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Figure 8

XUT1T + XYL123 Transformants Glucose Utilization Rate
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Figure 11

XUT1 XYL123 Transformants, Ethanol Production Rate
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Figure 21

¥7124 XUT3 Transformants Sugar Utilization Rate
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Figure 23

y7124 XUT3 Transformants Specific Ethanol Yield
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METABOLICALLY ENGINEERED YEASTS
FOR THE PRODUCTION OF ETHANOL AND
OTHER PRODUCTS FROM XYLOSE AND
CELLOBIOSE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 61/319,851, filed on Mar. 31,
2010, and U.S. Provisional Application No. 61/325,181, filed
on Apr. 16, 2010, the entire disclosures of which are hereby
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to the field of industrial micro-
biology and the production of alcohols. More specifically,
ethanol is produced from xylose, glucose, cellobiose and
mixtures of sugars in acid and enzymatic hydrolysates via
industrial fermentation by a recombinant yeast.

BACKGROUND OF THE INVENTION

[0003] Ethanol obtained from the fermentation of starch
from grains or sucrose from sugar cane is being blended with
gasoline to supplement petroleum supplies. The relatively
oxygenated ethanol increases the efficiency of combustion
and the octane value of the fuel mixture. Production of etha-
nol from grain and other foodstuffs, however, can limit the
amount of agricultural land available for food and feed pro-
duction, thereby leading to the expansion of agricultural pro-
duction into forests or marginal lands. Moreover, the intense
tillage and fertilization of prime agricultural land can resultin
excessive soil erosion and runoff or penetration of excess
phosphorous and nitrogen into waterways and aquifers. Pro-
duction of ethanol from feedstocks that do not compete with
food and animal feed supplies is therefore highly desirous,
indeed essential for the large-scale development of renewable
fuels from biomass.

[0004] Lignocellulosic materials from agricultural resi-
dues, fast-growing hardwoods and processing byproducts
constitute a large domestic renewable resource that could be
used in a sustainable manner for the production of renewable
fuels. Substrates presently available in or adjacent to existing
grain and sucrose fermentation facilities include grain hulls,
corn cobs, corn stalks (stover), sugarcane bagasse, wheat
straws various annual or perennial grasses such as Miscant-
hus species, Sorghum species, giant reed (Arundo donax), and
switchgrass (Panicum virgatum), and fast-growing hard-
woods such as species of Populus, Sailix and Acer.

[0005] Sugars, lignin and various other components can be
extracted from these feedstocks following appropriate
mechanical, chemical, thermal or other pretreatments. These
include the use of heat, steam dilute and concentrated acids or
bases, and organic solvents either alone, sequentially to or in
combination with mechanical maceration. The pretreatment
processes result in the formation of soluble hemicellulosic
sugars and oligomeric materials along with partially
degraded cellulose, hemicellulose and lignin. Ideally, pre-
treatments minimize substrate losses and byproduct toxin
formation while maximizing the production of sugars avail-
able for fermentation.

[0006] Sugars can be present in the form of monosaccha-
rides such as D-glucose, D-xylose, D-mannose, D-galactose
and L-arabinose or as various oligomers or polymers of these
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constituents along with other lignocellulosic components
such as acetic acid, 4-O-methylglucuronic acid, and ferulic
acid. From angiosperms the prevalent sugar polymers are
cellulose and xylan, which can be hydrolyzed to glucose and
xylose, respectively.

[0007] Glucose in sugar hydrolysates represses the induc-
tion of transcripts for proteins essential for the assimilation of
less readily utilized sugars present in hydrolysates such as
xylose, cellobiose, galactose, arabinose, and rhamnose. The
production of ethanol from glucose can attain inhibitory con-
centrations even before use of other sugars commences. Even
in cells that normally metabolize and ferment sugars other
than glucose, it is therefore desirable to alter the expression of
transcripts for the proteins mediating their assimilation so
that their utilization starts while glucose is still present.

[0008] Ifanorganism is capable of metabolizing other non-
carbohydrate components of hemicellulose hydrolysates
such as acetic, ferulic, and 4-O-methylglucuronic acids, fur-
fural, hydroxymethyl furfural, and various degradation prod-
ucts of lignin, induction of transcripts for their consumption
can likewise be inhibited by the presence of glucose or other
more readily utilized carbon sources.

[0009] Genes coding for metabolism of xylose, arabinose,
mannose, rhamnose or other substrates such as cellobiose,
xylan, or glucan can be present in the genome but not
expressed at sufficient levels for optimal substrate uptake or
product formation. This is especially true of fermentation
processes that require a high glycolytic flux. By altering the
expression of genes critical for substrate uptake or product
formation, it is possible to obtain significantly higher rates of
fermentation.

[0010] Sugar transport is critical for efficient metabolism
during fermentation. For example, it is well known that Sac-
charomyces cerevisiae, which is highly fermentative,
expresses numerous proteins for the uptake of glucose and
fructose by facilitated diffusion (1, 6, 9). Several researchers
have previously engineered S. cerevisiae for improved xylose
utilization by overexpressing the principal glucose/xylose
facilitative transporter from Pichia stipitis in S. cerevisiae (5,
11). In the study by Katahira et al., overexpression of SUT1 in
S. cerevisiae increased the uptake rate for xylose or glucose in
S. cerevisiae cells that had been engineered for xylose
metabolism. They were able to achieve 41.4 g/l ethanol with
an overall yield of 4.42 g ethanol/g total sugars within 72 h
from a mixture of 51.8 g/l glucose and 52.3 g/l xylose. How-
ever, the rate and yield of ethanol production from xylose
were much lower than from glucose, and approximately 10%
of'the xylose (5 g/1) remained unused after 72 h. When xylose
was the sole carbon source, utilization was better but still
incomplete (5).

[0011] Proteins that mediate sugar uptake are known to
exhibit significant variability even with minor changes in
amino acid sequence. For example, Weirstall et al. (11), first
cloned and characterized SUT1, SUT2 and SUT3 from P.
stipitis, and showed that all three proteins could mediate
glucose and xylose transport when expressed in S. cerevisiae.
Sutlp differs significantly from Sut2p and Sut3p, whereas
Sut2p and Sut3p show only a single amino acid difference
(and Sut4p, which was not described by Weirstall etal.). Even
so, Sutlp and Sut3p, but not Sut2p were able to mediate
significant fructose uptake, but Sut2p could not. Moreover,
galactose was taken up only by Sut3, but only in small
amounts and with a relatively high K,,,.
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[0012] Jeftries et al have shown that the facilitative sugar
transporter, Sutdp, shows relatively high affinity for D-xylose
as compared to D-glucose, and that it can dramatically
increase xylose and glucose utilization when overexpressed
in its native host, thereby indicating that sugar transport is rate
limiting in this organism. Moreover, Jeffries et al. disclosed
that the sugar symporter, Xutlp, exhibits relatively high and
selective affinity for D-xylose.

[0013] Xylose uptake transporters have been described.
Pichia stipitis Xut3p is similar in structure to Pyrenophora
tritici-xylose-proton symporter, Xps1lp (GenBank REFSEQ:
accession XM_ 001935846.1) and to Debaryomyces hans-
enii Xylhp (GenBank REFSEQ: accession AY347871.1) and
D. hansenii XM__458169.1.

[0014] As previously shown by Jin et al. (4) (see also, U.S.
Pat. No. 7,226,735) optimal expression of a gene for meta-
bolic pathway engineering does not necessarily require maxi-
mal expression as could be obtained through the use of strong
constitutive promoters. More appropriate promoters native to
the Pichia stipitis genome but exhibiting lower level or
expression profiles that vary with the growth condition may
be obtained from the published genome of Pichia stipitis: on
the internet at genome.jgi-psf.org/Picst3/Picst3.home.html
and their expression levels may be determined by Southern
hybridization, qPCR, or expression array technologies. As
has been demonstrated by Lu etal. (8), the levels of enzymatic
activities obtained with promoters native to the host correlate
significantly with the transcript level. Thus expression of
genes and combinations of genes useful to maximize metabo-
lite flux for desired products can be optimized.

[0015] Yeasts such as Saccharomyces cerevisiae and bac-
teria such as Escherichia coli, Zymomonas mobilis and Kleb-
siella oxytoca have been engineered for the utilization of
xylose and arabinose, but these organisms are limited either
by low production rates, strong preference for utilization of
glucose over xylose susceptibility to inhibitors, susceptibility
to microbial or bacteriophage contamination, high require-
ments for nutrients, or containment regulations due to the
expression of transgenes in order to achieve xylose or cello-
biose utilization. There remains a need for yeasts that will
ferment glucose, xylose, cellobiose and other sugars from
lignocellulosic materials at high rates and yields without
these drawbacks.

BRIEF SUMMARY OF THE INVENTION

[0016] The present invention relates to the altered expres-
sion of genes in native xylose and cellobiose fermenting
yeasts to create novel strains for the more rapid and efficient
fermentation of xylose and cellobiose to ethanol wherein the
native or previously engineered yeast strains are transformed
with individual or multiple genes driven by selected promot-
ers, each of which is native to the host, but which is re-
introduced and integrated into the genome in non-native pro-
moter-gene combinations, frequencies or genome locations.
[0017] The invention provides a recombinant organism
having engineered pathways for xylose, glucose, rhamnose,
arabinose and cellobiose metabolism such that the organism
can be used for the commercial production of ethanol from
mixed sugars, e.g., present in acid and enzymatic hydroly-
sates of pretreated lignocellulosic materials. Accordingly,
referring to FIG. 1, in one embodiment, the invention pro-
vides a recombinant yeast cell comprising at least one DNA
molecule encoding a polypeptide that catalyzes a substrate to
product conversion selected from the group consisting of:
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[0018] A. enzymatic hydrolysis of beta-1,4-D-glucan
(Pathway 1 step A)

[0019] B. enzymatic hydrolysis of beta-1,4-D-xylan
(Pathway 1 step B)

[0020] C. facilitated transport of xylose and glucose
(Pathway 1 step C)

[0021] D. symport uptake of xylose and glucose (Path-
way 1 step D)

[0022] E. transport of cellobiose (Pathway 1 step E)

[0023] F. enzymatic hydrolysis of cellobiose to glucose
(Pathway 1 step F)

[0024] G. xylose reduction to xylitol (Pathway 1 step G)

[0025] H. xylitol oxidation to xylulose (Pathway 1 step
H)

[0026] I. The phosphorylation of xylulose to form xylu-

lose S5-phosphate (Pathway 1, step 1)

[0027] J. The conversion of xylulose-5-phosphate to
ribulose-5 phosphate (Pathway 1, step J)

[0028] K. The conversion of ribulose S-phosphate to
ribose S-phosphate (Pathway 1, step K)

[0029] L. The conversion of xylulose 5-phosphate and
one molecule of ribose S-phosphate into glyceraldehyde
3-phosphate and sedoheptulose 7-phosphate (Pathway
1,step L)

[0030] M. The conversion of sedoheptulose 7-phosphate
and glyceraldehyde 3-phosphate into fructose 6-phos-
phate and erythrose 4-phosphate (Pathway 1, step M)

[0031] N. The conversion of xylulose S-phosphate and
erythrose 4-phosphate into fructose-6-phosphate and
glyceraldehyde 3-phosphate (Pathway 1, step N)

[0032] O. The decarboxylation of pyruvate to acetalde-
hyde (Pathway 1, step O)

[0033] P.The reduction of acetaldehyde to ethanol (Path-
way 1, step P)

[0034] Q. The oxidation of acetaldehyde to acetate
(Pathway 1, step Q).

[0035] The invention provides a recombinant yeast that
produces ethanol from glucose or xylose with a yield of at
least 0.32 g ethanol/g sugar consumed and with a final con-
centration of at least 50 g ethanol/l and an ethanol production
rate of at least 0.5 g/I'h (grams per liter per hour). Such cells
exhibit increased production of ethanol and decreased pro-
duction of xylitol byproduct when compared to the parental
or wild-type strains from which they are derived such that the
xylitol yield is less than 0.04 g xylitol/g xylose consumed.
The parental or wild type strains may produce ethanol natu-
rally from xylose or cellobiose or they may be engineered to
do so.

[0036] Accordingly, the invention provides a recombinant
yeast cell producing ethanol from xylose or cellobiose
wherein at least one genetic modification increases the fer-
mentation rate or yield from xylose or cellobiose or a mixture
of at least one of these sugars with glucose.

[0037] In one embodiment the yeast cell of the invention
comprises a genetic modification in a gene encoding a protein
selected from Sutdp, Xutlp, Xut3p, Hxtdp, ZmAdhlp,
Hgtlp, Hgt2p, Xyllp, Xyl2p, Xy13p, Hxt2.4p, Egc2p, BglSp,
Hxt2.2p, Hxt2.5p, Tallp, Tktlp, or Hxt2.6p.

[0038] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from Sutlp, Sut2p, or Sut3p
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[0039] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from Bgllp, Bgl2p, Bgl3p, Bgldp, Bglsp,
Bgl6p, or Bgllp.
[0040] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from Egclp, Ege2p, Ege3p, or Xynlp.
[0041] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from Hxt2.1p, Hxt2.2p, Hxt2.3p, Hxt2.4p,
Hxt2.5p, or Hxt2.6p.
[0042] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from GenBank deposited sequences:
PICST_ 68558 (PsAdhlp) or PICST__ 27980 (PsAdh2p),
[0043] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from GenBank deposited sequences:
PICST_88760 (PsAdh3p), PICST_29079 (PsAdhdp),
PICST_31312 (PsAdhSp), PICST_ 34588 (PsAdh6p),
PICST__ 45137 (PsAdh7p).
[0044] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein selected from GenBank deposited sequences:
PICST_ 64926 (PsPdclp), PICST 86443 (PsPdc2p)
[0045] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene encoding a
protein that is coded for by a synthetic gene selected from
sSUT4, sZmADHI, or sNAT1.
[0046] In another embodiment, the yeast cell of the inven-
tion comprises a genetic modification in a gene such that its
native promoter sequence is replaced by a promoter selected
from PsACB2, PsXUT1, PsTDH3, PsFAS2, PsZWEIL,
PsBGLS, PsEGC2, PsHXT2.4, ScALD1, PsCLG1, PsENO1,
PsLPD1, Ps LSC1, PsMEP2, PsPGI1, PsTAL1, ScTEF2,
PsTKT1, and ScTPI1.
[0047] In another embodiment the yeast cell of the inven-
tion comprises a genetic modification in a gene such that its
native terminator sequence is replaced by a terminator
selected from PsACB2, PsXUT1, PsTDH3, PsSUT4,
PsFAS2, PsZWEI, PsHXT4, PsBGLS, PsEGC2, PsHXT2.2,
PsHXT2.4, PsHXT2.5, PsHXT2.6. ScALD1, PsBGLI1,
PsBGL2, PsBGL3, PsBGL4, PsBGL6, PsBGL7, PsEGC1,
PsEGC3, PsHGT1, PsHGT2, PsHXT2.1, PsHXT223,
PsTDH3, ScTDH3, ScTEF2, ScTPI1, PsXUT3, PsXYNI,
PsSUT1, PsSUT?2, and PsSUT3.
[0048] Inanother embodiment the yeast cell recombinantly
expresses two or more polypeptides in a pathway, wherein the
polypeptide is,

[0049] a. Xutlp and Sutdp;

[0050] b. Xutlp, Sutdp and Hxtdp;

[0051] c. Xyllp and Xyl2p;

[0052] d. Xyllp, Xyl2p and Xyl3p;

[0053] e. Hxt2.4p, Ege2p and BglSp;

[0054] f. Hxt2.2p, Egc2p and Bgl5p;

[0055] g. Sutdp, Xyllp and Xyl2p;

[0056] h. Sutdp, Xyllp, Xyl2p and Xyl3p;

[0057] 1. Xutlp, Xyllp and Xyl2p;

[0058] j. Xutlp, Xyllp, Xyl2p and Xyl3p;

[0059] k. Hxtdp, Xyllp and Xyl2p;

[0060] 1. Hxtdp, Xyllp, Xyl2p and Xyl3p;

[0061] m. Sutdp, Xutlp, Xyllp and Xyl2p;

[0062] n. Sutdp, Hxtdp, Xyllp, Xyl2p and Xyl3p;

[0063] o. Sutdp, Hxtdp, Xyllp, Xyl2p and ZmADHI;
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[0064] p. Sutdp, Hxtdp, Xyllp, Xyl2p, Xyl3p and
ZmADHI;
[0065] q. Xutlp, Sutdp, Hxtdp and ZmADH1; and
[0066] r. Sutdp, Xyllp, Xyl2p, Tallp, Tktlp
[0067] In another embodiment the invention provides a
method for the production of ethanol comprising the steps of
[0068] a. Providing a recombinant yeast cell which
[0069] 1i. Produces ethanol from xylose or cellobiose
and
[0070] 1ii. Comprises at least one genetic modification
which increases the rate or yield of ethanol produc-
tion; and
[0071] iii. Ferments glucose and xylose from hydroly-
sates containing acetic acid.
[0072] ©b. Culturing the strain of (a) under conditions
wherein ethanol is produced from xylose or cellobiose.
[0073] In a related aspect, the invention provides an iso-
lated yeast comprising a heterologous expression cassette
comprising a promoter operably linked to polynucleotide
encoding a polypeptide substantially (e.g., at least 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%) identical to
any of SEQ ID NOS: 25-55 and 92-95 (Table 2), wherein the
yeast has a higher rate and/or yield of ethanol production in
comparison to a control yeast lacking the expression cassette.
Theyield can be measured in any way accepted in the art, e.g.,
volumetrically (g/L.) or specifically (g/g).
[0074] In some embodiments, the polypeptide comprises
one of SEQ ID NOS: 25-55 or SEQ ID NOS: 92-94. In some
embodiments, the polypeptide is substantially (e.g., at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%)
identical to any of SEQ ID NOS: 25-55 and SEQ ID NOS:
92-95 (Table 2). For example, the polypeptide can be substan-
tially (e.g., at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 98%, or 99%) identical to any of SEQ ID NOS: 25, 26,
27,28,29,30,31,32,33,34,35,36,37,38,39, 40,41, 42,43,
44,44,45,46,47, 48,49, 50,51, 52,53, 54,55,92,93, or 94.
[0075] Insome embodiments, the promoter is native to the
polynucleotide. In some embodiments, the promoter is het-
erologous to the polynucleotide.
[0076] In some embodiments, the promoter is constitutive
or inducible. In some embodiments, the promoter comprises
one of SEQ ID NOS: 1-24 (Table 1).
[0077] In some embodiments, the yeast comprises two or
more expression cassettes, wherein the two or more expres-
sion cassettes encode a different polypeptide substantially
(e.g., at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99%) identical to one of SEQ ID NOS: 25-55, or SEQ
ID NOS: 92-94 (Table 2). In some embodiments, the yeast
comprises 2,3,4,5,6,7,8,9, 10 or more expression cassettes,
wherein the 2, 3, 4, 5, 6, 7, 8, 9, 10 or more expression
cassettes encode a different polypeptide substantially (e.g., at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or
99%) identical to one of SEQ ID NOS: 25-55 or SEQ ID
NOS: 92-94. In other embodiments, the expression cassette
encodes two or more polypeptides. The two or more polypep-
tides can be different polypeptides substantially (e.g., at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%)
identical to one of SEQ ID NOS: 25-55 or SEQ ID NOS:
92-94.
[0078] In some embodiments, the yeast comprises two or
more copies of the expression cassette, wherein the two or
more expression cassettes encode the same polypeptide,
thereby increasing expression of the encoded polypeptide. In
some embodiments, the yeast comprises 2,3,4,5,6,7, 8,9,
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10 or more copies of the expression cassette, wherein the 2, 3,
4,5,6,7,8,9, 10 or more expression cassettes encode the
same polypeptide, thereby increasing expression of the
encoded polypeptide. In other embodiments, the expression
cassette encodes two or more copies of the same or substan-
tially similar polypeptides.

[0079] In a further aspect, the invention provides methods
of generating ethanol, the method comprising culturing the
yeast of the invention, as described herein, in a mixture com-
prising a sugar under conditions such that the yeast converts
the sugar to ethanol. In some embodiments, an ethanol yield
of at least about 0.3 g ethanol/g sugar consumed (e.g., at least
about 0.4, 0.5, 0.6, 0.7, 0.8 g ethanol/g sugar consumed) is
produced. In some embodiments, culture media with ethanol
concentrations of at least about 50 g ethanol/l (e.g., at least
about 55, 60, 65, 70, 75, 80, 85 g ethanol/l) is produced. In
some embodiments, the yeast has an ethanol production rate
of'at least about 0.5 g/l'h (e.g., at least about 0.5, 0.6, 0.7, 0.8,
0.9, 1.0 g/I'h).

[0080] In some embodiments, the sugar converted com-
prises cellobiose. In some embodiments, the sugar converted
is cellobiose.

[0081] In some embodiments, the sugar converted com-
prises xylose. In some embodiments, the sugar converted is
xylose.

[0082] In some embodiments, the yeast converts the sugar
to ethanol in the presence of glucose.

[0083] Inanother aspect, the invention provides a bioreac-
tor containing an aqueous solution, the solution comprising a
yeast of the invention, as described herein. In some embodi-
ments, the volume of the solution is at least 100, 500, 1000, or
10,000 liters.

[0084] In a further aspect, the invention provides an iso-
lated or substantially purified polypeptide substantially (e.g.,
atleast 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or
99%)identical to any one of SEQ ID NOS: 38-43, wherein the
polypeptide is a cellobiose transporter. In some embodi-
ments, the polypeptide comprises any one of SEQ ID NOS:
38-43.

[0085] In a further aspect, the invention provides an iso-
lated polynucleotide encoding a cellobiose transporter
polypeptide substantially (e.g., at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 98%, or 99%) identical to any one of
SEQ ID NOS: 38-44. In some embodiments, the polypeptide
comprises any one of SEQ ID NOS: 38-44.

[0086] In a related aspect, the invention provides methods
of converting cellobiose to ethanol, the method comprising,
contacting a mixture comprising cellobiose with a yeast
under conditions in which the yeast converts the cellobiose to
ethanol, wherein the yeast recombinantly expresses a cello-
biose transporter polypeptide substantially (e.g., at least 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%) iden-
tical to any of SEQ ID NOS: 38, 39, 40, 41, 42, 43, or 44. In
some embodiments, the polypeptide comprises any of SEQ
ID NOS: 38, 39, 40, 41, 42, 43, or 44.

[0087] With respect to the compositions and methods, in
some embodiments, the yeast is of the genus Saccharomyces
or Pichia. In some embodiments, the yeast is of the genus
Pichia. In some embodiments, the yeast is a recombinantly
altered Pichia stipitis strain NRRL-Y7124. In some embodi-
ments, the yeast is a recombinantly altered Pichia stipitis
strain CBS 6054. In some embodiments, the yeast is of the
genus Saccharomyces, for example, S. cerevisiae.
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[0088] In a further aspect, the invention provides an iso-
lated yeast cell, recombinantly expressing:

[0089] a. one or more xylose transporters;

[0090] b. one or more of a xylose reductase, a xylitol

dehydrogenase, and/or a xylulokinase; and optionally

[0091] c. a transketolase and/or a transaldolase.
[0092] In some embodiments, the invention provides an
isolated Pichia stipitis cell, recombinantly expressing:

[0093] a. a xylose transporter; and

[0094] b. one or more of a xylose reductase, a xylitol

dehydrogenase, and/or a xylulokinase.

[0095] In other embodiments, the isolated Pichia stipitis
cell further recombinantly expresses a transketolase and/or a
transaldolase.
[0096] Insomeembodiments, the improved yeast cell com-
prises two or more expression cassettes, wherein the two or
more expression cassettes encode at least one xylose trans-
porter polypeptide and at least one polypeptide from the
xylose assimilation pathway (i.e., one or more of a xylose
reductase, a xylitol dehydrogenase, and/or a xylulokinase).
Preferably, the improved yeast cell has an ethanol production
rate that is higher, e.g., at least about 10%, 20%, 30% higher
than a yeast cell that does not recombinantly express the
proteins for xylose transport and assimilation. In some
embodiments, the improved yeast cell of the strain has an
ethanol production rate of at least about 0.5 g/1'h, e.g., at least
about 0.5, 0.6,0.7,0.8,0.9, 1.0 g/l'h).
[0097] In some embodiments, the yeast cells can convert
sugars to ethanol in the presence of concentrations of acetic
acid in the range of about 0.05% to about 0.5%, for example,
at least about 0.075%, 0.085%, 0.10%, 0.11%, 0.115%,
0.12%,0.13%, 0.14%, 0.15%, 0.16%, 0.17%, 0.18%, 0.19%,
0.20%, 0.25%, 0.30%, 0.35%, 0.40%, 0.45%, and 0.50%. In
other embodiments, the yeast cells can convert sugars to
ethanol in the presence of concentrations of acetic acid in the
range of about 0.50% to about 5.0%, for example, at least
about 0.60%, 0.70%, 0.80%, 0.90%, 1.0%, 1.5%, 2.0%,
2.5%, 3.0%, 3.5%, 4.0%, 4.5%, and 5.0%.
[0098] In some embodiments, the xylose transporter is
selected from the group consisting of Sutl, Sut2, Sut3, Sut4,
Xutl and Xut3. The xylose transporter can be a Pichia stipitis
xylose transporter. The improved yeast cell can recombi-
nantly express 1, 2, 3, 4 or more xylose transporters. When
recombinantly expressing multiple transporter proteins, the 2
or more transporters can be the same or different. In some
embodiments, the improved yeast cell recombinantly
expresses Xutl. In some embodiments, the improved yeast
cell recombinantly expresses sSut4. In some embodiments,
the improved yeast cell recombinantly expresses two copies
of Sut4. In some embodiments, the improved yeast cell
recombinantly expresses Xutl and sSut4. In some embodi-
ments, the improved yeast cell recombinantly expresses Xutl
and Xut3. In some embodiments, the improved yeast cell
recombinantly expresses sSut4 and Xut3. In some embodi-
ments, the improved yeast cell recombinantly expresses
Xutl, Xut3 and sSut4. In some embodiments, the improved
yeast cell recombinantly expresses a xylose transporter that is
substantially (e.g., at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to any one of SEQ ID
NOS: 46, 47, 48, 49, 50 or 51.
[0099] In some embodiments, the improved yeast cell can
optionally recombinantly express a cellobiose transporter.
The cellobiose transporter can have substantial identity to a
Hxt2 polypeptide from yeast cell, for example, Hxt2.1, Hxt2.
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2, Hxt2.3, Hxt2.4, Hxt2.5 or Hxt2.6 from yeast cell. In some
embodiments, the cellobiose transporter recombinantly
expressed has substantial (e.g., at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 98%, or 99%) identity to any one of
SEQ ID NOS: 38-44. In some embodiments, the cellobiose
transporter recombinantly expressed is any one of SEQ ID
NOS: 38-44.

[0100] In some embodiments, the yeast further recombi-
nantly expresses an endo-1,4-beta-glucanase. In some
embodiments, the endo-1,4-beta-glucanase is substantially
(e.g., at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99%) identical to any of SEQ ID NOs: 33, 34, or 35
[0101] In some embodiments, the yeast further recombi-
nantly expresses a beta-glucosidase. In some embodiments,
the beta-glucosidase is substantially (e.g., at least 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%) identical to
any of SEQ ID NOs: 26, 27, 28, 29, 30, 31, or 32.

[0102] In some embodiments, the improved yeast cell
recombinantly expresses two or more of a xylose reductase, a
xylitol dehydrogenase, and/or a xylulokinase (i.e., xylose
assimilation pathway enzymes). In some embodiments, the
improved yeast cell recombinantly expresses all three of a
xylose reductase, a xylitol dehydrogenase, and/or a xyluloki-
nase. One, two or three of the xylose assimilation pathway
enzymes can be from Pichia stipitis. The xylose reductase can
be Xyll, e.g., from Pichia stipitis. The xylitol dehydrogenase
canbeaXyl2, e.g., from Pichia stipitis. The xylulokinase can
be Xy13, e.g., from Pichia stipitis. In some embodiments, the
improved yeast cell recombinantly expresses Xyll and Xy12.
In some embodiments, the improved yeast cell recombinantly
expresses Xyll and Xyl3. In some embodiments, the
improved yeast cell recombinantly expresses Xyl2 and
Xy13. In some embodiments, the improved yeast cell recom-
binantly expresses Xyll, Xy12 and Xy13.

[0103] In some embodiments, the xylose reductase is sub-
stantially identical to SEQ ID NO:52. In some embodiments,
the xylose reductase is SEQ ID NO:52. In some embodi-
ments, the xylitol dehydrogenase is substantially identical to
SEQ ID NO:53. In some embodiments, the xylitol dehydro-
genase is SEQ ID NO:53. In some embodiments, the xylu-
lokinase is substantially identical to SEQ ID NO:54. In some
embodiments, the xylulokinase is SEQ ID NO:54. In some
embodiments, the xylose reductase is substantially (e.g., at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or
99%) identical to GenBank PICST__ 89614 (Xyl1p); the xyli-
tol dehydrogenase is substantially (e.g., at least 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%) identical to
GenBank PICST 86924 (PsXyl2p); and the xylulokinase is
substantially (e.g., at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to GenBank PICST _
68734 (PsXyl3p) (PsXkslp).

[0104] In some embodiments, the improved yeast cell fur-
ther recombinantly expresses a transketolase. The transketo-
lase can be substantially (e.g., at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 98%, or 99%) identical to GenBank
EAZ62979 (Tk12; also known as Dihydroxyacetone syn-
thase (DHAS); SEQ ID NO:92) or GenBank ABN64656
(Tkt1; SEQ ID NO:93). In some embodiments, the improved
yeast cells further recombinantly expresses a transaldolase.
The transaldolase can be substantially identical to GenBank
ABN68690 (PsTallp; SEQ ID NO:94).

[0105] Insome embodiments, the improved yeast cells fur-
ther recombinantly expresses an alcohol dehydrogenase.
Yeast cells that recombinantly express one or more alcohol
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dehydrogenase genes (e.g., an ADH1 gene) will produce rela-
tively more ethanol and relatively less acetate. The alcohol
dehydrogenase can have substantial identity to an Adh
polypeptide, e.g., from Pichia stipitis or Zymomonas mobilis,
for example, Adhl from Zymomonas mobilis. In some
embodiments, the alcohol dehydrogenase recombinantly
expressed has substantial (e.g., at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 98%, or 99%) identity to SEQ 1D
NO:25. In some embodiments, the alcohol dehydrogenase
recombinantly expressed is SEQ 1D NO:25.

[0106] In some embodiments, the improved yeast cell
recombinantly expresses the xylose transporter Xutl, the
xylose reductase Xyl1, the xylitol dehydrogenase Xy12, and
the xylulokinase Xy13. In some embodiments, the improved
yeast cell is Pichia stipitis NRRL Y7124 strain 7124.1.158.
The xylose transporter Xutl can be substantially (e.g., at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%)
identical to SEQ ID NO:50; the xylose reductase Xyl1 can be
substantially identical to SEQ ID NO:52; the xylitol dehy-
drogenase Xy12 can be substantially identical to SEQ ID
NO:53; and the xylulokinase Xy13 can be substantially iden-
tical to SEQ ID NO:54.

[0107] In some embodiments, the improved yeast cell
recombinantly expresses the xylose transporter sSut4, the
xylose reductase Xyl1, the xylitol dehydrogenase Xy12, and
the xylulokinase Xy13. In some embodiments, the improved
yeast cell is selected from Pichia stipitis NRRL Y7124 strains
7124.2.415,7124.2.416,7124.2.417, 7124.2.418, and 7124.
2.419. The xylose transporter sSut4 can be substantially (e.g.,
atleast 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or
99%) identical to SEQ ID NO:49; the xylose reductase Xyl1
can be substantially identical to SEQ ID NO:52; the xylitol
dehydrogenase Xy12 can be substantially (e.g., at least 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%) iden-
tical to SEQ ID NO:53; and the xylulokinase Xy13 can be
substantially (e.g., at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to SEQ ID NO:54.
[0108] In some embodiments, the improved yeast cell
recombinantly expresses two or more copies of the xylose
transporter Sut4, and further expresses the xylose reductase
Xyll, the xylitol dehydrogenase Xy12, and the xylulokinase
Xyl13.

