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MATERIALS AND METHODS FOR IDENTIFYING AND USING YEAST STRAINS
THAT METABOLIZE PENTOSE SUGARS IN THE PRESENCE OF D-GLUCOSE

PRIORITY CLAIM

[0001] This application claims the benefit of U.S. provisional patent application
No. 61/155,255 filed on February, 25, 2009, which is incorporated herein by

reference in its entirety.

FIELD OF THE INVENTION

[0002] Various aspects related generally to strains of Saccharomyces, and for
methods for developing and using that same, that can grow on sugars other than

D-glucose in the presence of substantial levels of D-glucose.

BACKGROUND

[0003] Various species of Saccharomyces are among the most important
industrially grown microorganisms. Long used to leaven bread, produce beer and
wine, and as source of food flavorings and micronutrients, these organisms now
play a central role in the production of fuel, facilitating the conversion of sugar
stocks to ethanol. A metabolically complex organism, yeast is able to grow both
aerobically and at least for several generations anaerobically as well. When grown
commercially, as in the production of yeast used to support the commercial baking
industry, yeasts such as Saccharomyces cerevisiae may be grown in aerated
fermentation tanks. The growth of yeast under these conditions may be controlled
to increase the production of yeast biomass. One way in which this may be
accomplished is to schedule the addition of sugars, such as D-glucose, and the
rate of oxygen transfer to the yeast to encourage it to grow aerobically. Various
strains of Saccharomyces may also be grown under conditions designed to
maximize the production of ethanol. Often times, when the object is to maximize
the conversion of sugar to ethanol the level of oxygen in the fermentation vessel
may be reduced relative to the levels of oxygen used in the vessel when the object

is to maximize yeast biomass production in order to favor anaerobic growth.
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[0004] Most strains of Saccharomyces have a preference for growth on
D-glucose although many strains are known to grow on other naturally occurring
hexoses and even some disaccharides as well. The ability of different species of
Saccharomyces to grow on different sugars and in the presence of different levels
of oxygen accounts for much of its commercial utility including the central role that
yeast currently plays in the conversion of plant bio-mass into ethanol for the fuel
industry.

[0005] One of the best known pathways for the production of ethanol by yeast is
the fermentation of 6-carbon sugars (hexoses) into ethanol, especially D-glucose
(FIG. 1). One widely used feed stock for the production of ethanol is the
polysaccharide starch. Starch is a simple polymer that includes D-glucose.
Currently, in the United States at least starch derived from corn is the preferred
feed stock for ethanol production by Saccharomyces cerevisiae. Corn is a
nutrient-intense crop and currently only the kernels of the corn are a suitable
source of starch/ D-glucose for ethanol fermentation using yeast. Another source
of sugar for the yeast based production of ethanol is sugar cane. Sugar cane is
naturally higher in fermentable sugar and may be preferred substrate for the
production of ethanol using yeast. However, corn is more widely grown in the
United States than is sugar cane. And because of climate it is very likely to remain
that way. In any event, the sustainability of corn-based ethanol production has
been called into question, and as sugar cane is not a viable option in the United
States the bio-fuels industry is looking for other sources of fermentable feed stocks
beside corn and sugar cane.

[0006] One highly touted feed stock is cellulose, it is considered more
sustainable than corn and more readily available than sugar cane. Cellulose
processed to produce fermentable sugars may well be the carbon source of choice
for the future of ethanol production. Growing yeast in order to increase yeast
biomass or to produce ethanol from stocks such as starch or cellulose, requires
pre-fermentation processing steps to degrade the bio-polymer cellulose into sugar
units, such as D-glucose, maltose, trisaccharides, and tetrasaccharides that can be
readily fermented by yeast.

[0007] Regardless of its source six-carbon sugars especially D-glucose are the
primary energy source for yeast based fermentation. Most species of

Saccharomyces that have been characterized grow preferentially on D-glucose.
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Many of these strains, including many laboratory derived strains of Saccharomyces
may grow on hexose sugars other than D-glucose, as well as disaccharides and
trisaccharides. However, Saccharomyces preference for growth on D-glucose is
so strong that most variants of this yeast including almost all industrially important
strains exhibit catabolite repression, that is, the strains will not ferment sugars
other than D-glucose so long as there are detectable levels of D-glucose in the
feed stock.

[0008] The inability of all examined versions of Saccharomyces to vigorously
grow on and produce ethanol from sugars other than D-glucose in the presence of
D-glucose is unfortunate for the production of yeast biomass and/or ethanol from
any feedstock that includes mixtures of fermentable sugars which include
D-glucose. For example, D-glucose is liberated by the breakdown of cellulosic
biomass into its fermentable components and the presence of D-glucose in the mix
of fermentable sugars drastically slows the conversion of the other sugars into
ethanol (FIG 1).

[0009] Despite the current technological hurdles to producing ethanol from
cellulose the 2007 Energy Independence and Security Act (EISA 2007) mandates
that the U.S. rapidly develop technologies to produce cellulosic ethanol to displace
imported petroleum. Accordingly, there is a need for novel strains of industrial
Saccharomyces and for methods of creating these industrial strains that readily
convert sugars other than just D-glucose into biomass or ethanol even in the
presence of significant amounts of D-glucose. Some aspects of the present

invention address these needs.

SUMMARY OF THE INVENTION

[0010] Some aspects of the invention include methods for isolating a yeast,
comprising the steps of; providing a growth medium, wherein the medium includes
2-deoxy-glucose; xylose, and glutamine and xylose is the sole carbon source;
inoculating the medium with at least one strain of yeast; and isolating at least one
yeast cell from the medium; wherein said yeast cell grows on D-xylose as a sole
carbon source in the presence of about 0.1 wt. % 2-deoxy-glucose. In some
embodiments the growth medium includes about 0.03 wt. % 2-deoxy-glucose. In

some embodiments the strain growing on or in the media exhibits detectable
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growth on the media only after about 14 days. In still other embodiments the
appearance of detectable growth may only occur after about 21 days, after
inoculation.

[0011] In some embodiments the medium used to select the yeast strains
includes about 2.0 wt. % xylose, and about 0.5 wt. % glutamine, although any
concentration of these reagent is sufficient to support growth of specific strains that
may be added to the growth media. In some embodiments the isolated yeast
strain is a haploid, diploid or strain of Saccharomyces cerevisiae that has a ploidy
of greater than two.

[0012] In some embodiments, the yeast strains isolated from the media
metabolize at least one pentose sugar even in the presence of at least 0.1 wt. % 2-
deoxy-glucose. In some embodiment the feed stock includes at least about 0.03
wt. % 2-deoxy-glucose. In some embodiments the strains metabolize at least one
hexose sugar other than D-glucose in the presence of at least 0.1 wt. % 2-deoxy-
glucose. In some embodiments the growth medium includes about 0.03 wt. % 2-
deoxy-glucose. In some embodiments the strain is a spontaneous mutant. While
in still other embodiments the strain may be created by a specific event, such as
the targeted disruption of an open reading frame by treating the yeast in a manner
known to cause a mutation. Methods and reagents for accelerating the rate of
mutagenesis include, but are not limited to, exposing yeast to ionizing radiation,
UV-light, and reagents that effect DNA structure such as intercalating agents,
alkylating agents, DNA adducts and the like.

[0013]  Still other embodiments of the invention include variants of yeast,
comprising strains of Saccharomyces cerevisiae that will grow on at least one
pentose sugar as a sole carbon source in the presence of at least 0.1 wt. % 2-
deoxy-glucose. In some embodiments the growth medium includes about 0.03 wt.
% 2-deoxy-glucose. In some embodiments the variants are haploid, diploid or
have a ploidy number greater than two. In some embodiments the variant strain of
Saccharomyces cerevisiae is selected from the group consisting of: JH015,
CDXR2 and Fermentis Ethanol Red reg14 and Fermentis Ethanol Red grr1-/-
(GX1) and the like.

