRDFI ENVHL VRRSEAFDNMCI SDLKYYGELAV
LQ VSHFSSSVLFNEKFTSI RNTSKPSVWREKLLFEVLElI FNETEMKYDAI KEQTGKLFD

| AFSKDSTELKVSREDKI MASKFVL FYEHHFCRMYNESDNI VARLCVHRRPSI LI ENLKI
YLHKI YKSWIDMNKI LLDFDNDYSVYRSFAHYSI SCI | LVSQAFSVAEFI KVNDVWNM R
VFKRFLDI KI FSENETNEHVFNSQSFKDYTRAFSFLTI VTRl MLLAYGESSSTNLDVI SK
YI DENAPDLKG | ELVLDTNSCAYRFLL EPVQKSGFHL TVSQWL KNRKFQEPL MSNEDNK
QUKHNSGKNLNPDL PSLKTGTSCLLNG ESPQLPFNGRSAPSPVRNNSL PEFAQLPSFRS
LSVSDM NPDYAQPTNGONNTQVQSNKPI NAQQQ PTSVQVPFMNTNEI NNNNNNNNNNK
NNINNI NNNNSNNFSAT SFNL GTL DEFVNNGDLEDL YSI LWSDVYPDS

SEQ I D NO 36

YGL255W

>sp| P32804 | ZRT1__YEAST Zinc-regulated transporter 1 0S=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) G\=ZRT1 PE=1 Sv=1
MBNVTTPWAKQADPSEVTL ADKTPDDVWKTCVL QGVYFGGNEYNGNLGARI SSVFVI LFV

STFFTMFPLI STKVKRLRI PLYVYLFAKYFGSGVI VATAFI HLMDPAYGAI GGTTCVGQT

G\WGEL YSWCPAI MLTSLTFTFLTDL FSSVWERKYGL SHDHTHDEI KDTVVRNTAAVSSE

NDNENGT ANGSHDTKNGVEYYEDSDAT SMDOWQSFQAQFYAFLI LEFGVI FHSVM GLNL

GSVGDEFSSL YPVLVFHQSFEGLA GARL SAI EFPRSKRWAPWAL CVAYGLTTPI CVAI G
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LGYRTRY¥5GYTAL¥I SGELDAI SAG LLYTGL¥ELLARDFI FNPQRI KDLREL SFN¥|
CTLFGAGI MAL | GKWA

SEQ I D NO 37

YGR125W

>sp | P53273 | YG35__YEAST Uncharacterized vacuolar nmenbrane protein
YGR125W (OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c)
G\=YGR125W PE-1  S¥=|

MGRTI RRRRSNSSL SEAI S¥SLG NQDSS¥NKVHRASY SAMSPPL CRSYMSGFFTGGNSP

M NNLSDSKLPI SNKQHPK¥| HGSENL HRQTAQL SNEFCSSS¥EENSPTI KDYMDI | GNG
DRKDDQSMRTI EENI DEEYSDEYSRLL L SPASSN¥ DDDRNRGL QNSSL PEL EDGYAGGYQ
SLRPSHNL RFRPRNLWHMCT SFPSKFAHYLPAA¥LGLLLNI LDALSYGM | FPI TEPVFS
HLGPTA SMFYI STI | SQA¥YSGGWESFPSA GSEM EI TPFYHTMALAI KEAL AGNDDE

I TTT| FCY¥l SSMLTGE¥FYALGKLRLGKI ¥GFFPRHI LI GCl GG¥GYFLI | TG EVTT
R¥AKFEYSWPFFSGLFTDYDTLAKWLLPVLLT¥¥L| GTQRYFKNSL¥LPSFYI LTLVLFH

FI VAl | PTLSLDALRQAGWN FPI ANS DSKWYDHYRLFN¥HK¥HWSL¥LQQ  PTMMALTFF
G LH¥PI N¥PALAVSLQVDKYDVDREL | AHGYSNFFSGLLGS¥ONYL¥YTNS¥LFI RAGA
DSPFAGFLLI ALTICIM |1 GP¥l | SFI PI Cl ¥GSLI FLLGYELL¥EAL¥DTWAKLNRFEY
LTV¥I | ¥FTMA FDF¥LA | ¥A LI ACFSFL¥DSTKLQTI NGEYNGN\¥ARST¥YRDYVQT
KFLDG GEQ  Y¥LKLONLLFFGTI | SI EEKI ERLLQ SNKDATKRRI KYLI LDFKNI NAD

NI DYSAAEGFNRI KRFTETKRI KLI | SSI KERDRI YNAFNN¥GLLND¥EL FADLNSALEW
CENEFL FQYKQL RKKAKERL EEGKQNN¥¥ SA¥| AATKNKKI DTI GNGLNRGSNGDTARNL
MSLPTNTPRNYQ LS¥AQNVF¥NDEQA¥KNFKKEYKDDEP¥LPI LLFALKQYRPDI | SE¥
KVREKEI KFWAQLCPYFTRRRLASQSHL LHADNI FFL¥ETGMLKATYELPQGTLYEI FS
NGTCFGKI | APGNAMPREQKLTI ETETDS¥LW¢I DSSSLNKLKEDNLAL YVE¥AL MEMC
KDTRFKELLGYTL¥SA

SEQ ID NO 38

YGR181W

>sp | P53299 | TI ML3__ YEAST M tochondri al i mport i nner nenbrane

transl ocase subunit TIM3 OS=Saccharomyces cerevisiae (strain ATCC
204508 / 5288c) GNeTIML3 PE=1 S¥=I

MGELSSI FGGGAPSQRKEAATTAKTTPNPI AKELKNQ AQELA¥ANATEL ¥NKI SENCFEK
CLTSPYATRNDACI DQCLAKYMRSWA¥| SKAY! SRI QNASASGEI

SEQ I D NO 39

YGR217W

>sp | P50077 | CCH1___YEAST Cal ci um channel protein CCH (OS=Saccharomnmyces
cerevisiae (strain ATCC 204508 / S288c) G\N=CCH1L PE=1 S¥=|
MQGRKRTL TEPFEPNT NPFGDNAAVMT EN¥ EDNSETDGNRL ESKPQAL ¥PPALNI VPPES

S| HSTEEKKGDEYNGNDKDSSL I SNI FRTRVGRSSHENL SRPKL SL KTASFGAAESSRRN
¥SPSTKSAKSSSQY! DLNDERL RRRSFSSYSRSSSRRVSNSPSSTDRPPRSAK¥LSLI AA
DDVDDFEDL QKGFKSAI DEEGL TW. PQL KSEKSRP¥ SD¥ GEDRGEGEQESI PD¥HTPN¥G
ASATPGS| HL TPEPAQNGSVSEGLEGSI NNSRKKPSPKFFHHL SPQKEDKDQTE¥ 1 EYAE

DI LDFETLQRKLESRPFVLYGHSLGVFSPTNPLRI KI ARFLLHRRYSLLYNTLLTFYAI L
LAl RTYNPHN¥¥FL YRFSNWIDYFI FI LSACFTGNDI AKI | AFGFVWDDSEMFKAYGREYK

SI LQRSA MKLYI YLREKYGRKLI DFI | PFRI | SPGEETKYQRSSLSTSL TKPYGAKENQ
RPFGTPRAFARSSVWARI DL¥SS¥SFW . GVFLSI KSYDTKTG Rl FKPLAI LRI LRLVN¥D
TGWSI LRGLKYGA PQL¥NVSSM_¥YFW FFG LG¥Q FQGSFRRQCVWFNPEDPTDTYQ
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YDMFCGGYLDP¥ TKRKQNYI YEDGSEGSYSKGFLCPQYSKC¥5NANPYNGRI 5FDNI ¥N
SMELVFVI MSANTFTDLMYYTNMDSDEMAACLFFI VCI FVLTI WLLNLLI AVLVSSFEI AN
EEYKKKKFI YGSRKTGYVARI VTGYWKYFKL KANQTKFPNWEQKGLAI YSHVEFI FVI LI

| CDI GVRASVKVSTSANCNNI LLKTDRA SI VLFI ESLARLVLYLPNMAKFLTKPSYVYD
FI'1 ST TLVI SCLAVEGVLGHMYAW.S | FHI SRFYRVI | SEFNLTKKLWKQ LSNGVM WN
LSSFYFFFTFLVAI | MAVYFEGVI PPEEMADQPFGMYSLPNSFLSLFI | GSTENWDI LY
ALQKHSPNI SSTFFCSVFFI | WFLLSNSVI LNI FI ALI SESMEVKEEEKRPQQI KHYLKF
VYPCKI QEYTHASLVARI RKKFFGGHRNEDTRDFKQFL MRGTAI MNI AQNMGEL ADEFKE
PPSENLFKKG.SKLTI GVPSLKRLRMFANNPFYKNSDVVFTETNDI NGRTYI LELNEYED
EKLDYLKKYPLFNYSYYFFSPQHRFRRFCORLVPPSTGKRTDGSRFFEDSTDL YNKRSYF

HH ERDVFVFI FALATI LLI VCSCYVTPLYRVHHKMGTWNWESAL DCAFI GAFSI EFI VK
TVADGH YSPNAYLRNPWAFI DFCVLI SMAY NLI AYLKNNGNLSRI FKGLTALRALRCLT

| SNTARQTFNLVMFDGLNKI FEAGLI SLSLLFPFTVWGELSI FKGRLGTCNDGSL GRADCY
NEYSNSVFOADI MSPRVYQOQPYLHL DSFASAFSSLYQ | SLEGADLLENMVNSSG GTP
ATVMGSAGNALFLVLFNFLSMVFI LNLFVSFI VNNQARTTGSAYFTI EEKAW. ESQKLLS
QAKPKAI pPNLI ELSRVRQFFYQLAVEKKN FYYAS FLQWL YLHI | MLL3RSYNFPGYLIGY
QGVYFMFSTSVFLI QEALHMCGEGPRLYFRQKWNSI RLSI | | | AFI MNAVAFHVPASHYW
FHNI KGFFLLVI FLFI | PONDTLTELLETAVASLPPI LSLTYTWGVLFLVYAI ALNQ FG
LTRLGSNTTDNI NFRTVI KSM VLFRCSFCGEGANYI MADL TVSEPYCSSDDNSTYTDCGS
ETYAYLLLMSWWNI | SMYI FVNMFVSLE | GNFSYVYRSGGSRSG NRSEI KKYI EAWSKFD
TDGTGELELSYLPRI MHSFDGPL SFKI WEGRLTI KSLVENYMEVNPDDPYDVKI DLI GLN
KELNTI DKAKI | QRKLQYRRFVQSI HYTNAYNGCI RFSDLLLQ PLYTAYSARECLA DQ
YVHHLY! LGKVDKYL ENQRNFDVL EMVWTRWKFHCRMKRTI EPEVWDVKDPTVSSHI SNI N
VNLEPAPG LEREPI ATPRVDYGVNNFMASPRMNQDSTMEPPEEPI DNNDDSANDL I DR

SEQ ID NO 40

YGR224W

>sp| P50080 |AZR1 YEAST Azole resistance protein 1 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=AZR1 PE=1 Sv=1
VKGEPKTYSMEDL SYYGEKAQRONEKQRKQYVWRRNSTQST SKQNVSVVL EDNASESNEL
PKGFI LYASLI ALALSLFLAALDI M VSTI | EEVAKQFGSYSEI GALFTGYSLPNALLAL

| WGRI ATPI GFKETMLFAI VI FEI GSLI SALANSMSMLI GGRVI AGVGGECA Q@SLSFVI G
STLVEESQRG LI AVLSCSFAI ASWGPFLGGVFTSSVTVWRWCFYVNLPI GGLAFFLFLF
FYNPGLSTFQETNVDNI RKFPSQFI El VRNVAYHL LKI KGFSKLNGARKPFIVELI FMYDI |
EFVFCSAGFTCI LLAFTFGGNRYAWNSASI 11 LFI 1 G VLW.AGQ YDFLVFPKFNI VKA
TPHYQPLMBWINI KKPA FTVNI ALFLTCAGY! SQFTYI VQYFQLI YNDSAVWRAAVHLVA

Cl | STVWTAI LCGAI TDKTRQ KPI | VI SSI FGWGAG LTLLNNNANNSAH GLLI LPG
VAFGELAQSSMLASQ QLDKKSPTFRSDFVSI TTFNTFCKNLGQALGGVI SNTVFSAAA|
KKLTKANI QLPDGTTVDNLVI YRQTNFDGSHSKLGNI | SESLTDVFYMALGFYALSLI FA
VFASNKKVTASLR

SEQ ID NO 41

YGR281W

>sp| P53049 , YORI __YEAST A igonmycin resistance ATP-dependent pernease
YORI (OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c)
GN=YORI PE=1 Sv=1

MT| TVGDAVSETEL ENKSQNVVL SPKASASSDI STDVDKDTSSSWDDKSLLPTCGEY! VDR
NKPQTYLNSDDI EKVTESDI FPQKRLFSFLHSKKI PEVPQTDDERKI YPLFHTNI | SNMVF
FWWLPI LRVGYKRTI QPNDLFKVDPRVSI ETLYDDFEKNM  YYFEKTRKKYRKRHPEAT
EEEVMENAKL PKHTVLRALLFTFKKQYFMSI VFAI LANCTSGFNPM TKRLI EFVEEKAI
FHSVHVNKG GYAlI GACLMVFVNGL TEFNHFFHT SQL TGVQAKSI L TKAAMKKM-NASNYA
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RHCFPNGKVI SFVTTDLARI EFALSFQPFLAGFPAI LAI CI VLLI VNLGPI ALYA G FF
GGFFI SLFAFKLI LGFRI AANI FTDARVTMVREVLNNI KM KYYTWEDAYEKNI QDI RTK
El SKVRKMQLSRNFLI AMAMSLPSI ASLVTFLAMYKVNKGGROPGNI FASLSLFQVLSLQ
MFFLPI Al GTG DM | GLGRLQSLLEAPEDDPNQM EMKPSPGFDPKL AL KMTHCSFEWE
DYELNDAI EEAKGEAKDEGKKNKKKRKDTWEKPSASTNKAKRL DNMLKDRDGPEDL EKTS
FRGFKDLNFDI KKGEFI M TGPl GTGKSSL L NAMAGSMRKT DCKVEVNGDLLMCGYPW Q
NASVRDNI | FGSPFNKEKYDEVVRVCSLKADLDI LPAGDMIEl GERG TLSGGKARI NL
ARSVYKKKDI YLFDDVLSAVDSRVGKHI MDECLTGMLANKTRI LATHQLSLI ERASRVI V
LGTDGQVDI GTVDELKARNQTLI NLL QFSSQNSEKEDEEQEAVVAGEL GQLKYESEVKEL
TELKKKATEMSQTANSGKI VADGHTSSKEERAVNSI SLKI YREYI KAAVGKWGFI ALPLY
Al LWGT TFCSLFSSVW.SYWIENKFKNRPPSFYMGL YSFFVFAAFI FIMNGOFTI LCAMG

I MASKWLNLRAVKRI LHTPMSY! DTTPLGRI LNRFTKDTDSLDNEL TESL RLMISQFANI
VGVCVMCI VYLPWFAI Al PFLLVI FVLI ADHYQS SGRE| KRLEAVQRS FVYNNLNEVLGG
MDTI KAYRSQERFLAKSDFLI NKMNEAGYLVWWLQRW/G FLDWAI AFALI | TLLCVTR
AFPI SAASVGVLLTYVLQLPGLLNTI LRAIMIQTENDMNSAERL VTYATELPLEASYRKPE
MIPPESWPSMGE! | FENVDFAYRPGLPI VLKNLNLNI KSGEKI G CGRTGACGKSTI MSAL
YRLNELTAGKI LI DNVDI SQLGLFDLRRKLAI | PQDPVLFRGTI RKNLDPFNERTDDELW
DAL VRGGAI AKDDL PEVKL QKPDENGT HGCKMHKFHL DQAVEEEGSNFSL GERQLLAL TRA
LVRQSKI LI LDEATSSVDYETDGKI QTRI VEEFGDCTI LCI AHRLKT! VNYDRI LVLEKG
EVAEFDTPWLFSQEDSI FRSMCSRSA VENDFENRS

SEQ ID NO 42

YHL016C

>sp{ P33413 | DUR3_YEAST Urea active transporter OS=Saccharomnyces
cerevisiae (strain ATCC 204508 / 5288c) GN\N=DUR3 PE=1 S¥=2
MGEFKPPLPQGAGYAI VLGLGAVFAGVWLTTYLLKRYQKEI! | TAEEFTTAGRSVKTGALV
AAAVWSSW WCSTLLTSSTKEYADGA FGGYAYAAGACFQ | AFAI LAl KTKQVAPNAHTY
LELVRTRYGKI GHGCYLFYAI ATNI LVTSMLLTSGSAVFSDLTGWNTI ASCFLLPVGVYVWY
YTLFGGE KATFLTDYMHTCVI | | | VLVFAFKVYATSDVL GSPGKVYDLVREAAKRHPVDG
NYQGEYMIMISKSAG LLI I NLI GNFGTVFLDNGYWAKAI SASPAASLKAYAI GGLAWFA
VPSLI SLTMGLACLAVETSPNFPTYPDPLTSFQANSGLVLPAAAI Al MGKGGAVASLLM
FMAVTSAMSAEL| AVSSVFTYDI YREYI DPRASGKKLI  YTSHVACI FFALAMSGFSVGELY
YGE SMGYl YEMME | | SSAVLPVVLTLCSKDWNLVAAWSPI LGTGLAI MSW.VCTKSL
YKELTVDTTFMDYPMLTGNLVALLSPAI FI PI LTYVFKPQNFDWEKMKDI TRVDETAELV
QADPDI QL YDAEANDKEQEEETNSL VSDSEKNDVRVNNEKL | EPNLGVVI SNAI FQEDDT
QLQNEL DEEQREL ARGLKI AYFLCVFFALAFLVVWPMPMYGSKYI FSKKFFT GiVVVMI |
WLFFSAFAVCI YPLWEGRHG YTTLRGL YWDL SGQT YKL REWNSNPQDLHVWTSQ SAR
AHRQSSHFGQVDE!I |

SEQ I D NO 43

YI LO88C

>sp| P40501 {AVT7__YEAST Vacuol ar amino acid transporter 7
0S=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=AVT7
PE=1 Sv=1

MEATSSALSSTANLVKTI VGAGTLAI PYSFKSDGVLVGVI LTLLAAVTSA.GLFVLSKCS
KTLI NPRNSSFFTLCMLTYPTLAPI FDLAM VQCFGVGLSYLVLI GDLFPGLFGGERNYW
| l2SAVI | | PLCLVKKLDQLKYSSI LGLFALAYI S| LVFSHFVFELGKGELTNI LRNDI C
WAKI HDFKGLLSTFSI | | FAFTGSMNLFPM NELKDNSMENI TFVI NNSI SLSTALFLI V
GLSGYLTFGNETLGNLM_NYDPNSI W VI GKFCLGSM.I LSFPLLFHPLRI AVNNVI | W
El TYGGANPEEDPQVSEYTRASNLRPI SMTVEDPAQPSDAL DATSYNEQECL L PNGNFDN
GS| ESQENNNDERGT MAVAGDNEHHAPFVKSRFYW TALLLI SMYTLALSVQSFALVLSF
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VGATGSTSI SFTLPGLLGYKLI GLDSLAI GKM PPKDRFYKRCSLLLVFYG.SVMFLSLY
VTVFNRSDEA

SEQ ID NO 44

YJL093C

>sp| P40310 1TOK1__YEAST CQutward-rectifier pot assi um channel Tl
OS=Sacchar onyces cerevisiae (strain ATCC 204508 / 5288c) GN=TXI
PE=1 Sv=1

MTRFMNSFAKQT L GYGNVAT VEQESSAQAVDSHSNNT PKQAKGVL AEEL KDAL RFRDERV

Sl | NAEPSSTLFVFWFVWSCYFPVI TACLGPVANTI SI ACWEKWRSLKNNSVWTNPRSN
DTDVLMNQVKTVFDPPA FAVNI | SLVLGFTSNI | LMLHFSKKLTYLKSQLI NI TGATI A
GGVLLVDVI VCSLNDMPSI YSKTI GFWFACI SSGLYLVCTI ILTIHFI GYKLGKYPPTEN
LLPNERS| MAYTVLLSLW | WGAGVFSGLLHI TYGNALYFCTVSLLTVGLGDI LPKSVGA

KI WLI FSLSGWLMGELI VFMIRS  I1 QKSSGPI  FFFHRVEKGRSKSWKHYMDSSKNL SER
EAFDLMKClI RQTASRKOQHWFSLSVTI Al FMAFW. L GAL VFKFAENWSYFNCI YFCFLCLL

TI GYGDYAPRTGAGRAFFVI WAL GAVPLMGAI LSTVGDLLFDI STSLDI KI GESFNNKVK

S| VFNGRQRAL SFMYNTGEI FEESDTADGDL EENTTSSQSSQ SEFNDNNSEENDSGVTS

PPASL QESFSSL SKASSPEQ LPLEYVSSAEYAL QDSGTCNL RNLQEL L KAVKKLHRI CL
ADKDYTL SFSDWSYI HKLHLRNI TDI EEYTRGPEFW SPDTPL KFPL NEPHFAFMVL FKN

| EELVGNLVEDEEL YKVI SKRKFLGEHRKTL

SEQ I D NGO 45

YJL094C

>sp 1P40309 IKHAL_YEAST K (+)/H(+} an.tiporter 1 OS=Saccharcmyces
cerevisi ae (strain ATCC 204508 / S288c) GN=KHA1 PE=1 SvV=1
MANTVGG LSGVYNPFHYNSSSPLTLFLFQACLI LLVCNLI HI PFSMVRQPKVI SEVI SGV
ILGPTIFGQIPNYTNTI FPTSSI PGLNLVANLGA | LFMFFLGLEVDI AFI KKHLKKALVI

G VTLAVPFGFGCLLAI PLFHTYANKTEGERHI KFSVFMVFI AVSI SVTAFPVLCRI LNE

LRLI KDRAG WLAAG | NDI MGW LLALSI | LSSAEGSPVNTVYI LLI TFAWFLI YFFP
LKYLLRW/L| RTHEL DRSKPS PLATMC ILFIMFISAY FTDIIGVHPIFGAFIAGLVVPRD
DHYVWKLTERMEDI  PNI VFI Pl YFAVAGLNVDLTLLNEGRDWGYVFATI @ Al FTKI | SG
TLTAKLTGLFWREATAAGVLMSCKG VEI WLTVGLNAG | SRKI FGVFVLNMALVSTFVT
TPLTQLVYPDSYRDGVRKSL STPAEDDGAADG. DSEGVDKTEI NTQLNSLADVSKYRI GE

LTTVI NTTEAI SPSLKLLNYLSLGVSPKPKNNKHKNETSL SRMITATDSTLKSNTFKI KK

MVHI WEKSVDDVDTNL SVI DEKL TPFEGVGALRAI HLRLLTERTTDL L QSSSL YNDDPHF
TANTDSLLQ FDI FSNLSKI PFSSEVI FSTMREKAANI ATMKVDSTDLI LLPLKGASYEY

RGSPVFI DEKYANFDHI YSHLLGLNEL SSTFFKSI FQSLKANFAVQ SNTYGRLNADRFK
RKRFNLLLPKPYLTQSDYLGLYLLLLI CYRDGYNNDNASCSI FI NSKNI DFAKDL STAFA
EHDW.NESTI KI VDI PFETKVPEEAI EKPSFI ETVLDVGLSDTALADI EETTFI | GEDLP
DESEPFSEEVRTVI FEGSNRRFDTLI VHHFSSE

SEQ I D NGO 46

YJL108C

>sp| P42946 | PRMLO_YEAST Pher onpne-regul at ed menbrane protein 10
OS=Sacchar onyces cerevisi ae (strain ATCC 204508 / S288c) GN\N=PRMLO
PE=1 Sv=1

M VSFGDATTRTSEVQL VRCTQGL NLVWKL HQVHAVYKRVVHDTL GADEGNALLDQ LADT
NLYPPWMCVL L YAFCSAMVTPYAFGGDW/NLAI SFFMEL CVGSL QI LSQKSYMYSNVFE

| SASI WEFCGRAFGSI PRSHI CFGAVTQGSLALI LPGY! | LCGALEL QSRSLVAGAVRM

FYAI | YSLFLGFA TLGSALFGAMYHNATNEI SCPQLI SPWFRFLFVPAFTISI SLLNQA

79



WO 2016/023844 PCT/EP2015/068314

H SQLPVMW/FTSCTGYWTYWAGKHFANSTEFTAALAAFVI GVLGNLYSRI VKGLAVSAM
LPAI FVQVPSA ASONSLLSGLQSANTI  VNANETI TTSTSDPSSSMSFGMTM QVCVAE S
VGLFASSLFVYPFGKKKTGLFSL

SEQ ID NO 47

YJL212C

>sp | P40897 |OPT1__YEAST O igopeptide transporter 1 OS=Saccharoir.yces
cerevisiae (strain ATCC 204508 / S288c) GN=OPTI PE=1 Sv=1
MST! YRESDSLESEPSPTPTTI Pl Q NMEEEKKDAFVKNI DEDVNNL TATTDEEDRDPES
QKFDRHSI QEEGL VAKGDPTYLPNSPYPEVRSAVSI EDDPTI RLNHWRTWFLTTVFVWVF
AGVNQFFSLRYPSLEI NFLVAQWCYPI GRI LAL L PDWKCSKVPFFDLNPGPFTKKEHAY

VTl A¥ALTSSTAYAMYI LNAQGSFYNVKLN¥GYQFLL¥WISQM GYGAAGL TRRVW¥NPA

SSI WPQTLI S¥SLFDSLHSRK¥EKT¥ANGATMPRYRFFLI ¥L1 GSFI WWWEPGFLFTGLS
YFN¥| LWGSKTRHNFI ANTI FGTQSGLGALPI TFDYTQ¥SQAMSGSVFATPFY¥SANTYA

S¥L| FFVI ¥LPCLYFTNTWYAKYMPVI SGSTYDNTQNKYNVTKI LNEDYSI NLEKYKEYS
P¥FVPFSYLLSYALNFAA¥| A¥F¥HCI LYHGKDI ¥ AKFKDRKNGGTDI HVRI YSKNYKDC
PDWAYLLLQ ¥M GLGF¥A¥CCFDTKFPAWAF¥! Al LI SLVNFI PQGE LEAMINOH¥GLN