[0109] In some embodiments, the improved yeast cell
recombinantly expresses the xylose transporter sSut4, the
xylose reductase Xyll, and the xylitol dehydrogenase Xy12.
In some embodiments, the xylose transporter sSut4 is sub-
stantially (e.g., at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to SEQ ID NO:49; the
xylose reductase Xyll is substantially (e.g., at least 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%) iden-
tical to SEQ ID NO:52; and the xylitol dehydrogenase Xy12
is substantially (e.g., at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98%, or 99%) identical to SEQ ID NO:53.
[0110] In some embodiments, the improved yeast cell
recombinantly expresses the xylose transporter Sut4, the
xylose reductase Xyl1, the xylitol dehydrogenase Xy12, the
transaldolase TALI and the transketolase TKT1. In some
embodiments, the transaldolase TALI is substantially (e.g., at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or
99%) identical to SEQ ID NO:94 and the transketolase TK'T1
is substantially (e.g., at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98%, or 99%) identical to SEQ ID NO:93.
[0111] In some embodiments, the improved yeast cell is
produced by mating a strain that expresses the xylose reduc-
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tase Xyl1, the xylitol dehydrogenase Xy12, and the xyluloki-
nase Xy13 with a strain that expresses the xylose reductase
Xyll, the xylitol dehydrogenase Xy12, the xylulokinase
Xy13, and at least two copies of the xylose transporter Sut4.
[0112] In some embodiments, the improved yeast cell is
produced by mating a strain that express the xylose reductase
Xyll, the xylitol dehydrogenase Xy12, and the xylulokinase
Xy13 with a strain that expresses the xylose transporter sSut4
and 2 copies each of the xylose reductase Xyll, the xylitol
dehydrogenase Xy12, and the xylulokinase Xy13.

[0113] In a further aspect, the invention further provides
methods of converting xylose to ethanol comprising culturing
the improved yeast cells described herein. In a related aspect,
the invention further provides methods of producing ethanol
comprising culturing the improved yeast cells described
herein.

[0114] In a further aspect, the invention further provides a
bioreactor containing an aqueous solution, the solution com-
prising improved yeast cells, as described herein. In some
embodiments, the volume of the solution is at least 100, 500,
1000, 10,000, 20,000, 50,000 or 100,000 liters.

[0115] With respect to the compositions and methods, in
some embodiments, the yeast is of the genus Saccharomyces
or Pichia. In some embodiments, the yeast is of the genus
Pichia. In some embodiments, the yeast is a recombinantly
altered Pichia stipitis strain NRRL-Y7124. In some embodi-
ments, the yeast is a recombinantly altered Pichia stipitis
strain CBS 6054. In some embodiments, the yeast is of the
genus Saccharomyces, for example, S. cerevisiae.

[0116] The present invention also provides for an isolated
yeast cell recombinantly expressing:

[0117] a. a cellobiose transporter; and
[0118] b. a beta-glucosidase.
[0119] In some embodiments, the cellobiose transporter is

substantially (e.g., at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to any of SEQ ID NOs: 38,
39, 40, 41, 42, 43, or 44. In some embodiments, the beta-
glucosidase is substantially (e.g., at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99%) identical to any of
SEQ ID NOs: 26, 27, 28, 29, 30, 31, or 32.

[0120] In some embodiments, the yeast further recombi-
nantly expresses:

[0121] c. an endo-1,4-beta-glucanase.

[0122] Insomeembodiments, the endo-1,4-beta-glucanase
is substantially (e.g., at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98%, or 99%) identical to any of SEQ ID
NOs: 33, 34, or 35.

[0123] In some embodiments, the yeast is of the genus
Saccharomyces or Pichia.

[0124] In some embodiments, the yeast utilizes cellobiose
at a rate of at least 0.15 gaper hour.

[0125] The present invention also provides for a method of
converting cellobiose to ethanol, the method comprising,
contacting a mixture comprising cellobiose with a yeast cell
recombinantly expressing a cellobiose transporter and a beta-
glucosidase under conditions in which the yeast converts the
cellobiose to ethanol.

[0126] Insome embodiments, the yeast also converts a C5
sugar (e.g., xylose) into ethanol.

[0127] In a further aspect, the invention further provides a
bioreactor containing an aqueous solution, the solution com-
prising improved yeast cells, as described herein. In some
embodiments, the volume of the solution is at least 100, 500,
1000, 10,000, 20,000, 50,000 or 100,000 liters.

Jul. 24,2014

[0128] The various embodiments of the invention can be
more fully understood from the following detailed descrip-
tion, the figures and the accompanying sequence descrip-
tions, which form a part of this application.

DEFINITIONS

[0129] The term “isolated,” when applied to a nucleic acid
or protein, denotes that the nucleic acid or protein is essen-
tially free of other cellular components with which it is asso-
ciated in the natural state. It can be in either a dry or aqueous
solution. Purity and homogeneity are typically determined
using analytical chemistry techniques such as polyacryla-
mide gel electrophoresis or high performance liquid chroma-
tography. A protein that is the predominant species present in
a preparation is substantially purified. In particular, an iso-
lated gene is separated from open reading frames that flank
the gene and encode a protein other than the gene of interest.
The term “purified” denotes that a nucleic acid or protein
gives rise to essentially one band in an electrophoretic gel.
Particularly, it means that the nucleic acid or protein is at least
85% pure, more preferably at least 95% pure, and most pref-
erably at least 99% pure.

[0130] The term “operably linked” refers to a functional
linkage between a nucleic acid expression control sequence
(such as a promoter, or array of transcription factor binding
sites) and a second nucleic acid sequence, wherein the expres-
sion control sequence directs transcription of the nucleic acid
corresponding to the second sequence.

[0131] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same. Sequences are “substantially identical” if
they have a specified percentage of amino acid residues or
nucleotides that are the same (i.e., at least 60% identity,
optionally at least 65%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99% identity over a specified region (or the whole
reference sequence when not specified)), when compared and
aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the
following sequence comparison algorithms or by manual
alignment and visual inspection. The present invention pro-
vides for promoters that are substantially identical to any of
SEQ ID NOS: 1-24; polypeptides substantially identical to
SEQ ID NOS: 25-55 or SEQ ID NOS: 92-94; and polynucle-
otides substantially identical to SEQ ID NOS:56-91. Option-
ally, the identity exists over a region that is at least about 50
nucleotides or amino acids in length, or more preferably over
a region that is 100 to 500 or 1000 or more nucleotides or
amino acids in length, or over the full-length of the sequence.
[0132] The term “similarity,” or “percent similarity,” in the
context of two or more polypeptide sequences, refer to two or
more sequences or subsequences that have a specified per-
centage of amino acid residues that are either the same or
similar as defined in the 8 conservative amino acid substitu-
tions defined above (i.e., 60%, optionally 65%, 70%, 75%,
80%, 85%, 90%, or 95% similar over a specified region),
when compared and aligned for maximum correspondence
over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms
or by manual alignment and visual inspection. Sequences
having less than 100% similarity but that have at least one of
the specified percentages are said to be “substantially simi-
lar”” Optionally, this identity exists over aregion that is at least
about 50 amino acids in length, or more preferably over a
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region that is at least about 100 to 500 or 1000 or more amino
acids in length, or over the full-length of the sequence.

[0133] For sequence comparison, typically one sequence
acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are entered into a computer,
subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative
parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for
the test sequences relative to the reference sequence, based on
the program parameters.

[0134] A “comparison window”, as used herein, includes
reference to a segment of any one of the number of contiguous
positions selected from the group consisting of from 20 to
600, usually about 50 to about 200, more usually about 100 to
about 150 in which a sequence may be compared to a refer-
ence sequence of the same number of contiguous positions
after the two sequences are optimally aligned. Methods of
alignment of sequences for comparison are well known in the
art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith
and Waterman (1970) Adv. Appl. Math. 2:482c¢, by the homol-
ogy alignment algorithm of Needleman and Wunsch (1970) J.
Mol. Biol. 48:443, by the search for similarity method of
Pearson and Lipman (1988) Proc. Nat’l. Acad. Sci. USA
85:2444, by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manual align-
ment and visual inspection (see, e.g., Ausubel et al., Current
Protocols in Molecular Biology (1995 supplement)).

[0135] Examples of an algorithm that is suitable for deter-
mining percent sequence identity and sequence similarity
include the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al. (1977) Nuc. Acids Res. 25:3389-
3402, and Altschul et al. (1990) J. Mol. Biol. 215:403-410,
respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotech-
nology Information (http:/www.ncbinlm.nih.gov/). This
algorithm involves first identifying high scoring sequence
pairs (HSPs) by identifying short words of length W in the
query sequence, which either match or satisfy some positive-
valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al., supra).
These initial neighborhood word hits act as seeds for initiat-
ing searches to find longer HSPs containing them. The word
hits are extended in both directions along each sequence for as
far as the cumulative alignment score can be increased.
Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of
matching residues; always >0) and N (penalty score for mis-
matching residues; always <0). For amino acid sequences, a
scoring matrix is used to calculate the cumulative score.
Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X
from its maximum achieved value; the cumulative score goes
to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either
sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment.
The BLASTN program (for nucleotide sequences) uses as
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defaults a wordlength (W) of 11, an expectation (E) or 10,
M=5, N=—4 and a comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults a
wordlength of 3, and expectation (E) of 10, and the BLO-
SUMS62 scoring matrix (see Henikoft and Henikoff (1989)
Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of 50,
expectation (E) of 10, M=5, N=-4, and a comparison of both
strands.

[0136] The BLAST algorithm also performs a statistical
analysis of the similarity between two sequences (see, e.g.,
Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA
90:5873-5787). One measure of similarity provided by the
BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a
match between two nucleotide or amino acid sequences
would occur by chance. For example, a nucleic acid is con-
sidered similar to a reference sequence if the smallest sum
probability in a comparison of the test nucleic acid to the
reference nucleic acid is less than about 0.2, more preferably
less than about 0.01, and most preferably less than about
0.001.

[0137] The term “heterologous” when used with reference
to portions of a nucleic acid indicates that the nucleic acid
comprises two or more subsequences that are not found in the
same relationship to each other in nature. For instance, the
nucleic acid is typically recombinantly produced, having two
or more sequences from unrelated genes or other nucleic acid
sequences arranged to make a new functional nucleic acid,
e.g., a promoter from one source and a coding region from
another source. The term “native” with reference to portions
of'anucleic acid indicates that the nucleic acid comprises two
or more subsequences that are found in the same relationship
to each other in nature.

[0138] The term “autologous” when used with reference to
portions of a nucleic acid indicates that the nucleic acid
occurs in nature in the species. For example, in the present
invention nucleic acids naturally occurring in Pichia yeast
cells are transformed into and recombinantly expressed in
Pichia yeast cells.

[0139] An “expression cassette” is a nucleic acid construct,
generated recombinantly or synthetically, with a series of
specified nucleic acid elements that permit transcription of a
particular nucleic acid in a host cell. The expression cassette
can optionally be part of a plasmid, virus, or other nucleic acid
fragment. Typically, the expression cassette includes pro-
moter operably linked to a nucleic acid to be transcribed.
[0140] A “control yeast” refers to an otherwise identical
yeast that does not comprise an expression cassette of the
invention.

[0141] Pichia stipitis strain NRRL Y-7124 has been depos-
ited as ATCC Number 58376.

[0142] Pichea stipitis strain CBS 6054 (also known as
CCRC 21777, 1FO 10063, NRRL Y-11545) has been depos-
ited as ATCC Number 58785.

[0143] By “xylose-containing material,” it is meant any
medium comprising xylose or oligomeric polymers of
xylose, whether liquid or solid. Suitable xylose-containing
materials include, but are not limited to, hydrolysates of
polysaccharide or lignocellulosic biomass such as corn hulls,
wood, paper, agricultural by-products, and the like.

[0144] By a “hydrolysate” as used herein, it is meant a
polysaccharide that has been depolymerized through the
addition of water to form mono and oligosaccharides.
Hydrolysates may be produced by enzymatic or acid hydroly-
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sis of the polysaccharide-containing material, by a combina-
tion of enzymatic and acid hydrolysis, or by an other suitable
means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0145] FIG. 1 shows a metabolic pathway for the assimila-
tion of glucose, xylose, -1,4-D-glucan, and p-1,4-D-xylan
wherein the reactions A through Q are catalyzed by the fol-
lowing:

[0146] A.Endoglucanase (Egclp, Ege2p, Ege3p);

[0147] B. Endoxylanase (Egclp, Egc2p, Egc3p,
Xynlp);

[0148] C. Cellobiose transport (Hxt2.1p, Hxt2.2p, Hxt2.
3p, Hxt2.4p, Hxt2.5p, Hxt2.6p);

[0149] D. Facilitated transport of xylose and glucose
(Sutlp, Sut2p, Sut3p, Sutdp, Hxtdp);

[0150] E.Symport uptake of xylose and glucose (Xutlp,
Xut3p, Hxtdp);

[0151] F. p-1,4-cellobiohydrolase (cellobiase) (p-glu-
cosidase) Bgllp, Bgl2p, Bgl3p, Bgldp, BglSp, Bglop;

[0152] G. NAD(P)H-dependent D-xylose reductase (al-
dose reductase) GenBank PICST 89614 (Xyllp);

[0153] H. D-xylulose reductase (xylitol dehydrogenase)
GenBank PICST 86924 (PsXyl2p);

[0154] 1. D-xylulokinase GenBank PICST_ 68734
(PsXyl3p) (PsXkslp);

[0155] J. D-ribulose-5-phosphate 3-epimerase PICST__
50761 (PsRpelp);

[0156] K. Ribose-5-phosphate isomerase B (phosphori-
boisomerase B) PICST 57049 (PsRPI1);

[0157] L. Dihydroxyacetone synthase PICST 53327
(Dhalp) (DHAS) (TKL2) (formaldehyde transketo-
lase), (glycerone synthase); PICST_ 67105 (PsTktlp);

[0158] M. Transaldolase PICST 74289 (PsTallp);

[0159] N. Dihydroxyacetone synthase PICST_ 53327
(Dhalp) (DHAS) (TKL2) (Formaldehyde transketo-
lase), (glycerone synthase); PICST_ 67105 (PsTktlp);

[0160] O. Pyruvate decarboxylase PICST 64926
(PsPdclp), PICST__86443 (PsPdc2p);
[0161] P. Alcohol dehydrogenase PICST_ 68558

(PsAdhlp), PICST 27980 (PsAdh2p), ZmAdhlp; and
[0162] Q. Aldehyde dehydrogenase PICST_ 29563
(PsAldSp), PICST_ 28221 (PsAld7p); mitochondrial
aldehyde dehydrogenase PICST_ 63844 (PsAld2p),
PICST__60847 (PsAld3p), PICST__80168 (PsAld6p).
[0163] FIG. 2 shows the relative rates of glucose and xylose
fermentation by the wild-type parental strain Pichia stipitis
NRRL Y-7124 and the genetically modified strain P, stipitis
Y-7124.1.136, which is expressing a gene encoding Xutlp
when both strains are cultivated in shake flasks.
[0164] FIG. 3 shows the relative rates of glucose and xylose
fermentation by the genetically modified strain Pichia stipitis
NRRL Y-7124.1.144, which is expressing proteins encoded
for by XUT1 and sSUT4, and the parental strain, P. stipitis
Y-7124.1.136 when both strains are cultivated in shake flasks.
[0165] FIG. 4 shows the relative rates of glucose and xylose
fermentation by the genetically modified strain Pichia stipitis
NRRL Y-7124.1.144, which is expressing proteins encoded
for by XUT1 and sSUT4, and the parental strain, P. stipitis
Y-7124.1.136 when both are cultivated in bioreactors under
low aeration conditions, 2% dissolved oxygen with 500 RPM
agitation, pH controlled at 5.0, at 25° C.
[0166] FIG.5 shows the relative rates of glucose and xylose
fermentation by the wild-type parental strain Pichia stipitis
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NRRL Y-7124 and the genetically modified strain P. stipitis
Y-7124.2.344, which is expressing a pathway [pathway g,
discussed above] in which genes for XYIL.1, and XYL.2 and
sSUT4 are employed and when both strains are cultivated in
shake flasks.

[0167] FIG. 6 shows the relative rates of glucose and xylose
fermentation by the wild-type parental strain Pichia stipitis
NRRL Y-7124 and the genetically modified strain P. stipitis
Y-7124.2.344, which is expressing a pathway [pathway g,
discussed above] in which genes for XYIL.1, and XYL.2 and
sSUT4 are employed and when both strains are cultivated in
bioreactors under low aeration conditions, 2% dissolved oxy-
gen with 500 RPM agitation, pH controlled at 5.0, at 25° C.

[0168] FIG. 7 shows the relative rates of glucose and xylose
fermentations by the wild-type parental strain Pichia stipitis
NRRL Y-7124 and the genetically modified strain P. stipitis
Y-7124.2.474, which is expressing a pathway [pathway k,
discussed above] in which genes for XYL1, XYL2 (also
referred to herein as XYL1,2) and HXT4 are employed and
when both strains are cultivated in shake flasks.

[0169] FIG. 8 shows the glucose utilization rates of the
Pichia stipitis NRRLY-7124, P, stipitis Y-7124.1.136, and the
genetically modified P. stipitis strains 7124.1.158, 7124.1.
159,7124.1.160,7124.1.161,7124.1.162,7124.1.163, which
are expressing a pathway [pathway j, discussed above] in
which genes for XYL1, XYL2, XYL3, (also referred to
herein as XYL1,2,3) and XUT1 are employed and when all
are cultivated in shake flasks.

[0170] FIG. 9 shows the xylose utilization rates of the
Pichia stipitis NRRLY-7124, P, stipitis Y-7124.1.136, and the
genetically modified P. stipitis strains 7124.1.158, 7124.1.
159,7124.1.160,7124.1.161,7124.1.162,7124.1.163, which
are expressing a pathway [pathway j, discussed above] in
which genes for XYL1,2,3, and XUT1 are employed and
when all are cultivated in shake flasks.

[0171] FIG. 10 shows the ethanol yield of the Pichia stipitis
NRRL Y-7124, P. stipitis Y-7124.1.136, and the genetically
modified P. stipitis strains 7124.1.158, 7124.1.159, 7124.1.
160,7124.1.161,7124.1.162,7124.1.163, which are express-
ing a pathway (pathway j, discussed above) in which genes
for XYL1,2,3, and XUT1 are employed and when all are
cultivated in shake flasks.

[0172] FIG. 11 shows the ethanol production rates of the
Pichia stipitis NRRLY-7124, P, stipitis Y-7124.1.136, and the
genetically modified P. stipitis strains 7124.1.158, 7124.1.
159,7124.1.160,7124.1.161,7124.1.162,7124.1.163, which
are expressing a pathway [pathway j, discussed above] in
which genes for XYL1,2,3, and XUT1 are employed and
when all are cultivated in shake flasks.

[0173] FIG. 12 shows the xylitol yield of the Pichia stipitis
NRRL Y-7124, P. stipitis Y-7124.1.136, and the genetically
modified P. stipitis strains 7124.1.158, 7124.1.159, 7124.1.
160,7124.1.161,7124.1.162,7124.1.163, which are express-
ing a pathway [pathway j, discussed above] in which genes
for XYL1,2,3, and XUT1 are employed and when all are
cultivated in shake flasks.

[0174] FIG. 13 shows the relative rates of glucose and
xylose fermentations by the genetically modified strain P,
stipitis Y-7124.1.136 and the genetically modified strain
Pichia stipitis Y-7124.1.158 which is expressing a pathway
[pathway j, discussed above] in which genes for XYL.1,2,3
and XUT1 are employed and in which both strains are culti-
vated in shake flask.
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[0175] FIG. 14 shows the relative rates of glucose and
xylose fermentations by the genetically modified strain
Pichia stipitis Y-7124.1.158 and the wild-type parental strain
Pichia stipitis NRRL Y-7124 when both are cultivated in
bioreactors under low aeration conditions, 10% dissolved
oxygen with variable agitation (50-500 RPM), pH controlled
at 5.0, at 25° C.

[0176] FIG. 15 shows Pichia stipitis Y-7124.1.158 culti-
vated in bioreactors under two different oxygenation condi-
tions. Condition 1: Cells were cultivated under low aeration
conditions, 10% dissolved oxygen with variable agitation
(50-500 RPM), pH controlled at 5.0, at 25° C. Condition 2:
Cells were cultivated under low aeration conditions, 2% dis-
solved oxygen with 500 RPM agitation, pH controlled at 5.0,
at25°C.

[0177] FIG. 16 shows the relative rates of glucose and
xylose fermentations by the wild-type parental strain Pichia
stipitis NRRL Y-7124 and the genetically modified strain P,
stipitis Y-7124.2.415 which is expressing a pathway [path-
way h, discussed above] in which genes for XYL.1,2,3 and
sSUT4 are employed and in which both strains are cultivated
in shake flasks.

[0178] FIG. 17 shows Pichia stipitis Y-7124.2.418 culti-
vated in bioreactors under two different oxygenation condi-
tions. Condition 1: Cells were cultivated under low aeration
conditions, 10% dissolved oxygen with variable agitation
(50-500 RPM), pH controlled at 5.0, at 25° C. Condition 2:
Cells were cultivated under low aeration conditions, 2% dis-
solved oxygen with 500 RPM agitation, pH controlled at 5.0,
at25°C.

[0179] FIG. 18 shows the relative rates of glucose and
xylose fermentations by the wild-type parental strain Pichia
stipitis NRRL Y-7124 and the genetically modified strain
Pichia sapitis Y-7124.2.407 which is expressing a pathway
[pathway o, discussed above| in which genes for XYL1,
XYL2, sSUT4, HXT4 and sZmADH]1 are employed and in
which both strains are cultivated in bioreactors under low
aeration conditions, 2% dissolved oxygen with 500 RPM
agitation, pH controlled at 5.0, at 25° C.

[0180] FIG. 19 shows the relative rates of glucose and
xylose fermentations by the genetically modified strain
Pichia stipitis Y-7124.1.144 and the genetically modified
strain Pichia stipitis Y-7124.1.155, which is expressing a
pathway [pathway q, discussed above] in which genes for
XUT1, sSUT4, HXT4 and sZmADH]1 are employed and in
which both strains are cultivated in shake flasks.

[0181] FIG. 20 shows the relative rates of glucose and
xylose fermentations by the wild-type parental strain Pichia
stipitis NRRL Y-7124 and the genetically modified strain
Pichia sapitis Y-7124.2.462, which is expressing a pathway
[pathway p, discussed above] in which genes for XY1.1,2,3,
sSUT4, HXT4 and sZmADH]1 are employed and in which
both strains are cultivated in shake flasks.

[0182] FIG. 21 shows the sugar utilization rates for Pichia
stipitis NRRL Y-7124, and the genetically modified P. stipitis
strains 7124.2.465, 7124.2.466, 7124.2.467, 7124.2.468,
which are expressing a gene encoding Xut3p, when all strains
are cultivated in shake flasks.

[0183] FIG. 22 shows the ethanol yield for Pichia stipitis
NRRL Y-7124, and the genetically modified P. stipitis strains
7124.2.465, 7124.2.466, 7124.2.467, 7124.2.468, which are
expressing a gene encoding Xut3p, when all strains are cul-
tivated in shake flasks.
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[0184] FIG. 23 shows the specific ethanol yield for Pichia
stipitis NRRL Y-7124, and the genetically modified P. stipitis
strains 7124.2.465, 7124.2.466, 7124.2.467, 7124.2.468,
which are expressing a gene encoding Xut3p, when all strains
are cultivated in shake flasks.

[0185] FIG. 24 shows the relative rates of growth and etha-
nol production from cellobiose by the ura3 mutant Pichia
stipitis FPL-Y-UC7 and Pichia stipitis FPL-Y-UC7.1.101
genetically modified by the expression of at least one extra
copy of HXT2.4, which uses its native promoter, when both
strains are cultivated in shake flasks.

[0186] FIG. 25 shows the relative rates of growth and etha-
nol production from cellobiose by the ura3 mutant Pichia
stipitis FPL-Y-UC7 and Pichia stipitis FPL-Y-UC7.1.102,
which was genetically modified by the expression of at least
one extra copy of HXT2.4, EGC2 and BGLS, each of which
uses its native promoter, when both strains are cultivated in
shake flasks.

[0187] FIG. 26 shows the relative rates of growth and etha-
nol production from cellobiose and glucose by the mutant S.
cerevisiae CEN.PK. 111-27B (SSN7) transformed with plas-
mids pRS424 and pRS425, which carry genes for TRP1 and
LEU2, respectively, and S. cerevisiae SSN17, which was
genetically modified by the insertion of plasmids pSN261 and
pSN259 carrying genes for LEU2, HXT2.2 and TRPI,
PsBGLS5, respectively.

[0188] FIG. 27 shows the relative rates of growth and etha-
nol production from cellobiose and glucose by the mutant S.
cerevisiae CEN.PK. 111-27B (SSN7) transformed with plas-
mids pRS424 and pRS425, which carry genes for TRP1 and
LEU2, respectively, and S. cerevisiae SSN18, which was
genetically modified by the insertion of plasmids pSN260 and
pSN259 carrying genes for LEU2, HXT2.2 and TRPI,
PsBGLS5, respectively.

[0189] FIG. 28 shows the relative rates of growth and etha-
nol production from cellobiose and glucose by the mutant S.
cerevisiae CEN.PK. 111-27B (SSN7) transformed with plas-
mids pRS424 and pRS425, which carry genes for TRP1 and
LEU2, respectively, and S. cerevisiae SSN21, which was
genetically modified by the insertion of plasmids pSN264 and
pSN259 carrying genes for LEU2, HXT2.6 and TRPI,
PsBGLS.

[0190] FIG. 29 shows the relative rates of growth and etha-
nol production from cellobiose and glucose by the mutant S.
cerevisiae CEN.PK. 111-27B (SSN7) transformed with plas-
mids pRS424 and pRS425, which carry genes for TRP1 and
LEU2, respectively, and S. cerevisiae SSN23, which was
genetically modified by the insertion of plasmids pSN266 and
pSN259, carrying genes for LEU2, HXT2.6 and TRPI,
PsBGLS.

[0191] FIG. 30 shows the strain development tree of the
Y7124 Pichia strains discussed herein.

[0192] FIG. 31 shows the effects of overexpression of
xylose transport and assimilation genes in Pichia stipitis
NRRL Y-7124 strains. Pichia stipitis NRRL Y-7124 strain
7124.1.158 had an ethanol yield that was nearly 40% greater
than parent strain NRRL Y-7124 (upper left graph).

[0193] FIG. 32 illustrates ethanol production (g/L) of dif-
ferent improved Pichia stipitis NRRL Y-7124 strains under
different fermentation conditions in a 3 L bioreactor. The
improved Pichia stipitis NRRL Y-7124 strains can produce
culture media concentrations of at least about 40 g/IL ethanol
over about 50 hours.
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[0194] FIG. 33 illustrates improving fermentative capacity
on cellobiose in Pichia stipitis.

[0195] FIG. 34 illustrates S. cerevisiae engineered for cel-
lobiose fermentation.

[0196] FIG. 35 illustrates the relative fermentation rates for
Y-7124 and various independently-obtained clones that were
all derived from the same transformation.

[0197] FIG. 36 illustrates the abilities of the parental strain
Y-7124 and genetically engineered strain Y-7124.2.535 to
ferment a filtered hydrolysate of corn stover.

[0198] FIG. 37 illustrates the relative fermentation perfor-
mance of the parental strain Y-7124 and two independent
transformant clones before and after the first round of adap-
tation to hydrolysate.

[0199] FIG. 38 illustrates the relative fermentation perfor-
mance of the parental strain Y-7124 and two independent
transformant clones before and after the second round of
adaptation to hydrolysate.

[0200] FIG. 39 illustrates the relative growth rates of the
parental strain Y-7124 and two independent transformant
clones before and after the second round of adaptation to
hydrolysate.

[0201] FIG. 40 illustrates differences in the capacities of
Scheffersomyces (Pichia) stipitis CBS 6054 and Y-7124 in the
capacities of the native strains to ferment pre-fermented
hydrolysate.

[0202] FIG. 41 illustrates the crosses between indepen-
dently derived transformant lines derived from Scheffersomy-
ces (Pichia) stipitis CBS 6054 and Y-7124.

[0203] FIG. 42 illustrates the fermentation of Pre-Fer-
mented Corn Stover Hydrolysate Media (0.3% Acetic Acid):
53.6% (v/v) filter-sterilized pre-fermented corn stover
hydrolysate supplemented with 6% (w/v) xylose, and 2.4 g/L,
urea, pH 5.1 by cell lines derived from crosses B, C, D and E.
[0204] FIG. 43 illustrates the fermentation of Pre-Fer-
mented Corn Stover Hydrolysate Media (0.3% Acetic Acid):
53.6% (v/v) filter-sterilized pre-fermented corn stover
hydrolysate supplemented with 6% (w/v) xylose, and 2.4 g/L,
urea, pH 5.1 by cell lines derived from crosses F, G and H and
CBS 6054.

DETAILED DESCRIPTION

1. Introduction

[0205] The present invention provides yeast cells that pro-
duce high concentrations of ethanol, culture media and biore-
actors comprising the yeast cells, and methods for making
and using the yeast cells in efficiently producing ethanol. The
yeast cells are modified to express multiple copies of native
enzymes and/or transporters or copies of heterologous
enzymes and/or transporters involved in the metabolic path-
way for the transport and assimilation of sugars, e.g., xylose
and/or cellobiose. In particular, the yeast cells are modified to
recombinantly express a xylose transporter in combination
with enzymes that metabolize xylose (e.g., reduction, oxida-
tion and/or phosphorylaton of xylose); optionally a cellobiose
transporter, e.g., in combination with one or more enzymes
that metabolize cellobiose; and optionally also transketolase
and transaldolase enzymes. The improved yeast cells may
also recombinantly express an alcohol dehydrogenase.

[0206] In some embodiments, the modified yeast cells can
constitutively metabolize xylose to produce ethanol in the
presence of glucose, thereby allowing for the production of
ethanol by concurrently metabolizing at least two sources of
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sugar. The yeast cells of the invention can produce ethanol
with a yield of at least about 0.3 g ethanol/g sugar consumed
(e.g., at least about 0.4, 0.5, 0.6, 0.7, 0.8 g ethanol/g sugar
consumed); culture media with ethanol concentrations of at
least about 50 g ethanol/l (e.g., at least about 55, 60, 65, 70,
75, 80, 85 g ethanol/l) and can have an ethanol production rate
ofat least about 0.5 g/l'h (e.g., atleast about 0.5, 0.6, 0.7, 0.8,
0.9,1.0 g/l'h).

[0207] Moreover, it has been discovered that the Pichia
stipitis stains, and in particular, Pichia stipitis NRRL Y-7124
strain, deposited as ATCC Number 58376, is well suited to the
production of high specific yields of ethanol. Therefore, the
present invention provides numerous high ethanol producing
variations of the Pichia stipitis (e.g., Pichia stipitis NRRL
Y-7124) background engineered to recombinantly express
one or more xylose transporters and one or more enzymes in
the xylose assimilation pathway; optionally also one or more
cellobiose transporters and one or more enzymes in the cel-
lobiose metabolism pathway; optionally also a transketolase
and/or transaldolase enzyme; and optionally also an alcohol
dehydrogenase.