[0014]  Still other embodiments are methods of fermenting sugar sources,
comprising the steps of: providing at least one strain of Saccharomyces

cerevisiae, wherein the at least one strain of Saccharomyces cerevisiae will grow
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on at least one pentose sugar in the presence of at least 0.1% 2-deoxy-glucose;
supplying a feed stock that includes at least one sugar and growing said yeast
strain in the feed stock. In some embodiments the feed stock includes an amount
of D-glucose sufficient to support the growth of the yeast strain in the absence of
any additional sugar source. In still other embodiments the feed stock includes a
fermentable pentose sugar. In yet other embodiments the feed stock includes at
least about 0.1% 2-deoxy-glucose. In some embodiment the feed stock includes at
least about 0.03 wt. % 2-deoxy-glucose. In other embodiments the feed stocks
include a fermentable hexose sugar other than D-glucose, while in other
embodiments the feed stock further includes D-glucose.

[0015]  Still other aspects include methods of creating mutant strains of yeast,
comprising the steps of: providing a strain of yeast, for example, a haploid, diploid
or higher ploidy strain of Saccharomyces cerevisiae that is competent in at least
one of the genes selected from the group consisting of Grr7 and Reg17; deleting the
activity of both Grr1 and Reg1 to create a mutant strain; and testing the strain to
determine if it will grow on a pentose sugar in the presence of 0.035 wt. % 2-
deoxy-glucose.

[0016] Additional embodiments include methods of selecting for or identifying a
yeast strain, comprising the steps of providing a haploid, or higher ploidy strain of
Saccacharomyes cerevisiae that include a mutation in at least one open reading
frame selected from the group consisting of: YLRO63w, YMR167w, YPL176c,
YPL123c, YPL121c, YBR242w, YBR422w, YHR012w, YHR103w, YHR154w,
YCL048w, YLR133w, YOR138c, YOR177¢c, YDR269c, YIL064w, YOL101c,
YML124C, YMR116C, YDR028¢c, YDR074c, YDL088c, and YGR271, wherein
open reading frame encodes a functional gene and the mutation in the open
reading frame disrupts the activity of the gene encoded in the open reading frame;
and growing said strain of Saccharomyces cerevisiae in a media including xylose
as the sole carbon source and about 0.1 wt. % 2-deoxy-glucose; and isolating
strains of Saccharomyces cerevisiae that grow in the media. In some
embodiments the growth medium includes about 0.03 wt. % 2-deoxy-glucose.
[0017]  Still other embodiments include methods of isolating haploid, or higher
ploidy strain of Saccacharomyes cerevisiae yeast strains; comprising the steps of:
providing a strain of that includes a functional copy of at least one of the genes
encoded by the open reading frames consisting of: YLRO63w, YMR167w,
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YPL176¢c, YPL123c, YPL121c, YBR242w, YBR422w, YHRO012w, YHR103w,
YHR154w, YCL048w, YLR133w, YOR138c, YOR177c, YDR269c, YILO64w,
YOL101c, YML124C, YMR116C, YDR028c, YDR074c, YDL088c, and YGR271w;
introducing a mutation into at least one of the open reading selected from the
group consisting of: YLRO63w, YMR167w, YPL176c, YPL123c, YPL121c,
YBR242w, YBR422w, YHR012w, YHR103w, YHR154w, YCL048w, YLR133w,
YOR138c, YOR177¢c, YDR269c, YIL064w, YOL101c, YML124C, YMR116C,
YDRO028c¢, YDR074c, YDL088c, and YGR271w to produce a mutant of
Saccharomyces cerevisiae; and growing the mutant of Saccharomyces cerevisiae
on a selection medium, wherein the selection medium includes xylose as the sole
carbon source and 0.1 wt. % 2-deoxy-glucose; and isolating the mutants that grow
on the medium. In some embodiments the growth medium includes about 0.03 wt.
% 2-deoxy-glucose.

[0018] Some embodiments of the invention include methods of selecting yeast
strains, for example, industrial or laboratory strains of Saccharomyces that grow on
sugars other than D-glucose including, for example, some of the pentose sugars
found in cellulosic biomass in the presence of 2-deoxy-glucose and by proxy in the
presence of D-glucose. Some other embodiments include using industrial strains
of Saccharomyces that grow on sugars other than D-glucose in the presence of
2-deoxy-glucose to produce additional yeast biomass and/or an end product or
by-product of fermentation such as ethanol from a sugar other than D-glucose in
the presence of substantial amounts of D-glucose.

[0019] Superior performance for producing cellulosic ethanol. Cellulosic
biomass has multiple sugars, most importantly, D-glucose and D-xylose. However,
yeast metabolic physiology is often subject to catabolite repression, the regulated
use of D—glucose to the exclusion of many other sugars. Although this had not
been demonstrated for D-xylose or D-xylulose, we have now shown that D-xylose
and D-xylulose utilization are also subject to catabolite repression. Accordingly,
wild type yeast strains preferentially metabolize D-glucose in the presence of these
pentose sugars. Furthermore, we now show that industrial strains of
Saccharomyces are subject to catabolite repression for both hexoses and
pentoses. This is an important technical barrier to cellulosic ethanol using most
yeast strains. To overcome this barrier to multiple sugar fermentation, one needs

to eliminate catabolite repression towards D-xylose. One embodiment includes



WO 2010/099343 PCT/US2010/025448

eliminating catabolite repression by removing at least one of the following genes,
GRR1, REG1, and HXK2. Some embodiments of the invention include selecting of
industrial yeast strains, for example, Saccharomyces that grow on sugars other
than D-glucose, especially pentoses, in the presence of 2-deoxy-glucose. In some
embodiments this is a process that includes selecting variants of industrial
Saccharomyces that grow on sugar sources other than D-glucose in the presence
of substantial levels of 2-deoxy-D-glucose. In some embodiments these strains
lack, or at least do not express, effective levels forms of at least one of the
following genes, GRR1, REG1, and HXKZ2. In still other embodiments these genes
may be mutated such that they do not produce appreciable levels of active protein.
[0020] Some other embodiments include using industrial strains of
Saccharomyces that grow on sugars other than D-glucose in the presence of
2-deoxy-glucose to produce additional yeast biomass and/or an end product or by-
product of fermentation such as ethanol from a sugar other than D-glucose in the
presence of substantial amounts of D-glucose.

[0021] Some embodiments include a method of fermenting feed stocks that
include mixed sugars, including D-glucose, that include the steps of using multiple
yeast strains with different metabolic requirements to efficiently produce either
biomass or a metabolite such as ethanol. In some embodiments fermentation is
carried out using at least two different strains of yeast strains, wherein at least one
strain preferentially grow on D-glucose and may even exhibit catabolite repression
in the presence of detectable levels of D-glucose while at least one other strains is
de-repressed and may ferment sugars other than D-glucose into ethanol and or
biomass even in the presence of detectable levels of D-glucose. In some
embodiments this method may provide a system allowing for the efficient
simultaneous fermentation of D-glucose and pentose sugars such as D-xylose.
[0022] A catabolite repression resistant strain of Saccharomyces cerevisiae,
comprising: a variant of Saccharomyces cerevisiae strain CEN.PKgrr1A or a
variant of Saccharomyces cerevisiae strain Ethanol Red GX1, wherein a single cell
isolate of the variant strain grows on a solid media, the media including: D-xylose
and 2-deoxy-D-glucose, wherein the principle carbon source in the media is the
sugar D-xylose and the growth of the variant strain produces a robust colony within

two days on the media.
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[0023]  Still other embodiments include catabolite repression resistant strains of
Saccharomyces cerevisiae comprising, for example, variants of Saccharomyces
cerevisiae strain CEN.PKgrr1A or a variant of Saccharomyces cerevisiae strain
Ethanol Red GX1, wherein a single cell isolate of the variant strain grows on a
solid media including maltose and 2-deoxy-D-glucose, wherein the principle carbon
source in the media can be a D-glucose containing sugars including, but not limited
to, maltose and the growth of the variant strain producing a robust colony within
two days on the media. Still other embodiments include catabolite repression
resistant strains of Saccharomyces cerevisiae wherein the media includes about
2% D-xylose and about 0.1% 2-deoxy-glucose.