I | TELI CGYMLPLRPNANLLFKLYGFI ¥VRQGLNLSRDLKLAMYMK¥SPRLI FA¥Q YAT

I | SGVEN¥GVQEWMVHNI DGL CTTDQPNGFTCANGRTVFNASI | WEL PKYLFSSGRI YNP
LMWFFLI GLL FPLAVYAVQWKFPKFKFAKH | HTPVFFTGPGNI P PSTPYNYSL FFAMSFC
LNLI RKRARAWFNKYNF¥MGAGVEAGYAI SV¥1 | FLC¥QYPGGKL SWAGNNVVWKRT YDND
YKKFYTLKKGETFGYDKWV

SEQ ID NO 48

YJR106W

>sp| P47144 {ECM27_YEAST Protein ECM27 OS=Saccharonyces cerevisiae
(strain ATCC 204508 / 5288c) GN=ECMR27 PE=1 SV=2

MDWAI NVAHPRLL YKDPKLS¥TFI ¥PSLFHI | | AF¥LLG CASDFLCPNVAHI SDPNSLR
SNGSL¥SKTASHASHT GAL MA¥L L SWCNSSPDL FSNLIVSWATSTRETRSTS¥SLSI GE¥L
GACG | LCI ¥EGSI F1 | MBRTHI EI SQ QKLS | MRDLLFSLAAMC¥MSY¥SLMNQVTVLN
CLLMAFLYAFYL¥VKLTFKLNHSAETPDETAADT SLRENS¥SPFLDDSLVASGLLPPI QP

GFDI SNSI THGE KPSLL SAVDFNSFL SM.ENSSL EEDDSRNEMAEL NTL RSMIPGQHWSA
SATVAGEAT SAGRPFSEPTNAFTEYRDSERAI NSSPA¥FAPYRDNPDDEESQEQ¥LLETT
THGHFGAQEMRRFSKRSLGW | KI FI PHLSNEFSQKSI SDAI FSI | T¥PFFI | FKLSCPQP
PSDI LSYDPTLNRYSLTTLPI | LLFI QS| TAPFLLCS | LSVLLTYHLGYLVYLFPLI LAM
ALl LLLTAFI TK¥NLHNKFTLSLDSSNI LQEKLQKRKLLERLNTSI Q I FLAIG I NI | I
W SLLANSLI EMVEI YQKI LGLSKAI LALTI FAWGNSVGDLI SNI SMCRL YKTQTHYQDR
¥RLATKFFM SCASCLGG¥M_NSMGGE GFSCGL¥SM_FI GAFNDNEWNFL RK¥KLQETSQL
DNTLNYKFI ¥SC¥FI | LQ | LLLLFFGGPNNI KRRLTKEMKL¥G SMCGLWALATLI NI L
LELFS

SEQ 1D NO:49

YJR160C

>sp| POCEOCO | MPH3_YEAST Al pha-gi ucosi des pernease MPH3
OS=Saccharorayces cerevisiae (strain ATCC 204508 / S288c) GN=MPH3
PE=1 Sv=1

MKNLSFLI NRRKENTSDSN¥ YPGKAKSHEPSW ENMDDQTKKDGL DI ¥H¥EFSPDTRAPSD

SNKVI TEI FDATEDAKEADESERGVPLATALNTYPKAAAWSLL¥STTLI MEGYDTAI LGA

FYALPI FQRKFGSONDKTGEVEEI SASWQ GLTLCYMAGEI ¥GLQLTGPS¥DLVGNRYTLI

| ALFF' LAAFTFI LYFCNSLGM AV GQALCGVPWGECFQCLT¥S YASEI CPLALRYYLTTYS
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NLCW.FGQLFAAG MKNSQKKYADSEL GYKLPFALQW LPVPLALG FFAPESPWAL VKK
GRFDEARRSLRRTLSGKGPEKEI LVTLEVDKI KVTI DKEKRLTSKEGSYSDCFEDKI NRR
RTRI TCLOWAGQATCGSI LI GYSTYFYEKAGYSTEMSFTFSI | QYCLG CATFLSWAASK
YFGRYDLYAFGLAFQTT VFFI | GALGCSSTHGSKMGSGSLLVAVAFFYNLG APVWFCLYV
SEMPSSRLRTKTI | LARNTYNVVSI | CSVLI LYQLNSKKWNWGAKSGFFWGVL CFCTLI W
AWDLPETACKTFVEI NELFKLGVSARKFKSTKVDPFVVKTPPKDVSHNDPKGDI EASI A

EE

SEQ ID NO 50

YKLO64W

>sp| P35724 |[MNR2_YEAST Manganese resistance protein MR2
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=MNR2
PE=1 Sv=1

VSTDNSQKDEGVPL L SPYSSSPQL RKKKRNQKRRKDKFVGHL KSDSRRPTQL L HDNL QHN

HGQ TDFDQ DSWEMLHESDSTSNDI | KSEDPSL KGAFI DHRPSMSQPREGPQSVSSTVQ

PQPI MKFSTPSYKKPAGL RPSDQNRSL VSDL SPSEL ESW.KRRKSVHKSFVDENSPTDRR
QSNANNDWVI DVDAL MNHVNNNAST GVNDNSKRRKKKRGSDDSSNKNSKSTSSDSNDEED
EYNSRPSSSL SSNNSSL DDVCL VL DDEGSEVPKAWPDCTVL EEFSKEETERLRSQAI QDA
EAFHFQYDEDEEDGTSNEDG LFSKPI VTNI DVPEL GNRRVNETENLKNGRLRPKRI APW

HLI QRPMVLGSNSTKDSKSRI QSGLQDNLLVGRNI QYPPHI | SNNPEHFRFTYFRVDLDS
TVHSPTI SGLLQPGKFQDLFVASI YSQDNSAGHI KTHPNSPTPGA KAETVSQLQGLTAK
NPSTLSSMSVANI EDVPPFW.DVSNPTEEEMKI LSKAFG HPLTTEDI FLCGEVREKVELF
RDYYL| CFRSFDI VAEKHVRRRRKEKQESATLDHESI SRRKSQAYGATMSNESNANNNNS
TSNASRSKW.PSI L RARRRSSANRT TNTSSSSYKRRVKSEKKKMEENEKFKRKSCGDRHKP
RECELEPLNVY! IVFRTGVLTFHFAPTPHPI NVRRRARLLKDYLNVTSDW AYALI DDI T
DAFAPM ELI EDEVYEI EDAI LKMHQSDDSSDSDSSDSDSDSGASDEDAFPFDVYSKKTS
YSSAKSSVSSRSMSTSEAS  FNANLI GAKRKGDMLRRI GECRKRVMS | LRLLGSKADVI KG
FAKRYNEQNEASPQSEI AMYLGDI QDHI VTMVSSLNHYEKL L SRSHSNYLAQ NI DMTKV
NNDMNDVLGKI Tl LGTI  VLPMNVI TALWGWNVI - VPGQYRDSLTWFI G VLFMCMLACSAY
MYTKRRFGF

SEQ I D NO 51

YKRO50W

>sp | P28584| TRK2___YEAST Low affinity potassium transport protein
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN\N=TRK2
PE=1 Sv=1

MPTAKRTSSRASL AL PFQL RLVHKKSWEHRL RDFI SGFLKSCRPI AKYVFPNFI VWHYI1 Y

LI TLSI | GSI LLYPCKNTAFI DVLFLAAGASTQGGLATKSTNDFNLYQQ VWYVI TLLST

Pl LI HGFLAFVRLYWFERYFDNI RDI SKONFKL RRTMT L QQREL SGSSGNAARSRSFKDN

L FRGKFVSREDPRQSASDVPMDSPDTSAL SSI SPLNVSSSKEESSDTQSSPPNFSSKRQP
SDVDPRDI  YKSI MVL QKQQEKSNANSTDSFSSETNGPAFI VOQERHERRAPHCSL KRHSVL
PSSQEL NKLAQTKSFQKL L GLRRDEGDHDYFDGAPHKYMVTKKKKI SRTQSCNI PTYTAS
PSPKTSGCQVVENHRNL AKSAPSSFVDEEMSFSPQESL NL QFQAHPPKPKRREGDI GHPFT
RTMSTNYLSWOPTFGRNSVFI GL TKQKEEL GGVEYRALRLLCCI LMVYYI GFNI LAFVT

| VPWACTRHHYSEI | RRNGVSPTWAGFFTAVSAFSNLGL SL TADSMSFDTAPYPLI FVM

FFI |1 GNTGFPI MLRFI | W MFKTSRDL SQFKESL GFLL DHPRRCFTLLFPSGPTWALFT
TLVVLNATDW LFI | LDFNSAVVRQVAKGYRALMALFQSVCTRTAGFNVVDLSKLHPSI Q
VSYMLMWVSVLPLAI SI RRTNVYEEQSL GL YDSGQDDENI THEDDI KETDHDGESEERD
TVSTKSKPKKQSPKSFVGAHL RRQL SFDLWYL FLGLFI | Cl CEGRKI EDVNKPDFNVFAI
LFEVWSAYGTVGL SLGYPNTNTSLSAQFTVLSKLVI | AMLI RGRNRGLPYTLDRAI M_PS
DKLEQ DRL QDVKAKGKLLAKVGEDPMITYVKKRSHKLKKI ATKFWGEKH
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SEQ ID NO 52

YKR105C

>sp |P36172 IVBA5_YEAST Vacuol ar basic anino acid transporter 5
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=VBAS
PE=3 Sv=1

MEETKYSSQQEI EGACGSDASLNARGSNDSPMGELSLYLCLASLTLVLFI TALDI LI VGTI

| DWAEQFGNYSKTGALVTGYSLPNAI LSLI WGRFASI | GFQHSLI LAI LI FEAGSLI AA
LASSMNMLI FGRWAGVGGSGELQTLCFVI GCCTMVGERSRPLVI SI LSCAFAVAAI VGPI |
GGAFTTHVTVWRWCFYI NLPI GGLAI | MFLLTYKAENKG LQQ KDAI GTl SSFTFSKFRH
QUNFKRLWMNG | FKFDFFGFALCSAGLVLFLLATFGENKYSWNSGQVI TYLVLGVLLFI
FSLVYDFFLFDKFNPEPDNI SYRPLLLRRLVAKPAI 11 VNWTFLLCTGYNGOM  YSVQF
FQLI FASSAVKAGLHLI PI VI TNVI AAI ASGVI TKKLGLVKPLLI FGGVLGVI GAGLMTL
MINTSTKSTQ GVLLLPG-SLGFALQASLMSAQLQ TKDRPEAANMDFI EVTAFNTFMKSL
GTTLGGVLSTTVFSASFHNKVSRAHLEPYEGKTVDDM LYRLQNYDGSHSTI GNI LSDSI
KNVFWVDLGFYALGFLFCSFSSNKKLI 1 PKKDDTPEDNLEDK

SEQ ID NO 53

YKR106W

>sp |P36173 IGEX2_ YEAST d ut at hi one exchanger 2 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=CGEX2 PE=1 Sv=1
MSSSVWGASSNKKSG RQSCEI | ERERHSNDDTYSMISTFFKLKENEI MSAQFDSLKYKI

LLI STAFVCGFA SLDYTLRSTYTGYATNSYSEHSLLSTVQVI NAVWSVGSQVWYSRLSD
HFGRLRLFLVATI FYI MGT1 | QGSQATRLTMYAAGSVFYNCGYVGTNLLLTLI LSDFSSLK
WRMFYQYASYWPYITI| PW SGNI | TAANPOKNWSWNI AMAFI - YPLSTLPI | FLI LYMKY
KSSKTAEVRSL KEQARKERTGGELFENLVFLFVWKLDI VA LLI TVSLGCI LVPLTLANETS
QKWANSKI | ATLVSGGCLFFI FLYWEAKFAKSPLLPFKLLSDRG WAPLGVTFFNFFTFF
| SCDYLYPVLLVSMKESSTSAARI VNLPDFVAATASPFYSLLVAKTRKLKLSVI GGCAAW
MVCMELFYKYRGGSGSHEGVI AASVI MALSGLLCSNSVI VI LQAMITHSRVAVI TG QYT
FSKLGAAI GASVSGAI WIQTMPNQLYKNLGNDTLAEI AYASPYTFI SDYPWGSPERDAVV
ESYRYVQRI | MTVGALACTVPFFTFTMFMRNPEL I DKATHEEFTEDG.VVLPDEENI FSQ
KAL FRHNRSNKKSGC

SEQ I D NO 54

YLR447C

>sp |P32366 IVAODIYEAST V-type proton ATPase subunit d
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=VMA6
PE=1 SV=2

MEGVYFNI DNGFI EGVYWRGYRNGLLSNNQY! NLTQCDTLEDLKLQLSSTDYGNFLSSVSS
ESLTTSLI QEYASSKLYHEFNYI RDQSSGSTRKFMDYI TYGYM DNVALM TGT| HDRDK
CGEl LORCHPLGWFDTLPTLS VATDLESLYETVLVDTPLAPYFKNCFDTAEELDDWNI EI |
RNKLYKAYLEDFYNFVTEEI PEPAKECMOTLLGFEADRRSI NI ALNSLQSSDI DPDLKSD
LLPNI GKLYPLATFHLAQAQDFEGVRAALANVYEYRGFLETGNL EDHFYQLEMEL CRDAF
TQQFAI STWMAWVKSKEQEVRNI TW AECI AQNQRERI NNYI SVY

SEQ I D NO 55

YML116W

>sp |P13090 |ATRL_YEAST Aminotriazole resistance protein
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) G\=ATR1l
PE=1 SV=2
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MENQSLWWLTESKGEYENETEL PVKKSSRDNNI GESL TATAFTQSEDEMVDSNOKWOINPN
YFKYAWQEYLFI FTCM SQLLNQAGTTQTLSI MNI L SDSFGSEGNSKSW.MASFPLVSGS

FI LI SGRLGDI  YGKKMLLVGYVLVI | WELI CE TKYSGSDTFFI | SRAFQE.A AFVLP
NVLG | GNI YVGGTFRKNI VI SFVGAMVAPI GATLGCLFAGLI GTEDPKQAPWAFYAYSI A

AFI NFVLSI YAl PSTI PTNI HHFSMDW GSVLGVI GLI LLNFVWANQAPI SGANQAYI | VI

LI I SVI FLWFI | YEI RFAKTPLLPRAVI KDRHM Q MLALFFGWGSFG FTFYYFQFQL

NI RQYTALWAGGTYFMFLI WG | AALLVGFTI KNVSPSVFLFFSMVAFNVGSI MASVTPV
HETYFRTQLGIM | LSFGVDLSFPASSI | FSDNLPMEYQGVAGSLVNTVWNYSMSLCLGM
GATVETQUNS DGKHLLKGYRGAQYLG GLASLAGMI SGLYMVES FI KGRRARAAAE YDCT
VA

SEQ I D NO 56

YMRO34C

>sp 1QQ5131 | YM34__ YEAST Uncharacteri zeq mnenbrane protein YMR034C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) G\=YMR034C
PE=1 Sv=1

MKTQYSLI RKI WAHSVTEFLKSQWFFI CLAI LI VI ARFAPNFARDGGLI KGQYSI GYGCV

AW FLQSGLGVKSRSL MANMLNVRAHATI LVLSFLI TSSI VYG-CCAVKAANDPKI DDW/

LI GLI LTATCPTTVASNVI MTTNAGGNSLLCVCEVFI GNLLGAFI TPALVQVFTNRAPFA
YGNPATGNG GAL YGRVMKQVGL SVFVPL FVGQVI QNCFPKGTAYYLGFLKKYH! KI GSY

M_LLI M-SSFSTAFYQDAFTSVSHVCI | FLCFFNLA Y| FFTGLSYLCARPWFI LKLFPH

EPI EGKSTRLYRYSYNI FRPFYYSKEDAI Cl M-CGPAKTAALGVSLI TSQYGDKKEHLGK
LLVPLVLYQVEQVMIANFFVSLFKRW QKDAQADGSESSCANENEEVDLEKI | SI GTGEN
QSVLSNNVPYTQPR

SEQ ID NGO 57

YMRO56C

>sp 1P04710 |ADT1__YEAST ADP, ATP carrier protein 1 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=AACL PE=1 Sv=1
MBHTET QT QQSHFGVDFLMSGVSAAI AKTGAAPI ERVKLLMONQEEM_KQGSLDTRYKG
LDCFKRTATHEG VSFWRGNTANVLRYFPTQALNFAFKDKI KSLLSYDRERDGYAKWFAG
NLFSGGAAGGL SLLFVYSLDYARTRLAADARGSKSTSQRQFNGLLDVYKKTLKTDGLLGL
YRGFVPSVLG | VYRALYFGLYDSFKPVLLTGALEGSFVASFLLGWI TMGASTASYPLD
TVRRRMVMI'SGQT| KYDGALDCLRKI VQKEGAYSL FKGCGANI FRGVAAAGVI SLYDQLQ

LI MFGKKFK

SEQ ID NO 58

YMR253C

>sp| Q04835 |YMB7_YEAST Oncharacterized nmenbrane protein YMR253C
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) G\=YMR2 53C
PE=1 Sv=1
MNPSVPKVMVKRENNTHL L VSKEMNDT SL QL PSTTRSL SPKESNSNEDFNVDGNETTLQRI
SKDYLKPNI GLVLLTVSYFFNSAMVWWSTKVLENDPDDI ANDRQ KPLQ LLVRWI TYI G

TLI1 YMYI NKST | SDVP FGKPE VRKWLVLRGCTGFFGVFAGWYS LMYLTI SDAVL | TFLAP
SLTI FLSW/I LRERFTKVEALGSLI SLLGWLI VRPSFLFGTPELTDSSSQ VESSDPKS

RLI ATLVGLWGVLGVSCVYI | | RYlI GKRAHAI MBVSYFSLI TAI VSFI G NTI PSMKFQ
PHSKKQW LFGNLGVSGFI  FQLLLTMA QRERAGRGSLMIYTQLL YAVFWDVAL YKHWPN

I WSHIGYI | I1 SATLW/I Rl RAANNETTAKDLTPI | DDEENSI PLTEFDLSDSK
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SEQ I D NO 59

YNLO65%W

>sp | P53943 | AQRL_YEAST Probable transporter AQR (OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) G\VAQR1L PE=1 Sv=1
MSRSNSI YTEDI EMYPTHNEQHL TREYTKPDGQTKSEKLNFEGAYI NSHGTLSKTTTREI
EGDLDSETSSHSSDDKVDPTQQ TAETKAPYTLLSYGQKWAWAI LTMCGFWSSLGSPI Y
YPALRQLEKQFNVDENMYNVTVWYLLFQE SPTVSGGELADCFGRRPI | LAGMLI YVI AS

| GLACAPSYGVI | FLRCI QSI @ SPTI Al SSGYWGDFTLKHERGTFVGATSGFVL L GQCF
GSLI GAVLTARWDVRAI FWFLTI GCGSCFLI AFLI LPETKRTI AGNLSI KPKRFI NRAPI
FLLGPVRRRFKYDNPDYETLDPTI PKLDLSSAGKI LVLPEI | LSLFPSG.LFAMATLM_S

S| SSGLSVAPYNYHLVI | GVCYLPGE GGELMGSFFTGRI | DMYFKRKI KKFEQDKANGL
PQDAEI NVFKVRLVCLLPONFLAWAYLLFGASI DKGARI ESI LI TSFVCSYCAMSTLST
STTLLVDL ¥ PTKS STAS SCFNFVRCSLST I R GCFAKVKAAMT VGGT FT FLCALVFFFN F
LMFI PMKYGVKWREDRL L KQQRQSW.NTL AVKAKKGTKRDQNDNHN

SEQ ID NO 60
YNLO70W

>sp | P53507 ITOW_YEAST M tochondrial inport receptor subunit TOW
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN\N=TOW
PE=1 Sv=2

MSFLPSFI LSDESKERI SKI LTLTHNVAHYGN PFVLYLGAHTSNRPNFLNLLSPLPSV

SEQ ID NO 61

YNLO83W

>sp | D6WLO6 | CMC1__ YEAST Truncated non-functional cal ci um bi ndi ng
m tochondrial <carrier SALI-1 OS=Saccharonyces cerevisiae (strain
ATCC 204508 / 5288c) GN=SAL1 PE=1 SV=2

MLLKNCETDKQRDI RYACL FKEL DVKGNGQVTLDNLI SAFEKNDHPLKGNDEAI KMLFTA
VDVNKDSVVDL SDFKKYASNAESQ WNGFQRI DLDHDGKI G NEI NRYL SDLDNQSI CNN

EL NHEL SNEKVNKFSRFFEWAFPKRKANI AL RGQASHKKNTDNDRSKKTTDSDL YVTYDQ
WRDFLLLVPRKQGSRLHTAYSYFYLFNEDVDL SSEGDVTLI NDFI RGFGFFI AGE SGVI
SRTCTAPFDRLKVFLI ARTDLSSI LLNSKTDLLAKNPNADI NKI SSPLAKAVKSL YRQGG

| KAFYVGNGLNVI KVFPESSI KFGSFEVTKKI MITKLEGCRDTKDL SKFSTYI AGGLAGVA
AQFSVYPI DTLKFRVQCAPL DTKLKGNNL L FQTAKDVMFREGGGQ | LQRCHSRYSGHI SL
CCl RFGDFFCLKKMWYCQT GKDPEPTTRSGHSKQPGCT SNGCI QANCRSFCCL SNQSFKN
KTTSPRNI CTSLCV

SEQ I D NGO 62

YNLO95C

>sp | P539321 YNJ5_YEAST Uncharacter ized transporter YNLO95C
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=YNLO95C
PE=1 Sv=1

MVHI TLGQAI W/SVKPI  IKIYLI | GVGFLMAKMSE LTVEATRI | SDI VLTVLLPSLSFNK
| VANI EDKDI KSVA | CLSALLI FGSGFFFAYWWRLFLPVPKQAYGGE LAGGVFPNI SDL

Pl AYLQSVDQGLVFSEEEGNKGVANVI | FLTMFLI Cl FNLGGFRLI ESDFEYNDDESAVR
VSETTKTQPAVSANT TNTDTSERFFSNEQQL FNNKYTARDSL TEAI GTKGENADVPPI SR
RSTNSI APLSLPDTSSNSKI TKPVQVKARNTI ACTQSEESQATRGSNPLDSQSSASTI HS
YNTSESYESSI DTMRARRTASQPRAYNTTTL L EENCL DEKCPKNVSMAAL EPI RSI DVRA
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LPSONIHHLIREY SNVDQYGHORRNSSL RGADMNDVHSI SSNSTLQI IKTANLTRILTSD
ATVSKKDI ETSGESL PQAWWRKFSLTPLLVFFLKNCLRPCSVAVI | ALTVAFI PW/KALFV
TTANTPH SQAPDNAPPL SFFVDFTGYVGAACVPFCGLI LLGATLGRLKI GNLYPGFWKAA

VTLVI LRQCVMVPI  FGVLWCDRLVKAGW/NWIDDRMLLFVI Al SWANLPTMITLI YFTASFT
PPETTAPI QVECVSFFLM.QYPLMVWSLPFLVSYFLKVQWNL

SEQ ID NO 63

YNL121C

>sp | P07213 | TOWO__YEAST M tochondri al i mport receptor subunit TOWO
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) GN=TOWO
PE=1 SvV=2

MKSFI TRNKTAI LATVAATGTAI GAYYYYNQL QQQQORGKKNTI NKDEKKDTKDSQKETE
GAKKSTAPSNPPI YPVSSNGEPDFSNKANFTAEEKDKYAL AL KDKGNQFFRNKKYDDAI K

YYNWAL EL KEDPVFYSNL SACYVSVGDL KKWEMSTKAL ELKPDYSKVL L RRASANEGL G
KFADAMFDLSVLSLNGDFN  DASI EPM.ERNLNKQAMSKLKEKFGDI DTATATPTELSTQP
AKERKDKQENLPSVTSMASFFG  FKPELTFANYDESNEADKEL MNGLSNL YKRSPESYDK
ADESFTKAARL FEEQL DKNNEDEKL KEKLAI SLEHTG FKFLKNDPLGAHEDI KKAI ELF

PRVNSYI YMALI MADRNDSTEYYNYFDKALKLDSNNSSVYYHRGQVNFI LQNYDQAGKDF
DKAKELDPENI FPYI QLACLAYRENKFDDCETLFSEAKRKFPEAPEVPNFFAEI LTDKND
FDKALKQYDLAI ELENKLDGE  YVGA APLVCGKATLLTRNPTVENFI EATNLLEKASKLDPR

SEQAKI GLAQVKLQQEDI DEAI TLFEESADLARTMEEKL QAI TFAEAAKVQQRI RSDPVL

AKKI QETLAKLREQGLM

SEQ ID NO 64

YNL142W

>sp| P41948 | MEP2_YEAST Ammoni um transporter MEP2 (OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) G\=MEP2 PE=1 SV=1
MBYNFTGTPTGEGT GGNSL TTDLNTQFDLANMGW GVASAGYW MVPG GLLYSGLSRKK

HAL SLLWASMVASAVCI FQNFFWGYSLAFSHNTRGNGFI GTLEFFGFRNVL GAPSSVSSL

PDI L FAVYQGM FAAVT GALM. GGACE RARL FPMWFL FLWMTI VYCP | ACHVWNAEGHLV
KLGSLDYAGGL CVHLTSGHGGL VYAL | L GKRNDPVTRKGVPKYKPHSVTSWWLGTVFLWF
GAVFFNGGSAGNATI RAWYSI MSTNLAAACGGEL TWWI DYFRCGRKWI TVGELCSG | AGL

VA TPAAGFVPI WBAWVI GVWTGAGCNLAVDLKSLLRI DDGLDCYSI HGVGGECI GS VLTG
| FAADYVNATAGSY! SPI DGGW NHHYKQVGYQLAG CAALAWTVTVTSI LLLTIMNAI PF
LKLRLSADEEEL GTDAAQ GEFTYEESTAYI PEPI RSKTSAQVPPPHENI DDKI VGNTDA
EKNSTPSDASSTKNTDHI V