II. Summary of Sequences and Yeast Strains

[0208]

TABLE 1

Summary of promoter sequences used this study

Description SEQ ID NO: Nucleic acid
PICST_37097 from Pichia stipitis 1
PICST_84653 from Pichia stipitis 2
ACB?2 from Pichia stipitis 3
ALDI from Saccharomyces cerevisiae 4
BGLS5 from Pichia stipitis 5
CLG1 from Pichia stipitis 6
EGC2 from Pichia stipitis 7
ENOI from Pichia stipitis 8
FAS?2 from Pichia stipitis 9
HXT2.4 from Pichia stipitis 10
LPD1 from Pichia stipitis 11
LSC1 from Pichia stipitis 12
MEP2 from Pichia stipitis 13
PGI1 from Pichia stipitis 14
TAL1 from Pichia stipitis 15
TDHS3 from Pichia stipitis 16 and 17
TDH3 from Saccharomyces cerevisiae 18 and 19
TEF2 from Saccharomyces cerevisiae 20
TKT1 from Pichia stipitis 21
TPI1 from Saccharomyces cerevisiae 22
XUT1 from Pichia stipitis 23
ZWF1 from Pichia stipitis 24

TABLE 2

Summary of protein sequences used this study

SEQ ID NO:
Description Function Peptide
ADH1 from Zymomonas mobilis alcohol dehydrogenase 25
BGL1 from Pichia sapitis beta-glucosidase 26
BGL2 from Pichia sapitis beta-glucosidase 27
BGL3 from Pichia stipitis beta-glucosidase 28
BGLA from Pichia stipitis beta-glucosidase 29
BGLS5 from Pichia stipitis beta-glucosidase 30
BGL6 from Pichia stipitis beta-glucosidase 31
BGL7 from Pichia stipitis beta-glucosidase 32
EGC1 from Pichia stipitis endo-1,4-beta-glucanase 33
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11
TABLE 2-continued TABLE 3-continued
Summary of protein sequences used this study Summary of the terminator sequences used in this study
SEQ ID NO: Description SEQ ID NO: Nugcleic acid
Description Function Peptide
cerevisiae
EGC2 from Pichia stipitis endo-1,4-beta-glucanase 34 BGL1 from Pichia stipitis 58
EGC3 from Pichia stipitis endo-1,4-beta-glucanase 35 BGL2 from Pichia stipitis 59
HGT1 from Pichia stipitis glucose transporter 36 BGL3 from Pichia stipitis 60
HGT?2 from Pichia stipitis glucose transporter 37 BGLA from Pichia stipitis 61
HXT2.1 from Pichia stipitis cellobiose transporter 38 BGLS5 from Pichia stipitis 62
HXT2.2 from Pichia stipitis cellobiose transporter 39 BGL6 from Pichia stipitis 63
HXT2.3 from Pichia stipitis cellobiose transporter 40 BGL7 from Pichia stipitis 64
HXT2.4 from Pichia stipitis cellobiose transporter 41 EGC1 from Pichia stipitis 65
HXT2.5 from Pichia stipitis cellobiose transporter 42 EGC2 from Pichia stipitis 66
HXT2.6 from Pichia stipitis cellobiose transporter 43 EGC3 from Pichia stipitis 67
HXT4 from Pichia stipitis cellobiose transporter 44 FAS?2 from Pichia stipitis 68
NATI from Streptomyces Nourseothricin resistance 45 HGT1 from Pichia stipitis 69
noursei HGT?2 from Pichia stipitis 70
SUT1 from Pichia stipitis glucose/xylose transporter 46 HXT2.1 from Pichia stipitis 71
SUT?2 from Pichia stipitis glucose/xylose transporter 47 HXT2.2 from Pichia stipitis 72
SUTS3 from Pichia stipitis glucose/xylose transporter 48 HXT2.3 from Pichia stipitis 73
SUT4 from Pichia stipitis glucose/xylose transporter 49 HXT2.4 from Pichia stipitis 74
XUT1 from Pichia stipitis xylose transporter 50 HXT2.5 from Pichia stipitis 75
XUT3 from Pichia stipitis xylose transporter 51 HXT2.6 from Pichia stipitis 76
XYL1 from Pichia stipitis Xlese reductase 52 HXT4 from Pichia stipitis 77
XYL2 from Pz:chz:a snpms xylitol (liehydrogenase 53 SUT! from Pichia stipitis 78
XYL3 from lechz.a snpms xylulokinase 54 SUT?2 from Pichia stipitis 79
XYN1 from P.zchlza sr.zplzr.zs endo-1,4-beta-xylanase 55 SUT3 from Pichia stipitis 80
TKL2 from Pichia stipitis transketolase 92 .
L SUT4 from Pichia stipitis 81
TKT1 from Pichia stipitis transketolase 93 TDI3 from Pichia stipiti 82 and 83
TALI from Pichia stipitis transaldolase 94 rom PLchia Stpiits an
TDH3 from Saccharomyces 84 and 85
cerevisiae
TEF2 from Saccharomyces 86
cerevisiae
TABLE 3 TPI1 from Saccharomyces 87
Summary of the terminator sequences used in this study cerevisiae P
XUT1 from Pichia stipitis 88
Description SEQ ID NO: Nucleic acid XUTS from Pichia stipitis 89
XYN1 from Pichia stipitis 20
ACB?2 from Pichia stipitis 56 ZWF1 from Pichia stipitis 91
ALD1 from Saccharomyces 57
TABLE 4
Pichia stipitis strains
Strain Description Source or reference
P, stipitis Y-7124 Wild-type strain NRRLY-7124
P, stipitis Y-7124.1.136 XUT1 This study
P, stipitis Y-7124.1.144 XUT1 + sSUT4 This study
P, stipitis Y-7124.1.155 XUT1 + sSUT4 + HXT4 + sZmADH1 This study
P, stipitis Y-7124.1.158 XUT1 + XYL123 This study
P, stipitis Y-7124.1.159 XUT1 + XYL123 This study
P, stipitis Y-7124.1.160 XUT1 + XYL123 This study
P, stipitis Y-7124.1.161 XUT1 + XYL123 This study
P, stipitis Y-7124.1.162 XUT1 + XYL123 This study
P, stipitis Y-7124.1.163 XUT1 + XYL123 This study
P, stipitis Y-7124.1.164 XUT1 + sSUT4 + sXmADH1
P, stipitis Y-7124.1.165 XUT1 + sSUT4 + sXmADH1 This study
P, stipitis Y-7124.1.166  XUT1 + sSUT4 + sXmADH1 This study
P, stipitis Y-7124.1.167 XUT1 + sSUT4 + sXmADH1 This study
P, stipitis Y-7124.1.168 XUT1 + sSUT4 + sXmADH1 This study
P, stipitis Y-7124.1.169  XUT1 + sSUT4 + sXmADH1 This study
P, stipitis Y-7124.1.170  XUT1 + sSUT4 + HXT4 This study
P, stipitis Y-7124.1.171 XUT1 + sSUT4 + HXT4 This study
P, stipitis Y-7124.1.172 XUT1 + sSUT4 + HXT4 This study
P, stipitis Y-7124.1.173 XUT1 + sSUT4 + HXT4 This study
P, stipitis Y-7124.1.174 XUT1 + sSUT4 + HXT4 This study
P, stipitis Y-7124.1.175 XUT1 + sSUT4 + HXT4 This study
P, stipitis Y-7124.1.176 XUT1 + sSUT4 + XUT3 This study
P, stipitis Y-7124.1.177 XUT1 + sSUT4 + XUT3 This study
P, stipitis Y-7124.1.178 XUT1 + sSUT4 + XUT3 This study
P, stipitis Y-7124.1.179  XUT1 + sSUT4 + XUT3 This study
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TABLE 4-continued

12

Pichia stipitis strains

Strain

Description

Source or reference

P, stipitis Y-7124.1.180
P, stipitis Y-7124.1.181
P, stipitis Y-7124.1.182
P, stipitis Y-7124.1.183
P, stipitis Y-7124.1.184
P, stipitis Y-7124.1.185
P, stipitis Y-7124.1.186
P, stipitis Y-7124.1.187
P, stipitis Y-7124.2.344
P, stipitis Y-7124.2.345
P, stipitis Y-7124.2.346
P, stipitis Y-7124.2.347
P, stipitis Y-7124.2.348
P, stipitis Y-7124.2.349
P, stipitis Y-7124.2.350
P, stipitis Y-7124.2.351
P, stipitis Y-7124.2.352
P, stipitis Y-7124.2.353
P, stipitis Y-7124.2.354
P, stipitis Y-7124.2.405
P, stipitis Y-7124.2.406
P, stipitis Y-7124.2.407
P, stipitis Y-7124.2.408
P, stipitis Y-7124.2.409
P, stipitis Y-7124.2.415
P, stipitis Y-7124.2.416
P, stipitis Y-7124.2.417
P, stipitis Y-7124.2.418
P, stipitis Y-7124.2.419
P, stipitis Y-7124.2.446
P, stipitis Y-7124.2.447
P, stipitis Y-7124.2.448
P, stipitis Y-7124.2.449
P, stipitis Y-7124.2.450
P, stipitis Y-7124.2.451
P, stipitis Y-7124.2.452
P, stipitis Y-7124.2.453
P, stipitis Y-7124.2.454
P, stipitis Y-7124.2.455
P, stipitis Y-7124.2.456
P. stipitis Y-7124.2.457
P, stipitis Y-7124.2.458
P, stipitis Y-7124.2.459
P, stipitis Y-7124.2.460
P, stipitis Y-7124.2.462
P, stipitis Y-7124.2.465
P, stipitis Y-7124.2.466
P, stipitis Y-7124.2.467
P, stipitis Y-7124.2.468
P, stipitis Y-7124.2.469
P, stipitis Y-7124.2.470
P, stipitis Y-7124.2.471
P, stipitis Y-7124.2.472
P, stipitis Y-7124.2.474
P, stipitis Y-7124.2.477
P, stipitis Y-7124.2.478
P, stipitis Y-7124.2.479
P, stipitis Y-7124.2.480
P, stipitis Y-7124.2.481
P, stipitis Y-7124.2.482
P, stipitis Y-7124.2.483
P, stipitis Y-7124.2.484
P, stipitis Y-7124.2.485
P, stipitis Y-7124.2.486
P, stipitis FPL-Y-UC7

P, stipitis Y-UC7.1.101
P, stipitis Y-UC7.1.102
P, stipitis Y-7124.2.535
P, stipitis Y-7124.2.538
P, stipitis Y-7124.2.541
P, stipitis Y-7124.2.557
P, stipitis Y-7124.2.558

XUT1 +sSUT4 + XUT3

XUT1 +sSUT4 + XUT3

XUT1 + XYL123 +sSUT4

XUT1 + XYL123 +sSUT4

XUT1 + XYL123 +sSUT4

XUT1 + XYL123 +sSUT4

XUT1 + XYL123 +sSUT4

XUT1 + XYL123 +sSUT4

XYL12 + sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

sSUT4

XYL12 + sSUT4 + sZmADH1

XYL12 + sSUT4 + sZmADH1

XYL12 + sSUT4 + sZmADH1

XYL12 + sSUT4 + sZmADH1

XYL12 + sSUT4 + sZmADH1
XYL123 +sSUT4

XYL123 +sSUT4

XYL123 +sSUT4

XYL123 +sSUT4

XYL123 +sSUT4

sSUT4 + HXT4

sSUT4 + HXT4

sSUT4 + HXT4

XYL12 + sSUT4 + sZmADH1 + HXT4
XYL12 + sSUT4 + sZmADH1 + HXT4
XYL12 + sSUT4 + sZmADH1 + HXT4
XYL12 + sSUT4 + sZmADH1 + HXT4
XYL12 + sSUT4 + sZmADH1 + HXT4
XYL12 + sSUT4 + sZmADH1 + HXT4
XYL12 + sSUT4 + sZmADH1 + XUT3
XYL12 + sSUT4 + sZmADH1 + XUT3
XYL12 + sSUT4 + sZmADH1 + XUT3
XYL12 + sSUT4 + sZmADH1 + XUT3
XYL12 + sSUT4 + sZmADH1 + XUT3
XYL12 + sSUT4 + sZmADH1 + XUT3
sSUT4 + XYL123 + HXT4 + sZmADH1
XUT3

XUT3

XUT3

XUT3

HXT4 + sZmADH1

HXT4 + sZmADH1

HXT4

HXT4

XYL12 + HXT4

sSUT4 + sZmADH

sSUT4 + sZmADH

sSUT4 + sZmADH

sSUT4 + sZmADH

sSUT4 + sZmADH

sSUT4 + XYL123 + XUT1

sSUT4 + XYL123 + XUT1

sSUT4 + XYL123 + XUT1

sSUT4 + XYL123 + XUT1

sSUT4 + XYL123 + XUT1

ura3

HXT2.4

BGLS5 cluster (HXT2.4, EGC2, BGLS)
2[sSUT4] + XYL1 + XYL2 + XYL3
2[sSUT4] + XYL1 + XYL2 + XYL3
sSUT4 + XYL1 + XYL2 + TALI + TKT1
7124.2.535-539 x 6054.2.356-359
7124.2.546-549 x 6054.2.356-359

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
NRRLY-21448
This study
This study
This study
This study
This study
This study
This study
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TABLE 5
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Saccharomyces cerevisiae strains

Strain

Description

Source or reference

S. cerevisiae CEN. PK.

111-27B

MAL2-8c¢ SUC2

MATa leu2-3112 trp1-289 Entian K, Kotter P, 2007, 25 Yeast
Genetic Strain and Plasmid Collections.

In: Methods in Microbiology; Yeast
Gene Analysis-Second Edition, Vol.
Volume 36 (Ian Stansfield and Michael
J R Stark ed), pp 629-666. Academic

Press.
S. cerevisiae SSN7 CEN. PK. 111-27B This study
(pRS424 and pRS425)
S. cerevisiae SSN17 CEN. PK. 111-27B This study
(pPSN260 and pSN259)
S. cerevisiae SSN18 CEN. PK. 111-27B This study
(pPSN261 and pSN259)
S. cerevisiae SSN21 CEN. PK. 111-27B This study
(pPSN264 and pSN259)
S. cerevisiae SSN23 CEN. PK. 111-27B This study
(pPSN266 and pSN259)
TABLE 6 TABLE 6-continued
Plasmids Plasmids
Plasmid Description Source or reference Plasmid Description Source or reference
pRS424 TRP1, 2p origin Sikorski & Hieter, pSDM31  PsTKT1,-XUT3-PsXUT3 ;in pSDM11 This study
1989, pSDM32  PsTDH3,-PsXYL2-PSTDH3,-PsFAS2p-  This study
Genetics 122: PsXYL1-PsFAS2,-PsTDH3 p-sSUT4-
. 1927 PsSUT4 in pSDM1 1
pRS425  LEU2, 2u origin Sikorski & Hieter, PMA300  PSTAL1,-PsTAL1-PSTAL1~PsTKT1,-  This study
1989, PsTKT1-PsTKT1zin pSDM11
Genetics 122:
19-27
RS315 LEU2, Centromere Sikorski & Hieter, . .
P 1089 II1. Conversion of Cellobiose to Ethanol
Genetics 122: [0209] It has been discovered the cellobiose utilization and
. 19-27 conversion to ethanol in yeast can be greatly improved by
pSN259 TRP1, 2p origin ScTDH3 p-PsBGLS5- This study . f llobi d
SCTDH3, expression of one or more cellobiose transporter and one or
pSN260  LEU?, Centromere ScTDH3,-PSHXT2 .4- This study more beta-glucosidase in the yeast. )
S¢TDH3, [0210] Exemplary cellobiose transporters can include, but
pSN261  LEU2, Centromere ScTDH3,-PsHXT2.2-  This study are not limited to, e.g., the HXT transporters from Pichia
ScTDH37 stipitis, e.g., HXT2.1, HXT2.2, HXT2.3, HXT2.4, HXT2.5,
pSN264  LEU2, Centromere SCTDH3,-PsHXT2.5-  This study or HXT2.6. In some embodiments, the cellobiose transporter
ScTDH31 ) is substantially identical to any of SEQ ID NO:s 38, 39, 40,
PSN266 LEU2, Centromere ScTDH3p-PsHXT2.6-  This study . .
STDIS 41, 42, 43, or 44. In some embodiments, the cellobiose trans-
T . . .
pSN321  XUTI in pSDM11 This study porteris recomblnant.l}./ expressed from an 1ntr0duged expres-
pSN207  HXT2.4 in pJYB11 This study sion cassette comprising a promoter operably linked to a
pSN212  BGLS, EGC2, HXT2.4 in pJYB11 This study polynucleotide encoding the cellobiose transporter. The pro-
pIYBI1 ~ PsURAS in pBluescript KS- moter can be a native (i.e., native to the transporter) promoter.
PIML345 - cre recombinase expression vector Iz“ggéaza’ et-al, Alternatively, the promoter can be a heterologous promoter,
’ . e.g., not a promoter found in association in nature with the
Enzyme & Micro ) i
Tech, 38: 741-747 cellobiose trapsporter gene. Exemplary prc.)mote?rs include,
pSDMI11  synNATI in pBluescript KS- This study but are not limited to, any of those described in Table 1.
pSDM20  PsZWF1p-PsXYL3-PsZWE1,-PsTDH3p-  This study Similarly, native or heterologous terminator sequences can be
gsigﬁ'??igj T'PSF:DSl\z/ﬁ_l used. Exemplary terminator sequences include, but are not
S — STASSr NP limited to those in Table 3
pSDM21  PsTDH3p-sZmADHI1-PsTDH3 7in This study ) . .
pSDMI1 [0211] Exemplary beta-glucosidases can include, but are
pSDM22  PsTDH3,-PsHXT4 in pSDMI1 This study not limited to, e.g., a beta-glucosidase from Pichia stipitis,
pSDM24  PsTDH3p-PsXYL2-PsTDH3 -PsFAS2,-  This study e.g.,BGL1,BGL2,BGL3,BGL4,BGLS5, BGL6, or BGL7. In
PsXYL1-PsFAS2;-PsTDH3 p-PsHXT4 in some embodiments, the beta-glucosidase is substantially
pSDMI1 , identical to any of SEQ ID NO:s 26, 27, 28, 29, 30, 31, or 32.
pSDM25  PsTDH3p-sZmADH1-PSTDH3 -PsTDH3- This study . . . :
PSHXT4 in pSDM11 In some embodiments, the beta-glucosidase is recombinantly
pSDM29  PSTDH3p-sSUT4-PsSUT4,inpSDMI1  This study expressed from an 1ntr.0duced expression cassette comprising
pSDM30  PSTDH3,-sSUT4-PsSUT4, PSTDH3 - This study a promoter operably linked to a polynucleotide encoding the

sZmADHI1-PsTDH3 7 in pSDM11

beta-glucosidase. The promoter can be a native (native to the
beta-glucosidase) promoter. Alternatively, the promoter can
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be a heterologous promoter, e.g., not a promoter found in
association in nature with the beta-glucosidase gene. Exem-
plary promoters include, but are not limited to, any of those
described in Table 1. Similarly, native or heterologous termi-
nator sequences can be used. Exemplary terminator
sequences include, but are not limited to those in Table 3.
[0212] In some embodiments, the yeast is of the genus
Saccharomyces (e.g., S. cerevisiae) or Pichia (e.g., P. stipitis).
[0213] In some embodiments, the yeast utilizes cellobiose
at a rate of at least 0.10, 0.15, 0.17,0.19, 0.22, or 0.25 g/l per
hour.

[0214] In some embodiments, the yeast also converts a C5
sugar (e.g., xylose) into ethanol. For example, the yeast can
also be engineered with a xylose transporter as described
herein, in combination with one, two, or all of a xylose reduc-
tase, a xylitol dehydrogenase, and/or a xylulokinase; and
optionally can further express a transketolase and/or a tran-
saldolase as otherwise described herein.

[0215] Accordingly, the invention also provides for conver-
sion of cellobiose in a mixture with a yeast as described
above. Any source of cellobiose is contemplated for use with
the yeast of the invention. The conversion process can be
performed in batch-wise or as a continuous process, and can
be performed, for example, in a bioreactor.

IV. Conversion of Xylose to Ethanol

[0216] It has been discovered that xylose utilization and
conversion to ethanol in yeast can be greatly improved by
expression of one or more xylose transporters and one or
more of a xylose reductase, a xylitol dehydrogenase, and/or a
xylulokinase in the yeast, as shown in the Examples. Surpris-
ingly, this increases xylose utilization in Pichkia stipitis, which
naturally expresses some or all of these genes.

[0217] Exemplary xylose transporters can include, but are
not limited to, the SUT and XUT transporters from Pichia
stipitis, e.g., SUT 1, SUT 2, SUT3, SUT4, XUT1 or XUT3.
The SUT1-4 transporters are also glucose transporters. In
some embodiments, the xylose transporter is substantially
identical to any of SEQ ID NOS: 46, 47, 48, 49, 50, 0r 51. In
some embodiments, the xylose transporter is recombinantly
expressed from an introduced expression cassette comprising
a promoter operably linked to a polynucleotide encoding the
xylose transporter. The promoter can be a native promoter
(i.e., the promoter that naturally regulates expression of the
polynucleotide encoding the transporter in the yeast cell).
Alternatively, the promoter can be a heterologous promoter,
e.g., not a promoter found in association in nature with the
xylose transporter gene. Exemplary promoters include, but
are not limited to, any of those described in Table 1. Similarly,
native or heterologous terminator sequences can be used.
Exemplary terminator sequences include, but are not limited
to those in Table 3.

[0218] Exemplary xylose reductases include, but are not
limited to, the XYL1 reductases from Pichia stipitis. In one
embodiment, the xylose reductase is substantially identical to
SEQ ID NO: 52. Exemplary xylitol dehydrogenases include,
but are not limited to, the XYL2 dehydrogenase from Pichia
stipitis. In one embodiment, the xylitol dehydrogenase is
substantially identical to SEQ ID NO: 53. Exemplary xylu-
lokinases include, but are not limited to, the XYL3 xyluloki-
nase from Pichia stipitis. In one embodiment, the xyluloki-
nase is substantially identical to SEQ ID NO: 54. In some
embodiments, the xylose reductase, xylitol dehydrogenase,
or xylulokinase is recombinantly expressed from an intro-
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duced expression cassette comprising a promoter operably
linked to a polynucleotide encoding the xylose reductase,
xylitol dehydrogenase, or xylulokinase. The promoter can be
a native promoter (i.e., the promoter that naturally regulates
expression of the polynucleotide in the yeast cell). Alterna-
tively, the promoter can be a heterologous promoter, e.g., not
a promoter found in association in nature with the xylose
reductase, xylitol dehydrogenase, or xylulokinase gene.
Exemplary promoters include, but are not limited to, any of
those described in Table 1. Similarly, native or heterologous
terminator sequences can be used. Exemplary terminator
sequences include, but are not limited to those in Table 3.
[0219] Insomeembodiments, the yeast further comprises a
transketolase and/or a transaldolase. Exemplary transketo-
lases include, but are not limited to, TKL.2 and TKT1 from
Pichia stipitis. In some embodiments, the transketolase is
substantially identical to SEQ ID NOS: 92 or 93. Exemplary
transaldolases include, but are not limited to, TALI from
Pichia stipitis. In one embodiment, the transketolase is sub-
stantially identical to SEQ ID NO: 94. Surprisingly, expres-
sion of a P. stipitis transketolase and/or a P, stipitis transaldo-
lase increases xylose utilization in P, stipitis, which naturally
expresses some or all these genes, as shown in the Examples.
[0220] In some embodiments, the yeast is of the genus
Saccharomyces (e.g., S. cerevisiae) or Pichia (e.g., P. stipitis).
[0221] In some embodiments, the yeast utilizes xylose at a
rate of at least 0.5,0.7,1.0,1.1,1.2,1.3,1.5,1.7,1.8, 1.9, 2.0,
22,23,2.526,2.7,2.9,3.0,3.2,3.3,3.4,3.5, 0r 4.0 g/l per
hour or higher.

[0222] In some embodiments, the yeast comprises two or
more xylose transporters. For example, the yeast can be engi-
neered with a first expression cassette comprising a first
xylose transporter, and a second expression cassette compris-
ing a second xylose transporter. In some embodiments, the
first and second xylose transporters are the same or different.
For example, in one embodiment, the first and second xylose
transporters are SUT4. In other embodiments, the first and
second xylose transporters are substantially identical to SEQ
ID NO:49. The expression of two xylose transporters
improves the utilization of xylose, as described in the
Examples.

[0223] In other embodiments, the yeast comprises, or fur-
ther comprises, two or more of each of a xylose reductase,
xylitol dehydrogenase, or a xylulokinase, as described above.
The expression of two or more xylose reductases, xylitol
dehydrogenases, and/or xylulokinases improves the utiliza-
tion of xylose, as described in the Examples.

[0224] In some embodiments, the yeast also converts a C6
sugar (e.g., glucose) into ethanol. For example, the yeast can
be engineered with one or more of a cellobiose transporter, a
beta-glucosidase, and/or an endo-1,4-beta-glucanase, as
described herein.

[0225] Accordingly, the invention also provides for conver-
sion of xylose in a mixture with a yeast as described above.
Any source of xylose is contemplated for use with the yeast of
the invention. The conversion process can be performed in
batch-wise or as a continuous process.

V. Production of Sequences and Yeast Strains

[0226] The nucleic acid sequences recombinantly
expressed in the improved yeast cells of the present invention
can be naturally derived or synthetically produced. The
nucleic acid and amino acid sequences of the different trans-
porters and sugar metabolizing enzymes are known in the art
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and described herein. When designing nucleic acid sequences
for expression in P. stipitis or S. cerevisiae, it is to be consid-
ered that the codon CUG encodes for a serine residue in P,
stipitis and for a leucine residue in S. cerevisiae. See, e.g.,
U.S. Patent Publication No. 2006/0088911.

[0227] The genes can consist of DNA native to the host
organism or synthetic that code for various metabolic activi-
ties. These can include but are not limited to sugar transport-
ers, oxidoreductases, transketolases, transaldolases, pyruvate
decarboxylases, aldose reductase, xylitol dehydrogenase,
alcohol dehydrogenases, D-xylulokinase, pyruvate decar-
boxylase, beta-glucosidase, endo-1, 4-p-D-glucanase and
various combinations of same along with native or synthetic
genes for resistance to nourseothricin, Zeocin, hygromycin or
other antibiotic inhibitors flanked by sequences to promote
their excision.

[0228] The genes and promoters for altering their native
expression are identified through Southern hybridization,
quantitative PCR (qPCR), quantitative expressed sequence
tag (EST) sequencing, expression array analysis, or other
methods to measure the abundance of transcripts. Cells are
cultivated under varying conditions such as with various car-
bon or nitrogen sources, under different aeration conditions,
at various temperatures or pH, in the presence of various
effector molecules such as inducers, inhibitors or toxins or in
the presence of stressors such as high sugar or product con-
centrations. The resulting transcript expression levels are cor-
related with the rates of product formation to determine
which transcripts are expressed at high levels and which are
present at relatively low levels under conditions favoring
product formation. These data in turn are correlated with
information about enzymes or metabolic activities known to
be essential for product formation from the substrate or under
the conditions desired for maximal performance.

[0229] Introduction of the recombinant nucleic acid
sequences into a yeast cell can be accomplished by any suit-
able means. For example, the recombinant expression cas-
sette can be incorporated intrachromosomally or extrachro-
mosomally. The expression cassettes can be introduced
sequentially, e.g., using a Cre-loxP technique e.g., facilitating
removal using cre recombinase following single or repeated
transformations and excisions of a selectable marker (U.S.
Pat. No. 7,501,275 B2; and Laplaza, et. al, 2006, Enzyme &
Microbial Tech, 38:741-747). Two or more expression cas-
settes also can be concurrently introduced, e.g., using so-
called recombineering techniques that utilize homologous
recombination. It is envisioned that one could obtain
increased expression of the nucleic acid constructs of the
invention using an extrachromosomal genetic element, by
integrating additional copies, e.g., of either native or heter-
ologous genes, by increasing promoter strength, or by
increasing the efficiency of translation through codon opti-
mization, all methods known to one of skill in the art.

[0230] As noted in the examples, mating of two or more
separately transformed and genetically different strains of
yeast and subsequent selection of the resulting hybrid prog-
eny can result in additional improvement in C5 and/or C6
sugar utilization and generation of ethanol. In some embodi-
ments, one of the mated strains has the CBS 6054 genetic
background and a second strain has the NRRL. Y-7124 genetic
background.

[0231] The promoters for genes expressed at high levels
under the desired conditions for maximal performance and
product formation were then used to drive expression of tran-
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scripts for genes present at relatively low levels. The resulting
transformants were assessed to determine whether increased
expression of the targeted gene or combination of genes
increases product formation. Relative product formation rates
were determined by cultivation of native, parental or other
wild-type or engineered strains in parallel with or sequen-
tially to the cultivation of genetically altered strains.

[0232] In another embodiment, promoters for genes
expressed at levels deemed to be excessive for optimal prod-
uct formation can be reduced in expression by substituting
weaker promoters or by altering the coding sequence to ren-
der lower protein activity.

[0233] The constructs of the invention comprise a coding
sequence operably connected to a promoter. Preferably, the
promoter is a constitutive promoter functional in yeast, or an
inducible promoter that is induced under conditions favorable
to uptake of sugars or to permit fermentation. Inducible pro-
moters may include, for example, a promoter that is enhanced
in response to particular sugars, or in response to oxygen
limited conditions, such as the FAS2 promoter used in the
examples. Examples of other suitable promoters include pro-
moters associated with genes encoding P. stipitis proteins
which are induced in response to xylose under oxygen limit-
ing conditions, including, but not limited to, myo-inositol
2-dehydrogenase (MOR1), aminotransferase (YOD1), gua-
nine deaminase (GAH1). These proteins correspond to pro-
tein identification numbers 64256, 35479, and 36448 on the
Joint Genome Institute Pichia stipitis web site: genome.jgi-
psf.org/Picst3/Picst3.home.html.

[0234] Medium constituents and conditions can range from
minimal defined nutrients to complex formulations having
many different carbon and nitrogen sources including but not
limited to acid and enzymatic hydrolysates of pretreated
lignocellulosic substrates.

[0235] Oxygen limiting conditions include conditions that
favor fermentation. Such conditions, which are neither
strictly anaerobic nor fully aerobic, can be achieved, for
example, by growing liquid cultures with reduced aeration,
i.e., by reducing shaking, by increasing the ratio of the culture
volume to flask volume, by inoculating a culture medium with
a number of yeast effective to provide a sufficiently concen-
trated initial culture to reduce oxygen availability, e.g., to
provide an initial cell density of 1.0 g/l dry wt of cells. Suit-
able minimal media for growth of the yeast cells is described,
e.g., in Verduyn, et al., (1992) Yeast 8:501-17 and herein.
[0236] Preferably, the yeast strain is able to grow under
conditions similar to those found in industrial sources of
xylose. The method of the present invention would be most
economical when the xylose-containing material can be
inoculated with the mutant yeast without excessive manipu-
lation. By way of example, the pulping industry generates
large amounts of cellulosic waste. Saccharification of the
cellulose by acid hydrolysis yields hexoses and pentoses that
can be used in fermentation reactions. However, the hydroly-
sate or sulfite liquor contains high concentrations of sulfite
and phenolic inhibitors naturally present in the wood which
inhibit or prevent the growth of most organisms. Serially
subculturing yeast selects for strains that are better able to
grow in the presence of sulfite or phenolic inhibitors.

[0237] The yeast cells of the invention find use in ferment-
ing xylose in a xylose-containing material to produce ethanol
using the yeast of the invention as a biocatalyst. For example,
the yeast cells of the invention find use in fermenting xylose
in a xylose-containing material to produce xylitol using the
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yeast of the invention as a biocatalyst. In this embodiment, the
yeast preferably has reduced xylitol dehydrogenase activity
such that xylitol is accumulated. Preferably, the yeast is
recovered after the xylose in the medium is fermented to
ethanol and used in subsequent fermentations.

[0238] Itis expected that yeast strains of the present inven-
tion may be further manipulated to achieve other desirable
characteristics, or even higher specific ethanol yields. For
example, selection of mutant yeast strains by serially culti-
vating the mutant yeast strains of the present invention on
medium containing hydrolysate may result in improved yeast
with enhanced fermentation rates.

[0239] The yeast cells of the invention may be selected for
their ability to produce high ethanol yields in a relatively short
period of time (e.g., under about 72 hours, for example,
within about 40, 45, 55, 60, 65, 70 hours). The yeast cells of
the invention can produce ethanol with a yield of at least about
0.3 g ethanol/g sugar consumed (e.g., at least about 0.4, 0.5,
0.6,0.7, 0.8 g ethanol/g sugar consumed); culture media with
ethanol concentrations of at least about 40 g ethanol/l (e.g., at
least about 45, 50, 55, 60, 65, 70, 75 g ethanol/l) and can have
an ethanol production rate of at least about 0.5 g/l'h (e.g., at
least about 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 g/l'h). The yeast cells
may also be selected for their tolerance (i.e., the ability to
remain viable) in culture conditions with high concentrations
of ethanol, e.g., with ethanol concentrations of at least about
40 g ethanol/l (e.g., at leastabout 45, 50, 55, 60, 65, 70, 75, 80,
85 g ethanol/l). In some embodiments, the yeast cells of the
invention are tolerant to culture media containing concentra-
tions of at least about 5% ethanol, for example, at least about
6%, 7%, 8% or more, ethanol.

[0240] Acetate and acetic acid are released from the ligno-
cellulosic substrate by hydrolysis or are byproducts of fer-
mentation. High concentrations of acetic acid can inhibit
fermentation, and in some instances, growth. Accordingly, in
some embodiments, the yeast cells of the invention are
selected for their tolerance to culture conditions with high
concentrations of acetic acid, and correspondingly relatively
acid pH. Most yeast cells are tolerant to culture fluid concen-
trations of acetic acid in the range of 0-3 g/L.. Yeast cells that
efficiently utilize substrate may need to be tolerant to higher
concentrations of acetic acid to maintain commercially viable
levels of fermentation and/or growth. Accordingly, in some
embodiments, yeast cells that are tolerant to culture media
containing concentrations of acetic acid of at least about 3 g/L.
and as high as 15 g/L, for example, in the range of about 5-10
g/L, for example, at least about 4 g/L., 5 g/I., 6 g/L., 7 g/L, 8
gL, 9¢/1,10g/L, 11 g/1.,12¢g/1.,13 g/[., 14 g/1., 15 g/L, or
higher, are selected. Such yeast cells are tolerant to more
acidic pH, for example, a pH less than about 6, for example,
in the range of pH 4-6, for example, a pH of about 6.0, 5.5, 5.0,
4.5, 4.0, or less.