[0024]  Still other embodiments include variants that grow on media that include
about 2% maltose or another D-glucose containing sugar and about 0.1% 2-deoxy-
glucose.

[0025]  Still other embodiments include catabolite repression resistant strains of
Saccharomyces cerevisiae wherein the variant strain is selected from the group
consisting of: the haploid laboratory strains CEN.PK derivatives C°*?', CEN.PK
(113-7D), C°*®?, and CP*®® and derivatives of the diploid industrial yeast strains
Ethanol Red, GX1 and RX4. In some embodiments the catabolite repression
resistant Saccharomyces cerevisiae strains selected for using the methods
disclosed, grows on a solid media wherein the media includes D-glucose as the
principle carbon source.

[0026] Some embodiments include catabolite repression resistant strains of
Saccharomyces cerevisiae wherein the variant strain grows on a solid media that
includes: 2% D-galactose; and about 0.03% -2-deoxy-glucose, wherein the
D-galactose is the principle source of carbon in the media.

[0027]  Still other embodiments include methods of producing strains of
Saccharomyces cerevisiae, including some industrial strains, that grow on a sugar
other than D-glucose, comprising the steps of: providing a first variant strain of
Saccharomyces cerevisiae, wherein said variant grows on a sugar, especially
pentoses, other than D-glucose in the presence of 2-deoxy-D-glucose; and over-
expressing at least one gene isolated from a catabolic pathway that metabolizes a
sugar other than glucose in the first variant strain to form a second variant strain.
[0028] Additional embodiments include methods of producing variant strains of

Saccharomyces cerevisiae that grows on pentoses in the presence of D-glucose.
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In some embodiments the first variant strain is selected, for example, from the
group consisting of: GX1, RX4, C®™*R' CEN.PK (113-7D), CP*?2 and CP*®®
wherein the strain may be adapted to express at least one gene isolated from a
D-xylose catabolic pathway.

[0029]  Still other embodiments include methods of growing strains of
Saccharomyces cerevisiae on sugar sources other than D-glucose comprising the
steps of: providing a first strain of Saccharomyces cerevisiae, wherein said strain
grows on a sugar source, especially pentoses, other than D-glucose in the
presence of 2-deoxy-D-glucose; over-expressing at least one gene isolated from a
metabolic pathway that catabolizes a sugar, especially pentoses, other than
glucose in the first strain to form a second strain; and growing said second strain
on a media, wherein the principle carbon source in the media is a sugar other than
glucose, especially a pentose.

[0030] In some embodiments the first strain is a variant of Saccharomyces
cerevisiae strain CEN.PK, selected from the group consisting of: C?*®', CEN.PK
(113-7D), CP*R? and CP® and at least one over-expressed gene is from a D-
xylose catabolic pathway.

[0031] In still other embodiments the first strain is a variant of the industrial
Saccharomyces cerevisiae strain Ethanol Red, selected from the group consisting
of: GX1 and RX4 and at least one over-expressed gene are from a D-xylose
catabolic pathway.

[0032]  Still additional embodiments include methods for identifying open
reading frames involved in catabolite repression in Saccharomyces cerevisiae;
comprising the steps of: growing a first variant of a strain of Saccharomyces
cerevisiae that is subject to glucose repression in the presence of D-glucose, or
D-glucose and D-xylose, or D-xylose; propagating a second variant of a strain of
Saccharomyces cerevisiae that is insensitive to glucose repression grown on a
primary carbon source other than D-glucose in the presence of either D-glucose,
D-glucose and D-xylose, or D-xylose; and comparing the proteomes of the first
variant and the second variant to identify differences between the proteomes of the
first and the second variants.

[0033] In some embodiments D-xylose is replaced by another secondary sugar

such as maltose or maltotriose, but not limited to maltose or maltotriose.
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[0034] The method according to claim 10, wherein the differences between the
proteomes of the first and the second variant are indicative of differences in at
least one of the products of the following open reading frames: YLRO63w,
YMR167w, YPL176¢c, YPL123c, YPL121c, YBR242w, YBR422w, YHR012w,
YHR103w, YHR154w, YCL048w, YLR133w, YOR138c, YOR177c, YDR269c,
YILO64w, YOL101c, YML124C, YMR116C, YDR028¢c, YDR074c, YDL088c, and
YGR271w.

BRIEF DESCRIPTION OF THE FIGURES

[0035] FIG. 1 A schematic depicting pathways in yeast for converting of both
corn based starch and plant biomass into ethanol.

[0036] FIG. 2 Schematic showing pathways D-glucose or D-xylose converted
into ethanol. A photograph of a budding yeast cell.

[0037] FIG. 3 Plants illustrating growth of some strains of Saccharomyces on D-
xylose.

[0038] FIG. 4 Proposed pathways for fermentation of D-xylose by brewer's
yeast.

[0039] FIG. 5 Photograph of plates showing the growth of mutant yeast colonies
of CEN.PK growing on YP plus 2% D-xylose.

[0040] FIG. 6 Photograph of plants showing the results of complementation
analysis of 2-deoxy-glucose resistant derivatives of CEN.PK.

[0041] FIG. 7 Photographs of plants illustrated by yeast growing on a
D-xylulose, D-xylose mixture in the presence of 2-deoxy-glucose.

[0042] FIG. 8 Graphic illustration of the fermentation of corn cob hydrolysate
into ethanol by various strains of industrial yeast.

[0043] FIG. 9 Cell showing PCR analysis is performed to check for the
identification of deletion of the GRR1 gene.

[0044] FIG. 10 Cell showing PCR analysis performed to check for deletion of
the REG1 gene.

[0045] FIG. 11 Graphic illustrating co-fermentation of maltose and D-glucose by
GX1.

DETAILED DESCRIPTION
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[0046] For the purposes of promoting an understanding of the principles of the
novel technology, reference will now be made to the preferred embodiments
thereof, and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the novel technology
is thereby intended, such alterations, modifications, and further applications of the
principles of the novel technology being contemplated as would normally occur to
one skilled in the art to which the novel technology relates.

[0047] As used herein, unless specified otherwise, the term 'about’ means plus
or minus 20 percent, for example, about 1.0 encompasses the range 0.8 to 1.2.
[0048] As used herein, unless specified otherwise, the term 'detectable growth’
means growth including and until evidence of growth is apparent by visual
inspection with the unaided human eye.

[0049] Unless specifically referred to otherwise, genes are referred to using the
nomenclature suggested by Demerec, M., Adelberg, E.A., Clark, A.J. & Hartman,
P.E. in "A proposal for a uniform nomenclature in bacterial genetics". J. Gen.
Microbiol 50, 1-14 (1968).

[0050] The yeast Saccharomyces cerevisiae was domesticated centuries ago
for the fermentation of sugars into ethanol (See FIGs. 1 and 2). Domestication of
yeast has led to the generation of industrial yeast strains that are very efficient at
converting D-glucose into ethanol. Significantly, these industrial yeast strains are
generally much more ethanol tolerant than most micro-organisms. This process is
very efficient when the sugars for yeast growth and/or ethanol production are some
of the most abundant hexoses in nature, especially D-glucose, D-fructose, and D-
mannose.

[0051] In order to make the industrial conversion of cellulose into ethanol a
viable commercial enterprise, a great deal of effort is going into streamlining the
process of converting of cellulose into fermentable sugars such as glucose. While
optimizing the conversion of cellulose into fermentable sugars for the yeast based
production of ethanol is important, it is equally important to streamline the
production of ethanol from the sugars other than D-glucose present in plant
material, especially D-xylose. The most abundant compound in plant material is
the glucose polymer cellulose; however, a significant amount of plant biomass is

present as the sugar polymer known as xylan (FIG. 1; see, e.g., Warren 1996). In
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fact, in many sources of cellulose Xylan may make up over 20% of biomass in the
polymer. Xylan itself is comprised of chains of the pentose sugar D-xylose. In
order to be fermented by yeast such as most industrial and laboratory strains of
S. cerevisiae xylan, like cellulose, must first be converted into its monomers D-
xylose. This already complicated process is further complicated by the presence
of D-glucose in the fermentation milieu, as most commercially produced strains of
S. cerevisiae will not efficiently ferment pentose sugars such as D-xylose and
especially not in the presence of D-glucose in the feed stock.