SEQ I D NO 65

YOLO20W

>sp | P38967 |TAT2__ YEAST Tryptophan pernmease OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=TAT2 PE=1 Sv=1
MTEDFI SSVKRSNEEL KERKSNFGFVEYKSKQL TSSSSHNSNSSHHDDDNCQHGKRNI FOR
CVDSFKSPLDGSFDTSNLKRTLKPRHLI M Al GGSI GTGLFVGSGKAI AEGGPLGWVI GW
Al AGSQ | GTI HALGElI TVRFPVWGAFANYGTRFLDPSI SFVWSTI YVLQAFFVLPLEI I
AAAMTVQYWNSSI DPVI WAI FYAVI VSI NLFGVRGFGEAEFAFSTI KAI TVCGFI | LCV
VLI CGGGPDHEFI GAKYWHDPGCLANGFPGVL SVLVWASYSLGGE EMICLASGETDPKGL
PSAI KQVFWRI LFFFLI SLTLVGFLVPYTNQNLLGGSSVDNSPFVI Al KLHHI KALPSI V
NAVI LI SVLSVGNSCI FASSRTLCSMAHQGL I PWAFGY! DRAGRPLVG MANSLFGLLAF
LVKSGSMBEVFNW. VAT AGLATCl VWL SI NLSHI RFRLAMKAQGKSL DEL EFVSAVAE WG
SAYSALI NCLI LI AQFYCSLWPI GOW SGKERAKI FFQNYLCALI M_FI FI VHKI YYKCQ
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TOGKWAGVKALKDI  DLETDRKDIDIEIVKQEIAEKKMYLDSRPWYVRQFHEWC

SEQ ID NO 66

YOLO75C

>sp { Q08234 |YO075__ YEAST Uncharacteri zed ABC transporter ATP-bi nding
pr ot ei n/ per nease YOLO75C (OS=Saccharomyces cerevi si ae (strain ATCC
204508 / S288c) GN\N=EYOLO75C PE=1 SVv=3

MSQQRENGDVATEL I ENRLSFSRI PRI SLHVRDLSI VASKTNTTLVNTFSMDL PSGSVVAV
MGGSGSGKTTLLNVLASKI SGELTHNGSI RYVLEDTGSEPNETEPKRAHL DGQDHPI QKH

VI MAYLPQRDVL SPRLTCRETLKFAADLKLNSSERTKKLMVEQLI EELGLKDCADTLVGD
NSHRGLSGGEKRRLSI GTQM SNPSI MFLDEPTTGLDAYSAFLVI KTLKKLAKEDGRTFI

MSI HQPRSDI LFLLDQVCl LSKGNVVYCDKNMDNTI PYFESI GYHVPQLVNPADYFI DLSS

VDS RSDKE EAATQS RLNSL | DHWHDYERTHLQLQAE SYISNAT EIQIONMITRLP FWKQV
TVLTRRNFKLNFSDYVTLI STFAEPLI | GTVCGWN YYKPDKSS | GARTTTACLYASTI L
QCYLYLLFDTYRLCEQDI ALYDRERAEGSVTPLAFI VARKI SLFLSDDFAMIM FVSI TY
FMFGLEADARKFFYQFAVVFL CQL SCSGL SM_SVAVSRDFSKASLVGNMT FTVL SMECGF
FVNAKVMPVYVRW KYI AFTWYSFGTLMSSTFTNSYCTTDNLDECLGNQ LEVYGFPRNW

I TVPAWLLCWSVGYFVWGAI I LYLHKI DI TLQNEVKSKKKI KKKSPTGWKPEI QLLDD
VYHQKDLEAEKGKNI HI T1 KLEDI DLRVI FSAPFSNWKEGNFHHETKEI LQSVNAI FKPG
MINAIMGPSGSGKSSL LNL I SGRLKSSVFAKFDT SGSIMFN DI QVSELMFKNVCSYVSQD
DDHLLAAL TVKETLKYAAALRLHHL TEAERVERTDNL | RSLGLKHCENNI | GNEFVKA S
GGEKRRVTMGVQLLNDPPI LLLDEPTSGLDSFTSATI LEI LEKLCREQGKTI I 1 TIHQPR
SEL FKRFGNVLLLAKSGRTAFNGSPDEM AYFTEL GYNCPSFTNVADFFLDLI SVYNTONE

ONEI SSRARVEKI L SAVWKANVDNESL SPTPI SEKQQYSQESFFTEYSEFVRKPANLVLAY

I VNVKRQFTTTRRSFDSLMARI AQ PGLGVI FALFFAPVKHNYTSI SNRLGLAQESTALY
FVGVLGNLACYPTERDYFYEEYNDNVYGE APFFLAYMILELPLSALASVLYAVFTVLACG
LPRTAGNFFATVYCSFI VTCCGEALG MINTFFERPGFVVNCI S I LSI GTQVSGELMELG
MSRVLKGFNYLNPVGYTSM I I NFAFPGNLKLTCEDGGKNSDGT CEFANGHDVLVSYGLV
RNTOKYLA | VCVAI | YRLI AFFI LKAKLEW KW

SEQ ID NO 67

YOLO77W A

>sp[ P814 51|ATP19 _YEAST ATP synthase subunit K, mitochondri al
OS=Sacchar onyces cerevisiae (strain ATCC 204508 / S288c) GN=ATP19
PE=1 Sv=1

MGAAYHFMEKAI PPHQLAI GTLGLLGLLVVPNPFKSAKPKTVDI KTDNKDEEKFI ENYLK

KHSEKQDA

SEQ ID NG 68

YOL122C

>sp| P38925 iswr1__ YEAST Manganese transporter SMFl  05=Sacchar onmyces
cerevisiae (strain ATCC 204508 / S288c) GN=SMF1 PE=1 Sv=2
MVNVGPSHAAVAVDASEARKRNI SEEVFEL RDKKDSTVVI EGEAPVRTFTSSSSNHERED
TYVSKRQVMRDI FAKYLKFI GPALM/SVAYI DPGNYSTAVDAGASNQFSLLCI | LLSNFI
Al FLQCLCI KLGSVTALDLSRACREYLPRW.NWILYFFAECAVI ATDI AEVI GTAI ALNI

LI KVPLPAGVAI TWDVFLI MFTYKPGASSI RFI RI FECFVAVLVVGVCI CFAI ELAYI P
KSTSVKQVFRGFVPSAQVFDHNG YTAI SI LGATVMPHSLFL GSALVQPRLLDYDVKHGN
YTVSEEQDKVKKSKSTEEI MEEKYFNYRPTNAAI KYCMKYSMVELSI TLFTLALFVNCAI
LVVAGSTLYNSPEADGADLFTI HELLSRNLAPAAGTI FMLALLLSGQSAGVWCTMEEQ V
SEGH | NWKLQ PWORRLATRC IS1IPCLVI SICIGREALS KALNASQWLS | VL PFLVAPL
| FFTCKKSI VKTEI TVDHTEEDSHNHONNNDRSAGSVI EQDGSSGVEI ENGKDVKI VYA

NN# T I TVIAT T VALFLSLLNVYAI VQLGVSHCDI S
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SEQ ID NO &9

YOR079C

>Sp| QL2067 |ATX2_YEAST Metal honeostasis factor ATX2 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=ATX2 PE=1 Sv=1

MKFLGVI LLASFLLI ATFLI GLI PLYYI DKQKSSI VTNQEGADSI SDFTTNADTQTI NDD

VSSYRVKI AVLSQFG GMLLGTSFMLVI  PEG KACVEHDGNVGVNLLI GFLGVYVLDRLV
TLW/SRKQTVYTHDAVKFQSWKDI | NHPRQI WWNL I QNNVVFALFI HGLSDA ALGTTTN

NDSLLI vVLIAIVIHKI PAVLSLTSLM/SRONLMKVEVI CNVFLFASSTPI GYI VLSLLN
LSHSPTMDW SGNLLLMSGGSLL YASFTAFVGGDSHDHDL SVEQEVVL PHDESVYVLI GV

Cl PLVI SYCI SEE

SEQ ID NO 70

YORO87W

>Sp| QL2324 |YVCL__YEAST Cal ci um channel YVClL OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=YVCL PE=1 SvV=2
MVSANGDLHL PI SNEQCMPENNGSLGFEAPTPRQ LRVTLNLKYLI DKVWPI VYDPNDI V
CDHSEI LSPKVWKLAYEACGGNPKDKANKRKYQSVI | FSLLKVCEWYSI LATMEVHNAKL
YETRNLASQQLCKLLI EREETRDLQFLFMQLLLRRYVI NENDEDQEPLNALELAT DIVHCT
TVI GSSGFQRCLKW WRGW VQNGLDPTTFI KDDSLAEVSL I SHFNPVRLKAPVYQNYLQ

M FSFLFLCGLYTLVVNGKDSERVQSFDLLESI FYVFNTGHI LDELTKLYYI GYAHLSFWN
LFNDTTYLI | TFAMGFRANMBVTPLNAKYSSEDWDKI SYRVL SCAAPFVWW\SRLLLYLESQR

FI A M_VI LKHMVKESI VFFFLLFLI M GFTQGFLGLDSADGKRDI TGPl LGNLTI TVLG
LGSFDVFEEFAPPYAAI LYYGYYFI VSVI LLNI LI ALYSTAYQKVI DNADDEYMAL MBQK
TLRYI RAPDEDVYVSPLNLI EVFMIPI  FRI LPPKRAKDLSYTVMI| VYSPFLLLI  SVKET
REARRI KYNRMKRLNDDANEYDTPWDL TDGYL DDDDGL FSDNRNSGVRATQLKNSRSL KL
QRTAEQEDVHFKVPKKWYKNVKKCSPSFEQYDNDDTEDDAGEDKDEVKEL TKKVENL TAV

| TDLLEKLDI KDKKE

SEQ ID NO 71

YOR092W

>sp| @9252 |ECVB_YEAST Protein EC43 OS=Saccharomyces cerevisiae
(strain ATCC 204508 / S288c) GN=ECMB PE=1 Sv=1

MTHI TLGQAI WASVRPI 1 KI YLI | GVGFGLCKMNI LTVQATRSI SDI VLTI LLPCLSFNK

| VANI EDNDI KDVGA | CLTSVI LFATGLGFAFI VRSVLPVPKRWRGG LAGGVFPNI SDL

Pl AYLQSMDQGFI FTEAEGEKGVANVI | FLAMFLI CVFNLGGFRLI ENDFHYKGDDDEEN
TLTNDDSAQQPTQPI EGNSSSSSNQDI LKEPNESTVPNSSQASY! SEKNKKEKTEL SVPK
PTHTAPPAI DDRSSNSSAWSI DSI THSLRTNHVDAQSVSELNDPTYRTRSQPI AYTTES
RTSHVHNNRRNSI TGSLRSI DVRELPAEGVEDLI REYSNVDQYGRRRKSSI SSQGAPSVL
QADGT| SPNLTRTSTLQRVKTSNLTRI | TSDATVSKKDI ETSGSSL PKW. QKFPLTKFFV
FFLKNCLRPCSMAVI LALI | AFl PEVKALFVTTSNT PKI KQAPDNAPALTF I MDFT SYVG
AASVPFGLI LLGATLGRLKI GKLYPGFWKSAVWWLVFLRQCI MPI FGVLWCDRLVKAGALN
VENDKM_LFVTAI TWALPTMTTLI YFTASYTPEDETEPVQVECT SFFLM_QYPLMVVSLP
FLVSYFI KVQWKL

SEQ ID NO. 72
YOR130C

>sp | QL2375 | ORTlI __YEAST Mtochondrial ornithine transporter 1
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) OCN=0ORTL1
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PE=1 S¥=2

MEDSKKKGLI EGAI LDI | NGSI AGACGKVI EFPFDTVKVRLOTQASNVFPTTWSCI KFTY
ONEG ARGFFQGE ASPLVGACLENATLFVSYNQCSKFLEKHTNVSPLGQ LI SGGVAGSC
ASLVLTPVELVKCKLQVANL QVASAKTKHTKVLPTI KAl | TERGLAGLWQGQSGTFI RES
FGGVAWFATYEI VKKSL KDRHSL DDPKRDESKI VEL LI SGGSAGLAFNASI FPADTVKSV
MOTEHI SLTNAVKKI FGKFALKGFYRGLG TLFRAVPANAAVFY! FETLSAL

SEQ ID NO 73

YOR222W

>sp | @9297 |ODC2_YEAST M tochondrial 2-oxodi carboxylate carrier 2
OCS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) G\=0DC2
PE=1 Sv=1

MESDSNAKPLPFI YQFI SGAVAG SEL TVMYPLDVVKTRFQLEVTTPTAAAVGKQVERYN

GVI DCLKKI VKKEGFSRLYRG SSPM_VEAPKRATKFACNDQYQKI FKNLFNTNETTQXKI

S| AAGASAGMTEAAVI VPFELI KI RMQDVKSSYL GPVDCLKKTI KNEG MELYKGE ESTM
VRNALWNGGYFGVI YQVRNSMPVAKTKGQKTRNDLI AGAI GGTVGTMLNTPFDVVKSRI Q
SVDAVSSAVKKYNWCLPSLLVI  YREEGFRAL YKGFVPKVCRLAPGGSL MLWFTGMVNFF
RDLKYGH

SEQ ID NO 74

YOR2 91W

>sp | QL2697 | YPK9 YEAST Vacuol ar cation-transporting ATPase YPK9
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN\=YPK9
PE=1 Sv=1

MDI PSSNQ QHGORSERNRRMPRASFSSTATTSTAATLTSAMVL DONNSEPYAGATFEAV
PSSI VSFHHPHSFQSSNL PSPHSSGNL EQRGRRL TESEPL VL SSAEQSRSSSRNPSHFRF
FTQEQ SNAEGASTLENTDYDVAWDATPAYEQDRI  YGTGLSSRRSS | RS FSRASSL SNAK
SYGSFSKRGRSGSRAPQRLGENSDTGFVYHSATHSSSSL SRYTTRERI Pl ELESQTDEI L
EDESSTHSL ESSDSRRSASENNRGSF SGHDDVHNQHSEYL KPDYHEKFYPQYAPNLHYQR

FYI AEEDLVI G AAYQTSKFWYl | YNLCCFLTFGLVYLLTRW.PHLKVKL YGVKVPLAKA
EVWVI ENEFGEFVI QPI  DRQWYNRPLSTVLPFENYPNPSYEPNDI NLSHHHANEI NPNVP

| LI TFEYRYI KFI ' YSPLDDLFKTNNNW DPDW/DL STVSNGL TKGVQEDRELAFGKNQ N
LRWKTTSEI LFNEVLHPFYVFQVFSI | LWE DEYYYYAAC! FLI SVLSI FDSLNEQKKVS
RNLAEVSHFHCDVRVLRDKFWITI SSSELVPGDI  YEVSDPNI Tl LPCDSI LLSSDCI VNE
SMLTGESVPVSKFPATEETMYQLCDDFQSTQ SSFVSKSFLYNGTN | RARI APGQTAAL
AMWRTGFSTTKGSLVRSM/FPKPTGFKFYRDSFKYI GFMVSLI Al FGFCVSCVQFI KLGL
DKKTM LRALDI | TI VWPPALPATLTI GTNFALSRLKEKG FCl SPTRLNI SGKI DVMCF
DKTGTLTEDGL.DVLGVQ SEPNGVRGKFGELL SDI RQVFPKFSL NDCSSPL DFKSRNFF
VBLL TCHSL RSVDGNL L GDPL DFKMFQF T GASFEEDFQKRAFHSL YEGRHEDDVFPENSE

I 1 PAVVHPDSNNRENTFTDNDPHNFL GVWRSFEFL SEL RRVBVI VKTNNDDVYWSFTKGA
PEVI SEI CNKSTLPADFEEVLRCYTHNGYRVI ACAGKTL PKRTW.YSQKVSREEVESNLE
FLGFI | FONKLKKETSETLKSLQDANI RTI MCTGDNI LTAI  SVGREAGLI QCSRVYVPS |
NDTPLHGEPVI VWRDVNEPDKI LDTKTLKPVKLGNNSVESLRECNYTLAVSGDVFRLLFR
DENEI PEEYLNEI LLNSSI YARVSPDEKHELM QLQKLDYTVG-CGDGANDCGAL KAADV

G SLSEAEASVAAPFTSKI FNI SCVLDVI REGRAALVTSFACFQYMSLYSAI QFI TI TI L
YSRGSNLGDFQFLYI DLLLI VPI Al CVBWEKSYEKI DKKRPSANLVSPKI LVPLLI SVFL
VFLFQFI PW | VQKVBWYI KPI VGGDDAVQSSDNTVLFFVSNFQYI LTAI VLSVGPPYRE
PVSKNFEFI VDI TVSI GASLLLMILDTESYLGKM_QLTPI SNSFTMFI | VWI LNYYAQL
Yl PPSI KGW.KKKKSSKKYKLLI QEEMKLKEV
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SEQ I D NGO 75

YOR306C

>sp | Q8777 {MCH5_YEAST Ri boflavin transporter MCH5 OS=Saccharonyces
cerevisiae {strain ATCC 204508 / S288c) G\:=MCH5 PE=1 SV=2
MSSDSLTPKDTI VPEEQTNQL RQPDLDEDSI HYDPEADDL ESLETTASYASTSVSAKVYT
KKEVNKGT DI ESQPHWEENT SSTHDSDKEEDSNEEI ESFPEGGFKAWNVTFGCFLGLI AC
FGLLNSTGVI ESHLQDNQLSSESVSTI GALFSLFLFVCSASCI | SGTYFDRNGFRTI M V
GTVFHVAGLFATANSTKYWHFI LSFAI VCGFGNG VL SPLVSVPAHYFFKRRGTALANVAT

| GGSVGGVWWFPI MLRSFFSMKSDTDPTYGFVWSE RTLGFLDLALLTLS | | LVKERLPHVI
ENSKDGESRWRY!| LRVYI LQCFDAKAFLDVKYLFCVLGTVFSELSI NSALTYYGSYATSH

G SANDAYTLI M | NVCE PCRWPGYL SDKFGRFNVAI ATLLTLFI VMFVGALPFGTNL
TNMYVI SALYGFCSGSVFSLLPVCCGQ SKTEEFGKRYSTMYFWGFGTLVA Pl TGAI I
S| KTTADYQHY!I | FCALATFVSAVCYI | SRAYCVGFKW/RF

SEQ ID NO 76

YOR316C

>sp| P32798 |COTl __YEAST Cobalt uptake protein COIl OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) G\=COTl PE=1 SV=2
MKLGSKQVKI | SLLLLDTVFFG El TTGYLSHSLALI ADSFHVLNDI | SLVWALWAVNVA
KNRNPDSTYTYGAKRAEI LGALI NAVFLI ALCVSI LI EALQRI | APPVI ENPKFVLYVGY
AGLI SNTVGELFL FHDNDQEHGHGHGHSHGGE FADHEMHMPSSHTHTHAHVDG ENTTPMVD
STDNI SEI MPNAI VDSFMNENTRLL TPENASKTPSYSTSSHTI ASGGNYTEHNKRKRSLN
MHGVFLHVLGDALGNI GVMLSAFFI WKTDYSWKYYTDPLVSLI | TG | FSSALPLSCKAS
Kl LLQATPSTLSGDQVEGDLLKI PG | Al HDFHI WAL TESI FI ASLHI QLDI SPEQFTDL
AKI VRSKLHRYG HSATLQPEFI TREVTSTERAGDSQGDHLQNDPLSLRPKTYGTA SGS
TCLI DDAANCNTADCL EDH

SEQ ID NO 77

YOR334W

>sp | Q01926 | MRS2__YEAST Magnesi um transporter MRS2, mtochondri al
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=MRS2
PE=1 SV=2

MNRRLLVRSI| SCFQPLSRI TFGRPNTPFLRKYADTSTAANTNSTI LRKQLLSLKPI SASD

SLFI SCTVFNSKGNI | SMSEKFPKWSFLTEHSLFPRDLRKI DNSSI DI | PTI MCKPNCI v

| NLLHI KALI ERDKVYVFDTTNPSAAAKL SVLMYDL ESKL SSTKNNSQFYEHRALESI FI
NVMSALETDFKLHSQ Cl Q LNDLENEVNRLKLRHLLI KSKDLTLFYQKTLLI RDLLDEL

L ENDDDL ANMYL TVKKSPKDNFSDLEM_I ETYYTQCDEYVQQSESLI QDI KSTEEI VNI I
LDANRNSLM_LELKVTI YTLGFTVASVLPAFYGWWLKNFI EESEWGFTSVAVFSI VSALY

| TKKNFNSLRSVTKMIMYPNSPANSSVYPKTSASI AL TNKLKRRRKWAKSTKQRLGVLLY
GSSYTNKANL SNNKI NKGFSKVKKFNVENDI KNKQNRDM WKW I EDKKN

SEQ ID NO 78

YPLO78C

>sp | P05626 IATPF _YEAST ATP synthase subunit 4, mtochondri al
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=ATP4
PE=1 SV=2

MBMSMGVRGLAL RSVSKTL FSQGVRCPSMWVI GARYMSSTPEKQTDPKAKANSI | NAI PGN
NILTKTGVLGT SAAAVI YAl SNELYVI NDESI LLLTFLGFTGLVAKYLAPAYKDFADARM
KKVSDVLNASRNKHVEAVKDRI DSVSQLQNVAETTKVLFDVSKETVEL ESEAFEL KQKVE
LAHEAKAVL DSW/RYEASL RQLEQRQLAKSVI SRVQSEL GNPKFQEKVLQQSI SEI EQLL

SKLK
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SEQ ID NO 79

YPL270W

>sp{ P33311 IMDL2_YEAST ATP-dependent pernease WMDL2, nitochondri al
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) GN=MDL2
PE=1 SV=3

MUNGRLPLLRLG CRNMLSRPRLAKLPS | RFRSLVTPSSSQLI PLSRLCLRSPAVGKSLI
LQSFRCNSSKTVPETSLPSASPI SKGSARSAHAKEQSKTDDYKDI | RLFMLAKRDWKLLL

TAI LLLTI SCSI GvSI PKVI G VLDTLKTSSGSDFFDLKI Pl FSLPLYEFLSFFTVALLI
GCAANFGRFI LLRI LSERVWARLRANVI KKTLHQDAEFFDNHKVGDLI SRLGSDAYVWVSR
SMIQKVSDGVKALI CGYWGVGAWICSLSPQLSI LLLFFTPPVLFSASVFGKQ RNTSKDLQ
EATGQLTRVAEEQL SA KTVQSFVAEGNELSRYNVAI RDI FQVGKTAAFTNAKFFTTTSL
LGDLSFLTVLAYGSYLVLQSQLSI GDLTAFMLYTEYTGNAVFGLSTFYSElI MQGAGAASR
LFELTDRKPSI SPTVGHKYKPDRGVI EFKDVSFSYPTRPSVQ FKNLNFKI APGSSVCI V
GPSGRGKSTI ALLLLRYYNPTTGTI TI DNQDI SKLNCKSLRRHI G VQQEPVLMSGT| RD

NI TYGLTYTPTKEEI RSVAKQCFCHNFI TKFPNTYDTVI GPHGTLLSGGKQRI Al ARAL
TKKPTILILDEATSAL DVESEGAINYTFGQLMKSKSM | VSIAHRLST 1 RRSENVI VLCGH
DGSWEMSKFKEL YANPTSAL SQLLNEKAAPGPSDQQLQ EKVI EKEDL NESKEHDDQKK
DDNDDNDNNHDNDSNNQSPETKDNNSDDI EKSVEHL L KDAAKEANPI KI TPQP

SEQ I D NO 80

YPL274W

>sp | Q08986 | SAMB_YEAST S- adenosyl net hi oni ne pernease SaM3
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=SAMB
PE=1 Sv=1

MDI LKRGNESDKFTKI ETESTTI PNDSDRSGSLI RRMKDSFKQSNLHVI PEDLENSEQTE
QEKI QAKLASQPYQKVLSQRHLTM Al GGTLGTGLFI GLGYSLASGPAALLI GFLLVGTS
MFCWQSAAEL SCQFPVSGSYATHVSRFI DESVGFTVATNYALAW.| SFPSELI GCALTI
SYWNQTVNPAVW/AI FYVFI WLNLFGVRGFAETEFALSI | KVI Al FI FI 1 1@ VLI AGG
GPNSTGYI GAKYWHDPGAFAKPVFKNLCNTFVSAAFSFGGSELVLLTSTESKNI SAI SRA
AKGIEWRI Al FYI TTVVI | GCLVPYNDPRLL SGSNSEDVSASPFVI ALSNTGSMGAKVSN
FIMNWVI LVAVWSVCNSCVYASSRLI QAL GASGQLPSVCSYMDRKGRPLVG G SGAFGLL
GFLVASKKEDEVFTWLFALCSI SSFFTWFClI CVBQ RFRVMALKAQGRSNDEI AYKSI LGV
YGE LGCVLNALLI ACGEI YVSAAPVGSPSSAEAFFEYCLSI PI M WYFAHRFYRRDWKH

FYI KRSEl DLDTGCSVENL EL FKAQKEAEEQL| ASKPFYYKI YRFWC

SEQ ID NO 81

YPR003C

>sp 1 P53394 |SULX_YEAST Putative sulfate transporter YPROO3C
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) GN=YPR0O03C
PE=1 Sv=1

MTSNNSL L GRGRMSYSSTAPPRFKRSVDOQRDTFSDNFDYDKDSSNRGRT Yl AASNSTTGV
PPPNNSRSGCTNNTNNTNNTSNTSNTNNNDSVDENTVFETLPYYL PCFSW.PEYTFNKLW
GDVI AG SVASFQ PLALSYTTSI AHVPPLCGLYSLAI SPFVYG LGSVPQM VGPESAI
SLVWGQAVESI TLHKENVSLI DI STVI TFVSGTI LLFSG SRFGFLG\WLSKALLRGFI S
SVGLVM | NSLI SELKLDKFLVSLPQHYHTPFEKI LFLI DYAPAQYHI PTAI FSGCCLI V
LFLTRLLKRKLMKYHKSAI FFPDI LLWWI VTI LI SMKFNLKHRYQ Sl | GDFSIVDNFDEL
KNPLTRPRRKLI PDLFSASLI VAMLGFFESTTASKSLGTTYNLTVSSNRELVALGFMNI V

| SLFGALPAFGGYGRSKI NAL SGAQSVMSGVFMGVI TLI TMNLLLQFVHY! PNCVLSVI T

TI'1 G SLLEEVPGDI KFHLRCGGFSELFVFAVTECTTI FYSI EAG Cl GCVYSI [Nl I KH
SAKSRI Q LARVAGT SNFTNLDDYMVNMKRNSLDVEGTEEI EGCM VRI PEPLTFTNSED
LKQRLDRI ERYGSSKI HPGRKSLRSKDSI KYVI FDLGGMTSI DSSAAQVLEEI | TSYKRR

NVFI YLVNVSI NDKVRRRL FKAGVAASVERAQANNNENNT SNTFSDAGETYSPYFDSI DA
ALYE!l EKMKI KGNNVPNNDSESFMSNTLFNSSLV
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SEQ ID NO 82