[0241] In some embodiments, the yeast cells are selected
for their ability to convert sugars to ethanol in the presence of
acetic acid. For example, in certain embodiments, the yeast
cells can convert sugars to ethanol in the presence of concen-
trations of acetic acid in the range of about 0.1 g/ to about 5
g/L, for example, at least about 0.2 g/, 0.3 g/, 0.4 g/, 0.5
2/1,,0.62/1,0.7¢/,0.8¢/L,09¢/1,1.0g/L,1.1g/L,1.2¢/1,
13¢g/L,14¢/1,15¢/1,1.6g/1,1.7¢g/1,1.8¢1,1.9¢/1,2.0
el,21g/1,22¢/1,23¢/L,24¢/1,2.5¢/1,2.6¢/L,2.7¢g/,
28¢/1,29¢/1,3.0g/1,3.5¢1,40¢g/L,4.5¢g/Land5.0¢g/L.
In other embodiments, the yeast cells can convert sugars to
ethanol in the presence of concentrations of acetic acid in the
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range of about 0.05% to about 0.5%, for example, at least
about 0.075%, 0.085%, 0.10%, 0.11%, 0.12%, 0.13%,
0.14%,0.15%, 0.16%, 0.17%, 0.18%, 0.19%, 0.20%, 0.25%,
0.30%, 0.35%, 0.40%, 0.45%, and 0.50%. In other embodi-
ments, the yeast cells can convert sugars to ethanol in the
presence of concentrations of acetic acid in the range of about
0.50% to about 5.0%, for example, at least about 0.60%,
0.70%, 0.80%, 0.90%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%,
4.0%, 4.5%, and 5.0%.

[0242] Insome embodiments, the yeast cells are selected to
convert both C6 and C5 sugars to ethanol in presence of acetic
acid. In one embodiment, the yeast cells are selected to con-
vert both glucose and xylose to ethanol in presence of acetice
acid. In another embodiment, the yeast cells are selected to
convert both cellobiose and xylose to ethanol in presence of
acetice acid.

[0243] In certain embodiments, the yeast cells are selected
to have increased rates of Xylose fermentation. In other
embodiments, the yeast cells are selected to have increased
rates of acetic acid removal.

[0244] Inother embodiments, the yeast cells are adapted to
grow in increasing concentrations of acetic acid. For
example, in certain embodiment, the yeast cells are adapted to
grow in concentrations of acetic acid up between about 0.1%
t0 0.5%.

[0245] Yeast cells cultured in medium containing high con-
centrations of sugar may be subject to relatively higher
osmotic pressures. Growth of Pichia stipitis begins to slow
down at sugar concentrations in excess of about 80 g/l.
Accordingly, in some embodiments, yeast cells that are tol-
erant to culture media containing concentrations of sugar of at
least about 80 g/IL and as high as 200 g/L, for example, in the
range of about 140-200 g/L. or 140-160 g/L, for example, at
least about 90 g/L, 100 g/I, 110 g/L,, 120 g/L, 130 g/L, 140
g/, 150 g/1,160 g/, 170 g/L, 180 g/L, 190 g/L, 200 g/L, or
higher, are selected.

[0246] The present yeast cells find use in commercial scale
fermentation processes, for example, in bioreactors contain-
ing culture media in volumes of at least 100 L, for example, at
leastabout 500L, 1000L, 50001, 10,000 L, 20,000 L, 50,000
L, 100,000 L, or more.

[0247] Inaccordance with the present invention, there may
be employed conventional molecular biology, microbiology,
and biochemical techniques within the skill of the art. Such
techniques are explained fully in the literature. The invention
will be further described in the following examples, which do
not limit the scope of the invention described in the claims.
The methods and materials described herein can be incorpo-
rated into existing biofuels operations, or the methods and
materials described herein can be included in designing new
biofuels operations.

EXAMPLES

[0248] The following examples are offered to illustrate, but
not to limit the claimed invention.

Example 1

Production of Yeast Cells that Produce High Levels
of Ethanol

[0249] A modified defined minimal medium was used con-
taining trace metal elements and vitamins, which is based on
that described by Verduyn et al. (10) It had the following
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composition: 1.9 gureal™; 5.2 g peptonel™; 14.4 g KH,PO,,
17, 0.5 gMgS0,.7H,0 I"*; 4 ml trace element solution 1=*; 2
ml vitamin solution 17*; and 0.05 ml antifoam 289 (Sigma
A-8436) 17!, Glucose and xylose concentrations were varied
in some experiments.

[0250] A synthetic NAT1 gene was fused to the P. stipitis
ACB2 promoter and terminator, and LoxP sites flanked the
entire cassette, facilitating removal using cre recombinase
following single or repeated transformations and excisions of
the selectable marker (José M. Laplaza and T. W. Jeffries,
U.S. Pat. No. 7,501,275 B2; Laplaza, et. al, 2006, Enzyme &
Microbial Tech, 38:741-747) (7). The NAT1 gene could be
removed by transforming the transformants with approxi-
mately 10 ug of pJML545, which encodes a cre recombinase
that facilitates the removal of the LoxP flanked NAT 1 marker.
[0251] The LiAc protocol of Gietz & Woods (2) was rou-
tinely used for cell transformation.

[0252] The amino acid sequence of the Strepromyces
noursei Natlp was used to generate the NAT1 gene, which
was optimized for codon usage found in Pichia stipitis and
Saccharomyces cerevisiae and synthesized by DNA2.0 Inc.
(Menlo Park, Calif. 94025). The synthetic NAT1 gene was
fused to the P. stipitis ACB2 promoter and terminator, and
LoxP sites flanked the entire cassette, facilitating removal
using cre recombinase (7). This final product was cloned into
pBluescript KS-, generating pSDM11.

[0253] pSN321 was constructed to contain the promoter,
coding sequence, and terminator for the P, stipitis XUT 1
gene. Approximately 100 ng of plasmid was linearized using
the restriction enzymes Spel and Apal, ethanol precipitated,
resuspended in water, creating a fragment that could be
directly inserted into the P. stipitis genome. The digested
construct was then transformed into NRRL Y-7124 using a
LiAc protocol (2), thereby creating 7124.1.136, and into
7124.2.415 creating 7124.2.482, 7124.2.483, 7124.2.484,
7124.2.485, and 7124.2.486.

[0254] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0255] The NAT1 gene was removed by transforming the
transformants with pJML545 (7). Transformants were
selected on YPD plates containing 50 pg/ml zeocin and dex-
trose (2%). Colonies were patched onto YPD and YPD
nourseothricin plates to confirm excision of the NATT marker.
[0256] Fermentation of 7124.1.136. Cultures were started
by inoculating a swath of colonies into 25 ml YPX (2%
xylose) and grown overnight. The following morning, tripli-
cate flasks were inoculated to a starting OD600 of 9.0 (=1.2
g/l dry weight of cells). The fermentation was carried out
under oxygen limiting conditions with 50 ml of medium in a
125 ml flask, agitation at 100 RPM, and at 30° C. For this
fermentation, a starting concentration of 40 g I"* glucose and
100 g 17! xylose was used.

[0257] In shake flask trials, 7124.1.136 was able to utilize
xylose at a faster rate than the parental strain, 2.31 g/l-h vs.
1.99 g/I'h, a 16.1% increase. A higher yield of ethanol was
obtained by 7124.1.136 (51.73 g/1) than by NRRL Y-7124
(49.01 g/1), a 5.5% increase (FIG. 2).

[0258] pSDM29 was constructed to contain a synthetic
polynucleotide encoding the P. stipitis SUT4 protein under
control of the constitutive P. stipitis TDH3 promoter and the
native SUT4 terminator. Approximately 100 pg of plasmid
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was linearized using the restriction enzymes Xmal and Xhol,
ethanol precipitated, resuspended in water, creating a frag-
ment that could be directly inserted into the P, stipitis genome.
The digested construct was then transformed using a LiAc
protocol (2) into 7124.1.136, creating 7124.1.144, into 7124.
1.158 creating 7124.1.182, 7124.1.183,7124.1.184, 7124.1.
185, 7124.1.186, and 7124.1.187, and into NRRL Y-7124
creating 7124.2.345, 7124.2.346, 7124.2.347, 7124.2.348,
7124.2.349, 71242350, 7124.2351, 7124.2.352,
7124.2.353, and 7124.2.354.

[0259] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0260] The NAT1 gene was removed by transforming the
transformants with pJML545 (7). Transformants were
selected on YPD plates containing 50 pg/ml zeocin and dex-
trose (2%). Colonies were patched onto YPD and YPD
nourseothricin plates to confirm excision of the NAT 1
marker.

[0261] Shake flask fermentation of 7124.1.144. Cultures
were started by inoculating a swath of colonies into 50 ml
YPX (2% xylose) and grown overnight. The following morn-
ing, duplicate flasks were inoculated to a starting OD600 of
7.0 (=1.0 g/l dry weight of cells). The fermentation was car-
ried out under oxygen limiting conditions with 50 ml of
medium in a 125 ml flask, agitation at 100 RPM, and at 30° C.
A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn et al. (10). For this fermentation, a
starting concentration of 40 g I=! glucose and 100 g I"! xylose
was used.

[0262] Bioreactor fermentation of 7124.1.144. A 3 L biore-
actor scale-up fermentation was performed to compare
strains in a larger scale under controlled conditions. Reac-
tions were performed in 3 . New Brunswick Scientific Bio-
Flo 110 bioreactors with a working volume of 2 L. Reaction
conditions were set at 25° C., agitation was set at 500 RPM,
pH was set at 5.0 and controlled by additions of either 5 N
KOH or 5 N H2SO4. Aeration was controlled at a rate of 0.5
vvm, which corresponded to a rate of 1 I min~". Cells grew
under fully aerobic conditions for 7 hours until an OD600 of
approximately 22 was reached (=3.5 g/l dry weight of cells),
at which time the input gas was mixed using a gas propor-
tioner to include 90% pure nitrogen and 10% air, for a final
oxygen concentration of approximately 2%.

[0263] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% Xylose) and grown overnight,
then recultured in 500 m1 YPX (4% Xylose) and grown for an
additional 48 hours. Bioreactors were inoculated to a starting
OD600 of 9.0 (=1.4 g/l dry weight of cells), in a defined
minimal medium containing trace metal elements and vita-
mins, which is based on that described by Verduyn et al. (3,
10). For this fermentation, a starting concentration of 40 g 17*
glucose and 100 g I™* xylose was used.

[0264] In shake flask trials, 7124.1.144 was able to utilize
glucose at a faster rate than the parental strain, 1.60 g/l'h vs.
1.08 g/1'h, which represented an increase of 56%. As a result
of the faster glucose use, 7124.1.144 started to use xylose
before the parental strain. A higher yield of ethanol was
obtained by 7124.1.144 (48.66 g/l) than by 7124.1.136 (41.52
g/l) a 17.2% increase. The specific ethanol yield increased
16.4% in the transformant vs. the parental strain, 0.354 g
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ethanol/g sugar vs. 0.304 g/g (FIG. 3). Similar results were
seen in the bioreactor scale-up, 7124.1.144 utilized both the
glucose (2.82 g/l'h vs. 2.22 g/1'h, a 27% increase) and xylose
(2.21 g/l'hvs. 1.82 g/l'h, a 21.4% increase) at faster rates than
the parental strain. Ethanol production was also higher,
resulting in a yield of 45.34 g/1 for 7124.1.144 while 7124.1.
136 had a yield of 39.49 g/l ethanol, a 14.8% increase (FIG.
4).

[0265] pSDM32 was constructed to contain the P, stipitis
genes: XYL1 fused to the P stipitis FAS2 promoter and
terminator; XYL2 fused to the P. stipitis TDH3 promoter and
terminator; and a synthetic polynucleotide encoding the P,
stipitis SUT4 protein under control of the P. stipitis TDH3
promoter and the native SUT4 terminator. Approximately
100 pg of plasmid was linearized using the restriction enzyme
Notl, ethanol precipitated, resuspended in water, creating a
fragment that could be directly inserted into the P stipitis
genome. The digested construct was then transformed using a
LiAc protocol (2) into NRRL Y-7124, creating 7124.2.344.

[0266] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0267] The NAT1 gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (7).
Transformants were selected on YPD plates containing 50
ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD nourseothricin plates to confirm excision of
the NATI marker.

[0268] Shake flask fermentation of 7124.2.344. Cultures
were started by inoculating a swath of colonies into 50 ml
YPX (2% xylose) and grown overnight. The following morn-
ing, triplicate flasks were inoculated to a starting OD600 of
7.0 (=1.0 g/l dry weight of cells). The fermentation was car-
ried out under oxygen limiting conditions with 50 ml of
medium in a 125 mlflask, agitation at 100 RPM, and at 30° C.
A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn et al. (10). For this fermentation, a
starting concentration of 40 g1~ glucose and 100 g I=* xylose
was used.

[0269] Bioreactor fermentation 0f7124.2.344. A 3 L biore-
actor scale-up fermentation was performed to compare
strains in a larger scale under controlled conditions. Reac-
tions were performed in 3 . New Brunswick Scientific Bio-
Flo 110 bioreactors with a working volume of 2 L. Reaction
conditions were set at 25° C., agitation was set at 500 RPM,
pH was set at 5.0 and controlled by additions of either 5 N
KOH or 5 N H2SO4. Aeration was controlled at a rate of 0.5
vvm, which corresponded to a rate of 1 1 min~!. Cells grew
under fully aerobic conditions for 4.5 hours until an OD600 of
approximately 18 was reached (=2.9 g/l dry weight of cells),
at which time the input gas was mixed using a gas propor-
tioner to include 90% pure nitrogen and 10% air, for a final
oxygen concentration of approximately 2%.

[0270] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) and grown overnight,
then recultured in 500 m1 YPX (4% xylose) and grown for an
additional 48 hours. Bioreactors were inoculated to a starting
OD600 of 8.5 (=1.3 g/l dry weight of cells), in a defined
minimal medium containing trace metal elements and vita-
mins, which is based on that described by Verduyn et al. (10)
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(3). For this fermentation, a starting concentration of 40 g 17!
glucose and 100 g 17" xylose was used.

[0271] In shake flask trials, 7124.2.344 was able to utilize
xylose at a faster rate (1.14 g/I'h vs. 1.11 g/l'h, a 2.7%
increase) than the parental strain. A higher yield of ethanol
was obtained by 7124.2.344 (48.6 g/1) than by NRRL Y-7124
(48.0 g/1), a 1.3% increase (FIG. 5). The 3 1 bioreactor scale-
up resulted in 7124.2.344 using both glucose (2.58 g/l'h vs.
2.18 g/I'h, an 18.3% increase) and xylose (2.94 g/l'h vs. 2.57
g/I'h, a 14.4% increase) at faster rates than the parental strain
NRRL Y-7124. The ethanol yield after 50 hours was also
higher for 7124.2.344, 48.32 g/1 versus 46.54 g/1 for NRRL
Y-7124, a 3.8% increase (FIG. 6).

[0272] pSDM24 was constructed to contain the P, stipitis
genes: XYL1 fused to the P stipitis FAS2 promoter and
terminator; XYL2 fused to the P. stipitis TDH3 promoter and
terminator; and HXT4 gene fused the P. stipitis TDH3 pro-
moter. Approximately 100 pug of plasmid was linearized using
the restriction enzyme Sacll, ethanol precipitated, resus-
pended in water, creating a fragment that could be directly
inserted into the P. stipitis genome. The digested construct
was then transformed using a LiAc protocol into NRRL
Y-7124, creating 7124.2.474.

[0273] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0274] The NAT1 gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (7).
Transformants were selected on YPD plates containing 50
ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD nourseothricin plates to confirm excision of
the NAT1 marker.

[0275] Fermentation of 7124.2.474. Cultures were started
by inoculating a swath of colonies into 50 ml YPX (2%
xylose) and grown overnight. The following morning, tripli-
cate flasks were inoculated to a starting OD600 of 7.5 (=1.2
g/l dry weight of cells). The fermentation was carried out
under oxygen limiting conditions with 50 ml of medium in a
125 ml flask, agitation at 100 RPM, and at 30° C. A modified
defined minimal medium was used containing trace metal
elements and vitamins, which is based on that described by
Verduyn et al. (10). For this fermentation, a starting concen-
tration of 40 g 17! glucose and 100 g 17! xylose was used.

[0276] 7124.2.474 was able ferment glucose and xylose to
ethanol with a specific yield of 0.383 g ethanol produced/g
sugar used, compared to a yield of 0.37 g/g for the parental
strain, a 3.5% increase. 7124.2.474 failed to produce any
xylitol during the 66 hour fermentation, while the control
strain did produce xylitol during the fermentation (FIG. 7).

[0277] pSDM20 was constructed to contain the P, stipitis
genes: XYL1 fused to the P stipitis FAS2 promoter and
terminator; XYL2 fused to the P. stipitis TDH3 promoter and
terminator; and XYL3 fused to the P. stipitis ZWF 1 promoter
and terminator. Approximately 100 ug of plasmid was linear-
ized using the restriction enzymes Sacll and Pvull, ethanol
precipitated, resuspended in water, creating a fragment that
could be directly inserted into the P, stipitis genome. The
digested construct was then transformed into 7124.1.136
using a LiAc protocol, creating 7124.1.158, 7124.1.159,
7124.1.160, 7124.1.161, 7124.1.162, and 7124.1.163, con-
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taining P. stipitis XYL123, and into a pool of Y-7124

pSDM29  transformants, creating 7124.2.415 and
7124.2.418.
[0278] Transformants were selected via growth on YPD

plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0279] The NAT1 gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (7).
Transformants were selected on YPD plates containing 50
ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD nourseothricin plates to confirm excision of
the NATI marker.

[0280] Screening 7124.1.158, 7124.1.159, 7124.1.160,
7124.1.161,7124.1.162,and 7124.1.163 in shake flasks. Cul-
tures were started by inoculating a swath of colonies into 50
ml YPX (2% xylose) and grown overnight. The following
morning, duplicate flasks were inoculated to a starting
OD600 0of 7.5 (=1.2 g/l dry weight of cells). The fermentation
was carried out under oxygen limiting conditions with 50 ml
of medium in a 125 ml flask, agitation at 100 RPM, and at 30°
C. A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn et al. (10). For this fermentation, a
starting concentration of 40 g1~ glucose and 100 g I=* xylose
was used.

[0281] Results of shake flask screen of 7124.1.158, 7124.
1.159,7124.1.160,7124.1.161,7124.1.162, and 7124.1.163.
The glucose utilization rate ranged from 1.021 g/l'h to 2.312
g/1'h, both rates were those of different transformants (FIG.
8). The xylose utilization rate ranged from 1.005 g/I'h to
1.229 g/I'h, both rates were those of different transformants
(FIG. 9). The specific ethanol yield ranged from 0.325 g/g to
0.374 g/g, the lower figure was from the NRRL Y-7124, the
higher from a transformant (FIG. 10). The ethanol production
rate values ranged from 0.525 g/h to 0.700 g/h, both of these
figures were from transformants (FIG. 11). The xylitol pro-
duction rate values ranged from 0.008 g/g to 0.038 g/g, both
of these values were from transformants (FIG. 12). Strain
7124.1.158 had the highest xylose utilization rate, the highest
specific ethanol yield, the highest ethanol production rate,
and the lowest xylitol production rate. Strain, 7124.1.158,
was further evaluated.

[0282] Bioreactor fermentation 0f7124.1.158. A 3 L biore-
actor scale-up fermentation was performed to compare
strains in a larger scale under controlled conditions. Reac-
tions were performed in 3 . New Brunswick Scientific Bio-
Flo 110 bioreactors with a working volume of 2 L. Reaction
conditions were set at 25° C., pH was set at 5.0 and controlled
by additions of either 5 N KOH or 5 N H2504. Aeration was
controlled at a rate of 0.5 vvm, which corresponded to a rate
of 1 1 min~". Cells grew with 10% dissolved oxygen and a
variable agitation rate (50-300 RPM) for 8 hours until an
OD600 of approximately 18 was reached (=2.9 g/l dry weight
of cells), at which time the input gas was mixed using a gas
proportioner to include 50% pure nitrogen and 50% air, for a
final oxygen concentration of approximately 10%, and the
agitation rate was increased to 500 RPM.

[0283] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) and grown overnight,
then recultured in 500 m1 YPX (4% xylose) and grown for an
additional 48 hours. Bioreactors were inoculated with
unwashed cells to a starting OD600 of 8.0 (=1.3 g/1 dry weight
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of cells), in a defined minimal medium containing trace metal
elements and vitamins, which is based on that described by
Verduyn et al. (10). For this fermentation, a starting concen-
tration of 40 g 17! glucose and 100 g 1I=* xylose was used.
[0284] In shake flask trials, 7124.1.158 was able to utilize
xylose (2.58 g/l'hvs.2.16 g/1'h, a22% increase) at a faster rate
than the parental strain. A higher yield of ethanol was
obtained after 65 hours of fermentation by 7124.1.158 (45.5
g/l) thanby 7124.136 (37.28 g/1), a 22% increase. An increase
01'19.5% in the specific ethanol yield was seen in 7124.1.158
(0.374 g ethanol/g sugar) vs. the parental strain (0.313 g
ethanol/g sugar) (FIG. 13). The bioreactor scale-up resulted
in7124.1.158 utilizing xylose (1.88 g/I'h vs. 1.50 g/1'h, 19.4%
increase) at a faster rate than the control NRRL Y-7124 strain.
7124.1.158 had a higher ethanol yield than the NRRL. Y-7124
control strain at 63 hours; 53.31 versus 47.28 g/l ethanol, a
12.8% increase. An increase of 5.6% in the specific ethanol
yield was seen in 7124.1.158 (0.394 g ethanol/g sugar) vs. the
control strain (0.373 g ethanol/g sugar). The xylitol yield was
lower in 7124.1.158 (0.22 g/1) than in NRRL Y-7124 (2.40
g/1), a 91% decrease (FIG. 14).

[0285] Analysis of 7124.1.158 in 3 L bioreactors, grown
under different oxygen limitation conditions. Reactions were
performed in 3 . New Brunswick Scientific BioFlo 110
bioreactors with a working volume of 2 L. Reaction condi-
tions were set at 25° C., pH was set at 5.0 and controlled by
additions of either 5 N KOH or 5 N H2S804. Aeration was
controlled at a rate o 0.5 vvm, which corresponded to a rate
of 1 1 min~". Condition 1: Cells grew with 10% dissolved
oxygen and a variable agitation rate (50-300 RPM) for 6
hours until an OD600 of approximately 18 was reached (=2.9
g/l dry weight of cells), at which time the input gas was mixed
using a gas proportioner to include 50% pure nitrogen and
50% air, for a final oxygen concentration of approximately
10%, and the agitation rate was increased to 500 RPM. Con-
dition 2: Cells grew under fully aerobic conditions, with an
agitation rate of 500 RPM, for 6 hours until an OD600 of
approximately 18 was reached (=2.9 g/l dry weight of cells),
at which time the input gas was mixed using a gas propor-
tioner to include 50% pure nitrogen and 50% air, for a final
oxygen concentration of approximately 10%.

[0286] Cultures were started by inoculating a swath of
colonies into 3 ml YPX (4% xylose) and grown overnight,
then recultured in 350 ml YPX (4% xylose), grown for an
additional 72 hours, and then diluted with an additional 350
ml YPX (4% xylose), and grown overnight. Bioreactors were
inoculated with unwashed cells to a starting OD600 of 7.7
(=1.2 g/l dry weight of cells), in a defined minimal medium
containing trace metal elements and vitamins, which is based
onthat described by Verduyn et al. (10). For this fermentation,
a starting concentration of 40 g 17! glucose and 100 g 17!
xylose was used.

[0287] Results of oxygen comparison: Cells grown under
oxygen condition 2, had a faster xylose utilization rate than
condition 1 grown cells 3.368 g/I'h vs. 2.532 g/I'h, a 33.0%
increase. Condition 2 produced an ethanol yield of 56.81 g/1
vs. 54.62 g/1, a 4.0% increase, with an ethanol production rate
increase of 20.9% (1.159 g/1'h vs. 0.958 g/1'h). The specific
ethanol production rate increased 2.5% for cells grown in
condition 2, 0.406 g/g vs. 0.396 g/g (FIG. 15).

[0288] Fermentation of 7124.2.415. Cultures were started
by inoculating a swath of colonies into 100 ml of modified
defined minimal medium containing trace metal elements and
vitamins, which is based on that described by Verduyn et al.
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(10), with sugar a concentration of 40 g I"* glucose and 100 g
1I=! xylose. After 96 hours, triplicate flasks were inoculated to
a starting OD600 of 8.0 (=1.3 g/l dry weight of cells). The
fermentation was carried out under oxygen limiting condi-
tions with 50 ml of medium, as above, in a 125 ml flask,
agitation at 100 RPM, and at 30° C.

[0289] In shake flask trials, 7124.2.415 was able to utilize
both glucose (2.00 g/l'h vs. 1.90 g/1'h, a 5.2% increase) and
xylose (1.53 g/l'h vs. 1.22 g/lI'h, a 25.4% increase) at faster
rates than NRRL Y-7124. A higher yield of ethanol was
obtained after 72 hours of fermentation by 7124.2.415 (42.7
g/1) than by NRRL Y-7124 (38.7 g/1), a 10.3% increase (FIG.
16).

[0290] Analysis of 7124.2.418 in 3 L bioreactors, grown
under different oxygen limitation conditions. Reactions were
performed in 3 L New Brunswick Scientific BioFlo 110
bioreactors with a working volume of 2 L. Reaction condi-
tions were set at 25° C., pH was set at 5.0 and controlled by
additions of either 5 N KOH or 5 N H2504. Aeration was
controlled at a rate of 0.5 vvm, which corresponded to a rate
of 1 1 min~"'. Condition 1: Cells grew with 10% dissolved
oxygen and a variable agitation rate (50-300 RPM) for 6
hours until an OD600 of approximately 18 was reached (=2.9
g/l dry weight of cells), at which time the input gas was mixed
using a gas proportioner to include 50% pure nitrogen and
50% air, for a final oxygen concentration of approximately
10%, and the agitation rate was increased to 500 RPM. Con-
dition 2: Cells grew under fully aerobic conditions, with an
agitation rate of 500 RPM, for 6 hours until an OD600 of
approximately 18 was reached (=2.9 g/l dry weight of cells),
at which time the input gas was mixed using a gas propor-
tioner to include 50% pure nitrogen and 50% air, for a final
oxygen concentration of approximately 10%.

[0291] Cultures were started by inoculating a swath of
colonies into 3 ml YPX (4% xylose) and grown overnight,
then recultured in 350 ml YPX (4% xylose), grown for an
additional 72 hours, and then diluted with an additional 350
ml YPX (4% xylose), and grown overnight. Bioreactors were
inoculated with unwashed cells to a starting OD600 of 7.7
(=1.2 g/1 dry weight of cells), in a defined minimal medium
containing trace metal elements and vitamins, which is based
onthat described by Verduyn et al. (10). For this fermentation,
a starting concentration of 40 g 1! glucose and 100 g 17!
xylose was used.

[0292] Results of comparison: Cells grown under oxygen
condition 1, had an ethanol yield of 55.0 g/l vs. 47.52 g/l, a
15.7% increase, with an ethanol production rate increase of
23.8% (0.965 g/1'h vs. 0.779 g/1'h). The specific ethanol pro-
duction rate increased 21.8% for cells grown in condition 1,
0.413 g/g vs. 0.339 g/g (FIG. 17).

[0293] pSDM21 was constructed to contain a synthetic
polynucleotide encoding the Zymomonas mobilis ADH]1 pro-
tein, fused to the P. stipitis TDH3 promoter and terminator.
Approximately 100 ng of plasmid was linearized using the
restriction enzymes Notl, ethanol precipitated, resuspended
in water, creating a fragment that could be directly inserted
into the P, stipitis genome. The digested construct was then
transformed using a LiAc protocol (2) into 7124.2.344, cre-
ating 7124.2.405, 7124.2.406, 7124.2.407, 7124.2.408, and
7124.2.409 and into 7124.1.144 creating 7124.1.164, 7124.
1.165,7124.1.166,7124.1.167,7124.1.168, and 7124.1.169.
[0294] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
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thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0295] The NAT1 gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (7).
Transformants were selected on YPD plates containing 50
ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD nourseothricin plates to confirm excision of
the NATI marker.

[0296] Bioreactor fermentation of 7124.2.407. A 3 L biore-
actor scale-up fermentation was performed to compare
strains in a larger scale under controlled conditions. Reac-
tions were performed in 3 . New Brunswick Scientific Bio-
Flo 110 bioreactors with a working volume of 2 L. Reaction
conditions were set at 25° C., agitation was set at 500 RPM,
pH was set at 5.0 and controlled by additions of either 5 N
KOH or 5 N H2SO4. Aeration was controlled at a rate of 0.5
vvm, which corresponded to a rate of 1 1 min™, cells grew
under fully aerobic conditions for 6.5 hours until an OD600 of
approximately 22 was reached (=3.5 g/l dry weight of cells),
at which time the input gas was mixed using a gas propor-
tioner to include 90% pure nitrogen and 10% air, for a final
oxygen concentration of approximately 2%.

[0297] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) and grown overnight,
then recultured in 500 ml1 YPX (4% xylose) and grown for an
additional 48 hours. Bioreactors were inoculated to a starting
OD600 of 5.0 (=0.8 g/l dry weight of cells), in a defined
minimal medium containing trace metal elements and vita-
mins, which is based on that described by Verduyn et al. (10)
For this fermentation, a starting concentration of 40 g 1!
glucose and 100 g I™* xylose was used.

[0298] Inthebioreactor, 7124.2.407 used xylose (1.19 g/l'h
vs. 0.91 g/I'h, a 30.7% increase) faster than NRRL Y-7124,
and produced ethanol at a faster rate and reached a higher final
concentration than NRRIL Y-7124, 28.56 g/l versus 23.37 g/l
ethanol, a 22.2% increase. The specific ethanol yield
increased 7.3% in 7124.2.407 (0.295 g ethanol/g sugar) vs.
NRRL Y-7124 (0.275 g/g) (FIG. 18).

[0299] pSDM25 was constructed to contain a synthetic
polynucleotide encoding the Zymomonas mobilis ADHI pro-
tein, fused to the P. stipitis TDH3 promoter and terminator,
and the HXT4 gene fused the P. stipitis TDH3 promoter.
Approximately 100 ng of plasmid was linearized using the
restriction enzymes Sacll and Kpnl, ethanol precipitated,
resuspended in water, creating a fragment that could be
directly inserted into the P. stipitis genome. The digested
construct was then transformed using a LiAc protocol (2) into
7124.1.144, creating 7124.1.155, into a pool of 7124.2.415,
7124.2.416,7124.2.417,7124.2.418, and 7124.2.419, creat-
ing 7124.2.462, and into NRRL Y-7124 creating 7124.2.469
and 7124.2.470.

[0300] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium, genomic DNA was prepped and evalu-
ated by PCR to confirm integration of the fragment.

[0301] The NAT1 gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (7).
Transformants were selected on YPD plates containing 50
ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD nourseothricin plates to confirm excision of
the NATI marker.

[0302] Fermentation of 7124.1.155. Cultures were started
by inoculating a swath of colonies into 50 ml YPX (2%
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xylose) and grown overnight. The following morning, dupli-
cate flasks were inoculated to a starting OD600 of 7.5 (=1.2
g/l dry weight of cells). The fermentation was carried out
under oxygen limiting conditions with 50 ml of medium in a
125 ml flask, agitation at 100 RPM, and at 30° C. A modified
defined minimal medium was used containing trace metal
elements and vitamins, which is based on that described by
Verduyn et al. (10) For this fermentation, a starting concen-
tration of 40 g 1I=* glucose and 100 g 17" xylose was used.
[0303] In shake flask trials, 7124.1.155 was able to utilize
xylose (1.54 g/l'h vs. 1.45 g/1'h, a 6.2% increase) at faster rate
than the parental strain, with decreased xylitol production
(1.02 g/1 vs. 2.81 g/1, a 63.7% decrease) (FIG. 19).