[0052] Itis widely believed that S. cerevisiae cannot ferment D-xylose, in fact it
was reported in the 1970’s that the yeast S. cerevisiae does not utilize D-xylose as
a carbon source (Barnett 1976). According to the literature the yeast Pichia stipitis
does have the ability to ferment D-xylose. Based on this information, several
laboratories have attempted to generate yeast strains capable of fermenting D-
xylose by expressing the Pichia genes necessary for D-xylose utilization in

S. cerevisiae (see e.g., Kotter and Ciriacy, 1993; Ho et al., 1998; Jin et al., 2003).
While improved D-xylose utilization was reported in each case, the efficiency of D-
xylose fermentation in the presence of D-glucose varied dramatically. Some
factors that may account for this observation include differences in experimental
growth and pre-growth conditions, and the levels of heterologous expression of the
D-xylose metabolic pathway.

[0053] Work from Dr. Ho (Purdue U.) on Saccharomyces cerevisiae and Dr.
Ingram (U. of Florida) in both gram(-) and gram(+) bacteria have focused on
recombinant expression of exogenous genes within the metabolic pathways of
other organisms for the catabolism of D-xylose (Pichia stipitis) and production of
ethanol (from various microbes) respectively.

[0054] Without being bound by any theory or hypothesis and by way of
explanation and not limitation, there may be several overlooked or at least under-
appreciated reasons for these observations. For example, one explanation
consisting with the reported results is variability in the exact composition of the D-
xylose used in these experiments. Few sugars, purchased from chemical supply
companies are actually 'pure’. Most sugars marketed as being pure are actually
only about 99 or 98% pure. Typically, the major contaminate in sugars is the
extremely abundant sugar D-glucose. Unfortunately for studies on yeast

metabolism amount of D-glucose as low as 0.1% D-glucose are known to affect
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the utilization of a sugar other than D-glucose such as, for example, D-galactose.
Accordingly, it is very likely that at least some of the 98-99% pure D-xylose, used
in at least some of the published studies was in fact contaminated with D-glucose.
And contamination with even scant amounts of D-glucose in studies designed to
determine if a given yeast strain can grow on D-xylose could very well have
skewed the results observed in these studies.

[0055] Contamination of most sugars with D-glucose is a historical problem.
For example, the ability to reliably identify yeasts that use D-galactose occurred
only after the commercial introduction of D-galactose that includes less than 0.01%
D-glucose (Sigma-Aldrich). Unfortunately, D-xylose that is not contaminated with
D-glucose is not readily available. Accordingly, reports that some yeast strains
lack the ability to grow on D-xylose may be false, and this may account for some of
the conflicting reports in the literature.

[0056]  Still another explanation for discrepancies reported in the literature
regarding xylose fermentation may be due to the diverse genotypic composition of
the various laboratory and industrial yeast strains used in these studies. While
most laboratory yeast strains were derived from a small number of progenitors
(Mortimer and Johnston, 1986), their progeny have developed widely different
growth characteristics over time (Winston ef al., 1995; van Dijken et al., 2000). In
fact, recent papers may suggest to us that at least one strain of S. cerevisiae may
grow on D-xylose without genetic modification (see Sedlak and Ho, 2004; Figure 3;
panel marked wild-type; Toivari et al. 2004). The strain MC996A appears to be
growing on a commercial grade D-xylose without addition of the Pichia D-xylose
utilization genes. This strain is a derivative of the CEN.PK family of strains which
have been shown to have a very robust genetic background. The apparently rich
genetic diversity of these strains enables them to ferment a wide-range of sugars
(van Dijkens et al., 2000).

[0057] Cellulosic biomass includes multiple sugars, most importantly, D-glucose
and D-xylose. However, yeast metabolic physiology is often subject to catabolite
repression, the regulated use of D—glucose to the exclusion of many other sugars.
Although this had not been demonstrated for D-xylose or D-xylulose, demonstrated
herein is that D-xylose and D-xylulose utilization are also under catabolite
repression. Accordingly, wild type yeast strains preferentially metabolize glucose.

This is an important technical barrier to cellulosic ethanol using most yeast strains.
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To overcome this barrier to multiple sugar fermentation, one needs to eliminate
catabolite repression towards D-xylose.

[0058] A yeast strain lacking the capacity to utilize D-glucose can be generated
by, for example, creating a strain lacking the hexokinase genes HXK7 and HXKZ2.
It has also found that strains of yeast that harbor mutations in HXK2 and GRR1
also behave like our REG1 mutant (data not shown). Thus, whether analyzing a
robust wild-type strain or a strain over-expressing Pichia genes of the D-xylose
pathway, the presence of D-glucose may prevent D-xylose utilization. Most yeast
strains have genes highly related to those necessary for the degradation of D-
xylose.

[0059] As it stands now even reports that cite the existence of S. cerevisiae that
ferment D-xylose admit that they do so inefficiently. For example, Sedlak and Ho
(2004), report that very little D-xylose is consumed prior to the utilization of most, if
not all, of the D-glucose by a CEN.PK yeast strain that they believes can
metabolize D-xylose. The current state of literature clearly illustrates the lack of a
robust screen to identify yeast variants that can reliably grow on pentoses such as
D-xylose. Assuming that pathways for the fermentation of D-xylose exist in

S. cerevisiae it would be much easier to study, improve, and augment these
pathways once a robust screen for them is created.

[0060] Referring now to FIG. 3, Panel A. Results disclosed herein illustrate that
it is possible to screen for and isolate a spontaneous mutant of CEN.PK that can
grown on xylose. This result is consistent with the analysis of the complete
sequence of the Saccharomyces genome which illustrates that close homologs for
each enzyme required for D-xylose fermentation are present in Saccharomyces
(Fig. 4).

[0061] Referring to FIG. 3. Growth of $S288c and aCEN.PK derivative on D-
xylose. In FIG. 3 Panel A the cells were replica-plated onto YP plus 2% D-xylose
media and incubated at 30-C for 4 days. In FIG. 3 Panel B, the cells were replica-
plated onto YP plus 2% D-xylose/0.1% 2-deoxyglucose and incubated at 30-C for
10 days. The arrow in Panel B points to colonies arising from spontaneous
mutants of the CEN.PK growing in the presence of 2-deoxyglucose.

[0062] Yeast cells are highly efficient at fermenting D-glucose, D-fructose, and
D-mannose; furthermore, yeast ferment these sugars to the exclusion of many

other carbon sources, a phenomenon known as catabolite repression (reviewed in
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Gancedo 1998). Indeed, virtually all strains of S. cerevisiae studied so far rely
solely on D-glucose, D-fructose, and/or D-mannose for energy until these sugars
are completely or nearly completely eliminated from the environment. For
example, if only trace amounts of D-glucose (<1%) contaminate D-galactose, yeast
will not ferment D-galactose until all D-glucose present is exhausted. The
conflicting reports in the literature concerning D-xylose utilization by S. cerevisiae
may be due to contamination of the growth media with D-glucose which causes
catabolite repression.

[0063] Mutations in several genes have been shown to relieve catabolite
repression in laboratory strains in the context of maltose, sucrose, and D-galactose
based fermentations. Genes thought to be involved in catabolite repression
include GRR1, REG1, and HXKZ2 (reviewed in Gancedo, 1998). Loss of anyone of
these genes within certain laboratory strains may enable some laboratory strains
co-fermentation of D-glucose along with other hexoses such as D-galactose or
sucrose (Bailey and Woodward, 1984).