YPRO11C

>sp | QL2251 jYPO1 1 YEAST Uncharacteri zed mitochondrial carrier YPRO11C
OS=Sacchar omyces cerevi si ae (strain ATCC 204508 / $S288c) G\=YPROl1l1C
PE=1 Sv=1

MAEVLTVLEQPNSI KDFLKQDSNI AFLAGGVAGAVSRTVVSPFERVKI LLQVQSSTTSYN

RA FSSI RQVYHEEGTKGLFRGNGLNCI Rl FPYSAVQFVVYEACKKKL FHVNGNNGQEQL
TNTQRLFSGALCGGCSVVATYPLDLI KTRLSI QTANLSSLNRSKAKSI SKPPA WQLLSE
TYRLEGGLRGLYRGVW\PTSL GVWPYVALNFAVYEQL REFGYNSSDAQPSVWKSNLYKLTI G

Al SGGVAQTI TYPFDLLRRRFQVLAMGGNEL GFRYTSVWDALVTI GRAEGVSGYYKGLAA
NLFKVWPSTAVSW.VYEVVCDSVRNW

SEQ I D NO 83

YPRO58W

>sp| P32331 | YMC1_YEAST Carrier protein YMCL, nitochondrial
OS=Sacchar omyces cerevisi ae (strain ATCC 204508 / 5288c) G\=YMJ
PE=1 SV=2

VBEEFPSPQLI DDL EEHPQHDNARVVKDLLAGTAGE AQVLVGQPFDTTKVRLQTSSTPT
TAVEVVRKLLANEGPRGFYKGTLTPLI GVGACVSL QFGVNEAMKRFFHHRNADMSSTL SL
PQYYACGVTGAE VNSFLASPI EHVRI RLQTQTGSGTNAEFKGPLECI KKLRHNKALLRGL

TPTI LREGHGCGT YFLVYEAL| ANQVNKRRGLERKDI PAVKL Cl FGALSGTALW.MVYPL
DVI KSVMITDNL QKPKFGNSI SSVAKTL YANGG GAFFKGFGPTMLRAAPANGATFATFE
LAMRLLG

SEQ I D NGO 84

YPR128C

>sp Q6497 |ANT1__YEAST Per oxi sonal adeni ne nucleotide transporter 1
Cb=5acchar omyces cerevisi ae (strain ATCC 204508 / S288c) GN=ANTI
PE=1 Sv=1

M_LTLESALTGAVASAMANI  AVYPLDLSKTI | QSQVSPSSSEDSNEGKVLPNRRYKNVVDC

Ml N1 FKEKGA LALYQGMIVTT VAT FVONFVYFRFWYTFI RKSYMKHKL L GL QSLKNRDGPI

TPSTI EELVLGVAAASI SQLFTSPMAVWATRQQTVHSAESAKFTNVI KDI YRENNGDI TA
FWKGLRTGLALTI NPSI TYASFQRL KEVFFHDHSNDAGSL SAVQNFI LGVLSKM STLVT

QPLI VAKAML QSAGSKFTTFQEALL YLYKNEGLKSLWKGVLPQLTKGVI VQGLLFAFRGE

LTKSLKRLI FLYSSFFLKHNGQRKLAST

SEQ I D NO 85
YPR201W

>sp| Q06598 |ARR3_YEAST Arsenical -resistance protein 3

OS=Sacchar omyces cerevisi ae (strain ATCC 204508 / S288c) GN\N=ARR3
PE=1 Sv=1

VBEDQKSENSVPSKVNWNRTDI LTTI KSLSW.DLM_PFTI [LSIT I AVI | SVYVPSSRH
TFDAEGHPNLMGVSI PLTVGM VMM PPl CKVSVEESI HKYFYRSY! RKQLAL SLFLNW/I
GPLLMTALAWVAL FDYKEYRQE | M GVARCI AMVLI WNQI AGGDNDLCVVLVI TNSLLQ

MVLYAPLQ FYCYVI SHDHLNTSNRVLFEEVAKSVGVFLA PLG G | 1 RLGSLTI AGKS

NYEKYI LRFI SPWAM GFHYTLFVI FI SRGYQFI HEl GSAI LCFVPLVLYFFI AWFLTFA

LMRYLSI SRSDTQRECSCDQEL LLKRVWAGRKSCEASFSI TMITQCFTMASNNFEL SLAI Al

SLYGNNSKQAI AATFGPLLEVPI LLI LAl VARI LKPYYI WANRN
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SEQ I D NO 86

YBRO08C

>sp| P38124 { FLR1_YEAST Fluconazole resistance protein 1
0S=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) G\=FLR1l
PE=1 Sv=1

MVYTSTYRHTI VWDLLEYLGE VSNLETL QSAREDETRKPENTDKKECKPDYDI ECGPNRS
CSESSTDSDSSGSQ EKNDPFRVDWNGPSDPENPONWPL LKKSLVWFQ MLLTCVTYMSS

S1 YTPGQEY! QEEFHVGHVVATLNLSLYVLGYA.GPI | FSPLSETARYGRLNLYMVTLFF
FM FQVGCATVHNI GGELI VMRFI SE LCSPSLATGGGTVADI | SPEMVPLVL GMASAGAV
AAPVLAPLL GAAMDAKNWRFI FW.L MALSAATFI LLAFFFPETQHHNI LYRRALKL RKE
TGDDRYYTEQDKL DREVDARTFLI NTLYRPLKM | KEPAI LAFDLYI AVAYGCFYLFFEA
FPI VFVA YHFSLVEVGELAYMEFCVGCVLAYGFG LNMRI | VPRFRNGTFTPEAFLI VA
MCVCOWCL PLSLFLFGATARVHW LPVI SEVFFVLAVFNI FQATFAYLATCYPKYVASVFA
GNGFCRASFACAFPL FGRAMYDNLATKNYPVAWGSSLVGFLTLGELAI | PRI LYKYGPSLR
TRSSYTEE

SEQ ID NO 87

YBRO21W

>sp| P05316 | FUR4__YEAST Uracil pernmease (OS=Saccharonyces cerevisiae
(strain ATCC 204508 / S288c) GN\N=FUR4 PE=3 SV=2

MPDNL SL HL SGSSKRLNSRQL MESSNETFAPNNVDLEKEYKSSQSNI TTEVYEASSFEEK
VSSEKPQYSSFWKKI  YYEYWWDKSI LGVSI LDSFMYNQDLKPVEKERRVWSWYNYCYFW
LAECFNI NTWQ AATGLQLGLNVWAQCW T1 W GYGFVGAFVWLASRVGSAYHLSFPI SSR
ASFA FFSLWPVI NRVVNVAI VWYSVQAYI AATPVSLMLKSI FGKDL QDKI PDHFGSPNAT
TYEFMCFFI FWAASL PFLLVPPHKI RHLFTVKAVLVPFASFGFLI WAl RRAHGRI ALGSL
TDVQPHGSAFSWAFL RSL MGCVANFSTMVI NAPDFSRFSKNPNSALWSQLVCI PFLFSI T
CLI G LVTAAGYEI YA NYWSPLDVLEKFLQTTYNKGTRAGVFLI SFVFAVAQLGTNI SA
NSLSCGTDMSAI FPKFI NI KRGSLFCAAVALCl CPWALIVATSSKFTMALSAYAI FLSSI A
GWCSDYFWRRGYI KLTHI YSHQKGSFYMYGNRFG NWRALAAYL CGVAPCLPGHI AEV
GAPAI KVSDGAMKL YYLSYW/GYGELSFSSYTALCYFFPVPGCPVNNI | KDKGAFQRWANV
DDFEEEVKDTI ERDDLVDDNI SVYEHEHEKTFI

SEQ I D NO 88

YBR043C

>sp | P38227 |QDR3__YEAST Quinidine resistance protein 3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=QDR3
PE=1 S¥=2

MQAQGSQSNVGSL RSNCSDNSL PNNHVMVHCDESSGSPHSEHNDYSYEKTNLESTASNSR
EHRDNQL SRLKSEEYVVPKNQRRGLLPQLAI | PEFKDARDYPPMVKKM VFLI AFSSIWMG
PMGTSI | FPAINSI TTEFKTSVI MWNVS | GVYLLSLGVFPLWASSLSELEGRRTTYI TSF
ALLFAFNI GSALAPDI NSFI ALRMLCGAASASVQSVGAGTVADL Yl SEDRGKNLSYYYLG
PLLAPLLSPI FGSLLVNRWPWRSTOQANFMWVI LSGCNVI LLTVLLPETLRKQDSKGAI AQ L
AERRI QVDNNERGE! QEDYQRGEDETDRI ENQVATL STEKHNYVGEVRDQDSL DLESHSS
PNTYDGRAGETQLQRI YTEASRSLYEYQLDDSG DATTAQVTRI RSTDPKLARSI RENSL
RKLQTNL EEQVKKVL SSNGGEI APKQVSAVRKVWDTFFVYFI KPLKSLHFLEYPPVALAI
TFSAI SFSTVYFVNMIVEYKYSRPPYNFKPLYI GLLYI PNSVTYFFASI YGGERWDM.LK
RYKEKYQ LAPEARI SWNVWWTSVI SFPI ALLI FGACLDKKCHWTPLI GTALFGYAANVMT

| GATLSYLVDSLPGKGATGVALNNLI RQ LAATAVFVTTPMLNGMGTGMAFTM_AFI VLG
ASSVLI | LKKHGDYWRENYDL(KLYDKI D
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SEQ I D NGO 89

YBR287W

>sp | P38355 | YB8B_YEAST Uncharacteri ,eq transporter YBR287W
OS=Saccharonyces cerevisiae {strain ATCC 204508 / S288c) G\=YBR287W
PE=1 SvV=1

MVETFSFAHLAYLVFESVLQWI | ALAGFWSASSGL L PKQSKI | SLLNVDLFTPCLI FS
KLAKSLSMAKI FEI Al | Pl FFGLTTGA SFI SCKI MSRI LDL DKDETNFVVANSVFGNSNS
LPVSLTLSLAYTLPNLTWDQ PNDNRDNVASRG LYLLI  FQQ GQVL RABWGYNKL MKWS
GENTQHVPPSQVQSLLERTPNI DNEEL VNEEQEEQEL L EEENNRMNSSFL SSSSI GDKI W
QKSCTVFERI RANLNPPLYSM FAVWAAI GPLOQREL FMEDGFI NNTFAEAVTQLGSVSI

PLI LVWLGSNLYPSAEVFPKTVHHSKLLI GSI | GRM LPSCFLLPI | Al AVKYI NVSI LD
DPI FLVWGFLLTVSPPAI QL TQ TQLNEFFEAEMADI LFWGYAVLSLPVSI | VVSGAI YV

LQAANPT

SEQ I D NO 90

YBR295W

>sp | P38360 IATUL__YEAST P-type cation-transporting ATPase
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) G\=PCAl
PE=1 SV=2

MKPEKLFSGLGTSDGEYGVVNSENI SI DAMQDNRGECHRRSI EMHANDNL GLVSQRDCTN
RPKI TPQECLSETEQ CHHGENRTKAGL DVDDAET GGDHTNESRVDECCAEKVNDTETGL
DVDSCCGDAQT GEGDHTNESCVDGCCVRDSSVMWEEVTGSCEAVSSKEQL L TSFEVWPSKS
EGQ.QSI HDI RETTRCNTNSNQHTGKGRLCl ESSDSTL KKRSCKVSRQKI EVSSKPECCNI
SCVERI ASRSCEKRTFKGSTNVGE SGSSSTDSL SEKFFSEQYSRMYNRYSSI LKNLGCI C
NYLRTL GKESCCL PKVRFCSGEGASKKTKYSYRNSSGCL TKKKTHGDKERL SNDNGHADF
VCSKSCCTKMKDCAVTSTI SGHSSSEI SRI VSVEPI ENHLNLEAGSTGTEH! VL SVSGVSE
CTGCESKLKKSFGALKCVHGLKTSLI LSQAEFNLDLAQGSVKDVI KHLSKTTEFKYEQ S
NHGSTI DVWVPYAAKDFI NEEWPQGVTELKI VERNI | Rl YFDPKVI GARDLVNEGWEVPV
S| APFSCHPTI EVGRKHLVRVGCTTALSI | LTI PI LVMAWAPQL REKI STI SASMVLATI

| QFVI AGPFYLNALKSLI FSRLI EMDLLI VLSTSAAYI FSI VSFGYFWGRPLSTEQFFE
TSSLLVTLI MVGRFVSELARHRAVKS| SVRSLQASSAI LVDKTGKETEI NI RLLQYGDI F
KVLPDSRI PTDGTVI SGSSEVDEAL| TGESMPVPKKCQSI  VWAGSVNGTGTLFVKLSKLP
GNNTI STI ATMVDEAKLTKPKI QNI ADKI ASYFVPTI | G TWTFCVW AVG RVEKQSR
SDAVI QAI | YAI TVLI VSCPCVI GLAVPI VFVI ASGVAAKRGVI FKSAESI EVAHNT SHY
VFDKTGTLTEGKL TVWHETVRGDRHNSQSLLLA.TEA KHPVSMAI ASYLKEKGVSAQNV
SNTKAVTGKRVEGT SYSG. KL QGGNCRW. GHNNDPDVRKAL EQGYSVFCFSVYNGSVTAVY
ALEDSLRADAVSTI NLLRQRG SLHI LSGDDDGAVRSMAARL G ESSNI RSHATPAEKSE

Y| KDI VEGRNCDSSSQSKRPVWWFCGDGTNDAI GLTQATI GVHI NEGSEVAKL AADVVML
KPKLNNI LTM TVSQKAMFRVKLNFLWSFTYNLFAI LLAAGAFVDFHI PPEYAGLGELVS
| LPVI FVAI LLRYAKI

SEQ I D NO 91

YBR296C

>sp | P38361 | PHO89 YEAST Phosphate pernease PH089 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=PHO89 PE=1 Sv=1
MALHQFDY!I FAI AMLFAFLDAFNI GANDVANSFASSI SSRSL KYWQAMVLAGL CEFL GAV
LAGARVSGTI KNNI' | DSSI FTNDPAVLM_TMTSAL| GSSCW.TFATAI GWPVSTTHSI VG

GTl GAG AAGGANGYWGBWEGVSQ | ASWFI APl LAGAI AAl VFSI SRFSVLEVKSLERS

| KNALLLVGVLVFATFS | LTMLI VWKGSPNLHLDDL SETETAVSI VLTGAI ASI VYFI FF
YPFYRRKVLDQDWILKLI DI FRGPSFYFKSTDDI PPMPEGHQLTI DYYEGRRNLGT TVSV
EDEENKAASNSNDSVKNKEDI QEVDLVRTETEPETKL STKQYWASL L KQGPKKWPL L FW.
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VI SHGAT QDVI HAQVNDRDM. SGDL KGWERSKFYDNRVEY! YSVLQAI TAATMSFAHGA
NDVANATGPL SAVYVIWKTNT I GAKSEY PVWWLAYGGVALVIGCHTYGYN | | KNLGNKM
LQSPSRGFSI ELAVAI TTVVATQLG PTSTTQ AVGE VAVGL CNKDLKSVNVRWAWCY
SGAFLTLPI AGLI AG | NG | LNAPRFGVEYQMT

SEQ ID NO 92

YCLO38C

>sp| P25568 |ATG22_YEAST Aut ophagy-rel ated protein 22 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / 5288c) G\NAT&2 PE=1 Sv=1
MBYGTI NDIMNESVTNYRI KKAQNNI KGAYAYSFSSEPFVWWSAVSTY! PLLLQQFASI NGV
KVHDHSI PCLSETGSDSDKCVLGLFNNRI  FVDTSSFALYVFSLSVLFQTI | VI SVSGE VD
LWGSVKFKCGRI LVWG VGALSTVAI SKLNDTQ  YSLAGLYI VANGCFGVI NVWGNSLLP
I FVKDSLKCQSQGAYEPDKVDSLTTVI SGRGASLGYSSALI VQ VSMFLVASKKGSKQDV
QVAVLFVA WWFVWQLPM WLI DDVTI Pl RVDDSTLASARSPYPGEQDAL GQLNVKNYL S
YOW/SLFESFKHARLLKDVM FLI AWFI | SDSI TTI NSTAVLFSKAELHVETLNLI M SV
LTWNAMLGAFM PQFLATKFRWISSQTLMYI 11 WASFI PFYd LGFFFNAFGLKHKFEM
FLLAI WG SLGGELSAVSRSVFSLI VPPGKESTFFSMFSI TDKGSSI LGPFLVGEL L TDKT
HNI RYSFYFFFLLLM._SLPVLNCL DVKRGRREAEEL SQVLPESERRLD

SEQ ID NO 93

YCRO11C

>sp | P25371 |ADP1__ YEAST Probabl e ATP-dependent pernease
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN\N=ADp1l
PE=1 SV=2

MGSHRRYLYYSI LSFLLLSCSWWLAKQDKTPFFEGT SSKNSRL TAQDKGNDTCPPCFNCM
LPI FECKQFSECNSYTGRCECI EGFAGDDCSL PLCGGL SPDESGNKDRPI RAQNDTCHCD
NGWGGE NCDVCQEDFVCDAFMPDPSI KGTCYKNGM VDKVFSGCNVTNEKI LQ LNGKI P
Q TFACDKPNQECNFQFW DQLESFYCGAL SDCAFEYDL EQNT SHYKCNDVQCKCVPDTVL
CGAKGSI DI SDFLTETI KGPGDFSCDLETRQCKFSEPSMNDLI LTVFGDPYI TLKCESGE
CVHYSEI PGYKSPSKDPTVSWOGKLVLALTAVMWLALFTFATFYI SKSPLFRNGLGSSKS
Pl RLPDEDAVNNFLONEDDTLATLSFENI TYSVPSI NSDGVEETVLNEI SA VKPGQ LA
| MGGSGAGKTTLLDI LAMKRKTGHVSGSI KVNG SMDRKSFSKI | GFVDQDDFLLPTLTV
FETVLNSALLRLPKALSFEAKKARVYKVLEELRI | DI KDRI | GNEFDRG SGGEKRRVSI
ACELVTSPLVLFLDEPTSG.DASNANNVI ECLVRLSSDYNRTLVLSI HQPRSNI FYLFDK
LVLLSKGEMVYSGNAKKVSEFLRNEGY! CPDNYNI ADYLI DI TFEAGPQGKRRRI RNI SD
LEAGTDTNDI DNTI HQTTFTSSDGT TQREWAHLAAHRDEI RSLLRDEEDVEGTDGRRGAT
El DLNTKLLHDKYKDSVYYAEL SQEI EEVL SEGDEESNVLNGDLPTGQRSAG-LQQALSI L
NSRSFKNMYRNPKLLLGNYLLTI LLSLFLGTLYYNVSNDI SGFQNRMGLFFFI LTYFGFV
TFTGLSSFALERI | FI KERSNNYYSPLAYYI SKI MBEVWPLRVVPPI LLSLI VYPMIGLN
MKDNAFFKCI G LI LFNLG SLEI LTI G | FEDLNNSI | LSVLVLLGSLLFSGLFI NTKN
| TNVAFKYLKNFSVFYYAYESLLI NEVKTLM_LKERKYGLNI EVPGATI LSTFGFVWOQNLY
FDI KI LALFNVVFLI MGYLALKW WEXK

SEQ I D NO 94

YDL0O54C

>sp | Q7376 { MCH1_YEAST Probable transporter MCH OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) G\=MCH1 PE=1 Sv=1

MPL SKVEHYL SYHTRLLLPHVLSLQSSHRVAYI FSLLSAVSTGFI TLI SLYSQPWXHLN

YSSWQ NTI ASMITNLGWLTPPI LGM ADSHGPI TLSLLAI I GFI - PSYSYLAYVFNHPEL
SLGGNGDSSFNLSI | CFVFI A STSALYFSALLTCTKLYPHTKLLSI SLPTTCYd SSW
GSQLLRI KWFWESNASSSSSNSDL NLGRVFQTFALVYWI GLLAW ATSWSLLHFNEEQ
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DNOQKRLDDOQTDVEQS PLLERSNHVQEKFTQTMLRI  FSDPVTY! LAVSILLSLGPLEMFI A
NMGSLTNLLVQLDAPTLSTKLLSTYALSSTFTRLLTG VADFFAKKKI SI KW LLTFLSL
GVCAQLFLLKMI'SSASPWELVPTGSLVAE VYGELFTVYPTLVLLVWAGERSFGTVYGSL LI

APAI GSM FCMLYAKFYDSRCMVSGGGEDL RNPSCI SAVYKYSSI AFVWSAVL SAVWRFWKLK
SRKLRI

SEQ I D NGO 85

YDL100C

>sp QL2154 | GET3_YEAST ATPase CET3 (OS=Saccharonyces cerevisiae
(strain ATCC 204508 / S288c) GN=CGET3 PE=1 SV=1

MDLTVEPNLHSLI TSTTHKW FVGGKGGVGKTTSSCSI Al QVAL SQPNKQFLLI STDPAH

NL SDAFGEKFGKDARKVTGVWNNL SCVEI DPSAAL KDMNDVAVSRANNNGSDGQGDDL GSL
LQGGALADLTGS | PA DEALS FMEVMVKH KRQEQGEGETFDTVI FDTAPTGHTLRFLQLP
NTLSKLLEKFGEI TNKLGPMLNSFMGAGNVDI SGKLNELKANVET! RQQFTDPDLTTFVC

VCl SEFLSLYETERLI QELI SYDVDVNSI | VNQL L FAENDQEHNCKRCQARWKMKKYLD

Q DEL YEDFHVVKMPLCAGEI RGLNNLTKFSQFLNKEYNPI TDGKVI YELEDKE

SEQ ID NO 96

YDL245C

>sp| P54854 |HXT15__YEAST Hexose transporter HXT15 OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) GN=HXT15 PE=1 Sv=1
MASEQSSPEI NADNL NSSAADVHVQPPGEKEWSDGFYDKEVI NGNTPDAPKRGFLGYLI I
YLLCYPVSFGGFLPGWDSAE TAGHI NVDNFKIMNFGSYKHSTGEYYL SNVRMGELL VAMFSY
GCSI GGVAFARLADTLGRRLAI VI WLVYM/GAI | QF SSNHKWYQYFVGKI | YGLGAGGEC
SVLCPMLLSEI APTDLRGGLVSLYQLNMIFG FLGYCSVYGTRKYSNTAQARI PVGLCFL
WALI | | VGVLLVPESPRYLI| ECERHEEACVSI AKI NKVSPEDPW/LKQADEI NAGVLAQR

EL GEASWKELFSVKTKVLQRLI TA LVQTFLQLTGENYFFFYGTTI FKSVGLTDGFETSI
VLGTVNFFSTI | AVMVWWDKI GRRKCLL FGAASMVACWI FASI GVKCL YPHGQDGPSSKG
AGNAM VFTCFYI FCFATTWAPVAY! VWAESFPSKVKSKANMSI STAFNW.WOFLI GFFTP

FI TGSl HFYYGYVFVGCLVAMFLYVFFFLPETI GLSLEEI QLLYEEGQ KPWKSASW/PPS
RRGASSRETEAKKKSWKEVL KFPKSFN

SEQ ID NO 97

YDL24 7w

>sp | POCDO9 | MPH2__ YEAST Al pha- gl ucosi des pernease MPH2
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) G\=MPH2
PE=2 Sv=1

MKNLSFLI NRRKENT SDSNVYPGKAKSHEPSW ENMDDQTKKDGLDI VHVEFSPDTRAPSD
SNKVI TEI FDATEDAKEADESERGVPLATALNTYPKAAAWSLLVSTTLI MEGYDTAI LGA
FYALPI FQRKFGSQNDKTGEVEI SASWQ GLTLCYMAGE! VAL QLTGPSVDLVGNRYTLI

| ALFFLAAFTFI LYFCNSLGM AVGQAL CGVPWECFQCLTVSYASEI CPLALRYYLTTYS
NLCW.FGQLFAAG MKNSQKKYADSEL GYKLPFALQW LPVPLALG FFAPESPWAL VKK
GRFDEARRSL RRTLSGKGPEKEI LVTLEVDKI KVTI DKEKRLTSKEGSYSDCFEDKI NRR
RTRI TCLCWAGQATCGSI LI GYSTYFYEKAGVSTEMSFTFSI | QYCLA CATFLSWMASK
YFGRYDLYAFGLAFQTI VFFI | GALGCSSTHGSKMGSGSLLMAVAFFYNLG APVWIFCLY
SEMPSSRLRTKTI | LARNTYNWSI | CSVLI LYQLNSKKWN\WGAKSGFFWGVLCFCTLI W
AWDLPETAGKTFVEI NELFKLGVSARKFKSTKVDPFVWKTPLKTSLI TTPREI SKLPLQ
RNSNVSHHL
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SEQ ID NO 98

YDRO11W

>sp 1 P32568 | SNQ2_YEAST Protein SNQ@2 O0S=Saccharomyces cerevisiae
(strain ATCC 204508 / S288c) GN=SNQ2 PE=1 SvV=2

MBNI KSTQDSSHNAVARSSSASFAASEESFTA THDKDEQSDTPADKL TKMLTGPARDTA

SQ SATVSEMAPDVVSKVESFADAL SRHT TRSGAFNVDSDSDDGFDAHAI FESFVRDADE

QGI HI RKAGVT IEDv SAKG VDAS ALEGAT FGNI LCLPLT I FKGIKAKRHQKMRZ1I SNVN
ALAEAGEM LVLGRPGAGCSSFLKVTAGElI DQFAGGVSGEVAYDA PQEEMVKRYKADVI
YNGELDVHFPYLTVKQTLDFAI ACKTPALRVNNVSKKEYI ASRRDL YATI FGLRHTYNTK
VGNDFVRGVSGGERKRVSI AEALAAKGSIYCWDNATRGL DASTALEYAKATRIMINLLKS
TAFVTI YQASENI  YETFDKVTVLYSCGKQ YFGLI HEAKPYFAKMGYL CPPRQATAEFLTA
LTDPNGFHLI KPGYENKVPRTAEEFETYW.NSPEFAQVKKDI AAYKEKVNTEKTKEVYDE
SMAQEKSKYTRKKSYYTVSYWEQVKLCTQRGFQRI YGNKSYTVINVCSAIIQSFITGSLE
YNTPSSTSGAFSRGGVLYFALLYYSLMGLANI SFEHRPI LQKHKGYSLYHPSAEAI GSTL

ASFPFRM GLTCFFI | LFFLSGLHRTAGSFFTI YLFLTMCSEAI NGLFEMVSSVCDTL SQ

ANSI SG@ LMVBI SMYSTYM QLPSVHPWFKW SYVLPI RYAFESM_NAEFHGRHVDCANT
LVPSGGDYDNL SDDYKVCAFVGSKPGQSYVL GDDYL KNQFQYVYKHTVRNFG LWCFLLG