[0304] Fermentation of 7124.2.462. Cultures were started
by inoculating a swath of colonies into 100 ml of modified
defined minimal medium containing trace metal elements and
vitamins, which is based on that described by Verduyn et al.
(10), with sugar a concentration of 40 g I"* glucose and 100 g
1I=! xylose. After 96 hours, triplicate flasks were inoculated to
a starting OD600 of 8.0 (=1.3 g/l dry weight of cells). The
fermentation was carried out under oxygen limiting condi-
tions with 50 ml of medium, as above, in a 125 ml flask,
agitation at 100 RPM, and at 30° C.

[0305] In shake flask trials, 7124.2.462 was able to utilize
xylose (1.29 g/l'h vs. 1.22 g/I'h, a 5.7% increase) at a faster
rate than NRRL Y-7124. A higher yield of ethanol was
obtained after 72 hours of fermentation by 7124.2.462 (39.8
g/1) than by NRRIL. Y-7124 (38.7 g/1), a 2.8% increase. Xylitol
production was decreased by 81.2% in 7124.2.462, which
produced 0.32 g/1 compared to NRRL Y-7124 which pro-
duced 1.71 g/1 (FIG. 20).

[0306] pSDM31 was constructed to contain the P, stipitis
XUT3 gene under control of the constitutive P, stipitis TKT1
promoter and the native XUT3 terminator. Approximately
100 pg of plasmid was linearized using the restriction
enzymes Notl and Kpnl, ethanol precipitated, resuspended in
water, creating a fragment that could be directly inserted into
the P, stipitis genome. The digested construct was then trans-
formed using a LiAc protocol (2) into NRRL Y-7124, creating
7124.2.465, 7124.2.466, 7124.2.467, and 7124.2.468, into
7124.1.144 creating 7124.1.176, 7124.1.177, 7124.1.178,
7124.1.179, 7124.1.180, and 7124.1.181, and into a pool of
7124.2.405, 7124.2.406, 7124.2.407, 7124.2.408, and 7124.
2.409 creating 7124.2.455, 7124.2.456, 7124.2.457,7124.2.
458, 7124.2.459, and 7124.2.460.

[0307] Transformants were selected via growth on YPD
plates containing 50 pg/ml. nourseothricin and dextrose
(2%). Colonies were grown overnight in YPD+50 pg/ml.
nourseothricin liquid medium, genomic DNA was prepped
and evaluated by PCR to confirm integration of the fragment.
[0308] The Natl gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (7).
Transformants were selected on YPD plates containing 50
ng/ml. zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD nourseothricin plates to confirm excision of
the NATI marker.

[0309] Shake flask fermentation of 7124.2.465,
7124.2.466, 7124.2.467, and 7124.2.468. Cultures were
started by inoculating a swath of colonies into 50 mIL YPX
(3% xylose) and grown overnight. The following morning,
triplicate flasks were inoculated to a starting OD600 of 14.0
(=1.96 g/1 dry weight of cells). The fermentation was carried
out under oxygen limiting conditions with 50 mL of medium
in a 125 mL flask, agitation at 100 RPM, and at 30° C. A
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modified defined minimal medium was used containing trace
metal elements and vitamins, which is based on that described
by Verduyn et al. (10). For this fermentation, a starting con-
centration of 40 g =" glucose and 100 g L ™" xylose was used.
[0310] Inshakeflask,7124.2.465,7124.2.466,7124.2.467,
and 7124.2.468 showed no increase in sugar utilization rate,
ethanol yield, or specific ethanol yield when compared to the
parental y7124 (FIGS. 21-23).

[0311] pSDM22 was constructed to contain the P, stipitis
HXT4 gene under control of the constitutive P. stipitis TDH3
promoter and the native HXT4 terminator. Approximately
100 pg of plasmid was linearized using the restriction
enzymes Sacll and Kpnl, ethanol precipitated, resuspended
in water, creating a fragment that could be directly inserted
into the P, stipitis genome. The digested construct was then
transformed using a LiAc protocol (2) into NRRL Y-7124,
creating 7124.2.471 and 7124.2.472, into a pool of 7124.2.
345,7124.2.346,7124.2.347,7124.2.348,7124.2.349, 7124.
2350, 7124.2.351, 7124.2.352, 7124.2.353, and 7124.2.354
creating 7124.2.446,7124.2.447, and 7124.2.448, into 7124.
1.144 creating 7124.1.170, 7124.1.171, 7124.1.172, 7124.1.
173,7124.1.174, and 7124.1.175, and into a pool of 7124.2.
405, 7124.2.406, 7124.2.407, 7124.2.408, and 7124.2.409
creating 7124.2.449, 7124.2.450, 7124.2.451, 7124.2.452,
7124.2.453, and 7124.2.454.

[0312] pSDM30 was constructed to contain a synthetic
polynucleotide encoding the P. stipitis SUT4 protein under
control of the constitutive P. stipitis TDH3 promoter and the
native SUT4 terminator, and a synthetic polynucleotide
encoding the Zymomonas mobilis ADH]1 protein, fused to the
P stipitis TDH3 promoter and terminator. Approximately 100
ng of plasmid was linearized using the restriction enzyme
Notl, ethanol precipitated, resuspended in water, creating a
fragment that could be directly inserted into the P. stipitis
genome. The digested construct was then transformed using a
LiAc protocol (2) into NRRL Y-7124 creating 7124.2.477,
7124.2.478,7124.2.479, 7124.2.480, and 7124.2.481.

Cellobiose Work:

[0313] pSN207 was constructed to contain the promoter,
coding sequence, and terminator for the P, stipitis HXT12.4
gene. Approximately 100 ng of plasmid was linearized using
the restriction enzymes Sacll and BsrBI, ethanol precipitated,
resuspended in water, creating a fragment that could be
directly inserted into the P. stipitis genome. The digested
construct was then transformed using a LiAc protocol into
UC7, creating UC7.1.101 (2).

[0314] pSN212 was constructed to contain the P. stipitis
BGL5 gene cluster, including the promoters, coding
sequences, and terminators for BGLS, EGC2, and HXT2.4.
Approximately 100 ng of plasmid was linearized using the
restriction enzymes Sacll and BsrBI, ethanol precipitated,
resuspended in water, creating a fragment that could be
directly inserted into the P. stipitis genome. The digested
construct was then transformed using a LiAc protocol into
UC7, creating UC7.1.102 (2)

[0315] Transformants of each reaction were selected for
growth on ScD-Ura plates, which contain 0.62 g/l CSM-Leu-
Trp-Ura (Bio 101 Systems) and dextrose (2%). Transfor-
mants were picked and grown in ScD-Ura liquid medium.
Genomic DNA was extracted and PCR was performed to
confirm the integration of the constructs. As a control for
these strains, the LoxP_Ura3_LoxP cassette was transformed
into UC7 (UC7 control).
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[0316] Fermentation of UC7.1.101 and UC7.1.102. Cul-
tures were started by inoculating a swath of colonies into 150
ml YPD (2% glucose) and grown overnight. The following
morning, triplicate flasks were inoculated to a starting OD600
of 14.0 (=2.0 g/l dry weight of cells). The fermentation was
carried out under oxygen limiting conditions with 50 ml of
medium in a 125 mlflask, agitation at 100 RPM, and at 30° C.
A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn et al. (10). For this fermentation, a
starting concentration of 50 g I=! cellobiose was used.

[0317] Inshake flask trials, both UC7.1.101 and UC7.1.102
were found to use cellobiose at a faster rate than the control
UCT7 strain. UC7.1.101 had a 100% increase in cellobiose
utilization rate (0.322 g/l'h) vs. the control (0.161 g/l'h).
UC7.1.102 had a 131.3% increase in cellobiose utilization
rate (0.373 g/1'h) vs. the UC7 control (0.161 g/I-h). UC7.1.
101 fermented the cellobiose to ethanol with a maximum
yield 0f 10.28 g/1, compared to 2.93 g/1 for the control, a 250%
increase. The specific ethanol yield increased 75.2% in UC7.
1.101 to 0.205 g ethanol/g cellobiose vs. 0.117 g/g for the
UCT7 control. UC7.1.102 had a maximum ethanol yield of
13.53 g/1, while the UC7 control had a maximum ethanol
yield 0f2.93 g/1,a361.8% increase. The specific ethanol yield
increased 130.7% in UC7.1.102 to 0.270 g ethanol/g cello-
biose vs. 0.117 g/g for the UC7 control (FIGS. 24 and 25).

Saccharomyces Cellobiose Work:

[0318] pSN259 was constructed to contain the P stipitis
BGLS5 gene, under the control of the S. cerevisiae TDH3
promoter and terminator, in a 21, S. cerevisiae vector. Addi-
tional S. cerevisiae centromere vectors were constructed to
contain P. stipitis genes under control of the S. cerevisiae
TDH3 promoter and terminator; pSN260 contains HXT2.4,
pSN261 contains HXT2.2, pSN264 contains HXT2.5, and
pSN266 contains HXT2.6. Approximately 10 pg of pSN259
along with 10 pg of a either pSN260, pSN261, pSN262, or
pSN263 was transformed using a LiAc protocol (Gietz &
Woods, 2002, Methods Enzymol 350, 87-98) into S. cerevi-
siae CEN. PK. 111-27B (Entian K, Kotter P, 2007, 25 Yeast
Genetic Strain and Plasmid Collections. In: Methods in
Microbiology; Yeast Gene Analysis-Second Edition, Vol.
Volume 36 (Ian Stansfield and Michael J R Stark ed), pp
629-666. Academic Press.), creating strains SSN17 (BGLS
and HXT2.4), SSN18 (BGLS and HXT2.2), SSN21 (BGL5
and HXT2.5), and SSN23 (BGLS5 and HXT2.6). A control
strain containing empty vectors was also created, SSN7.

[0319] Transformants of each reaction were selected for
growth on ScD-Trp Leu plates, which contain 0.62 g/l CSM-
Leu-Trp-Ura (Bio 101 Systems) and dextrose (2%). Trans-
formants were picked and grown in ScD-Trp-Leu liquid
medium. DNA was extracted and PCR was performed to
confirm the presence of the vectors.

[0320] Fermentation of SSN17, SSN18, SSN21, and
SSN23. Cultures were started by inoculating a swath of colo-
nies into 50 ml of ScD-Trp-Leu and grown overnight. The
following morning, triplicate flasks were inoculated to a start-
ing OD600 of 0.5 (=0.07 g/1 dry weight of cells). The fermen-
tation was carried out under oxygen limiting conditions with
50 ml of medium in a 125 ml flask, agitation at 100 RPM, and
at 30° C. A defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
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described by Verduyn et al. (10) For this fermentation, a
starting concentration of 50 g/1 cellobiose and 20 g/1 glucose
was used.

[0321] All four transformant strains used the cellobiose,
after 238 hours of fermentation, SSN17 had 9.35 g remaining,
resulting in a 0.17 g/I'h utilization rate, SSN18 had 5.93 g
remaining, resulting in a 0.19 g/I'h utilization rate, SSN21
had 4.77 g remaining, resulting ina 0.19 g/l-h utilization rate,
SSN23 had 9.58 g remaining, resulting ina 0.17 g/l-h utiliza-
tion rate, and the control strain failed to use any of the cello-
biose. All four transformants were able to ferment both the
glucose and cellobiose to ethanol producing maximum yields
of; SSN17 9.71 g/1 (3.07 g/1 from cellobiose), SSN18 10.31
g/1(3.67 g/l from cellobiose), SSN21 14.37 g/1 (7.73 g/l from
cellobiose), SSN23 10.93 g/1 (4.29 g/l from cellobiose). The
control strain was only able to ferment the glucose, producing
a maximum yield of 6.64 g/l ethanol (FIGS. 26-29).

[0322] Recombineering is a promising in vivo multi-gene
cloning method for organisms, such as Saccharomyces cer-
evisiae, that are especially susceptible to DNA repair via
homologous recombination because it overcomes several
shortcomings with traditional amplification-ligation cloning
techniques. Using a previously engineered plasmid contain-
ing native xylose-degradation genes from the yeast Pichia
stipitis, pSDM20, a new plasmid designated pMA300.4.3
was genetically recombineered to harbor two additional
Pichia stipitis genes, transketolase and transaldolase, and
thereby improve Saccharomyces cerevisiae’s fermentative
capabilities on xylose by increasing activity within the pen-
tose phosphate pathway. Recombineering within Saccharo-
myces cerevisiae was especially beneficial because it was
time-efficient and gave successful in vivo plasmid construc-
tion when there were a limited number of restriction enzyme
digest sites available. Thus, recombineering proved to be a
stable and effective means of plasmid construction in vivo
and genetic manipulation in attempts at improving the fer-
mentative capabilities of Saccharomyces cerevisiae. Such
proficient manipulation shows promising capabilities of not
only Saccharomyces cerevisiae, but also of recombineering in
cellulose and hemicellulose degradation in biofuel produc-
tion.

Example 2

Construction of Strain 7124.2.541

[0323] pMA300 was constructed to contain the promoter,
coding sequence, and terminator for the P. stipitis TALI gene,
and the promoter, coding sequence, and terminator for the P.
stipitis TKT1 gene. Approximately 100 ng of plasmid was
linearized using the restriction enzyme Apal.l, ethanol pre-
cipitated, resuspended in water, creating a fragment that
could be directly inserted into the P, stipitis genome. The
digested construct was then transformed into 7124.2.344
using a LiAc protocol (Gietz & Woods, 2002, Methods Enzy-
mol 350, 87-98), thereby creating 7124.2.541.

[0324] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium.

[0325] The NAT1 gene was removed by transforming the
transformants with approximately 10 pug of pJML545 (Jose
M. Laplaza and T. W. Jeffries, U.S. Pat. No. 7,501,275 B2;
Laplaza, et. al, 2006, Enzyme & Micro Tech, 38:741-747).
Transformants were selected on YPD plates containing 50
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ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD+nourseothricin plates to confirm excision of
the NAT1 marker.

Shake Flask Fermentation Assessment of 7124.2.541.

[0326] Cultures were started by inoculating a swath of
colonies into 50 ml medium in a 125 ml flask and grown
overnight at 30° C. and 200 rpm. A modified defined minimal
medium containing trace metal elements and vitamins was
used (modified from Verduynetal., 1992, Yeast 8:501-517). It
had the following composition: 3.6 g urea 1%, 144 g
KH,PO,,;7*,0.5gMgSO,.7H,017}, 2 ml trace metal solution
=%, 1 ml vitamin solution 1-!, 500 pl antifoam 289 (Sigma
A-8436) I"*, 10% xylose, 4% glucose. The following morn-
ing, triplicate flasks were inoculated to a starting OD,, 0f 4.5
(=0.7 g/l dry weight of cells) without spinning or washing the
cells. The fermentation was carried out under oxygen limiting
conditions with 50 ml of medium in a 125 ml flask, agitation
at 100 rpm, and at 30° C. Modified defined minimal fermen-
tation medium containing 40 g I' glucose and 100 g 17*
xylose was used for the fermentation.

[0327] In 68 hours strain 7124.2.541 fermented a mixture
of glucose and xylose to ethanol at a final concentration of
42.62 g/1, compared to a concentration of 34.26 g/ attained by
the parental strain Y-7124 resulting in a 24% increase in final
ethanol concentration.

[0328] This experiment showed that engineering the over-
expression of P. stipitis TALI and/or TKT1 in P, stipitis could
substantially improve fermentation performance.

Example 3

Construction of Strains 7124.2.535 Through
7124.2.539

[0329] Strains 7124.2.535 through 7124.2.539 were cre-
ated by transforming 7124.2.418 with digested pSDM29.
pSDM29 was constructed to contain the P. stipitis TDH3
promoter, sSUT4 coding sequence, and P. stipitis SUT4 ter-
minator. Approximately 100 pg of plasmid was linearized
using the restriction enzymes Notl and Kpnl, ethanol precipi-
tated, resuspended in water, creating a fragment that could be
directly inserted into the P. stipitis genome. The digested
construct was then transformed into 7124.2.418 using a LLiAc
protocol (Gietz & Woods, 2002, Methods Enzymol 350,
87-98), thereby creating 7124.2.535 and 7124.2.538.

[0330] Transformants were selected via growth on YPD
plates containing 50 pg/ml nourseothricin and dextrose (2%).
Colonies were grown overnight in YPD+50 pg/ml nourseo-
thricin liquid medium.

[0331] The NATI gene was removed by transforming the
transformants with approximately 10 ug of pJML545 (José
M. Laplaza and T. W. Jeffries, U.S. Pat. No. 7,501,275 B2;
Laplaza, et. al, 2006, Enzyme & Micro Tech, 38:741-747).
Transformants were selected on YPD plates containing 50
ng/ml zeocin and dextrose (2%). Colonies were patched onto
YPD and YPD+nourseothricin plates to confirm excision of
the NAT1 marker.

Shake Flask Fermentation of Strains 7124.2.535 Through
7124.2.539 in Defined Minimal Medium Containing
Hydrolysate.

[0332] Cultures were started by inoculating a swath of
colonies into 50 m1 YPX (4% xylose)+14.6% (v/v, for a total
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acetic acid concentration of 0.1%) filtered industrial corn
stover hydrolysate (provided by EdeniQ, Inc.) in a 125 ml
flask and grown for 48 hours at 30° C. and 200 rpm. The
following morning, triplicate flasks were inoculated to a start-
ing ODg, of 8.0 (=1.2 g/l dry weight of cells). The fermen-
tation was carried out under oxygen limiting conditions with
50 ml of medium in a 125 ml flask, agitation at 100 rpm, and
at 30° C. A modified defined minimal medium was used
containing trace metal elements and vitamins, which is based
on that described by Verduyn et al. (Verduyn et al., 1992,
Yeast 8:501-517). It had the following composition: 3.6 g
ureal™, 14.4 g KH,PO,,; !, 0.5gMgS0,.7H,O 17}, 2 ml trace
metal solution 17!, 1 ml vitamin solution 1=*, 500 ul antifoam
289 (Sigma A-8436) 17, 10 ppm Lactrol® (PhibroChem,
Ridgefield Park, N.J.), 10 ppm Allpen™ (Alltech, Nicholas-
ville, Ky.), 14.6% (v/v, for a total acetic acid concentration of
0.1%) filtered industrial corn stover hydrolysate (provided by
EdeniQ, Inc.), 60 g1~* xylose.

[0333] Following incubation and analysis of samples, the
relative performance characteristics of several transformants
were assessed. Notably, all but one of the transformants
showed higher rates of xylose fermentation than Y-7124 and
several showed improved rates of acetic acid removal. Strain
7124.2.536 showed markedly increased acetic acid removal
but somewhat lower ethanol production and xylose utilization
(FIG. 35).

[0334] Strain 7124.2.535 was able to ferment xylose in the
presence of acetic acid in medium containing industrial corn
stover hydrolysate with a final ethanol yield of 27.21 g/l,
compared to 23.85 g/l by the parental strain Y-7124 in 69
hours resulting in a 14.08% increase in final ethanol yield.
7124.2.535 consumed 59.62 g/l xylose in 69 hours compared
t0 52.42 g/l xylose by the parental strain Y-7124 resulting in a
13.7% increase in xylose utilization.

[0335] Strain 7124.2.538 was able to ferment xylose in the
presence of acetic acid in medium containing industrial corn
stover hydrolysate with a final ethanol yield of 27.45 g/l,
compared to 23.85 g/l by the parental strain Y-7124 in 69
hours resulting in a 15.1% increase in final ethanol yield.
7124.2.538 consumed 58.84 g/l xylose in 69 hours compared
t0 52.42 g/l xylose by the parental strain Y-7124 resulting in a
12.24% increase in xylose utilization. 7124.2.538 had a spe-
cific yield of 0.466 g ethanol produced/g sugar used, com-
pared to a yield of 0.454 g/g for the parental strain, a 2.6%
increase.

[0336] This experiment demonstrated that overexpression
of a synthetic copy of SUT4 (sSUT4) could substantially
improve fermentation performance and that independent
clones exhibit various performance characteristics. Multiple
transformations and screenings are therefore useful in obtain-
ing improved strains.

Shake Flask Fermentation of 7124.2.535 in Hydrolysate
Containing 0.85 g/1 Acetic Acid.

[0337] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) in a 125 ml flask and
grown for 48 hours at 30° C. and 200 rpm. The following
morning, triplicate flasks were inoculated to a starting OD,
01 9.0 (=1.35 g/l dry weight of cells). The fermentation was
carried out under oxygen limiting conditions with 50 ml of
medium in a 125 ml flask, agitation at 100 rpm, and at 30° C.
A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn et al. (Verduyn etal., 1992, Yeast 8:501-
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517) and containing filtered industrial corn stover hydroly-
sate (EdeniQ, Inc.). It had the following composition: 16.6%
(v/v, for a final acetic acid concentration of 0.085%) filtered
industrial corn stover hydrolysate, 2 ml trace metal solution
I"!, 1 ml vitamin solution 1I=*, 10 ppm Lactrol®, 10 ppm
Allpen™, 60 g 1! xylose, pH 5.0.

[0338] Strain 7124.2.535 was able to ferment xylose in the
presence of acetic acid in medium containing industrial corn
stover hydrolysate with a final ethanol yield of 18.3 g/, com-
pared to 16.15 g/l by the parental strain Y-7124 in 90 hours
resulting in a 13.3% increase in final ethanol yield. 7124.2.
535 consumed 36.0 g/l xylose in 90 hours compared to 27.5
g/l xylose by the parental strain Y-7124 resulting in a 30.9%
increase in Xylose utilization. 7124.2.538 had a specific yield
010.466 g ethanol produced/g sugar used, compared to ayield
01'0.454 g/g for the parental strain, a 2.6% increase (FIG. 36).
[0339] This experiment demonstrated that strains engi-
neered for improved performance in minimal defined
medium also exhibit improved performance in hydrolysate
medium.

Shake Flask Fermentation of 7124.2.535 in Hydrolysate
Containing 1.15 g/1 Acetic Acid.

[0340] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) in a 125 ml flask and
grown for 48 hours at 30° C. and 200 rpm. The following
morning, triplicate flasks were inoculated to a starting ODy,
01 9.0 (=1.35 g/l dry weight of cells). The fermentation was
carried out under oxygen limiting conditions with 50 ml of
medium in a 125 ml flask, agitation at 100 rpm, and at 30° C.
A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn etal. (Verduyn etal., 1992, Yeast 8:501-
517) and containing filtered industrial corn stover hydroly-
sate (EdeniQ, Inc.). It had the following composition: 22.2%
(v/v, for a final acetic acid concentration of 0.115%) filtered
industrial corn stover hydrolysate, 2 ml trace metal solution
1I"*, 1 ml vitamin solution 1!, 10 ppm Lactrol®, 10 ppm
Allpen™, 60 g I"* xylose, pH 5.0.

[0341] In 90 hours strain 7124.2.535 was able to ferment
xylose in the presence of acetic acid in medium containing
industrial corn stover hydrolysate with a final ethanol yield of
15.8 g/1, compared to 13.65 g/1 by the parental strain Y-7124.
This difference comprised a 15.7% increase in final ethanol
yield. Strain 7124.2.535 consumed 29.35 g/l xylose in 90
hours compared to 25.25 g/l xylose by the parental strain
Y-7124 resulting in a 16.2% increase in xylose utilization.
7124.2.535 had a specific yield 0f 0.436 g ethanol produced/g
sugar used, compared to a yield of 0.421 g/g for the parental
strain, a 3.56% increase.

[0342] This experiment demonstrated that strains engi-
neered for improved performance in minimal defined
medium also exhibit improved performance in hydrolysate
medium even when hydrolysate and acetic acid are present at
relatively high levels.

Shake Flask Fermentation by Strain 7124.2.535 in
Hydrolysate Containing 0.85 g/l Acetic Acid.

[0343] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) in a 125 ml flask and
grown for 48 hours at 30° C. and 200 rpm. The following
morning, triplicate flasks were inoculated to a starting ODy,
01 9.0 (=1.35 g/l dry weight of cells). The fermentation was
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carried out under oxygen limiting conditions in 125 ml flasks
each containing 50 ml of medium. Cultures were incubated at
30° C. and agitated at 100 rpm. A modified defined minimal
medium was used containing trace metal elements and vita-
mins, which is based on that described by Verduyn et al.
(Verduyn et al., 1992, Yeast 8:501-517) and containing unfil-
tered industrial corn stover hydrolysate (EdeniQ, Inc.). It had
the following composition: 16.6% (v/v, for a final acetic acid
concentration of 0.085%) unfiltered industrial corn stover
hydrolysate, 2 ml trace metal solution I"*, 1 ml vitamin solu-
tion 17, 10 ppm Lactrol®, 10 ppm Allpen™, 60 g1~* xylose,
pH 5.0.

[0344] Strain 7124.2.535 was able to ferment xylose in the
presence of acetic acid in medium containing industrial corn
stover hydrolysate with a final ethanol yield of 21.5 g/1, com-
pared to 16.2 g/l by the parental strain Y-7124 in 138 hours
resulting in a 32.7% increase in final ethanol yield. Strain
7124.2.535 consumed 45.75 g/l xylose in 138 hours com-
pared to 35.95 g/l xylose by the parental strain Y-7124 result-
ing in a 27.2% increase in xylose utilization. Strain 7124.2.
535 had a specific yield of 0.417 g ethanol produced/g sugar
used, compared to a yield of 0.383 g/g for the parental strain,
a 8.87% increase.

Shake Flask Fermentation of 7124.2.535 in Hydrolysate
Containing 1.15 g/1 Acetic Acid.

[0345] Cultures were started by inoculating a swath of
colonies into 50 ml YPX (4% xylose) in a 125 ml flask and
grown for 48 hours at 30° C. and 200 rpm. The following
morning, triplicate flasks were inoculated to a starting ODy,
01 9.0 (=1.35 g/l dry weight of cells). The fermentation was
carried out under oxygen limiting conditions with 50 ml of
medium in a 125 ml flask, agitation at 100 rpm, and at 30° C.
A modified defined minimal medium was used containing
trace metal elements and vitamins, which is based on that
described by Verduyn et al. (Verduyn etal., 1992, Yeast 8:501-
517) and containing unfiltered industrial corn stover hydroly-
sate (EdeniQ, Inc.). It had the following composition: 22.2%
(v/v, for a final acetic acid concentration of 0.115%) unfil-
tered industrial corn stover hydrolysate, 2 ml trace metal
solution 17*, 1 ml vitamin solution 1=*, 10 ppm Lactrol®, 10
ppm Allpen™, 60 g I"* xylose, pH 5.0.

[0346] 7124.2.535 was able to ferment xylose in the pres-
ence of acetic acid in medium containing industrial corn
stover hydrolysate with a final ethanol yield of 15.05 g/l,
comparedto 7.1 g/l by the parental strain Y-7124 in 114 hours
resulting in a 111.9% increase in final ethanol yield. 7124.2.
535 consumed 29.55 g/l xylose in 114 hours compared to
12.45 g/l xylose by the parental strain Y-7124 resulting in a
137.3% increase in xylose utilization. 7124.2.535 had a spe-
cific yield of 0.367 g ethanol produced/g sugar used, com-
pared to a yield of 0.233 g/g for the parental strain, a 57.5%
increase.

Example 4

Shake Flask Fermentation of Adapted 7124.2.418
and Adapted 7124.2.535

[0347] Hydrolysates with high concentrations of acetic
acid are toxic to yeast cells and adversely affect fermentation
performance. The purpose of this experiment was to deter-
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mine whether fermentation performance of engineered cells
would further improve or deteriorate upon serial passage in
hydrolysate.

[0348] Engineered and parental Y-7124 strains were
adapted to industrial corn stover hydrolysate (EdeniQ, Inc.)
by serial subculture into increasing concentrations of
hydrolysate. Cells were adapted in modified defined minimal
medium containing trace metal elements and vitamins, which
is based on that described by Verduyn et al. (Verduyn et al.,
1992, Yeast 8:501-517) and containing filtered industrial corn
stover hydrolysate (EdeniQ, Inc.). It had the following com-
position: 2 ml trace metal solution 17*, 1 ml vitamin solution
17!, 10 ppm Lactrol®, 10 ppm Allpen™, 60 g 1! xylose, and
varying concentrations of filtered industrial corn stover
hydrolysate increasing from 14.6% v/v to 43.8% v/v over a
period of 14 days. Adapted cultures were started for shake
flask fermentation by inoculating a swath of colonies into 100
ml YPX (6% xylose)+14.6% (v/v, for a total acetic acid con-
centration of 0.1%) filtered industrial corn stover hydrolysate
(provided by EdeniQ, Inc.) in a 300 ml flask and grown for 60
hours at 30° C. and 100 rpm. Triplicate flasks were inoculated
to a starting ODg, of 9.0 (=1.35 g/l dry weight of cells). The
fermentation was carried out under oxygen limiting condi-
tions with 50 ml of medium in a 125 ml flask, agitation at 100
rpm, and at 30° C. A modified defined minimal medium was
used containing trace metal elements and vitamins, which is
based on that described by Verduyn et al. (Verduyn et al.,
1992, Yeast 8:501-517) and containing filtered pre-fermented
industrial corn stover hydrolysate (EdeniQ, Inc.). It had the
following composition: 52.6% (v/v, for a final acetic acid
concentration of 0.18%) filtered pre-fermented industrial
corn stover hydrolysate, 3.6 gureal™, 14.4 g KH,PO,,; 7%, 0.5
g MgS0,.7H,0 17, 2 ml trace metal solution 1!, 1 ml vita-
min solution17*, 10 ppm Lactrol®, 10 ppm Allpen™, 60 g I~
xylose.

[0349] Adapted 7124.2.418 was able to ferment xylose in
the presence of acetic acid in medium containing industrial
corn stover hydrolysate with a final ethanol yield 0f22.18 g/1,
compared to 18.25 g/l by the adapted parental strainY-7124 in
72 hours resulting in a 21.5% increase in final ethanol yield.
Adapted 7124.2.418 consumed 52.4 g/l xylose in 72 hours
compared to 44.48 g/l xylose by the adapted parental strain
Y-7124 resulting in a 17.8% increase in xylose utilization.
Adapted 7124.2.418 had a specific yield of 0.415 g ethanol
produced/g sugar used, compared to a yield of 0.401 g/g for
the adapted parental strain, a 3.49% increase (FIG. 37).
[0350] Adapted strain 7124.2.535 was able to ferment
xylose in the presence of acetic acid in medium containing
industrial corn stover hydrolysate with a final ethanol yield of
23.8 g/1, compared to 18.25 g/1 by the adapted parental strain
Y-7124 in 72 hours resulting in a 30.4% increase in final
ethanol yield. Adapted 7124.2.535 consumed 56.73 g/l
xylose in 72 hours compared to 44.48 g/l xylose by the
adapted parental strain Y-7124 resulting in a 27.5% increase
in xylose utilization. Adapted 7124.2.535 had a specific yield
010.412 g ethanol produced/g sugar used, compared to ayield
01'0.401 g/g for the adapted parental strain, a 2.7% increase.
[0351] When comparing adapted strains to non-adapted
strains, adapted Y-7124 produced 18.25 g/l ethanol in 72
hours, compared to 17.48 g/1 by the non-adapted strain result-
ing in a 4% increase in final ethanol yield. Adapted 7124.2.
418 produced 22.18 g/l ethanol in 72 hours, compared to
18.84 g/l by the non-adapted strain resulting in a 17.7%
increase in final ethanol yield. Adapted 7124.2.535 produced
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23.8 g/l ethanol in 72 hours, compared to 18.53 g/l by the
non-adapted strain resulting in a 28.4% increase in final etha-
nol yield. Adapted Y-7124 consumed 44.51 g/1 xylose in 72
hours, compared to 43.54 g/1 by the non-adapted strain result-
ing in a 2.2% increase in Xylose consumption. Adapted 7124.
2.418 consumed 52.4 g/l xylose in 72 hours, compared to
45.41 g/1 by the non-adapted strain resulting in a 15.4%
increase in xylose consumption. Adapted 7124.2.535 con-
sumed 56.73 g/l xylose in 72 hours, compared to 45.26 g/1 by
the non-adapted strain resulting in a 25.3% increase in xylose
consumption.

[0352] This experiment showed that adapting the engi-
neered strains to growth in hydrolysate containing acetic acid
substantially improves performance relative to the perfor-
mance of the non-adapted cells.

Example 5

Shake Flask Fermentation Assessment of Cell
Recycling with Adapted Strains of Adapted
7124.2.418 and Adapted 7124.2.535

[0353] Cell recycling might be used as a means for inocu-
lum propagation on an industrial scale. Therefore, the pur-
pose of this experiment was to determine whether the perfor-
mance of adapted cells would improve or degenerate upon
subsequent recycling of cells from one fermentation trial to
another.