[0064] One test of the ability of yeast cells derived from laboratory yeast to
utilize some secondary carbon sources in the presence of D-glucose is to measure
the ability of cells to grow in the presence of a secondary carbon source and a
small amount of 2-deoxy-glucose. 2-deoxy-glucose is a non-metabolizable
derivative of D-glucose that is reported to exhibit glucose repression against
hexose sugars such as D-galactose, maltose, and sucrose in certain laboratory
strains. This phenomenon is demonstrated with D-galactose (Bailey et al., 1982;
Bailey and Woodward, 1984). Yeast cells exposed to 2-deoxy-glucose, which are
both catabolite repression competent and capable of fermenting D-galactose,
maltose, or sucrose, are believed to be unable to utilize alternative carbon sources
in the presence of 2-deoxy-glucose and these strains are unable to metabolize
2-deoxy-glucose. These conditions reportedly result in cell death; however, the
exact cause of death in yeast cells exposed to 2-deoxy-glucose is still unclear
(Ralser et al. 2008).

[0065] Glucose repression describes a phenomenon in yeast whereby D-
glucose must be depleted from the media prior to the utilization of most other
carbon sources. A well studied regulator of glucose repression is the Mig1
transcription factor which is thought to act as a transcriptional repressor of genes

involved in the utilization of alternative carbon sources; however, it is also reported
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that the loss of MIG1 does not make cells resistant to 2-deoxy-glucose (Schuller,
2003). As mentioned above, loss of GRR1, REG1, or HXKZ2 makes cells resistant
to 2-deoxy-glucose (Gancedo 1998). While Reg1 is a PP1 protein phosphatase
subunit that is believed to regulate Mig1 by bringing a PP1 complex to Mig1, the
precise mechanisms by which the other proteins are necessary to achieve glucose
repression are less clear. Microarray analysis also indicates that Mig1 affects only
a subset of the processes regulated by Grr1 and Hxk2 (Westergaard ef al. 2006).
The experimental results proteomics analyses performed and reported on herein
suggest that a large post-transcriptional component to the regulation of catabolite
repression is unrecognized.

[0066] Spontaneous mutations in CEN.PK isolated in the screen mention in 1
exhibit an inactivation in the REG1 locus (FIG. 6). Furthermore targeted disruption
of REG1 or two other genes known to have similar mutant phenotypes when lost,
GRR1 and HXK2, also gained the ability to grow on this medium. Targeted
disruption of REG1, GRR1 or HXK2 may be created by PCR-mediated gene
disruption. These experiments can be carried out by designing primers which are
identical to the 5" and 3’ segments of DNA at a particular gene locus. Using the
nat1 gene from Streptomyces nourseothricii, which confers resistance to the
aminoglycoside antibiotic nourseothricin, any of the genes listed above can be
deleted by transforming yeast using the lithium acetate transformation method. In
a haploid strain, disruption of a single allele is sufficient to allow growth on YP
media supplemented with L-glutamine, 2% D-xylose and 0.1% 2-deoxy-glucose.
However, different yeast strains are differentially sensitive to different
concentrations of 2-deoxy-glucose.

[0067] Most industrial yeast strains are diploid. Accordingly, transformation in
these strains only ensures deletion of a single allele. Surprisingly, we have found
the reproducible loss of the other copy at the same gene locus of a diploid or any
higher ploidy yeast can be accomplished by plating the heterozygotic strain on
media containing 2-deoxy-glucose and a secondary sugar serving as the principle
carbon source including but not limited to sugars such as maltose, D-galactose,
sucrose, D-xylose or D-xylulose.

[0068] Referring now to FIGs. 3 and 5. This phenomenon was also
demonstrated in the context of D-xylose. As shown in FIG 3, when an S288¢c

grr1A strain, a wild-type CEN.PK strain and a CEN.PK grr1A strain were plated
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onto media containing 2% D-xylose, growth could be detected for all three strains.
However, only the CEN.PK grr1A strain shows growth on media containing 2%
D-xylose and 0.1% 2-deoxy-glucose (FIG. 3). Over time within the patch of cells
from the CEN.PK strain, isolated colonies began to emerge after 10-15 days.
[0069] After about 21 days, these colonies become large enough to be
physically manipulated. These isolated colonies are spontaneous mutants of the
CEN.PK parent strain that have gained the ability to grow on D-xylose in the
presence of 2-deoxy-glucose (see below). This phenomenon is not observed with
the S288c grr1A derivative. These results illustrate that in contrast to CEN.PK
cells, even upon deletion of the GRR1 gene, S288c cells are incapable of growing
on D-xylose in the presence of 2-deoxy-glucose. The inability of 2-deoxy-glucose
resistant/D-xylose utilizing mutants to develop in S288c suggests that the small
amount of growth seen with S288c may be due to the utilization of contaminating
amounts of glucose within the D-xylose.

[0070] Two representative haploid strains Saccharomyces cerevisiae isolated
the screen disclosed herein and those that grow on D-xylose in the presence of 2-
deoxy-glucose CDXR2 and JH015 were deposited with the American Type Culture
Collection on February 25, 2009 and have been assigned accession numbers
PTA-9849 and PTA-9850, respectfully. Under terms of the Budapest Treaty on
deposits of biological materials these strains will be made available to public once
a patent issues on this invention.

[0071] The conversion of yeast's cellular metabolism from the utilization of the
preferred sugars to non-preferred sugars (e.g. D-galactose and likely D-xylose)
may take hours. This lag occurs even in yeast cells that have been engineered to
over-express the enzymes necessary for D-xylose breakdown. It appears that in
both industrial and laboratory yeast strains that utilize a mixture of sugars is the
metabolism of D-xylose is very inefficient until the mixture is almost completely
devoid of D-glucose.

[0072] Referring now to FIG. 9. Diploid industrial yeast strained selected for by
their ability to grow on Xylose in the presence of 2-dexoy-glucose were analyzed
using PCR. Three Grr1Tf and Grr1TF primer pairs should produce a PCR product
of 3810 bp if GRR1 is intact; if GRR1 is disrupted the PCR product should be 1400
bp. The Grr1Tf & pAG25TR1 primer pairs should produce no PCR product if
GRR1 is intact and a PCR product of ~1200 bp if GRR1 has been replaced by the
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nat1 gene. The PCR analysis proves that in the grr1 -/-2A and grr1 -/-2B strains
which are derivatives of Fermentis Ethanol Red, both GRR1 genes have been
displaced with the nat1 gene. Note that RC4 is a haploid S288C derivative with
grr1::NAT1. Two previous PCR reactions (10/18/04 and 12/10/09) returned the
same product as that observed for the grr1 -/- strains in this PCR reaction.

[0073] Referring now to FIG 10. A similar analysis of the diploid industrial
strains was carried out to look for changes in the Reg 1 gene. The Reg1 testA &
Reg1 test ID primer pairs should produce a PCT product of ~3600 bp if REG 1 is
intact; if disrupted the PCR product should be ~1800 bp. The Reg1 testA &
pAG25TR1 primer pairs should produce no PCR product if REG 1 isintactand a
PCR product of ~1500 bp if REG 1 has been replaced by the nat1 gene. The PCR
above proves that in the reg1 -/-1A and reg 1 -/- 1B strains which are derivatives of
Fermentis Ethanol Red, both REG1 genes have been displaced with the nat1
gene. ltis also proof that even in strains harboring the Nat1 gene, like grr1 -/-2A,
no PCR product is made with the REG1 testA and pAG25T41 primers.