YWLKVI FTEYKRPVKGGGDAL | FKKGSKRFI AHADEESPDNVNDI DAKEQFSSESSGAN

DEVFDDLEAKGVFI WKDVCTTI PYEGGKRMLLDNVSGYCI PGTMIALMGESGAGKTTLLN
TLAQRNVG | TGDMLVNGRPI DASFERRTGYVQQQDI HI AEL TVRESL QF SARVRRPOHL
PDSEKMDYVEKI I RVLGVEEYAEALVGEVGCGLNVEQRKKLS I GV ELVAKPDLLLFLDEP

TSGLDSQSSWAI | QLLRKLSKAGQSI LCTI HQPSATLFEEFDRLLLLRKGGOTVYFCDI G
KNSATILNYFERNGARKCDSSENPAEYILEAI GAGATASVKEDWKEKWLNSVEFEQTKEK
VQDLI NDLSKQETKSEVCGDKPSKYATSYAYQFRYVLI RTSTSFWRSLNYI MSKMMLM_VG

GLYI GFTFENVGKSYVGLONAMFAAFT SI I LSAPAMNQN QGRAI ASREL FEVRESQSNIVF

HWELVLI TQYLSELPYHLFFSTI FFVSSYFPLRI FFEASRSAVYFLNYClI MFQLYYVGALG

LM LYMSPNLPSANVI LGLCLSFM_SFCGVTQPVSLMPCFWIFMAKASPYTYFVONLVG

M. HKKPVVCKKKEL NYFNPPNGSTCGEYMKPFLEKATGYI ENPDATSDCAYCI YEVGDNY

LTHI SSKYSYLWRNFGLFWIYIFFN1IAMWCVYYLFHVRQ3  SFLSPVS | LNKIKNIRKKK

Q

SEQ I D NO 99

YDR2 92C

>sp| P32916 | SRPR_YEAST Signal recognition particle receptor subunit
alpha homolog OS=Saccharomyces cerevisiae (strain ATCC 204508 /
S288c) GN=SRP101  PE=1 SV=2

MFDQLAVFTPQGQVLYQYNCLGKKFSEI QF NSFI SQLI TSPVTRKESVANANTDG-DFNL

LTI NSEHKNSPSFNAL FYLNKQPEL YFWTFAEQTLELNQETQQTLALVLKLWNSLHL SE

Sl LKNRQGONEKNKHNYVDI LQGE EDDLKKFEQYFRI KYEESI KQDHI NPDNFTKNGSVP

QSHNKNTKKKL RDTKGKKQSTGNVGSGRKWERDGGVL DEMNHEDAAKL DFSSSNSHNSSQ

VALDSTI NKDSFGDRTEGGDFLI KEI DDLL SSHKDEI TSGNEAKNSGYVSTAFGFLQKHV

LGNKTI NESDLKSVLEKLTQQLI TKNVAPEAADYL TQQVSHDL VGSKTANWT SVENTARE

SLTKALTQ LTPGVSVDLLRElI QGSKRSKKDEEGKCDPYVFSI VGVNGVGKSTNL SKLAFW

LLAONNFKVLI VACDTFRSGAVEQL RVHVENL AQL MDDSHVRGSKNKRGKTGNDYVEL FEA

GYGGSDLVTKI AKQAI KYSRDQNFDI VL MDTAGRRHNDPTL MSPLKSFADQAKPDKI | WV
GEALVGTDSVQQAKN  FNDAFGKGRNL  DFFI | SKCDTVGEML.GTWNWYATG PILFVGV
GQTYTDLRTLSVKWAVNTLMS

SEQ I D NG 100
YDR497C

>sp IP30605 | I TR __YEAST Mo-inositol transporter 1 OS=Saccharonyces
cerevi si ae (strain ATCC 204508 / S288c) OGN=ITRL PE=1 SV=2
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MGI HI PYLTSKTSQSNVCDAVGNADSVEFNSEHDSPSKRGKI TLESHEI QRAPASDDEDR

| Q KPVNDEDDTSVM TFNQSLSPFI | TLTFVASI SGFM-GYDTGY! SSALI SI GTDLDH
KVLTYGEKEI VTAATSLGALI TSI FAGTAADI FGRKRCLMGSNLMFVI GAl LQVSAHTFW
QVAVGRLI MGFGVGE GSLI APLFI SEI APKM RGRLTVI NSLW.TGGQLVAYGCGAGLNY
VNNGARI LVGLSLI PTAVQFTCLCFLPDTPRYYVVKGDLARATEVLKRSYTDTSEEI | ER
KVEELVTLNQSI PGKNVPEKWWNT | KELHTVPSNLRALI | GCALQAl QQFTGANSLMYFS

GTl FETVGFKNSSAVSI | VSGTNFI FTLVAFFSI DKI GRRTI LLI GLPGVTIVALVWCSI A
FHFLGA KFDGAVAVVWSSGFSSWE VI | VFI | VFAAFYALG GTVPWQQSEL FPQNVRG
GISYATATNWAGSLVI ASTFLTM_QNI TPAGTFAFFAGLSCLSTI FCYFCYPELSGLELE
EVQTT LKDGFNI  KAS KALAKKRKQQVARVHELKYE PTCEI | EDI

SEQ I D NO 101

YELOOBW

>sp { P39953 | YEA6__YEAST M tochondrial nicotinam de adenine

di nucl eotide transporter 2 OS=Saccharomyces cerevisiae (strain ATCC
204508 / S288c) GN=YEA6 PE=1 Sv=1

IVNNGDNKT TLENSKNASL ANGNYAI PTKLNRLKKNADPRVAAI S GALS GALSAM_VCPFD
VAKTRL QAQGL ONMTHQSQHYKGFFGTFATI FKDEGAAGLYKGLQPTVLGYl PTLMIYFS
VYDFCRKYSVDI FPHSPFLSNASSAI TAGAI STVATNPI WWKTRLMLQTA GKYSTHYK

Gr | DTFRKI | QQEGAKALYAGLVPALLGVLNVAI QFPLYENLKI RFGYSESTDVSTDVTS
SNFQKLI LASMLSKMVASTVTYPHEI LRTRMQLKSDLPNTVQRHLLPLI KI TYRQEGFAG
FYSGFATNLVRTVPAAVWTLVSFEYSKKYLTTFFQ

SEQ I D NGO 102

YELO27W

>sp | P2551 5] VATL1_YEAST V-type proton ATPase subunit ¢
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=VMA3
PE=1 Sv=1

MTEL CPVYAPFFGAI GCASAI | FTSLGAAYGTAKSGVGAE CATCVLRPDLLFKNI VPVI MA

Gl | Al YGLVWSVLVCYSLGKQALYTGHI QLGAGLSVALSALAAGFAI J VEDAGVRGSS
QQPRLFVGM LI LI FAEVLGALYGLI VALLLNSRATQDWWC

SEQ I D NO 103

YELO65W

>sp 1P39980 1SI TLJYEAST Siderophore iron transporter 1
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=SIT1
PE=3 Sv=1

MDPG ANHTLPEEFEEVVWPEM_EKEVGAKVDVKPTLTTSSPAPSYI ELI DPGVHNI El Y
AEMYNRPI YRVALFFSLFLI AYAYGLDGNI RYTFQAYATSSYSCHSLLSTVNCI KTVI AA
VGQ FFARLSDI FGRFSIM VSI | FYSMGTI | ESQAVNI TRFAVGCCFYQLGLTA | LI L
EVI ASDFSNLNVRLLALFI PALPFI | NTW SGNVTSAI DANVKWG GMAAFI LPLACI PL

G CMLHVRYL ARKHAKDRL KPEFEAL NKLKWKSFCI DI AFVKLDI | GVLLI TVFFGCVLV
PFTLAGELKEEVKTAH I 1vPEVI GFVVVLPLYMLWEI KYSRHPLT PWDL | QDRG FFALL
I AFFI NFNWYMQGDYMYTVLVWAVHESI KSATRI TSLYSFVSVI VGTI LGFI LI KVRRTK

PFI | FG SCW VSFGLLVHYRGDSGAHSGE | GSLCLLGFGAGSFTYVTQASI QASAKTHA
RVAWTSLYLATYNI GSAFGSSVSGAVWINI LPKEI SKRI SDPTLAAQAYGSPFTFI TTY
TWGTPERI ALVVSYRYVQXKI LCI | GLVFCFPLLGCAFMLRNHKLTDSI ALEGNDHL ESKN

TFEI EEKEESFLKNKFFTHFTSSKDRKD
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SEQ I D NO 104

YER019C- A

>sp i P52871{sc6B2__ YEAST Protein transport protein SBH2

OS=Sacchar omyces “cerevi si ae (strain ATCC 204508 / S288c) GN=SBH2
PE=1 Sv=1

MAASVPPGGQRI LQKRRQAQSI KEKQAKQTPTSTRQAGYGGSSSSI LKL YTDEANGFRVD
SLWLFLSVGFI FSVI ALHLLTKFTHI |

SEQ I D NO 105

YER053C

>sp | P40035 | PI C2_YEAST M tochondri al phosphate carrier protein 2
OS=Sacchar onyces cerevisiae (strain ATCC 204508 / S288c) GN\N=PIC2
PE=1 SV=i

MESNKQPRKI QLYTKEFYATCTLGAE I ACGPTHSSI TPLDLVKCRLQVNPKLYTSNLQGF

RKI I ANEGVWKKVYTGFGATFVGYSL QGAGKYGGYEYFKHLYSSW.SPGVTVYLMASATAE

FLADI M_CPFEAI KVKQQT TMPPFCNNVVDGNKKMYAESGGVKAFYKGE VPLWCRQ PYT

MCKFTSFEKI VQKI YSVLPKKKEEWMNALQQ SVSFVGGYLAGQ LCAAVSHPADVIWSKI N
SERKANESMSVASKRI YQKI GFTGLWNGLMWRI VM GTLTSFQALI YDSFKAYVGLPTTG

SEQ 1D NO 106

YER119C

>sp | P40074 |AVT6_YEAST Vacuolar anmino acid transporter 6
OS=Sacchar onyces cerevisiae (strain ATCC 204508 / S288c) GN=AVT6
PE=1 Sv=1

MVASI RSGVLTLLHTACGAQ LAMPYAFKPFCGLI PGVI M VLCGACAMESLFI QARVAKY
VPQGRASFSALTRLI NPNLA VFDLAI Al KCFGVGVSYM VWGEDLMPQ MSVWTRNAW. L

NRNVQ SLI MLFFVAPL SFLKKLNSLRYASWAI SSVAYLCVLVLLHYVAPS DEI LRLKG
Rl SYLLPPQSHDLNVLNTLPI FVFAYTCHHNMVFS I | NEQRSSRFEHVIVKI PLI Al SLALI
LYI Al GCAGYLTFGDNI 1 GNI | MLYPQAVSSTI GRI Al VLLVMLAFPLQCHPARASI HQ
LQHFAEENVSI SATSADEPTVATESSPLI RDSSLDLNEVI EEESI YQPKETPLRGKSFI V
| TCSI LVASYLVAI SVSSLARVLAI VGATGSTSI SFI LPGLFGYKLI GTEHKTAVPLTTK
IFKYTGLLFI WGLI | M TCLTAALKLN

SEQ | D NO 107

YFLO28C

>sp | P43569 | CAF16_YEAST CCR4-associ ated factor 16 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) G\=CAF16 PE=1 Sv=1
MVSQFAI EVRNLTYKFKESSDPSVVDI NLQ PWNTRSLVWGANGAGKSTLLKLLSGKHLC

LDCGKI LVNGL DPFSPL SMNQVDDDESVEDSTNYQT TTYL GTEWCHVSI | NRDI GVLELLK

S| GFDHFRERGERLVRI LDl DVRWRVHRL SDGOKRRVQLAMGLLKPWRVLLLDEVTVDLD

VI ARARLLEFLKWETETRRCS  WYATHI FDGL AKWPNQVYHVKSGKI VDNLDYQKDVEFS
EVVNAKVNGQVAFENDNNKWVI SKVNSLHPLAL EW.KRDNQ PDKEI Gl

SEQ I D NO 108
YFRO4 5%

>sp | P43617 | YFL5_YEAST Uncharacteri zed mitochondri al carrier YFR0O4 5w
OS=Sacchar onyces cerevisiae (strain ATCC 204508 / S288c) GN=YFRO45W
PE=1 SV=3

MANQNSDL YKQ TAGSVAAVFQTTMIYPFEYLKTGLQLQPKGTAFE! | LPQ KSYFVGCS

ALNVAAFGKTI LRFVTFDKLCHSLNNNI DNNDNFOQRLTGYNLLI AGTLTA VESLFI | PF

ENI KTTLI QSAM DHKKL EKNQPVVNAKATFHKVATKSTPVARI EKLL PAVKHMYQT RGP
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AAFVQG/TATTFRQI ANTSIQFTAYTAFKRL LQARN DKAS SVI TGLAT SFTLVAMTQPID
VVKTRMVEONAKTEYKNTLNCMYRI FVQE QIATFWKGSI FRFMKVG SCELTFTVYEQVS
LLLGFSSRS

SEQ I D NO 109

YGL084C

>sp { P53154 | GUP1__ YEAST G ycerol uptake protein 1 OS=Saccharomyces
cerevisiae {strain ATCC 204508 / 5288c) G\=GUP1 PE=1 SvV=1
MBLI SI LSPLI TSEGLDSRI KPSPKKDASTTTKPSLVWKTTEFKFYYI AFLVWWPLMFYAG

L QASSPENPNYARYERL L SQGN. FGRKVDNSDSQYRFFRDNFALL SVLM_VHTSI KRI VL

YSTNI TKLRFDLI FGLI FLVAAHGVNSI RI LAHMLI LYAI AHVLKNFRRI ATI SI W YA

STLFI NDNFRAYPFGNI CSFL SPLDHWRG | PRADVFFNFTLLRVL SYNL DFLERWENL
KKKSPSYESKEAKSAI LLNERARL TAAHPI QDYSLMNY! AYVTYTPLFI AGPI | TEFNDY
VYQSKHTLPSI NFKFI FYYAVRFVI ALLSMVEFI LHFLHVVAI SKTKAVENDTPFQ SM G
LFNLNI | WLKLLI PVWRLFRLWALLDGE DTPENM RCVDNNYSSLAFWRAVWHRS  YNKWVVR
Y1 Yl PLGGSKNRVLTSLAVFSFVAI WHDI ELKLLLWGW. | VLFLLPEI FATQ FSHYTDA
VWYRHVCAVGAVFNI WIMM ANL FG-CL GSDGTKKLL SDMFCTVSGFKFVI LASVSLFI A

VQ MFEI REEEKRHGE  YLKC

SEQ I D NO 110

YGL104C

>sp | P53142 | VPS73_YEAST Vacuol ar protein sorting-associated protein
73 (OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=VPS73
PE=1 Sv=1

M\RI LSSASL L SNVSMPRQNKHKI TKAL CYAI TVASI GSI QFGYHL SELNAPQQVLSCSE

FDI PMEGYPYDRTW.GKRGYKQCI ~ PLNDEQ G VTSVFClI Gd LGSYFATSLAN YGRKF

SSLI NCTLNI VGSLI' I FNSNSYRGLI | GRI LVA SCGSLI VI 1 PLFI KEVAPSGNEGLLG

SMIQ Cl RLGVLLTQAE ALPLTDSYRWRW LFGSFLI AVLNFFMAFI VDESPKW.L AHGR
VTDAKL SL CKLRGVTFDEAAQEI QWL QI ESGDPLI EPTTTNSI SGSNSLVWKYLRDRTN

VKSRHVI TVLLFGQQFCA NSI VLYGTKI | SQLYPQHAI RI NFFI SMVNVLVTI LVSLLI
HSLPRKPLLMTSTVLVSVTAFI MA AMNHNKMNLLI VFSFI YMGVFTMGLNPLPFI | MRE
VSKPQDWLAQRYGTI CNW/GTFI  TAYTFPI | HDVLSGYVFI | FAl | ACSI SAFI VKKVP
ETKRSG

SEQ I D NO 111

YGL114W

>sp| P53134 | YAL4_YEAST Putative oligopeptide transporter YGL114W
OS=5accharonyces cerevisiae (strain ATCC 204508 / S288c) G\YA.114W
PE=1 Sv=1

MPQSTPSQEVQRVPWONKPALKQ TLRATI AQ Al GSLVLTSNFQFGLQTGASMVELPS
ALLACAFFKNI WPL| FPNDRPFSDVENVYVQSMAVAVGT GPLAFGFVGVI PAI EKFLTND
ESGELREQGQSFTFRELLI WETALAFFG FFAVPLRKQVI VREKLPFPSGSATATLI SVL

NGTEIl LQEVSKSEL L EMRQRRLNECPEVL QPNRDPEEADYL MNSSHSEL GDYTATSQDGS

SI LSTGSENYRANI | | LLKTFWSSLYTMWSYFVPVI RSI PVFGKYL SNNYLWNFQPSPA

YI QA | MALPTVSYM.I GCFL GWGVLAPL ARYKRW/PPDADVHDWEEGVQGW LWSSL S

| MVADSWAFI WTVKSI VKFI LI DDKAALLNNI | DDTFQSM_LEEERAI NSSRRNTYVD
GRQDTVRLVSRDNEI EVDSKHLVRYTTVI SGCLVSSI | CI VSI | YLFQ QVI PLYAI | TA

LI LALFLSI LG RALGETDLNPVSA &Kl SQLI FAFI | PRDRPGSVLMNVVSGGE AEASA
QRAGDLMIPDLKTCGHLLGAS PRAQFCAQLI GACWS 11L SSFMYLC YNKVYS | PSEQFRI PT
AVVW DCARLVTGKGLPDKALECSM LGVI FAVLSLI RNTYRDYGYGW LYI PSGVAVGY

G FNSPSFTI ARFI GOWASHFW. KNHRGDLNAKTKM VFSSGLVLGEQ FSVI NMLFI CL

NVPHY
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SEQ ID NO 112

YGL167C

>sp| P13586 |ATC1_YEAST Calciumtransporting ATPase 1 (OS=Saccharonyces
cerevisiae (strain ATCC 204508 / 5288c) GN=PMR1 PE=1 SV=1
MSDNPFNASL L DEDSNRERE| L DATAEAL SKPSPSLEYCTL SVDEAL EKL DTDKNGGLRS
SNEANNRRSL YGPNEI TVEDDESL FKKFLSNFI EDRM LLLI GSAVVSLFMGNI DDAVSI
TLAI FI WTVGFVQEYRSEKSL EALNKLVPAECHL MRCGQESHVLASTLVPGDLVHFRI G
DRIPADIRI| EAl DLSI DESNLTGENEPVHKTSQTI EKSSFNDQPNSI VPI SERSCI AYM
GTLVKEGHGKGE VWGTGTNTSFGAVFEMVNNI EKPKTPLQLTMDKLGKDLSLVSFI VI GM

| CLVGA | QGRSW.EMFQ SVSLAVAAI  PEGLPI | VTVTLALGVLRVAKRKAI  VRRLPSVE
TLGSVNVI CSDKTGTL TSNHMTVSKLWCL DSMSNKL NVL SL DKNKKTKNSNGNLKNYLTE
DVRETLTI GNLCNNASFSQEHAI FLGNPTDVALLEQLANFEMPDI RNTVQKVQEL PFNSK
RKLMATKI LNPVDNKCTVYVKGAFERI LEYSTSYLKSKGKKTEKL TEAQKATI NECANSM
ASEGLRVFGFAKLTLSDSSTPLTEDLI KDLTFTGLI GYNDPPRPNVKFAI EQLL QGGVHI

| M TGDSENTAVNI AKQI G PVI  DPKLSVLSCGDKLDEVMSDDQLANVI  DHVNI| FARATPEH
KLNI VRALRKRGDVWAMIGDGVN  DAPALKLSDI GVSMGRI GTDVAKEASDWL TDDDFST

| LTAI EEGKA FNNI QNFLTFQLSTSVAAL SLVALSTAFKLPNPLNAMQ LW NI LMDGP
PAQSL GVEPVDHEVVKKPPRKRTDKI LTHDVMKRLLTTAACI | VGTVYI FVKEMAEDGKYV
TARDTTMIFTCFVFFDMFNALACRHNTKSI FEI GFFTNKMFNYAVGL SLL GQMCAI Y1 PF

FQSI FKTEKLG SDI LLLLLI SSSVFI VDEL RKLWIRKKNEEDSTYFSNV

SEQ I D NO 113

YGR257C

>sp| P53320 ' MIML___ YEAST M tochondri al carrier protein MM
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) G\:=MIML
PE=1 Sv=1

MBDRNTSNSLTLKERMLSAGAGSVLTSLI LTPMDVWVRI RLQQQQM PDCSCDGAAEVPNA
VSSGSKMKTFTNVGGNLNNAKI FVESACFQEL HCKNSSLKFNGTLEAFTKI ASVEG TS

LVWRG SLTLLMAI PANMVYFSGYEY! RDVSPI ASTYPTLNPLFCGAI ARVFAATSI APLE
LVKTKLQSI PRSSKSTKTWWWVKDLLNETRQEMKMVGPSRAL FKGLEI TLWRDVPFSAI Y
WSSYEL CKERLW.DSTRFASKDANW/HFI NSFASGCI SGM AAI CTHPFDVGKTRWQ SM
MNNSDPKGGNRSRNVFKFLETI WRTEGLAALYTGLAARVI KI RPSCAI M SSYEI SKKVF
GN\KLHQ

SEQ ID NO 114

YHLO35C

>sp | P38735 | VMR1__YEAST ABC transporter ATP-binding protein/pernease
VMR OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c)
G\N=VMRL  PE=2 Sv=1

MGTDPLI | RNNGSFWEVDDFTRLGRTQLLSYYLPLAI | ASI A FALCRSGLSRYVRSAEC
DLVNEYL FGAQEERKEDNSI ERLLRNSNTQANYVNVKKQGRI LKLRHFDI TTI DVKQ DA
KNHGGL TFSRPSTSDHLRKSSEI VLMSLQ | GLSFLRVTKI NI ELTNRDVTTLLLFW.I L
LSLSI LRVYKRSTNLWAI CFTAHTTI W STW PI RSVYI Gl DDVPSQ FYlI FEFVITST
LQPI KLTSPI KDNSSI | YVRDDHTSPSREHI SSI LSClI TWBW TNFI WEAQKNT | KLKDI
WGELSMEDYSI FI LKGFTRRNKHI NNLTLALFESFKTYLLI GVLW/LVNSI VNLLPTI LMK

RFLElI VDNPNRSSSCWMNLAWLYI | GVFI CRLTLAI CNSQGQFVSDKI CLRI RAI LI GEI Y
AKGLRRRLFTSPKTSSDSDSI SANLGTI | NLI SI DSFKVSELANYLYVTVQAVI M | VW
GLLFNFLGVSAFAGQ S| | LVMFPLNFLLANLL GKFQKQTLKCTDQRI SKLNECLONI Rl \%
KYFAVERNI | NEI KSI RQKEL RSLLKKSLVWSVTSFLWFVTPTLVTGVTFAI CTFVQHED
LNAPLAFTTLSLFTLLKTPLDQLSNVLSFI NQSKVSLKRI SDFLRVDDTEKYNQLTI SPD

KNKI EFKNATL TWNENDSDMNAFKLCGLNI KFQI GKLNLI LGSTGSGKSALLLGLLGELN
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LI SGSI | VPSLEPKHDLI PDCEGL TNSFAYCSQSAW. L NDTVKNNI T FDNFYNEDRYNKV
| DACGLKRDLEI LPAGDLTEI GEKG TLSGGEKQRI SLARAVYSSAKHVL L DDCL SAVDS
HTAVW YENCI TGPLMKNRTCI LVTHNVSLTLRNAHFAI VLENGKVKNQGTI TELQSKGL
FKEKYVQLSSRDSI NEKNANRL KAPRKNDSQKI EPVTENI NFDANFVNDGQLI EEEEKSN

GAl SPDVYKWYLKFFGGFKALTALFALYI TAQ LFI SQSWA RHW/NDTNVRI NAPGFAM
DTLPLKGMIDSSKNKHNAFYYLTVYFLI G | QAMLGGFKTMMIFLSGVRASRKI  FNNLLD
LVLHAQ RFFDVTPVGRI MNRFSKDI EGVDQELI  PYLEVTI FCLI QCASI IFLITVITPR
FLTVAVI VFVLYFFVGKWYLTASRELKRLDSI TKSPI FOHFSETLVGVCTI RAFGDERRF

| LENINKI DONNRAFFYLSVTVKWFSFRVDM GAFI VLASGSFI LLNI ANl DSGLAG SL
TYAI LFTDGALW.VRLYSTFEMNMNSVERLKEYSSI EQENYL GHDEGRI LLLNEPSWPKD

GEl El ENLSLRYAPNLPPVI RNVSFKVDPQSKI G VGRTGAGKST | TALFRLLEPI TGC
| KI DGQDI SKI DLVTLRRSI TI' 1 PQDPI LFAGTI KSNVDPYDEYDEKKI  FKALSQVNLI S
SHEFEEVLNSEERFNSTHNKFLNLHTEI AEGGLNLSQGERQLLFI ARSLLREPKI | LLDE
ATSSI DYDSDHLI Q@ | RSEFNKSTI LTI AHRLRSVI DYDRI | VIVDAGEVKEYDRPSEL L
KDERG FYSMCRDSGGLEL LKQ AKQSSKMWK

SEQ ID NO 115

YHLO36W

>sp | P38734 IMJP3__YEAST Lowaffinity methionine permnmease
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=MJUP3
PE=1 Sv=1

MEPL L FNSGKANPSQDVFI DVEVGDI TTKYGSTNTGSFSSMDTVEAQAI KAETARFMVEVP
QGRHLGVFSTWLFVSRI MGSG FAVPSVI LLNTGGNKLI YFAI W/FSAAI AFAGLYLFL
EFGSW PKSGGRKNFLERSFERPRLLI S WFSCYSVLTGYALTGSI VFGKYVLSAFGVTD
DSWEKYVSI SFI | FAVLI HGVSVRHGVFI QNALGGELKLI M VLMCFAGLYTLFFYKSTGQ
VAVWDL PVTQVEKDSLLSVSSI ATAFI SSFFCFSGADTVHTVTSElI KNPVKTLKVSGPLSL

| I CFVCYTMWNVAYLKVLTYEEI VSAGPLVGSVLFTKLFGPRVGEKFI AFSI Al SAASNI

LWI YSI SRVNQElI FKEGYLPFSI HVSKNWPFDAPLPSI SLCGHI TI AW LI LPKEGESF
NYLVSMVDGYGNQFFLLLVAI GLFI WRFKHKNEVPEI RASTFGVLAI | TLSLYM_LMAPFFA
DPSLNRVGFLPPYQ MSLLVI VACFFFW.VKFVLLPKFFHYKLLPKI TYLHDGLI VTEW/
KKPCLC