[0354] Engineered and parental Y-7124 strains were
adapted to industrial corn stover hydrolysate (EdeniQ, Inc.)
by serial subculture into increasing concentrations of
hydrolysate. Cells were adapted in modified defined minimal
medium containing trace metal elements and vitamins, which
is based on that described by Verduyn et al. (Verduyn et al.,
1992, Yeast 8:501-517) and containing filtered industrial corn
stover hydrolysate (EdeniQ, Inc.). It had the following com-
position: 2 ml trace metal solution 17!, 1 ml vitamin solution
1I=%, 10 ppm Lactrol®, 10 ppm Allpen™, 60 g 1! xylose, and
varying concentrations of filtered industrial corn stover
hydrolysate increasing from 14.6% v/v to 43.8% v/v over a
period of 14 days. Adapted cultures were started for shake
flask fermentation by inoculating a swath of colonies into 100
ml YPX (6% xylose)+14.6% (v/v, for a total acetic acid con-
centration of 0.1%) filtered industrial corn stover hydrolysate
(provided by EdeniQ, Inc.) in a 300 ml flask and grown for 60
hours at 30° C. and 100 rpm. Triplicate flasks were inoculated
to a starting OD,, of 9.0 (=1.35 g/l dry weight of cells). The
fermentation was carried out under oxygen limiting condi-
tions with 50 ml of medium in a 125 ml flask, agitation at 100
rpm, and at 30° C. A modified defined minimal medium was
used containing trace metal elements and vitamins, which is
based on that described by Verduyn et al. (Verduyn et al.,
1992, Yeast 8:501-517) and containing filtered pre-fermented
industrial corn stover hydrolysate (EdeniQ, Inc.). It had the
following composition: 52.6% (v/v, for a final acetic acid
concentration of 0.18%) filtered pre-fermented industrial
corn stover hydrolysate, 3.6 gureal™, 14.4 g KH,PO,,*,0.5
g MgS0,.7H,0 I"'1, 2 ml trace metal solution I"*, 1 ml
vitamin solution 1=*, 10 ppm Lactrol®, 10 ppm Allpen™, 60
g 17! xylose. After a fermentation time of 72 hours, each flask
was transferred to a 50 ml conical centrifuge tube and cells
were pelleted and resuspended in 3 ml 30% glycerol and
stored at -20° C. for 72 hours. Cells were thawed and washed
with water and recycled into fresh fermentation flasks. The
fermentation of recycled cells was carried out under oxygen
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limiting conditions with 50 ml of medium in a 125 ml flask,
agitation at 100 rpm, and at 30° C. A modified defined mini-
mal medium was used containing trace metal elements and
vitamins, which is based on that described by Verduyn et al.
(Verduyn et al., 1992, Yeast 8:501-517) and containing fil-
tered pre-fermented industrial corn stover hydrolysate (Ede-
niQ, Inc.). It had the following composition: 52.6% (v/v, for
a final acetic acid concentration of 0.18%) filtered pre-fer-
mented industrial corn stover hydrolysate, 3.6 gureal™, 14.4
g KH,PO, 17!, 0.5 g MgSO,.7H,0O I"*1, 2 ml trace metal
solution 17!, 1 ml vitamin solution 17!, 10 ppm Lactrol®, 10
ppm Allpen™, 60 g I=* xylose.

[0355] Recycled adapted 7124.2.418 was able to ferment
xylose in the presence of acetic acid in medium containing
industrial corn stover hydrolysate with a final ethanol yield of
27.23 g/l, compared to 19.75 g/l by the recycled adapted
parental strain Y-7124 in 68 hours resulting in a 37.8%
increase in final ethanol yield. Recycled adapted 7124.2.418
consumed 63.34 g/l xylose in 68 hours compared to 46.79 g/1
xylose by the recycled adapted parental strain Y-7124 result-
ing in a 35.3% increase in xylose utilization. Recycled
adapted 7124.2.418 had a specific yield of 0.429 g ethanol
produced/g sugar used, compared to a yield of 0.420 g/g for
the recycled adapted parental strain, a 2.1% increase (FI1G.
38).

[0356] Recycled adapted 7124.2.535 was able to ferment
xylose in the presence of acetic acid in medium containing
industrial corn stover hydrolysate with a final ethanol yield of
28.86 g/l, compared to 19.75 g/l by the recycled adapted
parental strain Y-7124 in 68 hours resulting in a 46% increase
in final ethanol yield. Recycled adapted 7124.2.535 con-
sumed 65.24 g/1 xylose in 68 hours compared to 46.79 g/l
xylose by the recycled adapted parental strain Y-7124 result-
ing in a 38% increase in xylose utilization. Recycled adapted
7124.2.535 had a specific yield 0f 0.442 g ethanol produced/g
sugar used, compared to a yield 0 0.420 g/g for the recycled
adapted parental strain, a 5.2% increase.

[0357] When comparing recycled adapted strains to
recycled non-adapted strains, recycled adapted Y-7124 pro-
duced 19.75 g/l ethanol in 68 hours, compared to 25.32 g/l by
the recycled non-adapted strain resulting in a 21.9% decrease
in final ethanol yield. Recycled adapted 7124.2.418 produced
27.23 g/l ethanol in 68 hours, compared to 23.75 g/l by the
recycled non-adapted strain resulting in a 14.7% increase in
final ethanol yield. Recycled adapted 7124.2.535 produced
28.86 g/l ethanol in 68 hours, compared to 21.47 g/l by the
recycled non-adapted strain resulting in a 34.4% increase in
final ethanol yield. Recycled adapted Y-7124 consumed 46.97
g/l xylose in 68 hours, compared to 59.34 g/1 by the recycled
non-adapted strain resulting in a 20.8% decrease in xylose
consumption. Recycled adapted 7124.2.418 consumed 63.34
g/1 xylose in 68 hours, compared to 53.76 g/1 by the recycled
non-adapted strain resulting in a 17.8% increase in xylose
consumption. Recycled adapted 7124.2.535 consumed 65.24
g/l xylose in 68 hours, compared to 50.59 g/1 by the recycled
non-adapted strain resulting in a 28.9% increase in xylose
consumption. Recycled adapted Y-7124 had a specific yield
010.420 g ethanol produced/g sugar used, compared to ayield
of 0.426 g/g for the recycled non-adapted strain, a 1.4%
decrease. Recycled adapted 7124.2.535 had a specific yield of
0.442 g ethanol produced/g sugar used, compared to a yield of
0.424 g/g for the recycled non-adapted strain, a 4.2%
increase.
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[0358] This experiment showed that recycling cells thathad
been engineered for improved fermentation and subsequently
adapted to hydrolysate could further improve fermentation
performance, thereby enabling a convenient method for cell
propagation on an industrial scale.

Example 6

Further Improvement of Fermentation Performance
by Mating Independent Strains and Transformants of
Pichia stipitis
[0359] The objective of this experiment was to determine if
additional performance improvement could be realized by
mating strains of Pichia stipitis that had been obtained
through completely independent lines of transformation and
selection. The native Scheffersomyces (Pichia) stipitis strains
CBS 6054 and NRRL Y-7124 were independently isolated
and characterized. Genomic sequencing of these two strains
reveals more than 42 thousand single nucleotide variants
(SNVs), which are essentially equivalent to single nucleotide
polymorphisms (SNPs) and 3 thousand insertions or dele-
tions (indels) when compared to one another: See world wide
web at genome.jgi-psf.org/Picst3/Picst3.home.html. Other
studies have shown substantial differences between these two
strains in their abilities to ferment cellobiose and in their
capacities to ferment hydrolysates (FIG. 40).
[0360] It was unknown whether different lines of indepen-
dently derived S. stipitis transformants could be mated and
whether selection for resistance to hydrolysate would obtain
improved performance. Nine different crosses of indepen-
dently derived lines of cells were made (FIG. 41).
[0361] Independent transformants of CBS 6054 were cre-
ated by transforming the parental strain with expression cas-
settes described previously and the resulting transformants,
6054.2.343 (XYLI1, XYL2, SynSUT4); 6054.2.356-359
(XYLI1,XYL2,XYL3) and 6054.2.410-414 (XYL1, XYL2,
XYL3, synSUT4), were employed in mating trials with trans-
formants of NRRL Y-7124.
[0362] Cells from six engineered strains of Scheffersomy-
ces stipitis (three strains derived from CBS 6054 and three
strains derived from NRRL Y-7124) were mated by pairwise
mixing of the cells on the surface of a SporB plate, which
contained 1.7 g/l Yeast Nitrogen Base (without amino acids or
ammonium sulfate), 0.05 g/l ammonium sulfate, 1.0 g/l
xylose and 1.0 g/1 cellobiose in 3% agar. For example a
SporB plate, which contained 1.7 g/l Yeast Nitrogen Base
(without amino acids or ammonium sulfate), 0.05 g/l ammo-
nium sulfate, 1.0 g/l xylose and 1.0 g/1 cellobiose in 3% agar.
The inoculated plates were incubated at 30° C. for 21 days.
For example, 6054.2.343 was crossed in pairwise fashions
with pooled transformants 7124.2.415 to 419, 7124.2.535 to
539 0r7124.2.546 10 549 to create the mated hybrids A, B and
C, respectively. Six other crosses were carried out in a similar
manner according to the design depicted in FIG. 41. The
inoculated plates were then incubated at 30° C. for 21 days.
[0363] During this time, samples of cells were removed
from the plate and examined microscopically. The cells were
observed to form mating figures and spore bodies. A swath of
cells from the sporB plate was inoculated into 50 ml of YPX
(2% xylose) ina 125 ml flask and incubated for 8 hours at 30°
C. for 8 hours to recover sporulated cells. Following this
initial growth period, hydrolysate was added to the growing
culture of YPX sufficient to increase the acetic acid content of
the medium to approximately 0.3%. Notably, crosses (A) and
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(D did not show viable cells following introduction of
hydrolysate. Media from those inoculated cultures that did
not grow out were serially transferred as negative controls
throughout the subsequent adaptation.

[0364] Once cells had grown out from the first addition of
hydrolysate (cultures B through H), the strains were adapted
to industrial corn stover hydrolysate containing inhibitory
concentrations of acetic acid (EdeniQ) by serial subculture
into increasing concentrations of hydrolysate ranging from
33% v/v (0.2% acetic acid) hydrolysate to 97.5% v/v (0.35%
acetic acid) hydrolysate over a period of 14 days. Strains were
then maintained in 87.5% v/v (0.3% acetic acid) hydrolysate
for 33 days by serial subculture every 4-7 days, and then
adapted to 87.5% v/v (0.5% acetic acid) harsh hydrolysate
over 24 days via serial subculture every 4-7 days.

[0365] When the resulting crosses were examined micro-
scopically they showed substantial differences in morphol-
ogy and culture characteristics. Some strains predominantly
formed cells that were yeast-like in appearance while other
strains predominantly formed pseudomycelial cells. Some
strains tended to form pellets which rapidly sank to the bot-
tom of the flask. Other strains remained in suspension. Strains
also showed notable differences in colonial morphology
when plated onto agar medium.

[0366] This experiment showed that crossing lines of inde-
pendently derived transformants could result in significant
strain heterogeneity and that the resulting pools of mated
strains were likely highly diverse.

[0367] Mated strain 7124.2.557 (Cross E) was created by
mating a pool of transformed strains derived from Y-7124
(7124.2.535-539) with a pool of transformed strains derived
from CBS 6054(6054.2.356-359). Mated strain 7124.2.558
(Cross F) was created by mating a pool of strains 7124.2.546-
549 with a pool of strains 6054.2.356-359.

Example 7

Shake Flask Fermentation of 7124.2.557 and
7124.2.558

[0368] Cultures were started by inoculating a swath of
colonies into 100 ml propagation medium (2.3% (v/v) black
strap molasses, 26.8% (v/v) filter-sterilized pre-fermented
corn stover hydrolysate (EdeniQ), 2.4 g/l urea, pH 5.55)in a
300 ml flask and grown for 48 hours at 30° C. and 200 RPM.
Triplicate flasks were inoculated to a starting ODq, of 3.5
(=0.53 g/1 dry weight of cells). The fermentation was carried
out under oxygen limiting conditions with 50 ml of medium
in a 125 ml flask, agitation at 100 RPM, and at 30° C. Fer-
mentation medium composition was: 53.6% v/v filtered pre-
fermented corm stover hydrolysate (EdeniQ), 60 g1~ xylose,
and 2.4 g I"* urea. Starting glucose concentration was 4.7 g/1,
starting xylose concentration was 60 g/1, starting ethanol con-
centration was 0.85 g/1, starting acetic acid concentration was
0.27% w/v and pH was 5.1.

[0369] 7124.2.557 was able to ferment glucose and xylose
in the presence of acetic acid in medium containing industrial
corn stover hydrolysate with a final ethanol yield of 6.87 g/1,
compared to 4.6 g/1 by the control strain CBS 6054 in 60 hours
resulting in a 49.3% increase in final ethanol yield. 7124.2.
557 consumed 18.66 g/1 total sugars in 60 hours compared to
12.79 g/1total sugars by the control strain CBS 6054 resulting
in a 45.9% increase in sugar utilization. 7124.2.557 had a
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specific yield of 0.368 g ethanol produced/g sugar used, com-
pared to a yield of 0.359 g/g for the control strain, a 2.5%
increase (FI1G. 42).

[0370] 7124.2.558 was able to ferment glucose and xylose
in the presence of acetic acid in medium containing industrial
corn stover hydrolysate with a final ethanol yield of 7.09 g/1,
compared to 4.6 g/l by the control strain CBS 6054 in 60 hours
resulting in a 54.1% increase in final ethanol yield. 7124.2.
558 consumed 16.89 g/1 total sugars in 60 hours compared to
12.79 g/1total sugars by the control strain CBS 6054 resulting
in a 32% increase in sugar utilization. 7124.2.558 had a
specific yield 0f 0.419 g ethanol produced/g sugar used, com-
pared to a yield of 0.359 g/g for the control strain, a 16.7%
increase (FI1G. 43).

[0371] Notably, the unadapted parental strain NRRL
Y7124 was inoculated as a control but failed to grow in this
medium.

[0372] This experiment showed that the various crosses all
exhibited better acetic acid tolerance than the best of the
parental strains and cells from two of the crosses showed
significantly higher ethanol production.
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[0384] Itis understood that the examples and embodiments
described herein are for illustrative purposes only and that
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various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, sequences of GenBank
Accession numbers, patents, and patent applications cited
herein are hereby incorporated by reference in their entirety
for all purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 94

<210> SEQ ID NO 1

<211> LENGTH: 689

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(689)

<223> OTHER INFORMATION: PICST_37097 promoter

<400> SEQUENCE: 1

gacttaacta ttttecttte ggcagtttat acgagatcct cttettttat ctttegttea 60
atggtatttt catttttttc gaacatgtaa gtcgtagacyg ataaacgata aacaacagtg 120
ttgtggatca gttctcaatt ctgaacaata tgcgccacca aaacggttac cttggtttet 180
gcgagcaact tgtggtacga agctaattaa tttgcaagtg agcgtgatca tggaacatat 240
ttacaatgga ctgtaggatg taaaactgat gatacagagt gggctgtgge aagctgtact 300
atcatagaat tcgatctttt tatagcctgg aatacgagat catctggaac acaattgggt 360
tgggcecectyg acttcaatac aggcttcgaa cgagtttcag taaatttcag atggaacaat 420
attttattac ttattatagt gaaatataac aagcccccte aatggatcca taaacatata 480
catactgtat gtatgacatt ccccctttte gtgggcageyg tttcagtatg gaagagtgte 540
ttactggcag aaatgcgatg ggggtaaagt tgacacgctt gcataattgt cgacgettcece 600
caagaggtat aaatatgggg agtttcgtct cttaacttga gctcecctgttt tectgttcette 660
attttttaaa caaaagtaaa atcaataca 689
<210> SEQ ID NO 2

<211> LENGTH: 705

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(705)

<223> OTHER INFORMATION: PICST_84653 promoter

<400> SEQUENCE: 2

ctaccgatct gaaacctgtg ttgggctegt tgcacgggtyg cgttectaca tgggcaaact 60
ctgaaaccag caacaggaat gcctagacca ggtaccggtt ccataaaaag caggtggagg 120
ctggttgcega ttttgtggat gttttacatc tggaatctga aacacatctg cgggaactaa 180
aacaattgta tataagtttc gctagatcca aagtagtttc atggctgaat ctaaccaagce 240
ttgctgcact tttgtttagc aactccaaac ttccacaacc ctgttcagac tcttattatt 300
gtagttgact gttgttgaat ccaaatcaac cgcactcact ttgttttcca tatttttcac 360
cgtttttcecee acacattaaa agtcgtctgg gacctggcca acaaatattt agctgttget 420
tgacaaagct attctagcca gtctacagtce ccaattgage ttectttcac cataaactte 480

accacaggcce aaacagaaat tgcattcatce accagtgtge caattgctce getgttacgg 540
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ccaagaaagc ttgagttaca ctaccgtcta aaaacaaagyg gttcgcacaa tcgeccattcg 600
ccgaattate caatacccac atttteggtg aaaccgtate gcagtcegtca gcacgctaga 660
gtggatagct tatagtctat aaactgtgac tcgtctctgt gtcca 705
<210> SEQ ID NO 3
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: ACB2 promoter
<400> SEQUENCE: 3
actcaccatc gtgctctacce aatatgggca tgataggtece atttcattag cttacatcta 60
gacatggagt tgataggaaa aaaggaaaaa gacaaaaaca tcaataacac aacatctcca 120
agaaggttca cagaactaaa ggtgtagttg tagtgtagtt gtaggtgtag atacttttta 180
tttgttgatt attgtcgact attcaccagt gaaaagttga tctcagtata gaataagtta 240
gagtgagaaa accacagtag aggagatatc aagccattga cttattctac aaagactgta 300
tattctacac aactgtcgca attctagttc atggetgtet aggataattc accctcgacg 360
ctgttettaa ctgtetgete tattctttge tggtagacce gagctcaaca ttcccaacag 420
aacctgacac tctcaaatta tggaggactg tatatacaat cccaagcttt agaatatata 480
tagcgattcet ccteggatga accttagetce aaatctaaag agagaagtaa acaggaaagt 540
tgcatatcat acagacggtc ccttctggaa gectattagtt acatataget tcaggtttce 600
ctetegecac atgaaagaaa ttccatgaca ctettetget aagatatcca gtctctatce 660
ttgggctgat cctgcataac atccttcata tagcaaatat cacgtgcgga tccccaccat 720
ttcagagtag ccaaaacaac agtctactga gattcaacct ctgttccacc cagaggacte 780
tccacttcac cccecttett cttectaccg gtgtactcta gacattctat ataacgagtg 840
gtacttgttt gaggtagtcg ataagtcaat tggtgtttct gacttgtgta actcagctcg 900
tctacttaca cgagccatca agtcagatca atagtccaac tacacaatag caattatatt 960
cactatctaa gtacgcccat aaaaccactt atatacaacg 1000
<210> SEQ ID NO 4
<211> LENGTH: 651
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(651
<223> OTHER INFORMATION: ALD1l promoter
<400> SEQUENCE: 4
gggattccta taatacctte gttggtctcee ctaacatgta ggtggeggag gggagatata 60
caatagaaca gataccagac aagacataat gggctaaaca agactacacc aattacactg 120
cctcattgat ggtggtacat aacgaactaa tactgtagec ctagacttga tagccatcat 180
catatcgaag tttcactacc ctttttecat ttgccatcta ttgaagtaat aataggcgca 240
tgcaacttct tttetttttt tttettttet ctectecceeccg ttgttgtcte accatatccg 300

caatgacaaa aaaatgatgg aagacactaa aggaaaaaat taacgacaaa gacagcacca 360
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acagatgtcg ttgttccaga gectgatgagg ggtatctcega agcacacgaa actttttect 420
tcettecatte acgcacacta ctctctaatg agcaacggta tacggectte cttecagtta 480
cttgaatttyg aaataaaaaa aagtttgctg tcttgctate aagtataaat agacctgcaa 540
ttattaatct tttgtttcct cgtcattgtt ctegttecect ttcecttecttg tttettttte 600
tgcacaatat ttcaagctat accaagcata caatcaacta tctcatatac a 651
<210> SEQ ID NO 5
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: BGL5 promoter
<400> SEQUENCE: 5
atctaatgga ctgcgtttceg ttggectggg agttgaagta aatcggtegt attaaccaag 60
aattaatcta atagtgtttg aaaatgggcece tcecccgtece caccgtggece accectectt 120
gtagtataat ctttttattt tttcagaaca aacatacaat ttgccatggc gagttttaga 180
cgcgcagagt aaaatgcaaa ctgcaaagca taataatage cctgggtgtt cagacatttt 240
tcgcccagtt cgcacattte agatgaagtc ctgtattttg tttcaggttt ttgtcccget 300
tttctetace actaccgtat tcggcagcag ctccagaata caccatattg aacaatcact 360
ccateggtece aaacgtcage tagcttgtca cgettaggaa cceggacatte tgttetgget 420
ctggtcacga gacgagcatg cccaggtttt ttgtctaaac ctggtgatge ttcegtgcgga 480
gacatctcca cattcggcat tcegttccgca tgtatgegeg tggggaagga taccgaattg 540
ggaactgtte cceccgegtat tctgaatttt tcatctcaag aacttcttge tegtaggaaa 600
gccaactcag aaactggatt acgagcgatt tcagatgaag aaagtcgtga gtagccaaac 660
ttgtgtaget gaagggcatt ccccatcaac tcagtccate cagcaaactc aagtctcgac 720
aatatgagat ccagtttaaa gaatcttgtg ttacattaaa accaacttgt agatcacaaa 780
atgcaataca caatgttcca catcaaagcc gatccaaacyg tctcgcaaca aaaatcgcaa 840
atccaacatt ataccgagac gtcccctgat tacgtttetyg tgcgcagtgt aaatatatat 900
atagagtctc acatcccgtt ttgacgctac tactcagttt catatattgt tcecttatacat 960
cttttagttc tacttataac aactaaatat cattactatc 1000
<210> SEQ ID NO 6
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: CLGl promoter
<400> SEQUENCE: 6
tgtgatgtgg aattgaggaa ttgagtaaaa cagaacagaa tttttcaagt gctggattac 60
tggatctcte cctacttata tacccggecac tagceccacct gtgcettagtyg ggggtgaace 120
aaccgaaatt cgattagtgt ggggactgtg tgcaggcgeg ggacaaagtc gacctttggg 180

agcacactgg gecctggtgtg gecggattgg gcaacttggt tecaggegeg gtggacggtg 240
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agtggacttt gactaatgag atgtaatgag gttttgtaat gggagtggaa aggatgacga 300
tcttgatcat ctagaatgtc tctagagttg gatgtctgac atataagatg gttagctccg 360
tgttcgtgtt ggttctgtca tgttccaact gtttgtatgt attatgactt caccgtgttce 420
tggaaacttt cgcggtataa tttttcattc catttttcag atttttcata atgaattttce 480
tccatgaatt ttccattctce actacccacce aattcacact gttcatcage acactcgatt 540
gcgagattte ccggtaaacg tcatgttcat ctaattgget gtaatcagga acaacctget 600
ctgctcaacg gcactattte ttttcttatt attccgtgat ctcgcccate tecatcttgt 660
attgcaccta cagctactac tcatttctat ttctttacct ctctceccatac ttttgcatct 720
cgaaattgct tttcttctet actattatca gctcectccatt accttcectcta ctgttttett 780
cctgtegega ctttettttg taaccgecte tetgectete cacaaactte catcectgece 840
gacagtactc cggaatttcg tgccaccaaa tettttttgg getcccacgg agtgagtget 900
tcegectaca caaactggge taatattage caggtggece getgecatceg ccgattgttt 960
ccaatggctt attagcctat ctagcgagcg ggacatgtcet 1000
<210> SEQ ID NO 7
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: EGC2 promoter
<400> SEQUENCE: 7
agattttgte catctgetgt tctcectgecag acactgcgat ggaagctcaa tccataattt 60
tgtctgcaat atttacgagc cagggctctt agaaatattt gegagttagyg tgaggtgatt 120
cgetgeggag tacataatat accggtgtac atggtgtact ggtggaaaga agactgacag 180
aatagtctca tgtcactgta gcacagegtg agagcctcag acaattttte caatatcgtg 240
tcgggeatcet cacaagtcag ccgatattcet agagccgect gtagactcaa agttttgegt 300
cagggttett tggctcgaaa cgtcctagac ttaccagacce aggtaagccyg gaatggatct 360
ggtttcateg ccatatcage gtcagtgtca tagaagtgge ttaaatcgaa ggaggggtga 420
tcatgtgact gatcaattac ctcattgaga gggtatcceg cacttatgec ccatttecccg 480
catggacctg aactcccaat tttgtgtetg tcectggggata gagttgcatt aggcagtcaa 540
tgcagtttgg ctctggeggt gtcggcaatt tegaggtcetyg ggecagtcecce accaaattca 600
cattcttgta acttccaaag cttttgagtce ggcgtaaggt ggatccagat tttcagacac 660
cagccatact gttaccgeccce aggaatcage tgtcectgcegat tgtegggaac cagctaccac 720
tggtgcaaca gacatttacc caaactaaga aatcaggctyg cgaaatctgg ggctetttgg 780
ttccagatgt cggttectgg getceggeaca gtttteteta caatactegyg gaagtttgge 840
caccatcgtt ttttagattg tccccagatt tgatccagge tatataagac tcteggactg 900
ctetetgatt ccgatctaac gttcatcttg ttcaaaatag aaaacagaca cttatagatt 960
ttacatctct tttgtcaaag taattctaat accctataca 1000

<210> SEQ ID NO 8
<211> LENGTH: 1000
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<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: ENOl promoter

<400> SEQUENCE: 8

cgggcaatgg gaacttgttg ccteggegea cgtgacaaat gtgattatgt cgaaaactcce
gagtccgaga gcagacagac ggagtgceggt gggaaggaac aatcagatca gggagaccag
cgagaatcgt acgctectet agaactgtgt tattgagteca ttggagtgge ttcaatggat
atgtgccatt gtggeggtta tgaacgttca gaatgegatt gaggggtaga gtgaatcatt
tttgacggtyg ccagccagag aggaacgcat ggtgcaagtg aaaaatttca gctactgttt
gagagcaatt agaatactgt tatgagccaa taaactagtc aaaccaaata gccaatcaac
cagccaacaa gccggtggta gecagecttyg ggacaggeat tggcacacaa ataacctggt
gtactgtaac tacatcacca gccaccgtat cactgctcca ttatcagtge catctcatga
gecattggage tgttgatgca agctgtcget aatatgccge aacaaattgg actcattttt
agggcaattc tatccagtac caataaagca cgaatcgett tatgaatcat agectggecg
tagcatttca gcaatttecge aggttatggt ttaacagcga cgtacaaaac ttttcacagt
catatacggt atacccaaac atggattegt ggacttegge tectcegttg aactcatatt
cgtaatccce attcagattg cectetecatg atgeccacca gttgcaatct ggtgatcegca
ttatgcacac tcttegggta tegggactga gtggtccagt ttcegcacaaa attcgcacac
ggtgaacaag atggcccaca cttttttcac tcgacatata aagggaacga gatttectec
ttgatttcte ctggcattge gtactgtgta ttttttgeat ctagtcaatt atctgattte
cagctaatta cttgettett tatcgattee cgecactaaca

<210> SEQ ID NO 9

<211> LENGTH: 1123

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1123)

<223> OTHER INFORMATION: FAS2 promoter

<400> SEQUENCE: 9

tgttgatcat ttgtaatagt cctagtatga taccaaaagt gacegtgggt ctatcatgat
agggtggaga tgatctttga tattccaaag caaaagtgtt cecttaaacce agtttagact
gaaacaaccg aatgtaatca gggtagatga gaaggcatta agetgtggtyg tttggctcaa
aaagagattc tacacaatat tggactttga tttgtatatt ggctatacaa gaatatggca
ggccatactyg atgctgaaaa gaggttgttyg aaaaaagtta tgaatataga actgaaaaat
ttgaactaat tgggaaatgt ccgggtaaga catggagact gcatagetgg agagggccaa
agtataccgg gctcaagage accagccaag ggggagtgte ggacageega tgggtetget
aatgggaagg gattggaagc gagttaagac ggaaaaagaa aacgttttgt tgaaaccact
ttggaccaaa catgagaatt ccagagctgt gtcaaatgga agctccagag ttgggtgcaa

aatctgagta taatatttgt tgcgaaatce aaaatgcaga ccttaactat gggctgagca

tcttatctat ctacgtatac tcttatatat cggcactata gcaaaacttt actggctgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1000

60

120

180

240

300

360

420

480

540

600

660
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acatctcgge tgtaacataa atatctgtta aatccgecte aacaaagtgt tacccaatct 720
cgtgctggece acctaaattt gagcttttaa ttgtgtgett ttaactgtgt ggtcttaact 780
gtgtgccegt ttectcagect agccaacatt tctceccaaaa attcegtgtgt caaaagegtg 840
caccgecaaa ttcctcaaca aaagcgegtg aatgttggga tgggtcetgge getattetgg 900
caaccgcace cgtgecgcag tacacaacag cttggctgea acggtgtcga aaattgttgg 960

aacctgctga atctttttte gggccgcatg caggctgcag cccaccagat atcaatgcetce 1020
catatataag tcgatgattt ctacaaatga acgaattgta tctcttttet tgaactgtag 1080

ttctgattte tcacttctat agtaattcta atctccttte acc 1123

<210> SEQ ID NO 10

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: HXT2.4 promoter

<400> SEQUENCE: 10

actaattttt gccgattcge cgaatagatg caaaaagacc gctgggtcac accgtaccag 60
acagacaatg aacggaatct gttaccgecg agtggaaaag aaagcccgag tgtcagectt 120
aggatctcegt gtctggaagg aaacagaaat tgtcgcetgtt tgtgtgagtce tgaaggtgte 180
tcegetagac aatagtgcgg actccaaaaa aataccgaat ctactcaact ccagattcetg 240
tgtagtgact ggtagtttca caaaatttct tttattggtt cgaccctttg ggaaaaaata 300
ctgcagtttt gcctgacatt ttttggttte ttgtgtttge atctaaatct aaatgaggga 360
cgtgaacgga caagtgcgga gatgccccac tattgcgace ttcecaatagt acctgagcag 420
gtetgtgteg atctgtttet ggacgtacaa gaaagggttyg agtgggtatc tcactageat 480
tctagcagaa gceggecegttt gttggecgge cecattgttte ctgttcaacyg tcacgactce 540
tgttggtgaa gacattcaac tacgaaaatg tcagatttgt gtttgtattc acaccattat 600
taacttttgt ctgacggaaa cacttggata aactgcaatg tcctctaaaa aatactccag 660
aattcagatc gtaaaactag tgggattatg cgtctgggte gatatttttt agggactggt 720
gcatagtgtyg ggtgggagaa aaattataaa aattttaaat aattttcttt cataatatgce 780
gggacccata ctaaaagaaa tgccttacta tcaacagaat ggttgctget ggtcaaattt 840
ggagccaatce ctaattccaa agttttgtat aaatacactg gatcccectg ttgatgttet 900
cgagatttaa ttattcatta tctcaacaat cacttgttag tactacagcc tacaagctte 960
tatcgetggt cgatctataa agtgcattaa agtagtaaaa 1000