[0074] The strength of the repressing effect of D-glucose is illustrated in Table 1
which includes the levels of a select group of transcripts that are regulated by
D-xylose (Jin et al. 2004) as well as by different concentrations of D-glucose (Yin
et al. 2003). The regulation of these transcripts in cells mutant for GRR1 and
HXK2 while growing in 2% D-glucose as compared to wild-type cells has also been
included (Westergaard ef al. 2006). As can be seen in Table 1, even a constant
level of low D-glucose (0.01%) causes catabolite repression. For example, the
abundance of the FBP1 transcript remains relatively constant from .01%-1% D-
glucose while it is highly induced by growth on 2% D-xylose or in cells lacking
GRR1. Eliminating catabolite repression should be of use even if it is possible to
process a mixed sugar feed stock to reduce the level of D-glucose mixed sugar
feed stocks below those levels that induce catabolite repression, because having
to process mixed sugar stocks to substantially deplete them of D-glucose is time

consuming and expensive.
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Table 1. Expression ratios of genes involved in sugar metabolism.

ORF Gene mRNA microarray Analysis Protein
Analysis
D-glucose D-xylose 2.0% D-glucose

0.01% | 0.1% | 1.0% 2.0% hxk2A | grelA | grriA

Gluconeogenesis Genes

YLR377¢c | FBPI 0.31 0.26 0.30 5.56 2.30 136.60 ND

YHRO%4c | HXTI 3.52 5.18 8.97 0.31 0.15 0.01 1.00

YKLO85w | MDHI 0.7 0.67 0.33 2.04 2.36 2.24 0.47

YMRI145¢c | NDEI 1.52 2.10 1.46 3.22

YML120c | NDII 2.38 4.05 3.75 0.35

YKRO97w | PCKI 0.12 0.21 0.17 3.00 ND 38.64 ND

YKL148¢ | SDHI 0.76 0.66 0.46 2.90 4.61 3.94 ND

YFROS3c | HXKI 3.11 5.00 1.21 7.81 13.38 8.28 1.40

YDR342- | HXT6/7 | 8.00 11.00 3.50 7.20 6.40 4.62 35

YHRI104w | GRE3 0.78 16.36

[0075] As disclosed herein, a proteomic analysis of cells lacking GRR1 was
carried out and an analysis of this data illustrates at least the following two points.
First, transcript levels do not always provide an accurate picture of the proteome
(Table 1). For example, while the transcripts from the genes HXT7 and HXT7 are
decreased and increased respectively, the corresponding proteins behave quite
differently, Hxt1 protein levels remain unchanged when comparing a wild-type
strain to a grr1A strain while the Hxt7 protein is reduced in a grr1A. These results
indicate that one must exercise caution when interpreting mRNA microarray data in
the absence of proteomic data. This is highly relevant here because Hxt7 has
been proposed to be an important transporter of D-xylose.

[0076] Second, this proteomic data indicates that the Gre3 protein is elevated
over 16X in a grr1A mutant strain. GRE3 encodes a homolog of the Pichia xylose
reductase which carries out the first step in D-xylose degradation. Furthermore,
the increase in Gre3 occurs in the absence of transcriptional induction of the GRE3

gene and can only be seen by direct detection of the protein in our experiments.
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Thus the absence of GRR1 further drives a cell toward utilization of D-xylose.
These results indicate that loss of GRR1, HXKZ2, and most likely REGT may
provide very similar, if not entirely overlapping responses.

[0077] Microarray analysis provides a means to monitor global transcriptional
changes in an unbiased fashion. An inherent assumption in microarray
experiments is that differences in mMRNA levels reflect differences in protein levels.
However, not all protein changes in protein activity or even levels require a change
in transcriptional controls. For example, post-translationally mediated events may
bring about dramatic proteomic changes that would be “invisible” in a microarray
analysis. Fortunately, a combination of microarray analysis and proteomic
analyses can be used to distinguish transcriptional from post transcriptional
regulatory events responsible for changes in the abundance of specific proteins.
[0078] Quantitation data on about 1,200 proteins out of 2580 proteins detected
was compiled (Data now shown), a result typical for this method (de Godoy et al.
2006). These proteomic data were coupled to a microarray analysis using the
strains and media conditions described above (for a GRR1 mutant) as well as
published microarray analyses comparing wild-type cells to grrf mutants and to
other catabolite repression mutants (Kodama et al., 2002; Kaniak et al., 2004;
Westergaard et al., 2004). Analysis of these data sets revealed three distinct
patterns of regulation influenced by GRR1 (Data now shown). First, genes whose
mRNA abundances correlate with protein product abundances were identified.
Second, genes where product abundance differences occur in the absence of
mRNA changes were found. Genes were also identified in which their mMRNA
abundance changes without concomitant changes in product abundance. These
results indicate that under the proper conditions these techniques can be used to

study the proteome of various active metabolic pathways proteomically.
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Table 2.
ORF Name Gene Name Function Relatives
YLRO63w None Unknown None
YMR167w MLH1 DNA Repair PMS1, MHL2, MLH3
YPL176¢C TRE1 Ub/RSP5 TRE2
YPL123c RNY1 RNase None
YPL121¢ MEI5 DNA Repair None
YBR242w None Unknown YGL101w
YDR422¢ SIP1 Metabolism GAL83, SIP2
YHRO12w VPS29 Retromer Com. YHRO12w
YHR103w SBE22 Cell Wall SBE2
YHR154w RTT107 DNA Repair None
YCLO48w SPS22 Cell Wall SBE2, PST1, ECM33
YLR133w CKl1 PL Synthesis EKI1
YOR138¢c RUP1 UB/RSPS None
YOR177c MPC54 Unknown None
YDR269c¢ CCC2o/1 Transport CU++ PCA1
YILOG4w None Unknown None
YOL101c 1ZH4 Transport Zn++ [ZH1, 1ZH2
YML124c TUB3 MT TUB1
YMR116¢ ASC1 Metabolism None
YDRO028c REG1 Metabolism REG2
YDRO74w TPS2 Metabolism None
YDLO88c ASM4 Nuclear Pore NUP53
YGR271w SLH1 Unknown None

EXPERIMENTAL

1. Screening for catabolite derepressed haploid spontaneous mutants

of S. cerevisiae.

[0079] The following experiments were carried out to examine the growth of

yeast cells on 2-deoxy-glucose. Wild type yeast strains were plated onto solid

media YP including 2 wt.% xylose and 0.1 wt./% 2-deoxy-glucose. However, no

yeast cell growth was seen.
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[0080] Next 0.5 wt.% L-glutamine was added to otherwise identical media and
growth was found after several days of incubation. However, as can be seen in
Fig. 3, (Panel B) the cells did not readily grow on this media. Only after incubation
for three weeks did Cen.PK derivatives, but not cells derived from other yeast
strains, unexpectedly gain the ability to grow on xylose in the presence of 2-deoxy-
glucose. These spontaneous mutants, eventually, formed colonies which appear
to have arisen from a single cell. While these colonies were derived from
spontaneous mutagenesis, classic chemical mutagens or irradiation could enhance
this process.

2 Replating of haploid mutants.
[0081] Cells from four of the 2-deoxy-glucose resistant/D-xylose utilizing
CEN.PK colonies were isolated and set aside for further study. Referring now to
FIG. 5, these mutant CEN.PK strains grow on D-glucose and D-xylose and, when
transferred to D-xylose plus 2-deoxy-glucose (DOG) media, produce a robust
patch within two days.

3. Complementation analysis.
[0082] The 2-deoxy-glucose resistant Cen.PK derivative, strains that were
isolated were mated to specific strains from the yeast knockout collection (Open
Biosystems). All four 2-deoxy-glucose resistant mutant strains also grew on media
containing 2% galactose and .03% 2-deoxy-glucose. Thus, since S288c derived
cells do not grow on D-xylose, complementation tests were performed on media
containing D-galactose and 2-deoxy-glucose. The analysis demonstrated that the
2-deoxy-glucose phenotype of CDXR2 and CDXR4 is not complemented by a
mutation in REG1 indicating that CDXR2 and CDXR4 contain mutant alleles of
REG1. There may also be still unidentified changes in these strains responsible
for these unusual phenotype.