SEQ I D NO 116

YHRO02W

>sp | P38702 | LEUS__YEAST Mtochondrial carrier protein LEUS
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=LEU5
PE=3 Sv=1

MIRDSPDSNDSYKHI NKNTTQKTSFDRNSFDYI VRSGLAGGE SGSCAKTLI APLDRI KI L
FQTSNPHYTKYTGSLI GLVEAAKHI W NDGVRGFFQGHSATLLRI FPYAAVKFVAYEQ R
NTLI PSKEFESHWRRLVSGSLAGLCSVFI TYPLDLVRVRLAYETEHKRVKLGRI I KKI YK
EPASATLI KNDYl PNWFCHWCNFYRGYVPTVLGM PYAGVSFFAHDL L HDVLKSPFFAPY
SVLEL SEDDEL ERVQKKQRRPLRTWAEL | SGELAGVASQTAAYPFEI | RRRLQVSAL SPK
TMYDHKFQS | SEI AH11FKERGVRGFFVGELSI GYI KVT PMVACS FFVYERMKWAFG

SEQ I D NO 117
YHR096C

>sp P38 695 | HXTS5_YEAST Probabl e glucose transporter HXT5
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=HXT5

PE=1 Sv=1
MSEL ENAHQGPLEGSATVSTNSNSYNEKSGNSTAPGTAGYNDNLAQAKPVSSY! SHEGPP
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KDEL EEL QKEVDKQLEKKSKSDL L FVSVCCL WAFGGFVFGADTGT I SGFVRQTDFI RRF
GSTRANGTTYLSDVRTGLMSI FNI GCAlI GE VL SKLGDMYGRKI GLMITVWVI YSI G |

Q ASI DKWYQYFI GRI | SGLGVGE TVLAPML.I SEVSPKQLRGTLVSCYQLM TFG FLG
YCTNFGTKNYSNSVQW\RVPLGLCFAVWEI FM VGMTFVPESPRYLVEVGKI EEAKRSLARA
NKTTEDSPLVTLEMENYQSS | EAERLAGSASWGEL VTGKPQVFRRTLMGVM QSLQALTG
DNYFFYYGTTI FQAVALEDSFETAI VLGVYWNFVSTFFSLYTVDRFGRRNCLLWGECVGM C
CYWYAS VGVTRLWPNGQDQP SSKGAGNCMIVFACFY | FCFATTWAPVAYVLI  SESYPLR
VRGKAM ST ASACNW WGFLI SFFTPFI TSAI NFYYGYVFMECWFFAYFYVFFFVPETKGL
TLEEVNEMYEENVLPVWKSTKW PPSRRTTDYDL DATRNDPRPFYKRMFTKEK

SEQ I D NO 118

YI LOO6W

>sp | P40556 | YI A6__YEAST Mt ochondri al ni coti nam de adeni ne
dinucleotide transporter 1 OS=Saccharonyces cerevisiae (strain ATCC
204508 / S288c) GN\=YIA6 PE=1 Sv=1
MTQTDNPVPNCGLLPEQQYCSADHEEPL L L HEEQL | FPDHSSQLSSADI | EPI KMNSSTE
Sl | GTTLRKKW/PLSSTQ TALSGAFAGFL SGVAVCPLDVAKTRLQAQGLQTRFENPYYR

G MGTLSTI VRDEGPRGL YKGLVPI VLGYFPTVWM YFSVYEFSKKFFHGE FPQFDFVAQS
CAAl TAGAASTTLTNPI WWVKTRLM.QSNL GEHPTHYKGTFDAFRKL FYQEGFKAL YAGL
VPSLLGLFHVAI HFPI YEDLKVRFHCYSRENNTNSI NLQRLI MASSVSKM ASAVTYPHE
ILRTRMQLKS DIPDS| QRRLFPLI KATYAQEGLKGFYSGFTTNLVRT | PASAI TLVS FEY
FRNRLENI STM/I

SEQ I D NO 119

YI L120W

>sp | P40475 QDR1___YEAST Quinidine resistance protein 1
OS=Saccharomyces cerevisiae {strain ATCC 204508 / S288c) GN=QDR1
PE=1 Sv=1

MTKQQTSVIVRNAS| AKEEREGSDNNNVDRSSSDAI SDNDAERSNSHSEI DNESNFDMWPY
SRFSHKQKMLLWQCAFTGFFSTVAGSI YYPVLTI | ERKFNI TEELANVTI VVYFI FQGV
APS | MGGLADTFGRRPI  VLWAI LAYFCAC | GLACAHNYAQ LALRCLQAAG SPVI AINS
G MGDVTTKVERGGYVGLVAGFQVWGTAFGAL| GAGL SSKWBWRAI FWFLAI GSA CLVF
STLLMPETKRTLVGNGSVTPRSFLNRSLI LHVGSVKKTLHL DDPDPETL EPRTSVDFLAP

LKI LH RElI DI LLS | AGLQFSTWITHQTALTI VLSKKYNLSVAKI GLCFLPAG STLTSI

| SAGRYLNWSYRTRKVKYNRW KEQEL QL MEKYKGDKNKVAEL I HSNSHYAFNLVEARLH
PAFVTLLLSSI GF-TAFGAC!I SVKTPLAAVLCTSAFASLFSNCI LTFSTTLI VDLFPSKAS
TATGCLNLFRCLLSAI FI AALTKMWEKMRYGGVFTFLSAI TSSSSLLLFYLLKNGKQLSF

DRI RANDKSAGRSVGKNSEKVST

SEQ I D NO 120

YI L121W

>sp | PA0474 QDR2___YEAST Quinidine resistance protein 2
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=QDR2
PE=1 Sv=1

MAGATSSI | RENDFEDEL AESMQSYNRETADKLAL TRTESVKPEPEI TAPPHSRFSRSFK

TVLI AQCAFTGFFSTI AGAI YYPVLS VI ERKFDI DEELVNVTVWYFVFQGLAPTFMGGF
ADSLGRRPWLVAI VI YFGACI GLACAQTYAQ | VLRCLQAAD SPVI Al NSGLMEDVTT
RAERGGYVGYVAGFQVLGSAFGAL | GAGL SSRAWGARA| FWFLAI GSA CFLASFLI LPET
KRNI SGNGSVTPKSYLNRAPI LVLPTVRKSLHLDNPDYETLELPTQLNLLAPFKI LKAYE

| Cl LMLVAGLQFAMYTTHLTAL STALSKQYHLTVAKVGLCYLPSG CTLCSI VI AGRYLN
VWNYRRRLKYYQNW. GKKRSKLLEEHDNDLNLVQRI | ENDPKYTFNI FKARLQPAFVTLLL
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SSSGFCAYGANCI TVKAPLAAVLCMSGFASLFSNCI LTFSTTLI VDLFPTKTSTATGCLNL
FRCI LSAVFI AALSKMWEKMKFGGVFTFLGALTSSSSI LLFI LLRKGKELAFKRKKQELG
VN

SEQ ID NO 121

YI L166C

>sp | P40445 1YI @___YEAST Uncharacterized transporter YIL166C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) G\=YIL166C
PE=1 Sv=1

MBVQKEEYDI VEKAQLSVSAESL TSDSESI SHNPFDDFHKAERWRKVYESSGYEGL SKFD
PEFTWIKDEEKKLVRKNMDLKI FLW/FI MFAFLDLI RKNI ARAVSDNFI VDL KMNTNDYNL
GQTVYLVI FLASELPGNLL SKRFGPERVI PVQ VLWSVI Cl TQAGLKNRGQFI ATRCLLG
MVQGGFI PDNI LYLSYYYTGAEL TFRLSFFWCAI PLFQ LGSLLASG | EMRG HNLAGW
QYLFI | EGFLSL SVGVASFYLMRRGPT QT GESAFHKGKSLFTEYEEKI MVNRI LRDDPSK
GDMSNROPVTFKEILYTLTEFDLWPLFIQGI TAFISLQTVGS YLSLILKSLNYSTFLSNI
LAl PGQALLLI NLPLAALLSRKLKEKSLCVGE ANVW/LPFI VSLVALPTDTNPW KYI LL

TA LGALPYTHSI LAGN/SEI SNSVRSRTVGTAL YNMSAQVGAI | ASNMYRNDDKPYYTRG

NKI LLGFTCFNI CMAVATKFYY! SRNKYKDRKWASMIKEEQ NYL DT TKDKGVKRLDYRF

IH

SEQ ID NO 122

YJL133W

>sp | P10566 | MRS3_YEAST M tochondrial RNA-splicing protein MRS3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN\=MRS3
PE=1 Sv=4

MVENSSSNNSTRPI PAI PNDLPDYEAL PTHAPL YHQLI AGAFAG MEHSVMFPI DALKTR

| QSANAKSLSAKNMLSQ SHI STSEGTLALVWKGVQSVI LGAGPAHAVYFGT YEFCKKNLI
DSSDTQTHHPFKTAI SGACATTASDALMNPFDTI KQRI QLNTSASVWOITTKQ YQSEGLA
AFYYSYPTTLVMNI  PFAAFNFVI YESSTKFLNPSNEYNPLI HCLCGSI SGSTCAAI TTPL

DCl KTVLQ RGSQTVSLEI MRKADTFSKAASAI YQVYGNKGFWRGAKPRI VANMPATAI S
WIAYECAKHFLMTY

SEQ I D NO 123

YJL219W

>sp| P40885 IHXT9_YEAST Hexose transporter HXT9 OS=Saccha romyces
cerevisiae (strain ATCC 204508 / S288c) GNeHXT9 PE=1 Sv=1
MSGVNNT SANDL STTESNSNSVANAPSVKTEHNDSKNSLNL DATEPPI DLPQKPLSAYTT

VAI LCLM AFGGFI  FGADTGT T SGFVNLSDFI RRFGOKNDKGT YYL SKVRMAL | VSl RN
GCAl GE VLSKVGDI YGRRI GLI TVTAI YWGA LI Q TSI NKWYQYFI GRI | SGLGVCAE
AVLSPMLI SEVAPKQ RGTLVQLYQMCTMA FLGYCTNYGTKNYHNATQARVGALG.CFA
W TFMWSGMVFVPESPRYLI E  VGKDEEAKRSL SKSNKVSVDDPALLAEYDTI KAG ELEK
LAGNASWSEL L STKTKVFQRVLMGVM QSLQQALTGDNYFFYYGTTI FKSVGLKDSFQTSI

I I GWNFFSSFI AVYTI ERFCRRTCLLWGAASM.CCFAVFASVGVTKLWPQGSSHQDI TS
QGAGNCM VFTMFFI FSFATTWAGGCYVI VSETFPLRVKSRGVAI ATAANWMAGFLIT SFF

TPFI TGAI NFYYGYVFLGCLVFAYFYVFFFVPETKGLTLEEVNT MALEGVPAVKSASW/P
PERRTADYDADAI DHDDRPI YKRFFSS

SEQ I D NO 124
YKLO16C
>sp iP30902 [ ATP7_YEAST ATP synthase subunit d, nitochondri al
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OS=Saccharomnmyces cerevisiae (strain ATCC 204508 / S288c) QI=ATP7
PE=1 SV=2

VBLAKSAANKL DWAKVI SSLRI TGSTATQL SSFKKRNDEARRQL L EL QGSQPTEVDFSHYR
SVLKNTSVI DKI ESYVKQYKPVKI DASKQL QVI ESFEKHAMINAKETESL VSKELKDL QS

TLDNI QSARPFDEL TVDDL TKI KPEI DAKVEEMVKKGKWDVPGYKDRFGNL NVM

SEQ I D NO 125

YKLO 50C

>sp | P35736 | YKFO_YEAST Uncharacteri zed protein YKLO50C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN\=YKLO50C
PE=1 Sv=1

VBLI SALQTTDVESVQTSPEQ TERKAVRVSTL QESL HSSEVMHRAAPETPRSI SNSVHKL
KTl YSTYQQRSGQPL SKEAI FRAKQKYG LNTPANYKTLGLGDSKSESVDLAARLASKRTK
VSPDDCVETAI EQKARGEAFKVTFSKI PLTPPEDVPI TVNLGLKGRRDFLTRLAAQKALA
FSPSL DNSMVKGT SDSSSVKKKRFSGAPI GNEFDANL VNPQHPAGFKSL DL SKVL DGAERR

Al SRVNDRL YPQKVNFKNGL QSSDQSGVSKANKEVFKKGT L EKL EHSAEQFL ESHAGNER
QRL SDQRQYMCAKGAADAVKDL DPKTL EDPDFAAREAQKKL Y1 KQVASPVVLNEAQKLANR
KLQDI DSRDTYM_L FGNQAYNKLAVNI AL QHYSVKQEEKKKI YL GGELWMTIPEEVNAVAK
KLl SPVVNEI DERASRQRDVDKDI ERRSRVL DQEYEDGNSMERAKEQNDGQL LL AMASKQ
QREKEAKKAEEGQRYDQFVQKMNI KL QQKEKEL ENARENRENL RNEL QERL SKNL SGEND
ELNDWNDACERDL KNSSI EHYYAVRSHFDNL GNSERGYDEL L EERSKI QVEI ERLVASI A
EHKTAI HGFGETADAGGAI PAVQK(KI  PTRKDLLDATVNDPLVI SAEMAKEEAEVATEEC
M_KELQVDEM | | RNl MLRECEKKL EEEKETAKRSRRGTEESKNNSNFSRDVI MSTPDNN
EKVTPI GKSASPKDVVKSRFLSTYNTGKDI DSSASARSI TGVSGVLDDGPKTPTSNKENE
L1 DDEVKSYKVHQAVDGT GEDSI ANKRDKSSRPAANSGGSI Tl EQFL FNKNADKQGL SKT
ESVTMKREPVVDQVDSKKGHDF THCNDNGRRSFSGFSQGSI ENDYSNEVT DDQDDQEGSE

| RVRDSNDSNT SPKESFFKEVI

SEQ ID NO 126

YKL120W

>sp | P32332 { CACl _YEAST M tochondrial oxaloacetate transport protein
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) G\=0QAC
PE=1 Sv=1

VBSDNSKQDKQ EKTAAQKI SKFGSFVAGGLAACI AVTVTNPI ELI KI RMQLQGEMSASA
AKVYKNPI QGVAVI FKNEG KGLQKGLNAAYI YQ GLNGSRLGFYEPI RSSLNQLFFPDQ
EPHKVQSVGYNVFSGAASGE | GAVI GSPLFLVKTRLQSYSEFI KI GEQTHYTGWWNGLVT

| FKTEGVKGLFRG DAAI LRTGAGSSVQLPI YNTAKNI LVKNDLMKDGPALHLTASTI SG
LGVAVWMNPWDVI LTRI YNQKGDL YKGPI DCLVKTVRI EGVTAL YKGFAAQVFRI APHTI
MCLTFMEQTMKLVYSI ESRVLGHN

SEQ I D NO 127

YKL14 6%

>sp| P36062 [AVT3__YEAST Vacuol ar amino acid transporter 3
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN\N=AVT3
PE=1 Sv=1

MNGKEVSSGSGRTQSNNNKKNNNGGSTA SHASGSPL TDGNGGENSNGNSRSRSRSRKSSG
TTGGELLKKPPLLVNNEAVHASVPDASHT SCNNGTLEVSI NNPEPHVVDAVARHL I RNPSN
SLQLQGGEDI TRDL YKWINDHPSSPSQYQYPSQPALSTSI  PSQAPSFSNRKRSMSFSAASI
ASSSHL NNNSEANGNPL AAI GLAPAPMIHEEI RAPGGFRRSFI | QKRRKHNVDAPI PNFF
TRNFI EFLTLYGHFAGEDL SEEEEEEEETEEEPEEEAL ETESTQLVSREHGRHPHKSSTV

104



WO 2016/023844 PCT/EP2015/068314

KAVLLLLKSFVGIGVLFL PKAFHNGGWEFSAL CLLSCAL| SYGCFVSL| TTKDKVGVDGY
GDMCERI LYGPKMKFAI LSSI ALSQ GFSAAYTVFTATNLQVFSENFFHLKPGSI SLATY!
FAQVLI FVPLSLTRNI AKLSGTALI ADLFI LLGLVYVYVYSI YYI AVNGVASDTMLMFNK

ADWSLFI GTAI FTFEQ GLLI PI QESMKHPKHFRPSL SAVMCI VAVI FI SCALLCYAAFG
SDVKTWLLNFPQDTSYTLTVQLLYALAI LLSTPLQLFPAI RI LENWIFPSNASGKYNPK
VKW.KNYFRCAI WLTSI LAW/GANDL DKFVSLVGSFACI PLI Yl YPPLLHYKASI LSGT

SRARLLLDLI VIVFGVAVNAYTSWOT IKMWSQ

SEQ I D NO 128

YKL209C

>sp| P12866 ISTE6__ YEAST Al pha-factor-transporting ATPase
OS=Saccharonyces cerevisiae (strain ATCC 204508 / 5288c) GN\=STE6
PE=1 Sv=1

MNFLSFKTTKHYH FRYVNI RNDYRLLM M | GTVATGLVPAI TSI LTGRVFDLLSVFVA
NGSHQGL YSQL VQRSVAVMAL GAASVPVMAL SL TSWWHI GERQGFRI RSQ LEAYLEEKP
MEWYDNNEKL L GDFTQ NRCVEEL RSSSAEASAI TFQNLVAI CALLGTSFYYSWSLTLI |

LCSSP 1ITFFAVVFSRMIHVYSEKENSETSKAAQLLTWSMNAAQLVRLYCTQRL ERKKFK
El | LNCNTFFI KSCFFVAANAG LRFLTLTMFVQGFWFGSAM KKGKLNI NDVI TCFHSC

| MLGSTLNNTLHQ VWLQKGGVAMEKI MTI'LLKDGSKRNPLNKTVAHQFPLDYATSDLTFA
NVSFSYPSRPSEAVL KNVSLNFSAGQFTFI VGKSGSGKSTLSNLLLRFYDGYNGSI SI NG

HNI QT DQKLLI ENI TWEQRCTLFNDTLRKNI LLGSTDSVRNADCSTNENRHLI KDACQ
MALLDRFI LDLPDGLETLI GTGGVTLSGCQRQRVAI ARAFI RDTPI LFLDEAVSALDI VH
RNLLMKAI RHARKGKTT | | LTHELSQ ESDDYLYLMKEGEVWESGTQSELLADPTTTEST
WYHL QNDYSDAKTI VDTETEEKSI HTVESFNSQLETPKLGSCLSNLGYDETDQL SFYEAI
YQKRSNVRTRRVKVEEENI GYALKQQKNTESSTGPQLLSI | Q | KRM KSI RYKKI LI LG
LLCSLI AGATNPVFSYTFSFLLEQ VPSTDGKTGSSHYLAKWSL L VL GVAAADG FNFAK
GFLL DCCSEYW/NMDL RNEVVEKL TRKNVDWF SGENNKASE| SALVLNDL RDLRSLVSEFL
SAMTSFVTVSTI GLI WALVSGAKL SLVCI SMFPLI I1 FSAl YGE LQKCETDYKTSVAQL
ENCLYQ VTNI KTI KCLQAEFHFQLTYHDLKI KMQQI ASKRAI ATGFE SMI'NM VMCI Q

Al'l YYYGLKLVM HEYTSKEMFTTFTLLLFTI MSCTSLVSQ PDlI SRGCQRAASW YRI LD
EKHNTLEVENNNARTVGA AGHTYHGKEKKPI VSI QNLTFAYPSAPTAFVYKNWNFDMFCG

QILA | GESGTGKSTLVLLLTKLYNCEVCKI KI DGTDVNDWAL TSLRKEI SVWEQKPLLF

NGTI RDNLTYGLQDEI LEI EMYDALKYVGE HDFVI SSPQGLDTRI DTTLLSGGQAQRLCI
ARALLRKSKI LI LDECTSALDSVSSSI | NEI VKKGPPALLTMVI THSEQWIVRSCNSI AVL
KDGKVWERGNFDTLYNNRGELFQ VSNQSS

SEQ I D NO 129

YKRO39W

>sp| P11 9145 GAP1__YEAST General am no-acid pernease GAPl
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) G\=GAP1
PE=1 SV=2

MBNTSSYEKNNPDNLKHNG Tl DSEFLTQEPI Tl PSNGSAVSI DETGSGSKWIDFKDSFK
RVKPI EVDPNLSEAEKVAI | TAQTPLKHHLKNRHLQM Al GGAI GTGLLVGSGTALRTGG
PASLLI GAGSTGTM  YAMWNALGELAVI  FPI SGG-TTYATRFI DESFGYANNFNYM. QAL
WWLPLEI VSASI TVNFWGTDPKYRDGFVALFWL.AI VI | NMFGVKGYGEAEFVFSFI KVI T
WGFI | LA | LNCGGEPTGGYI CCKYWHDPGAFAGDTPGAKFKGVCSVFVTAAFSFAGSE
LVGLAASESVEPRKSVPKAAKQVFWRI TLFYI LSLLM GLLVPYNDKSLI GASSVDAAAS
PFVI Al KTHG KGLPSVWNWVI LI AVLSVGNSAI YACSRTMWALAEQRFLPEI FSYVDRK
GRPLVA AVTSAFGLI AFVAASKKEGEVFNW.LAL SGLSSLFTWEE Cl CHI RFRKALAA
QGRGLDEL SFKSPTGYWGSYWGELFMWI | MFI AQFYVAVFPVGDSPSAEGFFEAYL SFPL¥
MYMYI GHKI YKRNVWKLFI PAEKVDI DTGRREVDLDLLKQEI AEEKAI MATKPRWYRI VWNF

Wc
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SEQ I D NGO 130

YLR4A11W

>sp | Q6686 | CTR3_YEAST Copper transport protein CTR3 OS=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) GN=CTR3 PE=1 Sv=1
MMGGSSSTAAKKATCKI SMLWNWYTI DTCFI ARSWRNDTKGKFAGSCI GCFAL VWAQW
LTRFSRQFDVEL LKRQKI KHLASYSPEEYVWKCGEEDAKSDI EEL QGFYNEPSVWKTTLI S

LQKSFI YSFYVWEPRRLNEPEDDL LKKVLSCCTLI TPVDLYPTFLDHM RVTI FVLQNGL

SYI' I MLLEMYYNGYl IISCLI GAI VGRFI FCYEPLGSLGANGSAQGTVSYDKESDDRKCC

L

SEQ I D NO 131

YM_L038C

>sp| Q3697 | YMD8_YEAST Putative nucl eotide-sugar transporter YMS
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YMD3
PE=1 Sv=1

M\RTVFLAFVFGAYFCSI ALSI YNRWWFDPKDGLG GYPVLVTTFHQATLW.LSA Y1 KL
RHKPVKNVL RKNNGFNWSFFLKFLLPTAVASAGDI GLSNVSFQYVPLTI YTI IKSSSIAF
VLLFGCI FKLEKFHWKLALSVI | MFVGVYALM/FKPSDSTSTKNDQAL VI FGSFLVLASSC
LSGLRWYTQLM_RNNPI QTNTAAAVEESDGAL FTENEDNVDNEPVVNL ANNKML. ENFGE

SKPHPI HTI HQLAPI M3 TLLLTSLLVEKPFPG  FSSSI FRLDTSNGGVGTETTVLSI VR

G VLLI LPGFAVFLLTI CEFSI LEQTPVLTVSI VA VKELLTVI FA | | LSERLSGFYNW
LGWLI | MADVCYYNYFRYKQDL L QKYHSVSTQDNRNEL KGFQDFEQL GSKKI APYSI SVD
LTNQEYELDM AQNVSRSSQQV

SEQ I D NO 132
YMR166C

>sp| Q03829 | YMB9 YEAST Uncharacterized mitochondrial <carrier YMRLE6C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YMRL66C
PE=1 Sv=1

MNSWALSSSI Pl | HTPHDHPPTSEGTPDQPNNNRKDDKL HKKRGDSDEDL SPI WHCVWVSG

G GGKI GDSAMHSL DTVKTRQQGAPNVKKYRNM SAYRTI W.EEGVRRGL YGGYMAAMLG

SFPSAAI FFGTYEYTKRTM EDWQ NDTI THLSAGFLGDFI SSFVYVPSEVLKTRLQLQG
RFNNPFFQSGYNYSNLRNAI KTVI KEEGFRSLFFGYKATLARDL PFSAL QFAFYEKFRQL

AFKI EQKDGRDGEL S| PNEI LTGACAGGLAG | TTPMDVVKTRVQTQAPPSQSNKSYSVT
HPHVTNGRPAALSNSI SLSLRTVYQSEGVL GFFSGVGPRFVWISVQSSI MLLLYQMITLRG

LSNAFPTD

SEQ ID NO 133

YMR27 9C

>sp | Q3263 IYMBM__YEAST Uncharacterized transporter YMR79C
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=YMR27 9C
PE=1 sv=1

MFSI FKKKTSVQGTDSEI DEKI TVKAKDKVWWSTEDEEVTTI VSSTKSTQVTNDSPWQODP
TYFSSFGKELMFI ATCMLAQLLNQAGQTHALCl MNVL SKSFNSEANNQAW. MASFPLAAG
SFI LI SGRLGDI YGLKKM.I VGYVI VI VWABI | SGLSKYSNSDAFFI TSRAFQGVA AFI L
PNl MELVGHVYKVGSFRKNI VI SFI GACAPTGGVFGGLFGGELI VTEDPNQAWPWFYAFG
ATFLSLLMAWYSI  PNNVPTNI HGLSVDWIGSALAI | GLI LFNFWWNQAPI VGWDKPYI | V
LLII SVI FLVAFFVYESKYAEVPLLPRAMIKNRHM M LLAVFLOAGSFG WIFYYVSFQ
LNLRHYSPVWW GGT YFVFVI FGSMAAFFVAFSI KRLGPALLLCFSLMAFDAGSI MFSVLP
VEQSYWKLNFAMQAI LCFGVDLSFPASSI | LSDGLPMQYQGVAGSLVNTVI NYSASLCLG
MGGTVEHQ NKSGNDLLKGYRAAVYLGVGLASLGVVI SVTYM.ENLVWNRHRKSEDRSL EA
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SEQ ID NO 134