<210> SEQ ID NO 11

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: LPD1 promoter

<400> SEQUENCE: 11

tgatccatge tggcgggcga caaattcaaa agttgcagtt getgcagacg tgacttaaac 60
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ggttcaccte cgcagaaacg aatgcagcac ggcgagagct ggtaatgata tggatgaata 120
tggacttcaa tacagctaca atataatttt agccacagtce gcatgtagac cttegcagte 180
aagtccgtat tgtacatctt ggcaactgtg agtageggtyg tttgaagetyg gtctttgaaa 240
cagtgacaat ccctacagct gcaaaatgag atagcggcat taatttgtgg tcggtagtaa 300
aaccgcgaaa ttcgtcagca tctgaccceg taaacgteceg ggatatgaag gtttgtaage 360
tggcatagtt aagctggaat caaagcttag aaatgaagaa tggacaaaag agtgacgcgg 420
gatggacaga tgacactgcg gagatagtag tatatatgac taacttgtgt ttcgaccact 480
gtttaagctyg gaatgtcagt aattcgtatc atacgattca ttagtataaa agtatatget 540
cacacctatt tgcaactgtc agaatatttt tgtgcaagat ttgctaatac tggaagttat 600
ttctetgaat atacttaata cttcagtatt tccctaaccyg aaaaaacata ttcaatatac 660
tagtactata gaactaaccc tatacatcag tactaccgec atttgatccce gattatagtt 720
ctatagccegt atagtactat tcgtatagat ctcagttcat tagcactgag accagccgcet 780
gcactcctac agcetctattt ttccgacacg cccggeggca gagccaataa ccttegeget 840
cctgcagata acgcaactca ccacggacat cagtgaagca tttttgtaaa ctaccagtgg 900
aaaatccatc gaatctgaag gcatctttece aattcttgta agetgctget gaaaagtaat 960
tgaacactag cagaaagtcc gttttcttce tatacgaaaa 1000
<210> SEQ ID NO 12
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: LSCl promoter
<400> SEQUENCE: 12
gaacatctta atatttaagt tgtgattcga ctcggattcce catttatgga gtgcttgatt 60
tgtcaacgga gtggcgagtt atcttttcat tggctgtagt tgtatttgaa gttcggatca 120
gttceccgttyg ttacggttac ctgactatat gacaatgtcect agtttctgtce tggctcctge 180
cgacaaatac cgacgagatg cccaaccgtg gtgtetggte geggcacatt ggcgacactt 240
cgatccaggt tatctttttc atcagagcac catattccag cattggagga ccaatgettt 300
tcgggetcaa cccggatgtyg atgtagagaa tgtagatatt ttgacgagta gatttgaget 360
caaaatgggt cgaaacaggc gagatcgaag tggaatggtyg gaaccatctt gtctcatcge 420
ctaactttgg tgggettgtt tctcccacta attcteggea acagtgccag ggtggetcete 480
tacagtcggt atgtctcget attttgcaaa gtttcagaaa tttctecgctg tttcatgecat 540
acatgcaaag tgggacgtgt attctctcag taagtctcag taagtctcag taattccteg 600
tggaggtgte gctattttceg cgcagteccaa cgactattge tcagcgacct ctcectattg 660
ttaccegtgt cgtgeegtgg ttcccctcac accccceggeyg gattegtcac acccgaaaac 720
caccagcaaa aacaaaagcc gatccaccaa caaaattcag gtcgtgaaaa aatcacaatce 780
gagacttcge ttttettcte tcecagtttge tecttcgagte tectgatatt ttececcgattg 840
tcgtectagat ctaccagtca gettctgtee tttaacggtt cactgccatce caatttagte 900

tacttttatc tattagtttg gaagtaacca aaaaagtatc tcactactgt ttgtctctac 960
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tttctcacgt actctaccac tgattccace agaactcacce

<210> SEQ ID NO 13

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: MEP2 promoter

<400> SEQUENCE: 13

ataacactgg gaaggttgag agaataaacg aatctgtcga aattcaagag tattgtttga
aactaaaaaa tgccgttget agegtcageg actaageceg atctgatgag tcaagagtca
aaatcttaat taataagctc gatattggat attgatttta atgctattte ctcccaatga
acaatcattt gttgattaca cacttttecte attggatatc acagcgcgac tttgaccttg
catgtgcteg gtccccaagt accccataag gaaatacget ttettttgtt tacgteggece
aaacgtcatt ggtcgtttca gttcagatac ccaaatctgt ttgetggteg cceggtteceg
gttgatgagt atagacagga actacttctt aatggtaatg ctgattgect tcaaccgtaa
tcgetggete tgccgatace tgcacacage ttatcagtaa attggtagta attgggtegg
tgcggettgyg gttcaacagt atgcagtgac tagattegac cgttgetgat ggagegattt
cattggccga tgataaacga ttataccgge tgctaacaaa acacgacaag aaacttcaca
tttgtggaat tgcagttgca ggcaatttag gcatgtacce aatgaaaaat aatgcaagca
gagcaaataa ggcaatatct cctgccatat gaaatatttg agcctaccct acaaatataa
ataccaagca agtcctatta ttacctacaa ttgcaagagg agattttett ctgtttettt
ctttgtettt gttctectage aaatccttte gtaactaacg ttgtttttet gacgtacaca
tcagatctcg actacaggte tcataataac atagatcteca cttgtatcca gatcggtcete
aagttgtcga tcgagctaca acccaattge actatacgea tagattctca ctacagtage
caaacaaagg ttagtcaaaa gataccctta tatacacaaa

<210> SEQ ID NO 14

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: PGI1 promoter

<400> SEQUENCE: 14

gecgttgata gtgcttgatce agtgtgcagyg acttcaatga gatccagect ttetgttaga
ctggatcage taaggaggta aatgagccaa taaaaggctce attgaagtat tgaaataagt
aaagaaacgt aaaaagacct ttgattctga agcagtgact gttattattt tcctcatttt
gttcaaaccyg acttacagat aaagaacaat cagagggaaa cggaaaattyg aagaatatca
cgtgatcaat ttctectttt tecaccacct tctctatggt gtectectgg tatactggag
aaagagtact gagtactgga gtattggtct gaacgcaacc gcaagagtte cggcegtgtt

cacgagaccce ggaaggtgca cgetgtttgt tcattagaag agatgecgac tctattagaa

ggtgtctgca ggatattcac tcctcaatga agctatgaac catcacgaaa gagaagaact

1000

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1000

60

120

180

240

300

360

420

480
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ggcaaggaca gaaaggataa tgactaaatg ttagtaaagt agagatccga gctgaagcga 540
gtacttccag tcaattctgt ctaattcact tcattgaatc tcaggtcteg getgetatgg 600
aacgtcaaag gcattagtaa cagtccggag ttegettaca aagacattcce ccagttttet 660
cgteggcaaa ccteccgeca tattteccac ttgggcccag tgtggaagtce accactccat 720
cctgtgtggg tgttaattac ctgattccaa ggcatcacct ggtggaagga ctgtecttga 780
acagggcatt tgcacccatg ccgcagtata caatccggac gcagacaggce tggaatagat 840
tcggecgatt tgcgaaaaat aaagtatggg agttccgage attttccact atatagtgag 900
gccaatataa agagttgagg attccttgga ggcattggtt tttttcecgagt ttgtattgaa 960
ccttacaacc attgctacac gtatacgtta caattgcaca 1000
<210> SEQ ID NO 15
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: TALl promoter
<400> SEQUENCE: 15
agacatgtce cgctegetag ataggctaat aagccattgg aaacaatcgyg cgatggcage 60
gggccacctyg gctaatatta gceccagtttg tgtaggcegga agcactcact cegtgggage 120
ccaaaaaaga tttggtggca cgaaattccg gagtactgte ggcagggatyg gaagtttgtg 180
gagaggcaga gaggcggtta caaaagaaag tcgcgacagg aagaaaacag tagagaaggt 240
aatggagagc tgataatagt agagaagaaa agcaatttcg agatgcaaaa gtatggagag 300
aggtaaagaa atagaaatga gtagtagctg taggtgcaat acaagatgga gatgggcgag 360
atcacggaat aataagaaaa gaaatagtgc cgttgagcag agcaggttgt tcctgattac 420
agccaattag atgaacatga cgtttaccgg gaaatctege aatcgagtgt gctgatgaac 480
agtgtgaatt ggtgggtagt gagaatggaa aattcatgga gaaaattcat tatgaaaaat 540
ctgaaaaatg gaatgaaaaa ttataccgcg aaagtttcca gaacacggtyg aagtcataat 600
acatacaaac agttggaaca tgacagaacc aacacgaaca cggagctaac catcttatat 660
gtcagacatc caactctaga gacattctag atgatcaaga tcgtcatcct ttecactecce 720
attacaaaac ctcattacat ctcattagtc aaagtccact caccgtccac cgcgectgga 780
accaagttgce ccaatccgge cacaccaggce ccagtgtget cccaaaggtce gactttgtcee 840
cgegectgea cacagtcccce acactaatcg aattteggtt ggttcaccee cactaagcac 900
aggtgggcta gtgccgggta tataagtagg gagagatcca gtaatccage acttgaaaaa 960
ttctgttetg ttttactcaa ttectcaatt ccacatcaca 1000

<210> SEQ ID NO 16

<211> LENGTH: 1043

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1043)

<223> OTHER INFORMATION: TDH3 promoter

<400> SEQUENCE: 16
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agatgactct gtagaaagtt gagtcaaatg ctgattaatt tggttctatt atgecctctceg 60
tagaagattg caaaagagca actggatgag gtgctatcaa gtgatgcgaa gagaacctgc 120
aaacaggcca gagtacatgce cgtgggttga tctctggteg agtgtgetgg ctacagectt 180
aagtacggag agtacagcta cagggtggtt tttgctggge tacagcattg cagtttgaag 240
gttagagtgt agaatgtagc agacggctta aggctggtgg agtttagtcg aaactcgtta 300
gtatttccgt gaaggcagcc attgtgaaaa ttgaacatca cctgaggtat tttagccacc 360
agaagcggceg gtacggaaga aagtgtgtac aatggttggt ggtggaattg cgtgcatgcec 420
tgatggggca atattaatta gatagagctt tggtgatatt agtggataat agaattcaca 480
gagaagacat caggagcaat ttccaagagc cattgatgat gtaattgccc caacagcaag 540
attcagatct gacaattgac caccgttttg tagaagcaaa aaatcgtaga ttatcaccaa 600
gagggttttt caccgaacca gcaaatagaa actattccgt agaactcgec caggettttt 660
tgctagcact ttccagcagt agaaccgtcc aattaagtca acaggaacca ttgaggtcga 720
gcccaaccac ctgaacccce tcacggtegt gtccctatta ttgatccaga gggtgecagt 780
ttcggtagec aatattggtt catgggttte tatggeccegg agtgagtttg caggttggec 840
ceggegeegt ctgcaggatg ggagttatag cggccaaact tcacatttcg aaatcctgcet 900
gcagccaatc tgaagaatta atataaattc gtgtcgaatc gcegtctgtg aaatttcagt 960

acttgatttt cttttcttet tetttttcte ttttgtttet tcagaatcaa ttcacatttt 1020

ttctteecta taaacaattce atce 1043

<210> SEQ ID NO 17

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: TDH3 promoter

<400> SEQUENCE: 17

ttctattatg cctctegtag aagattgcaa aagagcaact ggatgaggtg ctatcaagtg 60
atgcgaagag aacctgcaaa caggccagag tacatgecgt gggttgatcet ctggtcegagt 120
gtgctggeta cagcecttaag tacggagagt acagctacag ggtggttttt getgggetac 180
agcattgcag tttgaaggtt agagtgtaga atgtagcaga cggcttaagg ctggtggagt 240
ttagtcgaaa ctegttagta tttecgtgaa ggcagecatt gtgaaaattg aacatcacct 300
gaggtatttt agccaccaga agcggcggta cggaagaaag tgtgtacaat ggttggtggt 360
ggaattgegt gcatgcctga tggggcaata ttaattagat agagetttgg tgatattagt 420
ggataataga attcacagag aagacatcag gagcaatttc caagagccat tgatgatgta 480
attgccccaa cagcaagatt cagatctgac aattgaccac cgttttgtag aagcaaaaaa 540
tcgtagatta tcaccaagag ggtttttcac cgaaccageca aatagaaact attccgtaga 600
actcgeccag gettttttge tagcacttte cagcagtaga accgtccaat taagtcaaca 660
ggaaccattyg aggtcgagec caaccacctyg aaccccctca cggtegtgte cctattattg 720
atccagaggg tgccagttte ggtagcecaat attggttcat gggtttctat ggeccggagt 780

gagtttgcag gttggccceg gegecgtetyg caggatggga gttatagegyg ccaaacttca 840
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catttcgaaa tcctgcetgca gecaatctga agaattaata taaattcegtyg tcgaatcgece 900
gtctgtgaaa tttcagtact tgattttectt ttcttecttet ttttcetettt tgtttcttcea 960
gaatcaattc acatttttte ttccctataa acaattcatce 1000
<210> SEQ ID NO 18
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1000)
<223> OTHER INFORMATION: TDH3 promoter
<400> SEQUENCE: 18
ctattttcga ggaccttgtc accttgagec caagagagec aagatttaaa ttttectatg 60
acttgatgca aattcccaaa gctaataaca tgcaagacac gtacggtcaa gaagacatat 120
ttgacctctt aacaggttca gacgcgactg cctcatcagt aagacccgtt gaaaagaact 180
tacctgaaaa aaacgaatat atactagcgt tgaatgttag cgtcaacaac aagaagttta 240
atgacgcgga ggccaaggca aaaagattcce ttgattacgt aagggagtta gaatcatttt 300
gaataaaaaa cacgcttttt cagttcgagt ttatcattat caatactgcc atttcaaaga 360
atacgtaaat aattaatagt agtgattttc ctaactttat ttagtcaaaa aattagcctt 420
ttaattctge tgtaacccgt acatgcccaa aataggggge gggttacaca gaatatataa 480
catcgtaggt gtctgggtga acagtttatt cctggcatcce actaaatata atggagcccg 540
ctttttaage tggcatccag aaaaaaaaag aatcccagca ccaaaatatt gttttcttca 600
ccaaccatca gttcataggt ccattctett agegcaacta cagagaacag gggcacaaac 660
aggcaaaaaa cgggcacaac ctcaatggag tgatgcaacc tgcctggagt aaatgatgac 720
acaaggcaat tgacccacgc atgtatctat ctcattttet tacaccttet attaccttet 780
getetetetyg atttggaaaa agctgaaaaa aaaggttgaa accagttccc tgaaattatt 840
ccectacttyg actaataagt atataaagac ggtaggtatt gattgtaatt ctgtaaatct 900
atttcttaaa cttcttaaat tctactttta tagttagtct tttttttagt tttaaaacac 960
caagaactta gtttcgaata aacacacata aacaaacaaa 1000
<210> SEQ ID NO 19
<211> LENGTH: 501
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(501)
<223> OTHER INFORMATION: TDH3 promoter
<400> SEQUENCE: 19
aacagtttat tcctggcatc cactaaatat aatggagccce getttttaag ctggcatcca 60
gaaaaaaaaa gaatcccagce accaaaatat tgttttette accaaccatc agttcatagg 120
tccattctet tagegcaact acagagaaca ggggcacaaa caggcaaaaa acgggcacaa 180
cctcaatgga gtgatgcaac ctgcctggag taaatgatga cacaaggcaa ttgacccacg 240
catgtatcta tctcattttc ttacaccttce tattaccttc tgctctctet gatttggaaa 300

aagctgaaaa aaaaggttga aaccagttce ctgaaattat tecectactt gactaataag 360
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tatataaaga cggtaggtat tgattgtaat tctgtaaatc tatttcttaa acttcttaaa 420
ttctactttt atagttagtc ttttttttag ttttaaaaca ccaagaactt agtttcgaat 480
aaacacacat aaacaaacaa a 501
<210> SEQ ID NO 20
<211> LENGTH: 500
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(500)
<223> OTHER INFORMATION: TEF2 promoter
<400> SEQUENCE: 20
gggcgecata accaaggtat ctatagaccg ccaatcagca aactacctcc gtacattcat 60
gttgcaccca cacatttata cacccagacc gcgacaaatt acccataagg ttgtttgtga 120
cggegtegta caagagaacg tgggaacttt ttaggctcac caaaaaagaa agaaaaaata 180
cgagttgctyg acagaagcct caagaaaaaa aaaattctte ttcgactatyg ctggaggcag 240
agatgatcga gccggtagtt aactatatat agctaaattg gttccatcac cttettttet 300
ggtgtcgete cttectagtge tatttctgge ttttectatt ttttttttte catttttett 360
tctectettte taatatataa attctcettge attttctatt tttctcectcta tetattctac 420
ttgtttattc ccttcaaggt ttttttttaa ggagtacttg tttttagaat atacggtcaa 480
cgaactataa ttaactaaac 500
<210> SEQ ID NO 21
<211> LENGTH: 1446
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1446)
<223> OTHER INFORMATION: TKT1l promoter
<400> SEQUENCE: 21
tctgctacag tattaaacta tgctactata acctactget gtgtaacttt tactgtgatt 60
tcatgatgtt atagcagctg ctaccattat gectgtacacce ttagtgtgat atacttgctg 120
ttatggacta gtgttcactg tactgttatg ctactctata tatttgtgct actttactgc 180
tcaaatagtt gatcatatta tccaacggca agaccttcectyg cgaaccgacyg ggattccace 240
atcatctcct agcgagtggt tgttgtagtt atatgccteg gteggaagtce gtgggaacaa 300
cgageteegg tggtggatcg aataggcaca cccaaaccgg agtcactgece ggcaaaattg 360
tctaccttet agegggegga ccctaagact cegagttgge caaattggtyg cgagegtgga 420
aaattatacc ggacggtggt ggggcgacga ttgcaaaata gtgagcgaac tagatatttg 480
gaatggacat agaagcagaa atattatcaa atagacataa cgaaacgcta ccagatgtat 540
accaagtceg agatggaagt cagatcaaag tcgttatcaa tagectatgt aaatttgcge 600
tttagtaaga gacagcccct ccccataatce teectgtagg agaatatget gctacaggaa 660
accaacagta gctgcaagac tccagacctt ctgtgccaat tccaccacge ctttagcace 720
cgatccagca aattgagcac attcgagggt tgtatcatgt aaatgctcca agcccgagca 780

agcatctact agaagaccac acaattttat tcgaggagac cggaattaaa ttagttgtaa 840
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tggcgtggac ggtgacgtag cagtgaagca gtgattctgg aacttttgcc tggtcgaatg 900
tgccecegegg tgggtctagt ttccattatt aatgtaccac tacatcacga tccegtcaggg 960

tataaggaag gtgaaaatta gtaaggaaac cattgggcca tggcgagatc cgggtcgagg 1020
gacgagcgac cggagcggca ccacctaccg ttcggaagtg agcatagatg ctaatgattce 1080
gcttacacag aagtaccaga gttcatgcta ctcaaaccaa ctactccact taagctatga 1140
ttggtatgca cgtgagttgt atacttaatc aggtcggccce caccctcecgece cccaggtegg 1200
tgaaaaattt tagtgcgtgc caacatattt cattattact actgaatcgc tgcagttgat 1260
aaacccceccac ggttggaaat tgtccactge tgcgtctgaa aaatatatat aggaattgga 1320
atttccagcce cacaacaaaa tttggcagtt cttettttece ttctettcte tetttetggt 1380
ccagtggaat tccttactat tcecctatcgcet tttgtatcett caattgccac cagacttcca 1440
tttgce 1446
<210> SEQ ID NO 22

<211> LENGTH: 401

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(401

<223> OTHER INFORMATION: TPI1l promoter

<400> SEQUENCE: 22

agattacceg ttctaagact tttcagette ctetattgat gttacacctyg gacacccctt 60
ttectggcate cagtttttaa tcttcagtgg catgtgagat tctccgaaat taattaaage 120
aatcacacaa ttctctecgga taccacctceg gttgaaactyg acaggtggtt tgttacgcat 180
gctaatgcaa aggagcctat atacctttgg cteggetget gtaacaggga atataaaggg 240
cagcataatt taggagttta gtgaacttgc aacatttact attttccctt cttacgtaaa 300
tatttttctt tttaattcta aatcaatctt tttcaatttt ttgtttgtat tcttttcttyg 360
cttaaatcta taactacaaa aaacacatac ataaactaaa a 401

<210> SEQ ID NO 23

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1000)

<223> OTHER INFORMATION: XUT1l promoter

<400> SEQUENCE: 23

tcagcataat gaacttcceg ttgattctac cgecccctet cettattacg tgaataatge 60
aggtcgeggt acatttttta tgcaacccca tcatatatte accgacttcee gagggegeat 120
ctacattaca gtagggaaga aaatccgaaa gggcaatcece ccagaaatat tatttctett 180
gacttcacat actactttgt gcgtggtaaa tgtatccage aaaactaatt accctagaaa 240
atattcacct aactacccca ccccacatca tttgeggaag tagaaaaage ttgctagget 300
gaagttgtac atgcaaataa tattccggac aatagccttg gtgtgtgttt gaatgtgaaa 360
agaaaacccg aaccaatgte ggtgagaaca ctacttacga gttttggeat ttgagttttg 420

gcatttgagt tttggcattt gagctttggce atttaagttt tgccgtttgg ctagtcataa 480



US 2014/0206071 Al Jul. 24,2014
41

-continued
taggtagttt tgatatcatg atgttccttt tctactcgat tgatacttcg atggatggat 540
tgctttceceg atgacaagcet tccatgggge tgaaaatacyg gegcectatgcea ttcccaaaaa 600
atgcccgcaa caatattcct ccggggtaga aaatcaccac cacttaaagt ttagaaggtg 660
gatccttegt ccaatttteg gatcaggagt gcataaaaat cacgagcaac ctccgcatat 720
ttactccacg ttacggaata accttectag acatcagtge atttctgact ttcegtcggaa 780
tgatttgact ttcgacttgg gacacaaaac ctcacctaca tgatgcatga attattgagg 840
tgaaattaat gtggagtatg gggcaagaag gtgcttacca atacggtgct gcaattctgt 900
ggggtcaata atcatataaa agaaatgaat ctgctgatac atgaactaat ttgaagtagt 960
aatttaatca aataattcac attcaactaa tatattcaaa 1000
<210> SEQ ID NO 24
<211> LENGTH: 1056
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (1)...(1056)
<223> OTHER INFORMATION: ZWF1l promoter
<400> SEQUENCE: 24
gtggggagga acaggtccag caccgtgcegg cttgaacget acgctagacc tggtctageg 60
agagagccag tatatatata gagcaatggt ggaagaatcc gectgcegeca gagctggaga 120
tatatatttg agagcattga gttcaacgag aaattgtagt ggtagttgta ggtgtagatg 180
tactggctta gtgatcagga agctacggga agattgtagg tgcatcaccyg tagtgcgaaa 240
ttetgeegtyg ccagagaact ctccgacget ggtgccacceyg aagagtgata ccgaagagtt 300
ataccgaaga gccagatctg aagtcttagt caatggaatce attgtcgagt cattttggac 360
cceccatgge atcatgtgceg gactcgtacg tetgtatttyg gagtcaacca aacccccgac 420
agaatggtgt tactatttgg gtgcccccac ggcagatgta gctccatccee tgttagtaat 480
acatgagttc gggtctacat tctactaatt tttegctteg ggectgacaa atttcacage 540
ggactgtgac tgacctgcct gggectagaa cagtaccacg accacgaaga gagctaaatce 600
cgatgatcat gtccccagaa tttggtgget attcaaccgg tggccaacac gagcatacca 660
gacggcccayg tgatgttgag ccagttgaag cctatgtatt cggcetgggtt tgtccgatag 720
ttgtacccct attagagctc ttgccttege agactgtceca tgctaaatta geggtgtcege 780
tatttttcetg ccattttttc cgtaccgcaa ctcagcattt ctcactaatt gcgacagcac 840
actctecccca atgcteggaa atcgcatteg cactcgcace cactegcacyg gtgatttcce 900
actatataag cgccggattt ttctccatge atgegggece gatttttcag cttetectga 960

cttttctetg gttgtaatce tttctacttt tgccccecece aaacagccaa ttgggatcta 1020

ccttttecatt tagaaccacc tacatacccce tacact 1056

<210> SEQ ID NO 25

<211> LENGTH: 337

<212> TYPE: PRT

<213> ORGANISM: Zymomonas mobilis

<220> FEATURE:

<223> OTHER INFORMATION: alcohol dehydrogenase (ADH1)

<400> SEQUENCE: 25
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-continued

Met Lys Ala Ala Val Ile Thr Lys Asp His Thr Ile Glu Val Lys Asp
1 5 10 15

Thr Lys Leu Arg Pro Leu Lys Tyr Gly Glu Ala Leu Leu Glu Met Glu
20 25 30

Tyr Cys Gly Val Cys His Thr Asp Leu His Val Lys Asn Gly Asp Phe
35 40 45

Gly Asp Glu Thr Gly Arg Ile Thr Gly His Glu Gly Ile Gly Ile Val

Lys Gln Val Gly Glu Gly Val Thr Ser Leu Lys Val Gly Asp Arg Ala
65 70 75 80

Ser Val Ala Trp Phe Phe Lys Gly Cys Gly His Cys Glu Tyr Cys Val
85 90 95

Ser Gly Asn Glu Thr Leu Cys Arg Asn Val Glu Asn Ala Gly Tyr Thr
100 105 110

Val Asp Gly Ala Met Ala Glu Glu Cys Ile Val Val Ala Asp Tyr Ser
115 120 125

Val Lys Val Pro Asp Gly Leu Asp Pro Ala Val Ala Ser Ser Ile Thr
130 135 140

Cys Ala Gly Val Thr Thr Tyr Lys Ala Val Lys Val Ser Gln Ile Gln
145 150 155 160

Pro Gly Gln Trp Leu Ala Ile Tyr Gly Leu Gly Gly Leu Gly Asn Leu
165 170 175

Ala Leu Gln Tyr Ala Lys Asn Val Phe Asn Ala Lys Val Ile Ala Ile
180 185 190

Asp Val Asn Asp Glu Gln Leu Ala Phe Ala Lys Glu Leu Gly Ala Asp
195 200 205

Met Val Ile Asn Pro Lys Asn Glu Asp Ala Ala Lys Ile Ile Gln Glu
210 215 220

Lys Val Gly Gly Ala His Ala Thr Val Val Thr Ala Val Ala Lys Ser
225 230 235 240

Ala Phe Asn Ser Ala Val Glu Ala Ile Arg Ala Gly Gly Arg Val Val
245 250 255

Ala Val Gly Leu Pro Pro Glu Lys Met Asp Leu Ser Ile Pro Arg Leu
260 265 270

Val Leu Asp Gly Ile Glu Val Leu Gly Ser Leu Val Gly Thr Arg Glu
275 280 285

Asp Leu Lys Glu Ala Phe Gln Phe Ala Ala Glu Gly Lys Val Lys Pro
290 295 300

Lys Val Thr Lys Arg Lys Val Glu Glu Ile Asn Gln Ile Phe Asp Glu
305 310 315 320

Met Glu His Gly Lys Phe Thr Gly Arg Met Val Val Asp Phe Thr His
325 330 335

<210> SEQ ID NO 26

<211> LENGTH: 738

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

< 220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL1

<400> SEQUENCE: 26
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-continued

Met Thr Ala Phe Asp Ile Glu Gly Ile Leu Ser Gln Leu Thr Leu Glu
1 5 10 15

Glu Lys Val Gly Leu Leu Ala Gly Ile Asp Phe Trp His Thr Tyr Ala
20 25 30

Val Asp Arg Leu Asp Ile Pro Ser Leu Arg Phe Ser Asp Gly Pro Asn
35 40 45

Gly Val Arg Gly Thr Lys Phe Phe Asp Ala Ile Pro Ser Ala Cys Phe
Pro Cys Gly Thr Ala Leu Ala Ala Thr Phe Asp Lys Gln Leu Leu Arg
65 70 75 80

Asp Thr Gly Lys Leu Met Gly Val Glu Ala Lys Ala Lys Gly Ala His
85 90 95

Val Ile Leu Gly Pro Thr Met Asn Ile Gln Arg Gly Pro Leu Gly Gly
100 105 110

Arg Gly Phe Glu Ser Phe Ser Glu Asp Pro His Leu Ser Gly His Ala
115 120 125

Ala Ala Ala Ile Val Asn Gly Ile Gln Glu Glu Gly Ile Ala Ala Thr
130 135 140

Val Lys His Phe Val Cys Asn Asp Leu Glu Asp Glu Arg Asn Ser Ser
145 150 155 160

Asn Ser Ile Leu Ser Met Arg Ala Leu Arg Glu Ile Tyr Leu Glu Pro
165 170 175

Phe Arg Ile Ala Ile Lys His Ala Asn Pro Lys Ala Leu Met Thr Gly
180 185 190

Tyr Asn Lys Val Asn Gly Glu His Val Ser Gln Ser Glu Ser Ile Ile
195 200 205

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

Asp Trp Tyr Gly Thr Tyr Thr Ser Asp Thr Ala Ile Arg Ala Gly Leu
225 230 235 240

Asp Ile Glu Met Pro Gly Pro Thr Lys Phe Arg Ser Leu Ser Glu Ile
245 250 255

Leu His Met Val Val Ser Lys Glu Leu His Ile Lys His Ile Asn Asp
260 265 270

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

Val Pro Gln Asn Ala Pro Glu Gly Thr Ser Asn Asn Ser Ala Glu Thr
290 295 300

Ser Ala Lys Leu Arg Lys Ile Ala Leu Asp Ser Ile Val Leu Leu Lys
305 310 315 320

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

Gly Pro Asn Ala Lys Phe Ala Ala Tyr Cys Gly Gly Gly Ser Ala Ser
340 345 350

Leu Ala Ser Tyr Tyr Thr Thr Thr Pro Tyr Ser Gly Ile Ala Ser Lys
355 360 365

Thr Thr Thr Pro Pro Lys Tyr Ser Val Gly Ala Thr Gly His Arg Leu
370 375 380

Leu Pro Asp Leu Ala Ser Gln Val Ile Asn Pro Ile Thr Gly Ser Val
385 390 395 400

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

Asn Leu Leu Asp Glu Tyr Asn Leu Ile Asp Thr Arg Val Asn Leu Phe
420 425 430

Asp Tyr Ile Ser Thr Ser Arg Ala Arg Asn Glu Pro Phe Tyr Ile Asp
435 440 445

Phe Glu Gly Asp Phe Val Pro Glu Glu Thr Ala Ser Tyr Arg Phe Gly
450 455 460

Leu Ala Val Phe Gly Thr Ala Asp Leu Tyr Val Asp Asn Lys Leu Val
465 470 475 480

Ile Asp Asn Ser Thr Asn Gln Lys Lys Asp Glu His Phe Val Gly Ser
485 490 495

Gly Thr Arg Glu Glu His Gly Val Ile Gln Leu Glu Lys Gly Lys Asn
500 505 510

Tyr Arg Ile Arg Val Glu Phe Gly Ser Ala His Thr Tyr Thr Phe Ser
515 520 525

Asp Pro Asn Ala Glu Phe His Gly Gly Gly Ser Leu Lys Ile Gly Cys
530 535 540

Ile Lys Val Val Glu Pro Glu Glu Glu Ile Arg Arg Ala Ile Glu Ile
545 550 555 560

Ala Lys Thr Val Asp Gln Val Val Leu Cys Ile Gly Leu Asn Leu Glu
565 570 575

Trp Glu Ser Glu Gly Tyr Asp Arg Pro Asp Met Glu Leu Ile Gly Leu
580 585 590

Gln Asn Lys Leu Val Glu Glu Ile Ile Lys Ala Asn Pro Asn Thr Ile
595 600 605

Ile Val Asn Gln Ser Gly Thr Pro Val Glu Met Pro Trp Leu Pro Lys
610 615 620

Ala Lys Ala Val Val Gln Ala Trp Phe Gly Gly Thr Glu Gly Gly Asn
625 630 635 640

Ala Ile Ala Asp Val Leu Phe Gly Asp Val Asn Pro Ser Gly Lys Leu
645 650 655

Ser Leu Ser Phe Pro Phe Lys Asn Phe Asp Asn Pro Ala Tyr Leu Asn
660 665 670

Phe Thr Thr Asp Asn Gly Arg Val Leu Tyr Gly Glu Asp Ile Phe Val
675 680 685

Gly Tyr Arg Tyr Tyr Glu Lys Leu Asn Arg Glu Val Ala Tyr Pro Phe
690 695 700

Gly Phe Gly Leu Ser Tyr Thr Ser Phe Lys Ile Gly Asp Leu Lys Val
705 710 715 720

Gln Val Leu Asp Gln Asp Asn Ile Glu Ile Ser Val Asn Ile Lys Asn
725 730 735

Thr Gly

<210> SEQ ID NO 27

<211> LENGTH: 851

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL2

<400> SEQUENCE: 27

Met Thr Pro Ser Val Lys Gln Pro Val Pro Lys Glu Leu Asp Ile Glu
1 5 10 15
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Tyr Leu Ile Glu Gln Leu Thr Ile Glu Glu Lys Val Ser Leu Leu Ala
20 25 30