4. Screening and Targeted Approaches for Obtaining Derepressed
Diploid Industrial Yeast Strains
[0083] Using a similar approach to that used with haploid laboratory strains it
should be possible to screen for and isolate modified versions of the industrial
diploid strain Fermentis Ethanol Red that spontaneously gained the ability to grow
robustly on a mixture of D-xylose and D-xylulose in the presence of 2-deoxy-

glucose.
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[0084] Some industrial diploid strains, such as Fermentis Ethanol Red, are
heterothallic and can be made and sustained as a haploid by the standard
laboratory practices of sporulation and tetrad dissection. Converting an industrial
diploid strain to a haploid will increase that strain’s ability to acquire the properties
necessary to grow robustly on a mixture of D-xylose in the presence of 2-deoxy-
glucose because only a single copy of a gene imparting glucose repression needs
to be disrupted.
[0085] Derepressed industrial diploid strains can also be obtained by targeted
gene disruption followed by selection for loss of the second copy of a gene. For
example, strain GX1 (grr1 -/-) was created by replacing one of the two genomic
copies of the GRR1 gene with the nourseothricin N-acetyltransferase gene (NAT1)
gene, which confers resistance to the aminoglycoside nourseothricin, in the
Fermentis Ethanol Red strain. By plating the heterozygotic strain on media
containing 2-deoxy-glucose and a secondary sugar serving as the principle carbon
source including but not limited to sugars such as maltose, D-galactose, sucrose,
D-xylose or D-xylulose, a strain lacking both copies of the GRR1 gene was
obtained.
[0086] Referring now to FIG. 7. Industrial diploid, wild type (Fermentis Ethanol
Red) and reg1A4 (Fermentis Ethanol Red derivative) were grown on YPD plates for
two days and then replica-plated onto YP plus 0.4% Xylulose/3.6% Xylose/ (top
panel) or YP plus 0.4% Xylulose/3.6% Xylose plus 0.1% 2-deoxy-glucose and
grown at 30°C for 3 days.

5. Growth of mutant industrial diploid yeast strains on corn cob
hydrolysate.
[0087] The ability of the mutant diploid industrial to grow on a mixture of
glucose and xylose was tested. The industrial diploid strains, wild type (Fermentis
Ethanol Red) and reg71A (Fermentis Ethanol Red derivative) strains were
inoculated into 50 ml of corn cob hydrolysate at a starting density of 1x10” cells/ml.
Cultures were shaken at 30°C and samples were withdrawn at the indicated times.
The concentrations of glucose, xylose and ethanol were analyzed by refractive
index. Referring now to FIG. 8. The mutant strain also converts a greater
percentage of sugar into ethanol (~11%) in a cellulosic mixture derived from corn

cobs that includes both D-glucose and D-xylose.
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6. Growth of mutant industrial diploid yeast strains on a mixed
sugar source including both glucose and maltose.
[0088] Industrial diploid strains, wild type (Fermentis Ethanol Red) and grr1 -/-
(GX1) (a Fermentis Ethanol Red derivative), were inoculated into 50 ml of media
containing 10 g/L yeast extract, 20 g/L peptone, 50 g/L glucose and 50 g/L maltose
at a starting density of 1x10" cells/ml. Cultures were shaken at 30°C and samples
were withdrawn at the indicated times. The concentrations of glucose, xylose and
ethanol were analyzed by refractive index. As illustrated in FIG. 11, this strain also
utilizes maltose more quickly than D-glucose when provided both sugars
simultaneously.

7. PCR-mediated conformation of the GRR1 and REG1 disruption.
[0089] The conditions used for the PCR analysis of the GRR1 gene are as

follows.

PCR Mix RC4 Program

5 ul 10X Thermo Pol Rxn Buffer 94C — 1 min

39 ul Water 94C — 50 sec]|

1 ul dNTPs (10mM each, initial []) 56C — 1 min | 30X
1.5 ul each primer (10 mM, initial []) 72C -3 min |

1 ul genomic DNA
1 ul Taq (NEB)

[0090] The following DNA primers were used in the analysis of GRR1.
SEQ. ID NO.1 — Grr1TfF= 5' GAAGCCCAAAAATTAAGGCATTGCA
SEQ. ID NO.2 - Grr1TR =5 TTTGAAACTGTGTATAGAATGTTTCGC
SEQ. ID NO.3 — pAG25Tr1 =5 ATTACTTTCTGCGCACTTAACTTCG
The results of these reactions are illustrated in the gel shown in FIG. 9.
8. PCR analysis of REG1 disruption.
[0091] The conditions used for the PCR analysis of the REG17 gene are as

follows.

PCR Mix RC4 Program

5 ul 10X Thermo Pol Rxn Buffer 94C — 1 min

39 ul Water 94C — 50 sec]|

1 ul dNTPs (10mM each, initial []) 56C — 1 min | 30X
1.5 ul each primer (10 mM, initial []) 72C -3 min |
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1 ul genomic DNA
1 ul Taq (NEB)
[0092] The following DNA primers were used in the analysis of Reg1.
SEQ. ID NO.4 — Reg1 testA = 5' AGAATATACCATATAGGAGACGCGA
SEQ. ID NO.5 — Reg1 testD = 5' TACGACTATGGAAGCTCAAGAAGTT
SEQ. ID NO.6 — pAG2tTr1 = 5' ATTACTTTCTGCGCACTTAACTTCG
The results of these reactions are illustrated in the gel shown in FIG. 10.

9. Comparison of yeast genes thought to be involved in carbon
metabolism.
[0093] Concerted measurements of gene and protein expression were
performed on a S288c derived strain grr1A strain. This strain was constructed
using the same methods described in experiment 4. Referring now to table 1.
Even within this selected list of key carbon metabolism genes, it can be seen that
there is great similarity in the transcriptional response of cells growing on D-xylose
and those growing on D-glucose but lacking either HXK2 or GRR1, two key
catabolite repression genes.

10. Identification of various single gene deletion strains which are
resistant to 2-deoxy-glucose.
[0094] A collection of viable yeast deletion mutants was screened to identify
those resistant to 2-deoxy-glucose. This experiment was performed by growing
cells from the Open Biosystem yeast gene deletion collection on YP media
containing 2% D-galactose and .03% 2-deoxy-glucose and observing for growth
after a 3 day incubation at 30°C. D-galactose was used since this strain does not
grow on D-xylose under any condition we have tested. This analysis allows us to
increase the list of mutations that might lead to fermentation of D-xylose in the
presence of D-glucose. The results are presented in table 2.
[0095] While the novel technology has been illustrated and described in detail in
the figures and foregoing description, the same is to be considered as illustrative
and not restrictive in character, it being understood that only the preferred
embodiments have been shown and described and that all changes and
modifications that come within the spirit of the novel technology are desired to be
protected. As well, while the novel technology was illustrated using specific
examples, theoretical arguments, accounts, and illustrations, these illustrations and

the accompanying discussion should by no means be interpreted as limiting the
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technology. All patents, patent applications, and references to texts, scientific
treatises, publications, and the like referenced in this application are incorporated
herein by reference in their entirety.
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10.

11.

12.