YNLOO3C

>sp! P38921 | PET8_YEAST Putative mitochondrial carrier protein PETS
OS=Saccharomyces cerevisiae (strain ATCC 204508 / S288c) GN=PET8
PE=1 Sv=1

MNTFFLSLLSGAAAGTSTDLVFFPI DTI KTRLQAKGGFFANGGYKG YRGLGSAVVASAP

GASLFFI SYDYMKVKSRPYI SKLYSQGSEQLI DTTTHMLSSSI GEI CACLVRVPAEVVKQ
RTQVHSTNSSWOTL QS| LRNDNKEGLRKNLYRGWSTTI MREI PFTClI QFPLYEYLKKTWA
KANGQSQVEPWKGAI CGSI AGE AAATTTPLDFLKTRLMLNKTTASLGSVI | Rl YREEGP
AVFFSGVGPRTMA SAGGAI  FLGWETVKSLL SKSFPTAGEMRA

SEQ I D NO 135

YNL2 68W

>sp | P32487 jLYP1__YEAST Lysine-specific pernmease OS=Saccharonyces
cerevisiae (strain ATCC 204508 / S288c) OGN=LYP1 PE=1 SvV=2
MGRFSNI | TSNKWDEKONNI GEQSMQEL PEDQI EHEMEAI DPSNKTTPYSI DEKQYNTKK
KHGSLQGGAI ADVNSI TNSLTRLQVVSHETDI NEDEEEAHYEDKHVKRALKQRHI GM AL
GGTI GTGLFVG STPLSNAGPVGSLI AYl FMGTI VYFVTQSLGEMATFI PVTSSI TVFSK
RFL SPAFGVSNGYMYWFNWAI TYAVEVSVI GQVI EYWIDKVPLAAW Al FW/ | TLMNFF
PVKVYGEFEFW/ASVKVLAI MGYLI YALI | VCGGSHQGP! GFRYWRNPGAWGPA | SSDK
SECRFLGAVSSLI NAAFTYQGTELVAE TAGEAANPRKTVPRAI NKVWFRI VLFYI MSLFF

| GLLVPYNDSRLSASSAVI ASSPFVI SI QNAGTYALPDI FNAVWLI TVWSAANSNVYVGS
RVLYSLARTGNAPKQFGYVTRQGVPYLGVVCTAAL GLLAFLVVNNNANTAFNWLT NI STL
AGLCAWLFI SLAHI RFMQALKHRG SRDDL PFKAKLMPYGAYYAAFFVTVI | FI QGFQAF
CPFKVSEFFTSYI SLI LLAVVFI GCQ YYKCRFI WKLEDI DI DSDRREI EAI | WEDDEPK
NLVEKFWAAVA

SEQ I D NO 136

YNRO55C

>sp| P53389 IHOLI YEAST Protein HOL1 OS=Saccharomyces cerevisiae
(strain ATCC 204508 / S288c) GN=HOLI PE=1 Sv=1

MDKYTNRDHPDYI PGTFNI YSSQNLENG | YESKLKKTSSGVVLI PQPSYSPNDPLNWSS
WRKLAHFGLMAFI TAFTAATSNDAGAAQDSLNE 1YGE SYDSMNTGAGVLFLGI GW5TLFL
APFANLYGRKI TYl VCTTLGLFGALWFALAKRTSDTI WBQLFVE SESCAEAQVQLSLSD

| FFQHQLGSVLTVYI MCTSI GTFLGPLI AGYl SAFTNFRWGAVAVI ISGGLLITI I FGC
EETYFDRGQYMI PLTSCQSGYEDGT TL QNSDNTAVSRRKRHL DAKL STPGAMGEKGVDL S
ETAEFEVNNEEEVTI PETREL| DGSKEHLKPYPKRVAI LTKATNLKGYGFKQYFKYLKI N
LRMFLFPPVWLSGVFWE QDVFLTFYLTTQESAYYEPPWNYSDFGVAI MNVPTLI GAVI G

Cl CAG VSDYFVLWVARHNRG LEAEFRLYFSI ATAI | GPAGLLMFG GTARQAPWQAI ¥
VCGLGFVGFAWGCSGDI AVAYLMDCYPDMWLEGWCTAI | NNTI SCI FTFTCSDW.AASGT
ENTY! ALAVI NFG TAFALPMYYYGKRI RLWTKRWYL QSVNLRDGV

SEQ I D NO 137
YOL158C

>sp | Q08299 | ENB1_YEAST Siderophore iron transporter ENB1
OS=Saccharomyces cerevisiae (strain ATCC 204508 / 5288c) GN=ENB1

PE=1 Sv=1
M_ETDHSRNDNL DDKSTVCYSEKTDSNVEKSTTSGLRRI DAVNKVL SDYSSFTAFGVTFS
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SLKTALLVALFLQGYCTGLGGQ SQS | QTYAANSFGKHSQVGSI NTVKS I VASVWAVPYA
RISDRFGRIECW| FALVLYTIGEI | SAATPTFSGLFAG VI QQFGYSGFRLLATALTGDL
SGLRDRTFAMNI FLI PVI | NTW/SGNI VSSVAGNVAPYKWRWGYG FCI | VPI STLI LVL
PYVYAQYI SWRSGKL PPLKLKEKGQTLRQTLWKFADDI NLI GVI LFTAFLVLVLLPLTI A
GGATSKWREGHI | AM  WGGCLGFl  FLI WELKFAKNPFI  PRVYLGDPTI  YVALLMEFWR
LGLQ ELEYLVTVLM/AFGESTLSAQRI AQLYNFLQSCTNI WG M.HFYPHPKVFWAG

SLLGVI GMGLLYKYRWYDG SGLI GAEl WG AGGM RFPMATLVHASTTHNEMATVTG
LLMBVYQ 1 GDAVGASI AGAIWTQRLAKELI QRLGSSLGMAI  YKSPLNYLKKYPI GSEVRV
QM ESYSKI QRLLI | VS| SFAAFNAVL CFFL RGFTVNKKQSL SAEEREKEKLKI KQQSWL

RRVI GY

SEQ I D NO 138

YOR100C

>sp| QL2289 |CRC1_YEAST M tochondri al carnitine carrier
OS=Sacchar onyces cerevisiae (strain ATCC 204508 / S288c) GN=CRCl
PE=1 Sv=1

MBSDTSLSESSLLKEESGSLTKSRPPI KSNPVRENI KS FVAGGVGGVCAVFTGHPFDLI K
VRCONGQANSTVHAI TNI | KEAKTQVKGTLFTNSVKGFYKGVI PPLLGVTPI FAVSFWGY
DVGKKLVTFNNKQGGSNEL TMGQVAAAGH! SAl PTTLVTAPTERVKWWLQTSSKGSFI QA

AKTI VKEGGE ASLFKGSLATLARDGPGSALYFASYEI SKNYLNSRQPRQDAGKDEPVNI L
NVCLAGGE AGVEBMALAVFPI DTI KTKLQASSTRQONMLSATKEI YLQRGA KGFFPGLGPA
LLRSFPANAATFLGVEMTHSL FKKYG

SEQ I D NO 139

YOR153W

>sp | P33302 | PDR5_YEAST Pleiotropic ABC efflux transporter of multiple
drugs OS=Saccharomyces cerevisiae (strain ATCC 204508 [/ 5288c)
G\=PDR5 PE=1 SV=1

MPEAKLNNNVNDVTSYSSASSSTENAADL HNYNGFDEHTEARI QKLARTLTAQSMONSTQ
SAPNKSDAQSI FSSGVEGVNPI FSDPEAPGYDPKL DPNSENFSSAAVWKNVAHL SAADPD
FYKPYSLGCAWKNL SASGASADVAYQSTVVNIPYKILKSGLRKFQRSKETNT FQILKPMD
GCLNPGELLVVLGRPGSGCTTLLKSI SSNTHGFDLGADTKI SYSGYSGDDI KKHFRGEVWV
YNAEADVHL PHLTVFETLVTVARLKTPQNRI KGVDRESYANHLAEVAMATYGLSHTRNTK

VGNDI VRGVSGGERKRVSI AEVS| CGSKFQCOWDNATRGLDSATALEFI RALKTQADI SNT

SATVAI YQCSQDAYDL FNKVCVLDDGYQ YYGPADKAKKYFEDMGYVCPSRQTTADFLTS
VTSPSERTLNKDMLKKG HI PQTPKEMNDYW/KSPNYKEL MKEVDQRL L NDDEASREAI K

EAHI AKQSKRARPSSPYTVSYMMQVKYLLI RNMARLRNNI GFTLFM LGNCSMALI LGSM

FFKI MKKGDTSTFYFRGSAMFFAI LFNAFSSLLEI FSLYEARPI TEKHRTYSL YHPSADA
FASVLSEI PSKLI | AVCFNI | FYFLVDFRRNGGVFFFYLLI NI VAVFSMSHLFRCVGSLT
KTLSEAMVPASM_LLALSMYTGFAI PKKKI LRASKW Wyl NPLAYLFESLLI NEFHGE KF
PCAEYVPRGPAYANI SSTESVCTVVGAVPGQDYVL GDDFI RGTYQYYHKDKWRGFG GVA
YWFFFFVYLFLCEYNEGAKQKGE! LVFPRSI VKRVKKRGVL TEKNANDPENVGERSDL S
SDRKM_QESSEEESDTYGEI GLSKSEAI FHARNLCYEVQIKAETRRI LNNVDGHWVKPGTL
TALMGASGAGKTTLLDCLAERVTMGVI TGDI LVNG PRDKSFPRSI GYCQQQDLHLKTAT
VRESLRFSAYLRQPAEVSI EEKNRYVEEVI Kl LEMEKYADAVVGVAGEGLNVEQRKRLTI

GVELTAKPKLLVFLDEPTSGE.DSQTAWSI CQL MKKLANHGQAI LCTI HQPSAI LMQEFDR
LLFMQRGEKTVYFCGDLGEGCKTM DYFESHGAHKCPADANPAEWWL EVVGAAPGSHANQD
YYEVWRNSEEYRAVQSEL DWWEREL PKKGSI TAAEDKHEFSQSI | YQTKLVSI RLFQQYW

RSPDYLWSKFI LTI FNQLFI GFTFFi CAGTSLQGLQNQVLAVFMFTVI FNPI LQQYLPSFV
QQRDLYEARERPSRTFSW SFI  FAQI FVEVPWN, LAGT IAYF. | YYYPI GFYSNASAAGQL

HERGAL FWLFSCAFYVYVGSMGELLVI SFNQVAESAANLASL L FTMSL SFCGVMI TPSAMP
RFW FMYRVSPLTYFI QALLAVGYANVDVKCADYEL L EFTPPSGVITCGQYMEPYL QLAKT
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GYL| DENAI DTCSFCQ ST1 NDYLANVNSFYSERWRNYG FI CYl AFNYI AGVFFYW.AR
VPKKNGKL5KK

SEQ 1D NO 140

YOR271C

>sp | QL2029 | FSF1_YEAST Probable nitochondrial transport protein FSFI
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) G\ FSF1
PE=1 Sv=1

MASSVPGPI DLPESRYDLSTYWGERI RHCAEI SDPTMLLTTEKDL AHAREI | SAYRHGELK
ETTPEFVRAKKQLDSTVHPDTGKTVL L PFRMSSNVL SNLWTVGWL TPGLGTAGT VFWIW

ANGQSL NVAVNSANANKSHPNVSTSQLL TNYAAAVTASCGVAL GLNNLVPRLKNI SPHSKLI
LGRLVPFAAVWSAG VNVFLMRGNEI RKG SVFDSNGDEVGKSKKAAFMAVGETAL SRVI
NATPTMWI PPLI LVRLOQRGVLKGKSLGVQTLANLGLI SVTMFSALPFALG FPQRQAI HL

NKL EPEL HCKKDKDGKPI EKVYFNRG

SEQ I D NO 141

YOR273C

>sp 1QL2256 I TPO4_YEAST Pol yam ne transporter 4 OS=Sacchar omyces
cerevisiae (strain ATCC 204508 / 5288c) GN=TP04 PE=1 Sv=1
MPSSLTKTESNSDPRTNI QQVPKALDKNVTNSGNLDSTSSSTGSI TEDEKRSEPNADSNN
MT'GGEPI DPRDL DWDGPDDPDNPHNWSSL KKWYTTMT SAFLCLVWTMGSSL YVSSVPELV
ERYHVSQTLALAGLTFYLLG.STVI GAPLSEVFGRKPVYLFSLPVSM_FTMaVAE.SNGHM

Rl | LPLRFLSGVFASPALSVGSGTI LDl FDVDQVSVAMIYFVLSPFLGPVLSPI MAGFAT
EAKGARWSEW QLI AGGLI LPFI ALMPETHKG | LRKRAKKRNI AL KKFSREAQKEFLKT
TVTI TI LRPLKMLWVEPI VFVFSVYVAFI FAI LFGFFEAYAVI YRGVYHVEMSE SGLPFI

G GVGLW GAFFYLYI DRKYLFPKPPAGT QPL TEKERTSKRTTPYRGARDAETGELLPWV
PEKFLI ACKFGSVALPI GLF%' QAW ARSDVHWWAPVAAGVPFG-GLI LI FFSVLMYFSTC
YPPLTVASCLAANNLLRYVMSSVFPLFTI QW TKMKI KWASTLFALVCWM Pl PRVFEK
WGSKL RHKSQFGYAAMEKEAETEGGE DDVNAVDGEL NL TRMT TLRTMETDPSTREKPGER

L SLRRTHTQPVPASFDREDGQHAQNRNEPI SNSL YSAI KDNEDGYSYTEMATDASARMW

SEQ I D NGO 142

YOR307C

>sp| P22215 | SLY41 YEAST Uncharacteri zed transporter SLY4l
OS=Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN=SLY41
PE=1 SV=2

M QTQSTAI KRRNSVHKNLFDPSLYQ PEPPRGGFQHKKEYSKETFSNQVFGYDI TSLK
KRFTQLFPSNI QGYLPEVDLRI TI | CSI WYVTSSI SSNLSKAI LRTFNHPI ALTELQFLV
SAVLCVGFASI VNLFRLPRLKHTKFSKALNSFPDG LPEYLDGNFRSSI LHKFLVPSKLV
LMITFPME FQFI GHI TSHKAVSM PVSLVHSVKALSPI | TVGYYKFFEHRYYNSMTYYT
LLLLI FGVYMITCWSTHGSKRASDNKSGSSLI GLLFAFI SM I FVAQNI FAKNI1 LTI RRKV
G LPSSSTDDVTSKEGQPSL DKTRFSPLQVDKI Tl LFYCSCl GFSLTLLPFLTGELMHGG
SVI NDLTLETVALVAI HG AHFFQAMLAFQLI GLLSSI NYSVANI MKRI WI SVALFWET
KLNFFQVFGVI LTI AGL YGYDKWGEL SKKDGRQA

SEQ I D NGO 143

YOR332W

>sp | P22203 | VATE_YEAST V-type proton ATPase subunit E

CS- Saccharonyces cerevisiae (strain ATCC 204508 / S288c) GN\=VMVA4
PE=1 SvV=4

MESAI TALTPNQVNDEL NKMQAFI RKEAEEKAKEI QLKADQEYEI EKTNI VRNETNNI DG
NFKSKLKKAM.SQQ TKSTI ANKVRLKVLSAREQSLDGE FEETKEKLSGAE ANNRDEYKPI

LQSLI VEALLKLLEPKAI VKALERDVDLI ESMKDDI MREYGEKAQRAPL EEI VI SNDYLN
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KDLVSGGVVVSNASDKI ElI NNTLEERLKLLSEEALPAI RLEL YGPSKTRKFFD

SEQ ID NO 144

YOR34 8C

>sp| P153801 PUT4_YEAST Proline-specif ic pernmease OS=Saccharomyces

cerevi si ae

(strain ATCC 204508 / S288c)

G\=PUT4 PE=1 SV=2

MVNI LPFHKNNRHSAGVVTCADDVSGDGSGGEDTKKEEDVVQVTESPSSGSRNNHRSDNEK
DDAl RVEKI SKNQSASSNGTI REDLI MDVDL EKSPSVDGDSEPHKL KQGL QSRHVQLT AL

GGAl GTGLLVGTSSTLHTCGPAGLFI SYI | | SAVI

YPI MCAL GEMVCFLPGDGSDSAGST

ANLVTRYVDPSLGFATGANYFYCYVI LVAAECTAASGVYWEYW TAVPKGVW TI FLCVWV

I LNFSAVKVYGESEFWFASI KI LCI VGLI

LTGGSLGNFTDI YTA | KGAFAFI LGPELVCMI SAECADQRRNI

LGTLAI SVI VPYNDPTLVNALAQCGKPGAGSSPFVI G QNAG KVLPHI

| LSFI LFWGEGGPNHDRL GFRYWOHPGAFAHH
AKASRRFWRL|
I NGC I LT SAWGA

FFYV

ANAFMFASTRSL L TMAQT GQAPKCLGRI NKWGVPYVAVGVSFL CSCLAYLNVSSSTADVF
NWFSNI STI SGFLGWMCGC! AYLRFRKAI FYNGL YDRLPFKTWEQPYTVWFSLIVIA | T
I TNGYAI| FI PKYWRVADFI AAYI TLPI FLVLWFGHKLYTRTVWROMNALPVSEI DVTTGLVE
| EEKSREI EEMRLPPTGFKDKFLDALL

SEQ ID NO 145

YPLO36W

>sp| P19657 IPMA2_YEAST Pl asma nenbrane ATPase 2 OS=Saccharonyces

cerevi si ae

(strain ATCC 204508 / S288c)

G\=PMA2 PE=1 SV=3

VBSTEAKQYKEKPSKEYL HASDGDDPANNSAASSSSSSSTSTSASSSAAAVPRKAAAASA
ADDSDSDEDI DQLI DEL QSNYGEGDESGEEEVRT DGVHAGORVVPEKDL STDPAYGLTSD
EVARRRKKYGLNQVAEENESL | VKFLMFFVGPI QFVVEAAAI LAAGL SDVWDVGVI CALL
LLNASVGFI QEFQAGSI VDELKKTLANTATVI RDGQLI EI PANEVVPCEI LQLESGTI AP
ADGRI VTEDCFLQ DQSAI TGESLAAEKHYGDEVFSSSTVKTGEAFMYWTATCGDNTFVGR
AAALVGQASGVEGHFTEVLNG G | LLVLVI ATLLLVWACFYRTVG VSI LRYTLA TI

| GVPVGELPAVTTTNMAVGAAYLAKKQAI VKL SAI ESLAGVEI LCSDKTGTLTKNKLSLH

EPYTVEGVSPDDLM.TACLAASRKKKGLDAI

DKAFLKSLI EYPKAKDAL TKYKVLEFHPF

DPVSKKVTAVVESPEGERI VCVKGAPL FVLKTVEEDHPI PEDVHENYENKVAELASRGFR
ALGVARKRCGEGHVEI L GVMPCIVDPPRDDTAQTT NEARNLGLRI KMLTGDAVG AKETCRQ
LGLGINI YNAERL G GGGGDVPGSEL ADFVENADGFAEVFPQHKYRVVEI LONRGYLVAM
TGDGVNDAPSLKKADTG AVEGATDAARSAADI VFLAPGLSAI

VVYRI ALSLHLEI FLGLW Al LNNSLDI NLI VFI Al
LPRLWGEVSI | LA VLAl GSW TLTTMFLPNGGE

| DALKTSRQ FHRMYSY
FADVATLTI AYDNAPYAPEPVKVWN
| QNFGAMNGVMFLQ SLTENW.I FVTR

AAGPFWSSI PSWQLAGAVFAVD! | ATMFTLFGANSENWTDI VSVWRVW WSl G FCVLGG
FYYI MBTSQAFDRL MNGKSL KEKKSTRSVEDFVAAMOQRVSTQHEKSS

SEQ ID NO 146

YDL198C
MPHTDKKQSG
SEPLGKRLFT
RSAAAGSLI G
NAPGSFALFG
RNFDNPESGL

LARLLGSASA
LFPGLGYAAS
| GEl VLLPLD
GNAFAKEYI L
RI VKNTLKNE

SEQ I D NO. 147

YFLO54C

MSYESGRSSS SSESTRPPTL
TGGSSRNKLS  ALTPLKKWD
LSRGVNQGNS  NNYVDPLYRQ
SRASSRRGST DI SRGGSTTS

G MElI AVFHP VDTl SKRLMS
YKVLQRVYKY  GGQPFANEFL
VLKI KRQTNP  ESFKGRGFI K
GLKDYSQATW SQNFI SSI VG
GVTAFFKGALT PKLLTTGPKL

KEEPNGKI AW EESVKKSREN
ERKDSVQPQV PSMGFTYSLP
LNPTMGSSRN  RPVWBLNQPL
VKDWKRLLRG AAPGKKL GDI

110

NHTKI TSGQE
NKHYKKDFDN
| LRDEGLFNL
ACSSLI VSAP
VFSFALAQSL

NENDSTLLRR
NLKTLNSFSD
PHVLDRGLAA
EAQTQRDNTV

LNRVI FRDHF
LFGEKTGKAM
YRGAGAWTAAR
LDVI KTRI QN
| PRFDNLLSK

KLGETRKAI E
AEQARI MDY
KM QKNVDAR
GADVKPTKLE
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PENPQKPSNT
TKLPEELI EE
VI FGVGENLQ
FPVWKKVPVYI

RNAFFDEFI G
RDLGPRI FAS
DNGY! ENRVG

HI ENVSRKKK
ENKSTSALDG
ATVTKGSGES
VAQ | GAYFG
AS| LVGCLMA
M GYGPHAFH
KLLHAEFHON

SEQ ID NO 148

Oryza sativa

MDSGYSSSYA
RPALAPLVAF
CADW/I VDVF
AAAPTFEVAR
Pl TFLGLMPP
AGTRFLWALR
NSTI EGLMFG
VEEESSKVFQ

sequence
AAAGVHWVI C
VALPLPRVEG
HHWAAAAAL E
MKLI RTKGSS
LHEGRREDGE
KPTGVSDADL
HPLI MLPI FG
AKAKKLCEI V

SEQ I D NO 149

Synechococcus

MVAQTFNLDT
LAGGSVEQAM
LAYAFEH . A3
SHKTGALLEA

GKDQAAAKAT

sp.
YLSQRQQQVE
PTACALEM H
QTRGVPPQLV
SWSGE LAG
YPSLLGLEAS

SEQ I D NO 150
Zea mays truncated CDPS

MAQHTSESAA
SAYDTAWGL
L TRWSLEPEM
QALQE YSSR
TAYALMNTGD
QCVDYVNRHW
VGBNQAVTG
EWWYTLDFPW
QALHQLEWQG
NAVSTHLRNS
Pl HGGDPEDI

| EI SAGRAAG
REFVQYLLRL

VAKGSSLTPI

VPRLDGGEGP
RGRGLSFLGR
El KMKRI PKE
DRCFSYI DRT
TEDG CWARN
MYNLNRASQI

YGNLPRVEAR
LKRWYTENRL
PSFRERLEHS
| HKLLRSAWA
EAASEDGDRR
GEKKTGSSET

SEQ I D NO 151
Arabi dopsis thaliana KS (simlar

MBI NLRSSGC
VAWPSPSSQ
G GERQ NKG
| RKRDLDLKC
TQFGNDGCLR
TYRYW.RGDE

SSPI SATLER
NAPL FPQCVK
LQFI ELNSAL
DSEKFSKGRE
YLCSLLCKFE
El CLDLATCA

RTSHNVNFSL
NElI GASEDED
YESLSFAWGF
GAMAYGYFW6
LLDDSNAPPG
L THWANWGA
DGTVSDESGV

GDESYASSI A
ADI MTFPNFW
GCMLGVYVAG
S| TEFEGGPH
NGMTALI | GF
WGEGEPI AGE A
NSNSNTGSKK

encodi ng EUGT11

PW.AFGHLLP
LPDGAESTND
HKVPCAMVL L
GVBLAERFSL
DATVRW L DAQ
LPAGFEERTR

DQGPNARLI E
ADVACHERYI

GGPPS

EALSAALVPA

TMVSLI HDDLP
LQVI ARI GHA
ADEELLARLS

RQKAEELI QS

VRTDAESRRT
QFPAAVRW R
NMAKL ATEDE
VVHTVPTSI L
VKKFNGGVPN
SDVKEVDDTA
SFPGEDVLHR
DYLEQYGGGED
KDFGVAQEDA
LRCRPSEETD
EVWREKADAA
Il QLTGSI CD
RQTFLSI VKS

GLDSEVQTRA
WL DNQHEDG
VTDETI QKPT
AYLAYVLEGT
AAVPSVYPFD
LAFRLLLAHG

CLDLAQRLAS
VPHDRPDWE
GSAHV | ASIA
TLSRSSLWG
PAKSVWYVAL
GRGWATRW/
AKNAGLQVAR
DGFl QQLRSY

YPERI YEAMR

ANMDNDDFRRG
VAATGELVGEQ
HYARDI GLAF
AKEALRPYGS

RWPTDDDDAE
NNQLPDGSWG
ESMPI GFELA
HSLEGVWPGLD
VYPVDLFEHI

MAFRLLRLHG
AGAFSYEFLR
DVW GKTLYR
LRAYFLAAAS
GSWFNSSSGS
DSVCNGSSAV
SLKQKMLVSQ
CYYAAHCPPH

t o GenBank

NNVSFEQTKE
SWGELDNHDHQ
GFDI | FPGM
RNLKDWDLI v
QYARLSI | VT
YDVSYDPLKP
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DAESRKLKNM
AKI RYHVREP
G SGGH. TNPA
| RTTATGACL
LVAAI GVALG
GALI YDl FI F
SVPTSS

RGHRVSFVST
LHRRAFDGLA
DRRLERAETE
RSCVEFEPET
GSEVPLGVEK
PQVSI LAHAA
NDGDGSFDRE
KD

YSLLAGEKRL

KPTNHKVFGE
VVDLESEGKA
Q VvDDI LDVT
QAEPLLALAD

PLVDEI RAM.
DAALFSAYDR
FPSLI ELAKS
WAKLLKLQSS
WAVDRLERLG
YSVSPDVFKN
RKEAEGALRD
MPLVNNDVYL
VYEPCRAAER
DAVLVKAVLR
EQEGSRMWHD
DPEKNEEMVB
VWDRHI SRV

AEE36246. 1)

Kl RKMLEKVE
SLKKDVLSST
KYARDLNLTI

KYCQRKNGSLF
LESLG DRDF
FAEESGFSDT

QTLDGSTPVY
FAEFLGTLVL
VTl SMAI FRK
FTDPKSYVTW
YQTSFTI NPA
TGCESPVNYP

PRNI SRLPPV
APFSEFLGTA
SPAAAGQGRP
VPLLSTLRGK
VHELALGLEL
VGAFLTHCGW
GVAAAI RAVA

RPI LCLAACE
DI Al LAGDAL
| SLETLEYI H
ATSEQLGKTA

FI TRRQH

TSMSDGDI SV
LI NTLACWT
LGVHDFPYDH
DGSFLFSPAA
| SRYFCKEI E
FEKDGEFFAF
KW | SKDLPG
ELARNMDFNHC
LAWARAAI LA
LTDSLAREAQ
KQICLLLARM
HVDDELKLRI
FEPVSAAK

LSVSAYDTSW
LASILALKKW
PLGSEVVDDM
DSPATTAAAF
KTEI KSI LDE
LEGYVKNTFS
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VLELFKAAQS YPHESALKKQ
LERSDHRRKI  LNGSAVENTR
W VENRLQEL KFARQKLAYC
EELENLI HLV EKWDLNGVPE
LDLLKSMLRE AEWSSDKSTP
NQLYKLVSTM GRLLNDI QG-
EELHKLVLEE KGSVVPRECK

KESLT

SEQ I D NO 152
S. rebaudi ana KO

MDAVTGLLTV
NLLQLKEKKP
KALKVL TADK
VKNNPEQEEV
GAl DVDWRDF
LLSEAQTLTD
KI TEEHLSQL
M DKNViW ENPE
EVKL KDMTQE

PATAI TI GGT
YMIFTRWAAT
TMVANSDYDD
DLRKI FQSEL
FPYLKVW/PNK
QQLLNMSLVEP
PYI TAI FHET
EWKPERFNKE
EVNTI GLTTQ

SEQ I D N 153

A.

t hal i ana ATR2

MBSSSSSSTS M DLMAAI | K
AVLI GCI VML WARRSGSGNS
KALGEEAKAR YEKTRFKI VD
YKWFTEGNDR GEWLKNLKYG

QCl EDDFTAW
GNGYTVFDAQ
ETVDEALRLL
ALVALAAHAS
GVAPRLQPRF
LFLGRPI FVR
GCRNRRVDF

YLYVCGDAKG

REALWPELDT
HPYKANVAVK
DVSPDTYFSL
DPTEAERLKH
YSI SSSPKI A
QSNFKLPSDS
YEEELQRFVE
MARDVHRSLH

SEQ I D NO. 154

PCT/EP2015/068314

CCWKQYLEM ELSSW/KTSV RDKYLKKEVE

VTKTSYRLHN
YFSGAATLFS
YSSEHVEI | F
SLEDYMENAY
KRESAEGKLN
EAFLKMBKVL

AVALAVAL| F
YGPI YSI KTG
YHKTVKRHI L
FGLAVRQALG
KFENTI QQWY
| | ESSDTTMW
LRRHSPVPI |

NETI DFQKTM
MLRPLRAI | K

GEPVI VSDPA
KRVEPLKPLV
L DDYAADDDE
VFGLGNRQYE
| LREEGDTAV
RELHTPESDR
HAEKEDGTPI

L ASPAGKDEY
ETRI HVTCAL
KVPI | M GPG
SGALAELSVA

TI AQEQGSMD

Stevia rebaudiana KAHel

MEASYLY!I SI  LLLLASYLFT
KYGPI LQLQL GYRRVLVI SS
VWRNLRRVASI  El LSVHRLNE
| SCKRYFDSG DRELEEEGKR
KKRDDFFQGL | EQVRKSRGA
SDTSAGTMEW AMSLLVNHPH
YPAGPLLFPH ESSADCVI SG
RDGFKLMPFG  SGRRGCPGEG
VPLVAKCKPR SEMTNLLSEL

SEQ I D NO 155

Stevia rebaudiana CPRS

MISNSVKI SP LDLVTALFSG
| GCVWLWR RSSTKKSALE
VEEAKARYEK AVFKVI DLDD

TQLRRKSANL
PSAAEECFTN
FHDI RVDENR
FREI LDETLL
KVGKGRKTM

VLKKAQAEI D
YNI PRGTMLI

LAl RLLGMTL

KVLDTSNASE
PPVI VWWPKRV
YAADDDEYEE

| CTSDI LKLA

VDDFNFCQSI

PELSDARI SW AKGGVLTTW

SVLRDTI LET
| SFALGPI VL
AVSLHWKHER
NLFYRKDDGF

WYLKSYTSAR
ATSMVVVSSN
TAVLGPNAK
KDVESLYVED
| RREAVMKSL
TTEWAMYELA
PLRHVHEDTV
AFGGEKRVCA
PRI

NASAYESVAA
| KPREEEI DD
YEEKLKKEDV
HFNKVAKWWD
ATPYTAAVLE
SCI HLEFDI A
SSSLPPPFPP
SKWWESQRS
VYEKMPTGRI

TGALAPFRGFL
FSREGPTKEY
STKAEG-VKN

PPTVFPSI Pl
NDVI FANRPK
LLI RKLRSSS
LAGASNVGDY
ELLLSLQESE
RVI GNNRLI D

VNQWAI HHDP
GSVI QCFDVE

SCESAMLPTI
QEEEVDDGKK
KLKKESLAFF

112

GDKAFTYQGR
PATYLI GPPL
DNRSKEVI | E
TSNDLMSLVK

RSQSNHL PRV
El AKEALVTR
KHRI HRDI MM
LKI TMNRDEI

| KEHKKRI AS
KNPKLCQDRLY
LGGYHVPAGT
GSLQALLTAS

ELSSMLI ENR
GRKKVTI FFG
AFFFLATYGD
DI LVEQGAQR
YRVSI HDSED
GSGLTMKLGD
CNLRTALTRY
LLEVMAEFPS
HKGVCSTWWK
QERLALVESG
VQHKMVDKAS
LQTSGRYLRD

| GHLYLLKKP
TLFCGKI VGGT
SPVTLI TVFY
LPI LNWL.GVK
PEYYTDAM R
ESDI GNI PYI

KVWDDPETFK
RVGDEMVDMT

AM MENRELL
KVTVFFGTQT
FLATYCGDGEP

DALAFPSYAS
HREEMERLDR
DDFFDVGGSK
NVTHHI VKI W
PEKTVDSHQY
SMKGLAERKR
SVI YEPVSLQ

PEVPGVPLLG
FQSI STRALS
DNI STQLHEF
FQVLVWVDPMWM
GEKLNSYI DY
RDI KSVCOGSE
ELAVNI YGCN
| G GRWQEF

QFAM VTTSI
TQTGTAEGFA
GEPTDNAARF
LVQVGLGDDD
AKFNDI TLAN
HVGVLCDNLS
ACLLSSPKKS
AKPPLGVFFA
NAVPYEKSEK
VELGPSVLFF
DI WM SQGA
Vi

LYRTLAKIAA
SLGSLSYGEDQ
ALTLNVI MRM
SLEKKLI ALQ
SFVLGLLAAG
GCl | NETLRL
PERFQGLEGT
EG.GVTLPKA

M LTTSVAVL
GTAEGFAKAL
TDNAARFYKW
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FTEGCAKGEW LNKLQYGVFG

EDDFTAWKEL
VHDAQHPCRS
AERLVGLPPD
LAAHATDPSE
RLQPRYYSI S
PI YVRTSNFR
KVDFI YENEL
GDAKGVAKDV

VWPELDQLLR
NVAVKKEL HS
TYSSI HTDSE
ADRLKFLASP
SSPKMAPDRI

LPSDPKVPVI

NNFVETGALS
HRTLHTI VQE

SEQ I D NO 156
Stevi a rebaudi ana UGI85C2

MDAMATTEKK
CLDGAPGFRF
GFLSVFTI DA
| DWPGVEG
SLRYNHI YTI
FGSTTVMVBLE
SQEKVLKHPS
TKVKRDEVKR
N

PHVI FI PFPA
ETI PDGVSHS
AKKLG PVIMM
RLKDFPLDVS
GPLQLLLDQ

DMTEFGAGLA
VGGFL THCGW
LVQELMGEGG

SEQ ID NO 157

S.

MAEQQKI KKS
TTSIEl QAI' S
EW/LDVAI EF
LONHEQ QSP
YL DKRL DDDK
DSDVNFL\WW/I

LEAI SLGVPV
RGVI | RKNAV

rebaudi ana UGI74Gl

PHVLLI PFPL
DGCDEGGFMS
G DGGSFFTQ
WSQVLFGQFA
DNGFNL YKAN
KHKEEGKL PE
VAMPQESDQT
KWKDLAKVAV

SEQ I D NO. 158

S.

MENKTETTVR
FTFRFI LDND
LI TDALWYFA
GFPMLKVKDI

SFLI PLPKHL
DSKQSFLWA
STLESVCEGV

EYl RQNARVL

r ebaudi ana UGT76Gl

RRRRI | LFPV
PQDERI SNLP
QSVADSLNLR
KSAYSNWQ L
TASSSSLLDH
RPGFVKGSTW
PM FSDFGLD
KQKADVSLMK

SEQ I D NO. 159

S.

MATSDS| VDD
SPLINWQLT
DYTHYWLPSI

FPTKVCOWRKH
VPWPVGLLP
ELSGLPFVWA
HCGSGSI VEG

RKQLHVATFP
LPRVQEL PED
AASLG SRAH
DLARLVPYKA
PEI PGDEKDE
YRKPKGPAKS
LMFGHPLI M

LGNRQYEHFN
DEDDTTVATP
PESDRSCTHL
DGSPLGGASL
AGKDEYSQW

HVTCALVYEK
M GPGTGLAP
ELI VAFSREG
QGSLDSSKAE

QSHI KAMLKL

PEAS| PIRES
YW LAACGFM
TDLNDKVLMF
PEEKKQTG T
NSNHYFLW |

GSTI ESLSAG
HKIVRNKAKDW

KI AKVVDDGL
YTAAVAEYRV
EFDI SNTGLS
PPPFPPCTLR
VASQRSLLEV
TPAGRI HKGV
FRGFLQERLA
PTKEYVQHKM
LYVKNLQVEG

AQLLHHKGLQ
LLRSI ETNFL
GFYH HSLI E
TTEAPQRSHK
SLHGYSLVKE
RSNLVI GENA
VPM CWPYSW
KEKARI Al AP

(GenBank A2 Rros920.1)

QGHI NPFI QF
AGESYLETFK

ACWWNSLYYH
NI DQARW/FT
HHECMNWL DD
NLSEVI KTGK
TNAKLLDEI L
HEGGSSDNDI

PFQGHI NPI L
THGPLAG\VRI

RLVLMISSLF
KEI LGKM KQ
DRTVFQW.DQ
VEPLPDGFLG
QPLNARYNMSD
GGSSYESLES

rebaudi ana Ud 91D2e-b

WLAFGH LPY
AEATTDVHPE
FSVTTPWAI A
PG SDGYRMG
TW/SI KKW.D
DSVELPDGFV

Pl FGDQPLMA

GKRLI SKGVK
QVGSKSLADL
VHKGLI SLPL
NSFYKLEEEV
KPKESVWYVA
GLI VAWCKQL
GVGVRVKADE
VEFVSELI KA

QLANVLYSKG
Pl | NEHGADE
NFHAHVSLPQ
TKASSGVI WN
QPPSSVLYVS
ERGRI VKW/P
VLKVGVYLEN
LVSYI SSL

LQLSKLI AEK
DI PYLKKASD
YMGPSADAM
MVLKGSDCLL
GKQKGSWYV
ERTRDRGLVW
RLLEDKQVG
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VEQGAKRLVP
VFHEKPDALS
YETGDHVGVY
KALTCYADVL
MEAFPSAKPS
CSTWWKNAVP
LKEAGTDLGL
SEKASDI WAL
RYLRDVW

| TEVNTDFI H
DRFI DLVTKL
KGFAPLKDAS
VSHHI FHTFD
EPECFQALQS
VLPPELEEH

DQLTNCRYI C
NGSSSLNI DK

TTLVTTI HTL
| KKLQSEGTT
GETVSVPGFP
| EWFRKI WAL
FGSLVKHGPE
DVLAHESVGC
NG VRRGNLA

FSI TI FHTNF
LRRELELLM.
FDELGYLDPD
SFKELEESEL
FGSTSEVDEK

QQEVLAHGAI
GAERGE! ANA

GHKVSFLSTT
GLQPEVTRFL
NGSDGRTTVE
SKCYHEFGTQ
ALGSEALVSQ
TSWAPQLRIL
El PRNEEDGC

VGLGDDDQC
EDYSYTNGHA
CENLSEWND
SSPKKSALLA
LGVFFASVAP
MIESQDCSWA
SI LFFGCRNR
LSEGAYLYVC

NQFLESSGPH
PDPPTCI | SD
YLTNGYLDTV
ELEPSI | KTL
KEPNSWWYVN
KKRGFI ASWC
KEWEVGLEMG
MVKEI TVLAR

NSTLNHSNTT
| DAl | YDSMT
VLQRVETPLI

KVI GPTLPSM
QVEEI TRALI

FVTHCGFNST
SCl KM MEEE

NKPKTSNYPH
ASEEDEEVSC
DKTRLEEQAS
ETVI REl PAP
DFLEI ARGLV
GAFWTHSGN
| RRVMVDEEG

RNI QRLSSHI

EQHSPDW | Y
DLTTPPKWEP
WLPLLETLHQ
TEVVELALGL
SHESVCGFLT
L TKESVARSL
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RS¥WEKEGE

SEQ I D NO

at ggct acct
getttgtctt
caagct aaat
caat t gaaag
atctactcta
aaagaagct a
aaaattttga
at gat caaga
t ct aacagag
t ct ccaagag
tt gaaacaag
actttgtcca
gaagttgatt
act aagat cc
caaaagaaaa
gaaggt aaga
actgctgata
aaaagacaag
gaagaat act
cattctccag
tattacattc
caccaat ggg
ccaat ggact
ttacaagcta
aagt t gagag

| YKANARELS

160

t gt t ggaaca
ggttgttttt
t gccaccagt
aaaagaagcc
tt agaact gg
tggttaccag
ccgct gat aa
gatatatctt
at acctt gag
aagct gt caa
ccttcggtaa
gagat gaaat
ggagagattt
aaagattata
gaattgcctc
ccttgaccat
ccacaat ggt
acagattata
tgtcccaatt
ctgctttggt
cagccggt ac
aat ct ccaga
t gt acaaaac
tgttgattgc
at ggt gaaga

Kl YNDTKVEK

ttttcaagct
gttctacatc
tccagttgtt
at accaaacc
tgcttctact
atacttgtct
gt gcat ggt t
gt ct aacgtt
agccaacgtt
ctttagaaga
ggat att gaa
cttcaaggtt
tttcccatac
ctttagaaga
cggt gaagaa
ggaccaaat ¢
tact act gaa
ccaagaaat c
gccatacttg
tccattgaga
t gaaattgcc
agaat ggaag
tatggctttt
ttgtccaacc
agaaaacgtt

EYVSQFVDYL

atgccattcg
aaggtttctt
ccaggtttgc
tt cact agat
at ggt t gt ct
atctctacca
gccatttctg
tt gggt ccat
tgttctagat
gttttcgaat
aagccaat ct

ttggtcttgg
ttgcgttgga
aaggccgtta
at caact gct
tctatgttgt
t gggct at gt
caaaaggt ct
aatgctgttt
tatgctcatg
att aacat ct
ccagaaagat
ggt gct ggt a
at cggt agat
gatactgttg
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ctattccaat
tcttctccaa
cagttattgg
gggct gaaga
t gaacact ac
gaaagttgtc
attacaacga
ct gcccaaaa
tgcattccca
gggaattatt
acgt cgaaga
acatt at gga
ttccaaacac
t gaccgcectt
acatcgattt
t gt gggaaac
acgaagttgc
gcggttctga
t ccacgaaac
aagat act ca
acggttgcaa
ttttggatcc
aaagagtttg
t ggt t caaga
gtttgaccac

tgcttt ggct
caaat ccgct
taatttgttg
at at ggt cca
t caagttgcc
caacgccttg
tttccacaag
aagacat aga
agtt aagaac
cggt at cgct
at t gggt act
aggt gccatt
cagaat ggaa
gatt aacgaa
cttgttgaaa
cgttattgaa
t aaggat t ct
aatggttaca
ttt gagaaaa
at t gggt ggt
cat ggacaaa
taagtttgac
cgctggttct
attt gaat gg
ccat aagaga

tatccaatgc atgctatttt gaagccaaga tcttaa

SEQ I D NO 161

MATLLEHFQA MPFAI Pl ALA ALSW.FLFYl KVSFFSNKSA QAKLPPVPW PGLPVI GNLL
QLKEKKPYQT FTRWAEEYGP | YSI RTGAST MWLNTTQVA KEAWTRYLS | STRKLSNAL
KI LTADKCW Al SDYNDFHK M KRYI LSNV LGPSAQKRHR SNRDTLRANV CSRLHSQVKN
SPREAVNFRR VFEVELFG A LKQAFGKDI E KPI YVEELGT TLSRDEI FKV LVLDI MEGAI
EVDWRDFFPY LRW PNTRMVE TKI QRLYFRR KAVMIALINE QKKRI ASGEE | NCYI DFLLK
EGKTLTMDQ  SMLLWETVI E TADTTWTTE WAMYEVAKDS KRQDRLYQElI QKVCGSEWT
EEYLSQ.PYL NAVFHETLRK HSPAALVPLR YAHEDTQLGG YYI PAGTEI A | NI YGCNVDK
HQAESPEEVWK PERFLDPKFD PMDLYKTMAF GAGKRVCAGS LQAMLI ACPT | GRLVQEFEW
KLRDGEEENV DTVGALTTHKR YPMHAI LKPR S

[00164] Having described the invention in detail and by reference to specific

embodiments thereof, it will be apparent that modifications and variations are possible
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/NRT-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 (Ami) family transporter, a metal ion (MnZ2*-iron) transporter (Nramp)
family transporter, a transient receptor potential Ca2* 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 MSP

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:

€) 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, YBLO89W
set forth in SEQ ID NO:15, YBL0O99W 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, YBR180OW 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,
YCLO38C set forth in SEQ ID NO:92, YCLO69W set forth in SEQ ID NO:19,
YCRO1 1C set forth in SEQ ID NO:93, YCR028C set forth in SEQ ID NO:20,
YCRO75C 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, YDRO1 1W set forth in SEQ ID NO:98,
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YDRO61W set forth in SEQ ID 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 {D NO:31,
YELO65W set forth in SEQ ID NO:103, YER019C-A set forth in SEQ ID NO: 104,
YERO53C set forth in SEQ ID NO:105, YER1 19C set forth in SEQ ID NO:106,
YER166W set forth in SEQ ID NO:32, YFLOl1l 1W set forth in SEQ ID NO:33,
YFL028C set forth in SEQ ID NO:107, YFR045W set forth in SEQ ID NO:108,
YGLOO6W set forth in SEQ ID NO:34, YGL0O13C set forth in SEQ ID NO:35,
YGL084C set forth in SEQ ID NO:109, YGL104C set forth in SEQ ID NO:110,
YGL1 14W 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, YHL0O16C set forth in SEQ ID NO:42,
YHLO35C set forth in SEQ ID NO:1 14, YHLO36W set forth in SEQ ID NO:1 15,
YHROO2W set forth in SEQ ID NO:116, YHR096C set forth in SEQ ID NO:117,
YILOO6W set forth in SEQ ID NO:1 18, YILO88C set forth in SEQ ID NO:43, YIL120W
set forth in SEQ ID NO:1 19, 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, YKL016C
set forth in SEQ ID NO:124, YKLO50C 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, YKR1 06W set forth in SEQ ID NO:53, YLR41 1W set forth in SEQ ID NO: 130,
YLR447C set forth in SEQ ID NO:54, YMLO38C set forth in SEQ ID NO:131,
YML1 16W set forth in SEQ ID NO:55, YMRO034C set forth in SEQ ID NO:56,
YMRO56C 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,
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YNRO55C set forth in SEQ ID NO:136, YOLO20W 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,
YORO0O79C set forth in SEQ ID NO:69, YORO087W set forth in SEQ ID NO:70,
YOR092W set forth in SEQ ID NO:71, YOR100C set forth in SEQ D 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 [D NO:79, YPL274W set forth in SEQ ID NO:80,
YPRO0O3C 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 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, YDL054C 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 ID NO:102, YFL0O54C set forth in SEQ ID NO:147,
YGL167C set forth in SEQ ID NO:112, YGR181W set forth in SEQ {D NO:38,
YHLO16C set forth in SEQ ID 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, YMR034C 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 YPRO1 1C set forth in SEQ ID

NO:82 are overexpressed.

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

(@) 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;
® a gene encoding a steviol synthase (KAH) polypeptide;

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

(h) a gene encoding a UGT85C2 polypeptide;

0] a gene encoding a UGT76G1 polypeptide;

0) a gene encoding a UGT74G1 polypeptide;

(k) a gene encoding a UGT91D2 functional homolog; and/or
)] a gene encoding a EUGTL1 1 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:

€)) the GGPPS polypeptide comprises a polypeptide having at least 70%
identity to an amino acid sequence set forth in SEQ {D 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;
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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 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 ID NO: 154;

® 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;

0] the UGT74G1l 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 EUGTL1 1 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, Acetobacter 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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16. The recombinant host of claim 15, wherein the vyeast cell is a cell from
Saccharomyces cerevisiae, Schizosaccharomyces pombe, Yarrowia lipolytica,
Candida glabrata, Ashbya gossypii, Cyberlindnera jadinii, Pichia pastohs,
Kluyveromyces lactis, Hansenula polymorpha, Candida boidinii, Arxula

adeninivorans, Xanthophyllomyces dendrorhous, or Candida albicans species.

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

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

Saccharomyces cerevisiae species.

19. A method of producing a steviol glycoside, comprising:

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

(b) optionally isolating the stevioi glycoside.

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

RebM, and wherein:

€)) RebA is capable of being synthesized in the recombinant host of any
one of claims 1-18 expressing UGT85C2, UGT76G1, UGT74G1, and
UGT91D2;

(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
UGT91 D2 and/or EUGT1 1; 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 EUGT1 1.
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21. The method of claims 19 or 20, wherein a gene encoding YBR043C set forth in SEQ
ID NO:88, YDL100OC set forth in SEQ ID NO:95, YDL054C 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 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 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 YPRO1 1C set forth in SEQ ID

NO:82 is overexpressed.

22. 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.

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

medium, comprising:

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

(b) optionally isolating the steviol glycoside.

24, The method of claim 23, wherein the steviol glycoside is RebA, RebB, RebD, and/or
RebM.
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A. CLASSIFICATION OF SUBJECT MATTER

INV. A23L1/236 C12N15/81 C0O7H1/08

According to International Patent Classification (IPC) orto both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A23L Ci12N CO7H

Documentation searched other than minimum documentation

to the extent that such documents are included

in the fields searched

Electronic data base consulted during the

EPO-Internal

international

EMBASE, wpPI Data,

search (name of data base and, where practicable,

search terms used)

Sequence Search

C. DOCUMENTS CONSIDERED TO BE RELEVANT

bi osynthesi s",

vol . 68, no.
pages 1855-1863 , XP022145443 ,
ISSN: 0031-9422 , DOl :

10. 1016/J . PHYTOCHEM.2007 .02 .010
page 1860, paragraph
paragraph 1

PHYTOCHEMISTRY, PERGAMON PRESS, GB,
14, 1 July 2007 (2007-07-01)

2 - page 1861,

/-

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X wo 2014/086890 Al (EVOLVA sA [CH]) 1-24

12 June 2014 (2014-06-12)

the whol e document

page 28 - page 39
Y BRANDLE ET AL: "Stevi ol glycosi de 1-24

| Xl Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published onorafter the international
filing date

"L" documentwhich  may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"0" document
means

referring to an oral disclosure, use, exhibition or other

"P" document published prior to the international
the priority date claimed

filing date but later than

B

" document of particular

" document of particular

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

relevance; the claimed invention cannot be
considered novel orcannot be considered to involve an inventive
step when the document is taken alone

relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled inthe art

" document member of the same patent family

Date of the actual completion of the international search

15 October 2015

Date of mailing of the international search report

20/01/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL -2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Spri nks, Matthew
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

YAZAKI ET AL: "ABC transporters i nvol ved
in the transport of plant secondary
metabol i tes”

FEBS LETTERS] ELSEVIER, AMSTERDAM, NL,
vol . 580, no. 4,

13 February 2006 (2006-02-13) , pages
1183-1191 , XP028030476,

ISSN: 0014-5793 , DOl :

10. 1016/J . FEBSLET.2005 . 12.009

[retri  eved on 2006-02-13]

abstract

page 1186, paragraph 4

wo 2011/151326 A2 (VIB vzw [BE] ; UNIV
LEUVEN KATH [BE] ; THEVELEIN JOHAN [BE] ;
SAERENS SOF) 8 December 2011 (2011-12-08)
abstract; sequence 38

page 2 - page 3; sequence 38

wo 2011/153144 Al (GEVO INC [US]; VIB vzw
[BE] ; UNIV LEUVEN KATH [BE] ; DUNDON
CATHERINE A) 8 December 2011 (2011-12-08)
abstract

paragraph  [0014] ; tabl e 1; sequence 38
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Box No. 1l Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |I:]| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. 1as only some of the required additional search fees were timely paid by the applicant, this international search report covers
'—' only those claims for which fees were paid, specifically claims Nos. :

4. |;_| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

[-24(parti  al ly)

Remark on Protest | |The additional search fees were accompanied by the applicant's protest and, where applicable, the
'—' payment of a protest fee.

| |The additional search fees were accompanied by the applicant's protest but the applicable protest
'—' fee was not paid within the time limit specified in the invitation.

_I _INo protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Thi s Internati onal Searching Authori ty found multiple (groups of)
inventi ons in thi s internati onal applicati on, as fol lows:

1. claims: |-24(parti al ly)

A recombi nant host capable of synthesi zing a stevi ol

glycosi de and transporti ng at least a porti on of it into the
cul ture medi um, compri Sing a gene encoding a transporter
polypepti de, the expressi on of which is modified, wherein
the transporter polypepti de isS an endogenous ABC

transporter, and subject-matter rel ati ng thereto.

2-32. claims: [|-24(parti al ly)

As subject 1 but wherein the transporter polypepti de is
selected from the list in claim 3, starti ng with mrs
transporter.
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