CLAIMS

A method for isolating a yeast, comprising the steps of;
providing a growth medium, wherein the medium includes 2-deoxy-
glucose; xylose, and glutamine and xylose is the sole carbon source;
inoculating the medium with at least one strain of yeast; and
isolating at least one yeast cell from the medium; wherein said yeast
cell grow on D-xylose as a sole carbon source in the presence of at least
about 0.03 wt.% 2-deoxy-glucose.
The method according to claim 1, wherein the strain exhibits detectable
growth on the media only after about 14 days.
The method according to claim 1, wherein the strain exhibits detectable
growth on the media only after about 21 days.
The method according to claim 1, wherein the medium includes about 2.0
wt. % xylose, and about 0.5 wt. % glutamine.
The method according to claim 1, wherein the yeast is a species of
Saccharomyces.
The method according to claim 6, wherein the yeast is a strain of
Saccharomyces cerevisiae.
The method according to claim 4, where the strain of Saccharomyces
cerevisiae is haploid.
The method according to claim 6, where the strain of Saccharomyces
cerevisiae is diploid.
The method according to claim 6, where the strain of Saccharomyces
cerevisiae has a ploidy number greater than 2.
The method according to claim 1, wherein the yeast strain isolated from the
medium will metabolize at least one pentose sugar in the presence of at
least 0.03 wt. % 2-deoxy-glucose.
The method according to claim 1, wherein the yeast strain isolated from the
medium will metabolize at least one hexose sugar other than D-glucose in
the presence of at least about 0.03 wt. % 2-deoxy-glucose.
The method according to claim 1, wherein the yeast that is isolated from the

medium is a spontaneous mutant.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The method according to claim 1, further including the step of exposing the
yeast to at least one mutagen.
The method according to claim 13, wherein the mutagen is selected from
the group consisting of ionizing radiation, UV-light, and reagents that effect
DNA structure such as intercalating agents, alkylating agents, DNAadducts
and the like.
A variant yeast comprising a strain of Saccharomyces cerevisiae that will
grow on at least one pentose sugar as a sole carbon source in the presence
of at least 0.03 % wt. 2-deoxy-glucose.
The variant yeast according to claim 15, wherein the strain of
Saccharomyces cerevisiae is haploid.
The variant yeast according to claim 15, wherein the strain of
Saccharomyces cerevisiae is diploid.
The variant yeast according to claim 15, wherein the strain of
Saccharomyces cerevisiae is selected from the group consisting of: JHO15,
CDXR2 and Fermentis Ethanol Red reg14 and Fermentis Ethanol Red grr1-
/-(GX1).
A method of fermenting a sugar source, comprising the steps of:

providing at least one strain of Saccharomyces cerevisiae, wherein
the at least one strain of Saccharomyces cerevisiae will grow on at least
one pentose sugar in the presence of at least 0.03 wt. % 2-deoxy-glucose;
and

supplying a feed stock that includes at least one sugar; and

growing said yeast strain the feed stock.
The method according to claim 19, wherein the feed stock includes an
amount of D-glucose sufficient to support the growth of the yeast strain in
the absence of any additional sugar source.
The method according to claim 19, wherein the feed stock includes a
pentose sugar that can be fermented by said yeast strain.
The method according to claim 19, wherein the feed stock includes a
pentose sugar that can be fermented by said yeast strain and at least 0.1%
2-deoxy-glucose.
The method according to claim 19, wherein the feed stock includes a

fermentable hexose sugar other than D-glucose.
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24.  The method according to claim 23, wherein the feed stock further includes
D-glucose.
25. A method of creating a mutant strain of yeast, comprising the steps of:
providing a strain of yeast competent in at least one of the genes
selected from the group consisting of Grr1 and Reg7;
deleting the activity of both Grr1 and Reg1 to create a mutant strain;
and
testing the strain to determine if it will grow on a pentose sugar in the
presence of at least about 0.03 wt. % 2-deoxy-glucose.
26. The method according to claim 25, wherein the mutant strain is haploid.
27.  The method according to claim 25, wherein the mutant strain is diploid.
28. The method according to claim 25, wherein the mutant strain has a ploidy
number greater than 2.
29. A method of selecting of identifying a yeast strain, comprising the steps of
providing a strain of Saccacharomyes cerevisiae that include a mutation in
at least one open reading frame selected from the group consisting of: YLROG3w,
YMR167w, YPL176¢c, YPL123c, YPL121c, YBR242w, YBR422w, YHR012w,
YHR103w, YHR154w, YCL048w, YLR133w, YOR138c, YOR177c, YDR269c,
YILO64w, YOL101c, YML124C, YMR116C, YDR028¢c, YDR074c, YDL088c, and
YGR271, wherein open reading frame encodes a functional gene and the mutation
in the open reading frame disrupts the activity of the gene encoded in the open
reading frame;
growing said strain of Saccharomyces cerevisiain a media including xylose
as the sole carbon source and at least about 0.03 wt. % 2-deoxy-glucose; and
isolating strains of Saccharomyces cerevisiae that grow in the media.
30. A method of isolating a yeast strain; comprising the steps of:
providing a strain of that includes a functional copy of at least one of the
genes encoded by the open reading frames consisting of: YLRO63w, YMR167w,
YPL176¢c, YPL123c, YPL121¢c, YBR242w, YBR422w, YHR012w, YHR 103w,
YHR154w, YCL048w, YLR133w, YOR138c, YOR177c, YDR269c, YIL064w,
YOL101c, YML124C, YMR116C, YDR028c, YDR074c, YDL088c, and YGR271w;
introducing a mutation into at least one of the open reading selected from
the group consisting of: YLRO63w, YMR167w, YPL176¢, YPL123c, YPL121c,
YBR242w, YBR422w, YHR012w, YHR103w, YHR154w, YCL048w, YLR133w,
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YOR138c, YOR177¢c, YDR269c, YIL064w, YOL101c, YML124C, YMR116C,
YDRO028¢, YDR074c, YDL088c, and YGR271w to produce a mutant of
Saccharomyces cerevisiae;

growing the mutant of Saccharomyces cerevisiae on a selection medium,
wherein the medium includes xylose as the sole carbon source and at least about
0.03 wt. % 2-deoxy-glucose; and

isolating mutants that grow on the medium.
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Group lll, claims 19-24, drawn to a method for fermenting a sugar source by providing at least one strain of Saccharomyces cerevisiae,
wherein the at least one strain of Saccharomyces cerevisiae will grow on at least one pentose sugar in the presence of at least 0.03 wt.
% 2-deoxy-glucose; and supplying a feed stock that includes at least one sugar.

Group 1V, claims 25-28, drawn to a method for creating a mutant strain of yeast by providing a strain of yeast competent in at least one
of the genes selected from the group consisting of Grr1 and Reg1; deleting the activity of both Grr1 and Reg1 to create a mutant strain;
and

testing the strain to determine if it will grow on a pentose sugar in the presence of at least about 0.03 wt. % 2-deoxy-glucose.

Group V, claims 29-30, drawn to a method of selectingfisolating a yeast strain by providing a strain of Saccacharomyes cerevisiae that
include a mutation in-at least one open reading frame selected from the group consisting of: YLR063w, YMR167w, YPL 176c, YPL 123c,
YPL 121¢, YBR242w, YBR422w, YHR012w, YHR103w, YHR 154w, YCL048w, YLR133w, YOR138c, YOR177c, YDR269c, YILO64w,
YOL101c, YML124C, YMR116C, YDR028¢, YDR0Q74c¢, YDL088c, and YGR271, wherein open reading frame encodes a functional gene
and the mutation in the open reading frame disrupts the activity of the gene encoded in the open reading frame; growing said strain of
Saccharomyces cerevisiain a media including xylose as the sole carbon source and at least about 0.03 wt. % 2-deoxy-glucose; and
isolating strains of Saccharomyces cerevisiae that grow in the media. .
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YOR138c, YOR177c, YDR269c, YILO64w, YOL101¢c, YML124C, YMR116C, YDR028¢, YDRO074c, YDLO088c, and YGR271, as required
by Group V.

Group | does not include the inventive concept of a method for fermenting a sugar source, as required by Group IIl.
Group Il does not include the inventive concept of a method for isolating a yeast, as required by Group .
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prior art. Specifically, an article titled "Genetically Engineered Saccharomyces Yeast Capable of Effective Cofermentation of Glucose
and Xylose" by HO, et al. (APPLIED AND ENVIRONMENTAL MICROBIOLOGY 1998, 64(5):185271859) that discloses transformed
Saccharomyces sp. strain 1400 that is a xylose-metabolizing yeast that can effectively ferment xylose to ethanol and also effectively
utilizes xylose for aerobic growth (abstract). Said strain is able "to efficiently ferment xylose to ethanol and also able to efficiently
"coferment glucose and xylose present in the same medium to ethanol simultaneously” (abstract). As said train of yeast was known at
the time of the invention, this cannot be considered a special technical feature that would otherwise unify the groups.

Groups |-V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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