Gly Lys Asp Phe Trp His Thr Gln Asn Ile Asp Arg Leu Asn Ile Pro
35 40 45

Ser Val Arg Val Ser Asp Gly Pro Asn Gly Ile Arg Gly Thr Lys Phe
50 55 60

Phe Asn Ser Val Pro Ser Asn Cys Phe Pro Cys Gly Thr Gly Leu Ala
65 70 75 80

Ala Thr Phe Asn Lys Glu Val Leu Leu Gln Ala Gly Glu Leu Met Gly
85 90 95

Lys Glu Ala Lys Met Lys Gly Ala His Val Ile Leu Gly Pro Thr Cys
100 105 110

Asn Ile Val Arg Ser Pro Leu Gly Gly Arg Ala Phe Glu Ser Tyr Ser
115 120 125

Glu Asp Pro Val Leu Ser Gly His Ala Ala Ala Asn Val Val Lys Gly
130 135 140

Ile Gln Asn Gln Asn Val Val Ala Cys Leu Lys His Phe Val Ala Asn
145 150 155 160

Asp Gln Glu His Glu Arg Lys Ala Val Asp Glu Ile Met Thr Glu Arg
165 170 175

Ala Leu Arg Glu Ile Tyr Leu Lys Pro Phe His Ile Ala Met Arg Asp
180 185 190

Ala Tyr Pro Lys Ala Leu Met Thr Ala Tyr Asn Lys Ile Asn Gly Val
195 200 205

His Val Ser Gln Asn Lys Lys Ile Leu Gln Asp Leu Leu Arg Gly Glu
210 215 220

Trp Gly Tyr Thr Gly Thr Val Met Ser Asp Trp His Gly Val Tyr Ser
225 230 235 240

Thr Lys Glu Ser Leu Asp Ala Gly Leu Asn Leu Glu Met Pro Gly Pro
245 250 255

Thr Arg Phe Arg Gln Gln Val Pro Thr Leu His Ala Ile Gln Thr Asn
260 265 270

Glu Ile His Thr Asp Val Ile Asp Asp Asn Ala Arg Ala Ile Leu Arg
275 280 285

Leu Val Asn Glu Ser Leu Lys Ala Gly Ile Pro Asp Asp Val Ile Glu
290 295 300

Ser Pro Asn Pro Thr Lys Glu Ala Ser Asp Leu Leu Arg Lys Ala Gly
305 310 315 320

Asp Glu Ser Ile Val Leu Leu Lys Asn Glu Asn Asn Ile Leu Pro Leu
325 330 335

Ser Lys Thr Ala Val Lys Gly Gln Glu Lys Ile Ala Val Ile Gly Pro
340 345 350

Asn Ala Lys Ala Ala Gln Asp Ser Gly Gly Gly Ser Ala Ser Leu Asn
355 360 365

Ala Ala Tyr Lys Ile Thr Pro Tyr Glu Gly Ile Glu Ser Lys Ile Ile
370 375 380

Glu Gly Gly Asn Ser Val Ser Leu Asp Tyr Ser Leu Gly Ala Phe Leu
385 390 395 400

Asp Arg Asn Leu Pro Asp Val Gly Asn Thr Leu Ile Asn Glu Glu Gly
405 410 415
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Lys Lys Gly Ile Thr Ala Lys Phe Tyr Lys Gln Ala Pro Gly Ala Ala
420 425 430

Asp Arg Glu His Phe Glu Thr Phe Thr Leu Ser Thr Ser Lys Ile Phe
435 440 445

Leu Ser Asp Tyr Lys Ser Lys His Leu Lys Pro Gly Gln Leu Leu Phe
450 455 460

Tyr Ala Asp Phe His Gly Ile Tyr Ile Pro Asp Glu Thr Gly Asp Tyr
465 470 475 480

Glu Phe Gly Ala Ser Cys Leu Gly Thr Ala Gln Leu Phe Val Asp Asp
485 490 495

Glu Leu Val Val Asp Asn Lys Thr Lys Gln Val Lys Gly Asp Ala Phe
500 505 510

Phe Leu Gly Leu Gly Thr Arg Glu Glu Arg Gly Val Lys Lys Leu Glu
515 520 525

Lys Gly Lys Lys Tyr Asn Ile Arg Val Glu Phe Gly Ser Ser Pro Thr
530 535 540

Phe Thr Leu Asn Lys Ala Ala Leu Glu Gly Gly Gly Val Phe Phe Gly
545 550 555 560

Ile Arg Met Ile Ser Thr Ala Glu Ala Ala Ile Ala Lys Ala Val Ala
565 570 575

Val Ala Lys Glu Ala Asp Lys Val Ile Leu Val Val Gly Ile Ser Lys
580 585 590

Glu Trp Glu Ser Glu Gly Phe Asp Arg Pro Thr Met Asp Ile Pro Gly
595 600 605

Ala Thr Asn Glu Leu Val Asp Ala Ile Thr Ala Val Asn Lys Asn Val
610 615 620

Ile Val Val Asn Gln Ser Gly Ser Pro Val Thr Leu Pro Trp Ile Asn
625 630 635 640

Lys Val Gln Gly Phe Val Gln Ala Trp Tyr Gly Gly Asn Glu Leu Gly
645 650 655

Asn Thr Ile Ala Asp Val Leu Phe Gly Asp Tyr Asn Pro Ser Gly Lys
660 665 670

Leu Ser Met Thr Phe Pro Lys Arg Leu Gln Asp Asn Pro Ser Tyr Leu
675 680 685

Asn Phe Ala Ser Thr His Gly Gln Val Leu Tyr Gly Glu Asp Ile Tyr
690 695 700

Val Gly Tyr Arg Tyr Tyr Glu Lys Val Gly Val Glu Pro Leu Phe Pro
705 710 715 720

Phe Gly Tyr Gly Leu Ser Tyr Thr Thr Phe Glu Leu Lys Asp Leu Val
725 730 735

Val Glu Tyr Asp Gln Glu Ile Ile Asn Ala Lys Val Ser Val Val Asn
740 745 750

Thr Gly Lys Val Asp Gly Ala Glu Val Val Gln Leu Tyr Val Ser Gln
755 760 765

Val Asn Pro Ser Ile Asn Arg Pro Val Lys Glu Leu Lys Asp Phe Gly
770 775 780

Lys Val Phe Val Lys Ala Gly Glu Thr Lys Thr Leu Glu Leu Ser Val
785 790 795 800

Ser Val Lys Glu Ala Thr Ser Phe Trp Asn Gly Tyr Lys Asn Lys Trp
805 810 815

Gln Ser Glu Lys Gly Lys Tyr Lys Ile Ser Val Gly Asn Ser Ser Asp
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820 825 830

Asn Ile Thr Leu Glu Asp Glu Phe Glu Thr Ser Lys Thr Tyr Phe Trp
835 840 845

Leu Gly Leu
850

<210> SEQ ID NO 28

<211> LENGTH: 738

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL3

<400> SEQUENCE: 28

Met Thr Ala Phe Asp Ile Glu Gly Ile Leu Ser Gln Leu Thr Leu Glu
1 5 10 15

Glu Lys Ile Gly Leu Leu Ala Gly Ile Asp Phe Trp His Thr Tyr Ala
20 25 30

Val Asp Arg Leu Asp Ile Pro Ser Leu Arg Phe Ser Asp Gly Pro Asn
35 40 45

Gly Val Arg Gly Thr Lys Phe Phe Asp Ala Ile Pro Ser Ala Cys Phe
50 55 60

Pro Cys Gly Thr Ala Leu Ala Ala Thr Phe Asp Lys Gln Leu Leu Arg
65 70 75 80

Asp Thr Gly Lys Leu Met Gly Val Glu Ala Lys Ala Lys Gly Ala His
85 90 95

Val Ile Leu Gly Pro Thr Met Asn Ile Gln Arg Gly Pro Leu Gly Gly
100 105 110

Arg Gly Phe Glu Ser Phe Ser Glu Asp Pro His Leu Ser Gly His Ala
115 120 125

Ala Ala Ala Ile Val Asn Gly Ile Gln Glu Glu Gly Ile Ala Ala Thr
130 135 140

Val Lys His Phe Val Cys Asn Asp Leu Glu Asp Glu Arg Asn Ser Ser
145 150 155 160

Asn Ser Ile Leu Ser Met Arg Ala Leu Arg Glu Ile Tyr Leu Glu Pro
165 170 175

Phe Arg Ile Ala Ile Lys His Ala Asn Pro Lys Ala Leu Met Thr Gly
180 185 190

Tyr Asn Lys Val Asn Gly Glu His Val Ser Gln Ser Glu Ser Ile Ile
195 200 205

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

Asp Trp Tyr Gly Thr Tyr Thr Ser Asp Thr Ala Ile Arg Ala Gly Leu
225 230 235 240

Asp Ile Glu Met Pro Gly Pro Thr Lys Phe Arg Ser Leu Ser Glu Ile
245 250 255

Leu His Met Val Ala Ser Lys Glu Leu His Ile Lys His Ile Asn Asp
260 265 270

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

Val Pro Gln Asn Ala Pro Glu Gly Thr Ser Asn Asn Ser Ala Glu Thr
290 295 300

Ser Ala Lys Leu Arg Lys Ile Ala Leu Asp Ser Ile Val Leu Leu Lys
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305 310 315 320

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

Gly Pro Asn Ala Lys Phe Ala Ala Tyr Cys Gly Gly Gly Ser Ala Ser
340 345 350

Leu Ala Ser Tyr Tyr Thr Thr Thr Pro Tyr Ser Gly Ile Ala Ser Lys
355 360 365

Thr Thr Thr Pro Pro Lys Tyr Ser Val Gly Ala Thr Gly His Arg Leu
370 375 380

Leu Pro Asp Leu Ala Ser Gln Val Ile Asn Pro Ser Thr Gly Ser Val
385 390 395 400

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

Asn Leu Leu Asp Glu Tyr Asn Leu Ile Asp Thr Arg Val Asn Leu Phe
420 425 430

Asp Tyr Ile Ser Thr Ser Arg Ala Arg Asn Glu Pro Phe Tyr Ile Asp
435 440 445

Phe Glu Gly Asp Phe Val Pro Glu Glu Thr Ala Ser Tyr Lys Phe Gly
450 455 460

Leu Ala Val Phe Gly Thr Ala Asp Leu Tyr Val Asp Asn Lys Leu Val
465 470 475 480

Ile Asp Asn Ser Thr Asn Gln Lys Lys Asp Glu His Phe Val Gly Ser
485 490 495

Gly Thr Arg Glu Glu His Gly Val Ile Gln Leu Glu Lys Gly Lys Asn
500 505 510

Tyr Arg Ile Arg Val Glu Phe Gly Ser Ala His Thr Tyr Thr Phe Ser
515 520 525

Asp Pro Asn Ala Glu Phe His Gly Gly Gly Ser Leu Lys Ile Gly Cys
530 535 540

Ile Lys Val Val Glu Pro Glu Glu Glu Ile Arg Arg Ala Ile Glu Ile
545 550 555 560

Ala Lys Thr Val Asp Gln Val Val Leu Cys Ile Gly Leu Asn Leu Glu
565 570 575

Trp Glu Ser Glu Gly Tyr Asp Arg Pro Asp Met Glu Leu Ile Gly Leu
580 585 590

Gln Asn Lys Leu Val Glu Glu Ile Ile Lys Ala Asn Pro Asn Thr Val
595 600 605

Ile Val Asn Gln Ser Gly Thr Pro Val Glu Met Pro Trp Leu Pro Lys
610 615 620

Ala Lys Ala Val Val Gln Ala Trp Phe Gly Gly Thr Glu Gly Gly Asn
625 630 635 640

Ala Ile Ala Asp Val Leu Phe Gly Asp Val Asn Pro Ser Gly Lys Leu
645 650 655

Ser Leu Ser Phe Pro Phe Lys Asn Ile Asp Asn Pro Ala Tyr Leu Asn
660 665 670

Phe Thr Thr Asp Asn Gly Arg Val Leu Tyr Gly Glu Asp Ile Phe Val
675 680 685

Gly Tyr Arg Tyr Tyr Glu Lys Leu Asn Arg Glu Val Ala Tyr Pro Phe
690 695 700

Gly Phe Gly Leu Ser Tyr Thr Ser Phe Lys Ile Gly Asp Leu Lys Val
705 710 715 720
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Gln Gly Leu Asp Gln Asp Asn Ile Glu Ile Ser Val Asn Ile Lys Asn
725 730 735

Thr Gly

<210> SEQ ID NO 29

<211> LENGTH: 814

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL4

<400> SEQUENCE: 29

Met Ser Ile Pro Glu Lys Val Asn Leu Thr Thr Gly Thr Gly Trp Gly
1 5 10 15

Ser Gly Pro Cys Ile Gly Asn Thr Gly Ser Val Pro Arg Leu Gly Ile
20 25 30

Pro Asn Leu Cys Leu Gln His Gly Pro Asn Gly Val Arg Phe Thr Asp
35 40 45

Phe Val Thr His Phe Pro Ser Ala Leu Ala Ala Gly Ala Thr Phe Asn
50 55 60

Lys Gly Leu Ile Tyr Leu Arg Gly Lys Ala Ile Gly Arg Glu His Lys
65 70 75 80

Lys Lys Gly Val His Ile Ala Leu Gly Pro Val Val Gly Pro Ile Gly
Leu Lys Ala Ala Gly Gly Arg Asn Trp Glu Ser Phe Gly Ala Asp Pro
100 105 110

Tyr Leu Gln Gly Val Cys Gly Ala Ala Thr Val Glu Gly Ile Gln Asp
115 120 125

Glu Gly Val Val Ala Val Ala Arg His Leu Val Gly Asn Glu Gln Glu
130 135 140

His Phe Arg Gln Val Gly Glu Trp Asp Glu Asn Gly Trp Glu His Leu
145 150 155 160

Glu Thr Ser Ile Ser Ser Asn Ile Gly Asp Arg Ala Met His Glu Leu
165 170 175

Tyr Leu Trp Pro Phe Ala Asn Ala Val Arg Ala Gly Val Gly Gly Val
180 185 190

Met Cys Ala Tyr Asn Gln Val Asn Gly Thr Tyr Ser Cys Glu Asn Ser
195 200 205

Tyr Leu Leu Asn Asn Leu Leu Lys Glu Glu Leu Gly Phe Gln Gly Phe
210 215 220

Val Val Ser Asp Trp Gly Ala Gln His Thr Gly Val Tyr Ser Ser Leu
225 230 235 240

Ala Gly Leu Asp Met Thr Met Pro Gly Glu Val Phe Asp Asp Trp Leu
245 250 255

Thr Gly Lys Ser Asn Trp Gly Pro Leu Leu Thr Arg Ala Val Tyr Asn
260 265 270

Gly Thr Leu Ser Gln Glu Arg Leu Asn Asp Met Val Met Arg Ile Leu
275 280 285

Ala Pro Phe Phe Ala Ala Asp Thr Ile Thr Leu Pro Ser Glu Asn Asp
290 295 300

Val Pro Asn Phe Ser Ser Trp Thr Phe His Thr Tyr Gly Gln Glu Tyr
305 310 315 320
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Met Tyr Gln His Tyr Gly Pro Ile Val Gln Gln Asn Trp His Val Glu
325 330 335

Ala Arg Ser Asn Phe Ser Asp Asn Thr Ala Leu Asn Thr Ala Arg Glu
340 345 350

Ala Ile Val Leu Leu Lys Asn Pro Gly His Asn Leu Pro Ile Ala Lys
355 360 365

Val Asp Gly Val Arg Arg Ile Phe Ile Ala Gly Ile Gly Ala Gly Val
370 375 380

Asp Pro Arg Gly Phe Asn Cys Lys Asp Gln Arg Cys Val Asp Gly Val
385 390 395 400

Leu Thr Ser Gly Trp Gly Ser Ser Ala Leu Asn Asn Pro Phe Val Ile
405 410 415

Thr Pro Tyr Glu Ala Ile Ala Lys Lys Ala Arg Asp Gln Gly Met Leu
420 425 430

Val Asp Phe Ser Asn Asp Val Trp Glu Leu Asp His Val Glu Glu Leu
435 440 445

Ala Asp Tyr Ser Asp Met Ser Ile Val Val Val Gly Ala Ser Ser Gly
450 455 460

Glu Gly Tyr Ile Glu Val Asp Asn Asn Phe Gly Asp Arg Lys Asn Leu
465 470 475 480

Ser Leu Trp His Asn Gly Asp Gln Leu Ile Glu Ser Ile Ala Glu Lys
485 490 495

Cys Lys Lys Thr Val Val Val Val Asn Ser Val Gly Pro Val Asn Leu
500 505 510

Glu Lys Trp Ile Glu Asn Asp Asn Val Val Ala Val Ile Tyr Val Pro
515 520 525

Pro Leu Gly Gln Phe Val Gly Gln Ala Ile Ala Glu Val Leu Phe Gly
530 535 540

Glu Val Asn Pro Ser Gly Lys Leu Pro Phe Thr Ile Ala Arg Lys Lys
545 550 555 560

Gln His Tyr Val Pro Ile Ile Asp Glu Leu Gly Asp Asp Arg Ser Pro
565 570 575

Gln Asp Asn Phe Asp Arg Asp Ile Tyr Leu Asp Tyr Arg Phe Phe Asp
580 585 590

Lys His Asn Ile Lys Pro Arg Tyr Glu Phe Gly Tyr Gly Leu Ser Tyr
595 600 605

Ser Ser Phe Leu Val Cys Asp Leu Lys Ile Lys Glu Ile Lys Ala Pro
610 615 620

Leu Glu Tyr Leu Pro Tyr Pro Glu Glu Tyr Leu Pro Ile Tyr Lys Thr
625 630 635 640

Cys Glu Asp Asp Ile Cys Asp Pro Glu Asp Ala Leu Phe Pro His Asp
645 650 655

Glu Phe Asp Pro Val Pro Gly Tyr Ile Tyr Pro Tyr Leu Tyr Asn Glu
660 665 670

Asn Val Arg Thr Leu Glu Asp Asp Ser His Phe Asp Tyr Pro His Gly
675 680 685

Tyr His Pro Glu Gln Asn Ser Val Pro Pro Leu Ser Gly Gly Gly Leu
690 695 700

Gly Gly Asn Pro Glu Leu Trp Gln Thr Leu Tyr Glu Val Asp Ala Glu
705 710 715 720

Val Lys Asn Asp Gly Lys Tyr Arg Gly Ala Tyr Val Leu Gln Leu Tyr
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725 730 735

Leu Glu Leu Pro Ser Thr Ile Leu Pro Ser Pro Pro Arg Ile Leu Arg
740 745 750

Gly Phe Glu Lys Val Phe Leu Glu Pro Gly Glu Thr Ala Arg Val Ser
755 760 765

Phe Lys Leu Leu His Arg Asp Leu Ser Val Trp Asp Thr Tyr Ser Gln
770 775 780

Gln Trp Ile Ile Gln Thr Gly Thr Tyr Lys Val Tyr Leu Ser Ser Ser
785 790 795 800

Ser Arg Lys Val Glu Leu Ser Gly Glu Ile Asp Ile Gly Cys
805 810

<210> SEQ ID NO 30

<211> LENGTH: 843

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL5

<400> SEQUENCE: 30

Met Gly Val Gln Glu Leu Asp Val Glu Arg Leu Ile Glu Glu Leu Thr
1 5 10 15

Ile Pro Glu Lys Ile Ser Leu Leu Ala Gly Lys Asp Phe Trp His Thr
20 25 30

Val Pro Ile Glu Arg Leu Asn Ile Pro Ser Ile Arg Val Ser Asp Gly
Pro Asn Gly Ile Arg Gly Thr Lys Phe Phe Asn Ser Val Pro Ser Asn
50 55 60

Cys Phe Pro Cys Gly Thr Gly Leu Ala Ala Thr Phe Asn Lys Asp Leu
65 70 75 80

Trp Val Glu Ala Gly Glu Leu Met Gly Lys Glu Ala Lys Met Lys Gly
85 90 95

Ala His Val Ile Leu Gly Pro Thr Ser Asn Ile Val Arg Ser Pro Leu
100 105 110

Gly Gly Arg Ala Phe Glu Ser Tyr Ser Glu Asp Pro Leu Leu Ser Gly
115 120 125

His Ala Ala Ala Asn Ile Ile Lys Gly Ile Gln Asn Glu Asn Val Val
130 135 140

Ala Cys Leu Lys His Phe Val Cys Asn Asp Gln Glu Asp Asp Arg Arg
145 150 155 160

Gly Val Asp Thr Leu Leu Thr Thr Arg Ala Phe Arg Glu Ile Tyr Leu
165 170 175

Lys Pro Phe His Ile Ala Leu Arg Asp Ala Asp Pro Gly Ala Leu Met
180 185 190

Thr Ala Tyr Asn Lys Ile Asn Gly Ile His Val Ser Glu Ser Lys Glu
195 200 205

Ile Leu Gln Gly Ile Leu Arg Asp Glu Tyr Lys Tyr Glu Gly Ala Thr
210 215 220

Met Ser Asp Trp Phe Gly Ile Tyr Ser Thr Lys Thr Ala Leu Glu Ala
225 230 235 240

Gly Leu Asn Leu Glu Met Pro Gly Pro Thr Arg Phe Arg Leu Pro Ile
245 250 255

Gln Thr Leu His Glu Val Gln Ala Asn Arg Ile His Thr Lys Thr Ile
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260 265 270

Asp Asp Asn Val Arg Tyr Val Leu Lys Leu Ile Asn Arg Ala Leu Lys
275 280 285

Ala Asp Ile Pro His Asp Val Val Glu Ser Ala Asn Glu Asp Pro Ala
290 295 300

Ala Ser Glu Ile Leu Arg Lys Val Gly Asp Glu Ser Ile Val Leu Leu
305 310 315 320

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

Gln Glu Lys Ile Ala Val Ile Gly Pro Asn Ala Lys Ala Ala Gln Asp
340 345 350

Ser Gly Gly Gly Ser Ala Ser Leu Thr Ala Arg Tyr Lys Val Thr Pro
355 360 365

Trp Glu Gly Ile Lys Lys Lys Ile Glu Glu Gly Gly Asn Thr Val Ser
370 375 380

Leu Glu Tyr Ser Leu Gly Ala Phe Leu Asp Lys Asn Leu Pro Asp Val
385 390 395 400

Ala Asp Ile Leu Glu Asn Glu Lys Gly Glu Lys Gly Val Thr Ala Lys
405 410 415

Phe Phe Lys Asn Ala Pro Gly Thr Lys Asp Arg Gln Gln Phe Ala Glu
420 425 430

Tyr Leu Leu Pro Thr Ser Lys Leu Phe Leu Ser Asp Phe Thr Asp Pro
435 440 445

Gly Leu Glu Leu Gly Glu Leu Leu Phe Tyr Ala Asp Phe Glu Gly Tyr
450 455 460

Phe Thr Pro Glu Glu Thr Ala Asp Tyr Asp Phe Gly Ala Ser Cys Leu
465 470 475 480

Gly Thr Ala Gln Val Phe Val Asp Gly Lys Leu Val Ala Asp Asn Lys
485 490 495

Thr Lys Gln Thr Lys Gly Asp Ala Phe Phe Leu Gly Leu Gly Thr Arg
500 505 510

Glu Glu Arg Gly Thr Val His Leu Glu Lys Gly Lys Lys Tyr His Val
515 520 525

Lys Cys Glu Phe Gly Thr Ser Pro Thr Tyr Thr Leu Glu Ala Ser Gln
530 535 540

Glu Ile Gly Gly Val Phe Phe Gly Phe Arg Ile Asn Ser Pro Ala Glu
545 550 555 560

Ile Glu Ile Thr Lys Ala Val Glu Leu Ala Lys Ser Val Asp Lys Val
565 570 575

Val Leu Val Val Gly Leu Ser Lys Glu Trp Glu Ser Glu Gly Phe Asp
580 585 590

Arg Pro Asp Met Asp Ile Pro Gly Ala Thr Asn Gln Leu Ile Glu Glu
595 600 605

Val Leu Lys Val Asn Lys Asn Val Val Val Val Asn Gln Ser Gly Ser
610 615 620

Pro Val Thr Met Pro Trp Val Asp Gln Val Pro Ala Leu Val His Ala
625 630 635 640

Trp Tyr Gly Gly Asn Glu Leu Gly Asn Thr Ile Ala Asp Val Leu Phe
645 650 655

Gly Asp Val Asn Pro Ser Gly Lys Leu Ser Met Ser Phe Pro Lys Lys
660 665 670
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Leu Glu Asp Asn Pro Ser Tyr Leu Asn Phe Gly Ser Ile Asn Gly Gln
675 680 685

Val Trp Tyr Gly Glu Asp Ile Phe Val Gly Tyr Arg Tyr Tyr Glu Lys
690 695 700

Val Lys Lys Asp Val Leu Phe Pro Phe Gly Phe Gly Leu Ser Tyr Thr
705 710 715 720

Thr Phe Asp Phe Lys Asp Leu Ser Val Ala Ala Asp Asp Glu Asn Val
725 730 735

Thr Val Ser Val Lys Val Thr Asn Thr Gly Ser Val Asp Gly Ser Glu
740 745 750

Thr Val Gln Val Tyr Ile Glu Gln Ser Asn Pro Ser Ile Ile Arg Pro
755 760 765

Val Lys Glu Leu Lys Asp Phe Gly Lys Val Phe Leu Lys Ala Gly Glu
770 775 780

Thr Lys Ser Val Glu Val Lys Ile Ser Ile Lys Glu Ala Thr Ser Tyr
785 790 795 800

Trp Asn Gly Tyr Gln Asp Lys Trp Gln Ser Glu Lys Asp Thr Tyr Lys
805 810 815

Val Leu Val Gly Asn Ser Ser Asp Asn Ile Ile Leu Glu Gly Lys Phe
820 825 830

Ala Thr Ser Lys Thr Phe Tyr Trp Leu Gly Leu
835 840

<210> SEQ ID NO 31

<211> LENGTH: 843

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL6

<400> SEQUENCE: 31

Met Gly Ala Gln Glu Leu Asp Ile Glu Tyr Leu Ile Lys Glu Leu Thr
1 5 10 15

Leu Pro Glu Lys Ile Ser Leu Leu Ala Gly Lys Asp Phe Trp His Thr
20 25 30

Phe Pro Ile Glu Arg Leu Asn Ile Pro Ser Ile Arg Val Ser Asp Gly
35 40 45

Pro Asn Gly Ile Arg Gly Thr Lys Phe Phe Asn Ser Val Pro Ser Asn
50 55 60

Cys Phe Pro Cys Gly Thr Gly Leu Ala Ala Thr Phe Asn Lys Asp Leu
65 70 75 80

Trp Val Glu Ala Gly Glu Leu Met Gly Lys Glu Ala Lys Met Lys Gly
85 90 95

Ala His Val Ile Leu Gly Pro Thr Ser Asn Ile Val Arg Ser Pro Leu
100 105 110

Gly Gly Arg Ala Phe Glu Ser Tyr Ser Glu Asp Pro Leu Leu Ser Gly
115 120 125

His Ala Ala Ser Asn Ile Ile Lys Gly Ile Gln Asn Glu Asn Val Val
130 135 140

Ala Cys Leu Lys His Phe Val Cys Asn Asp Gln Glu Asp Asp Arg Arg
145 150 155 160

Gly Val Asp Thr Leu Leu Thr Asp Arg Ala Leu Arg Glu Ile Tyr Leu
165 170 175
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Lys Pro Phe Gln Ile Ala Leu Arg Asp Ser Glu Pro Gly Ala Leu Met
180 185 190

Thr Ser Tyr Asn Lys Ile Arg Gly Ile His Val Ser Glu Ser Lys Glu
195 200 205

Leu Met Gln Asp Ile Leu Arg Asp Glu Tyr Lys Tyr Glu Gly Thr Thr
210 215 220

Met Ser Asp Trp Leu Gly Thr Asn Ser Thr Lys Ala Ala Leu Asp Ala
225 230 235 240

Gly Val Asn Leu Glu Met Pro Gly Pro Ala Arg Phe Arg Thr Gln Leu
245 250 255

Gln Val Thr His Glu Ile Gln Ser Lys Arg Ile His Ala Gln Thr Ile
260 265 270

Asp Asp Asn Val Arg Gly Val Leu Lys Leu Ile Asn Arg Ala Leu Lys
275 280 285

Ala Gly Ile Pro Asp Asp Val Val Glu Ser Ala Asn Glu Asp Pro Ala
290 295 300

Ser Ser Glu Leu Leu Arg Lys Val Gly Asp Glu Ser Ile Val Leu Leu
305 310 315 320

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

Gln Glu Lys Ile Ala Val Ile Gly Pro Asn Val Lys Ala Ala Gln Asp
340 345 350

Ser Gly Gly Gly Ser Ala Ser Leu Thr Ala Arg Tyr Lys Val Thr Pro
355 360 365

Trp Glu Gly Ile Lys Lys Lys Ile Glu Glu Gly Gly Asn Thr Val Ser
370 375 380

Leu Glu Tyr Ser Leu Gly Ala Phe Leu Asp Lys Asn Met Pro Asp Val
385 390 395 400

Gly Asp Ile Leu Glu Asn Asp Lys Gly Glu Lys Gly Val Thr Ala Lys
405 410 415

Phe Tyr Lys Thr Ala Pro Gly Thr Lys Asp Arg Gln Gln Phe Ala Glu
420 425 430

Arg Phe Leu Pro Thr Thr Lys Leu Cys Leu Phe Asp Phe Lys Asp Pro
435 440 445

Glu Leu Ala Pro Gly Glu Val Leu Phe Tyr Ala Asp Phe Glu Gly Tyr
450 455 460

Phe Thr Pro Glu Glu Thr Ala Asp Tyr Glu Phe Gly Ala Ser Val Met
465 470 475 480

Gly Thr Ala Gln Val Phe Val Asp Gly Lys Leu Val Val Asp Asn Lys
485 490 495

Thr Lys Gln Thr Lys Gly Asp Ala Phe Phe Leu Ala Met Gly Thr Arg
500 505 510

Glu Glu Arg Gly Thr Val His Leu Glu Lys Gly Lys Lys Tyr His Val
515 520 525

Lys Cys Glu Phe Gly Thr Ala Pro Thr Tyr Thr Leu Asp Pro Thr Gln
530 535 540

Glu Ile Gly Gly Ala Phe Phe Gly Phe Arg Ile Asp Ser Pro Gln Glu
545 550 555 560

Thr Glu Leu Thr Lys Ala Ile Glu Leu Ala Lys Ser Val Asp Lys Val
565 570 575
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Ile Leu Val Val Gly Leu Ser Lys Glu Trp Glu Ser Glu Gly Phe Asp
580 585 590

Arg Ser Asp Met Asp Ile Pro Gly Ala Thr Asn Gln Leu Ile Glu Glu
595 600 605

Val Leu Lys Val Asn Lys Asn Val Val Ile Val Asn Gln Ser Gly Ser
610 615 620

Pro Val Thr Met Pro Trp Ala Glu Lys Val Pro Ala Leu Val His Ala
625 630 635 640

Trp Tyr Gly Gly Asn Glu Leu Gly Asn Thr Ile Ala Asp Val Leu Phe
645 650 655

Gly Asp Val Asn Pro Ser Gly Lys Leu Ser Met Ser Phe Pro Lys Lys
660 665 670

Leu Glu Asp Thr Pro Ser Tyr Leu Asn Tyr Gly Ser Ile Asn Gly Gln
675 680 685

Val Trp Tyr Gly Glu Asp Ile Phe Val Gly Tyr Arg Tyr Tyr Glu Lys
690 695 700

Val Lys Gln Asp Val Leu Phe Pro Phe Gly Phe Gly Leu Ser Tyr Thr
705 710 715 720

Thr Phe Asp Phe Lys Asp Leu Ser Val Ala Ala Asp Asp Glu Asn Val
725 730 735

Thr Val Ser Val Lys Val Thr Asn Thr Gly Ser Val Asp Gly Ser Glu
740 745 750

Thr Val Gln Val Tyr Ile Glu Gln Ser Asn Pro Ser Val Ile Arg Pro
755 760 765

Val Lys Glu Leu Lys Glu Phe Gly Lys Val Phe Leu Lys Ala Gly Glu
770 775 780

Thr Lys Ser Val Glu Val Lys Ile Ser Ile Lys Glu Ala Thr Ser Tyr
785 790 795 800

Trp Asn Gly Tyr Phe Ser Lys Trp Glu Ser Thr Lys Asp Thr Tyr Lys
805 810 815

Val Leu Val Gly Asn Ser Ser Asp Asn Ile Ile Val Glu Gly Glu Phe
820 825 830

Ala Thr Ser Lys Thr Phe Tyr Trp Leu Gly Leu
835 840

<210> SEQ ID NO 32

<211> LENGTH: 839

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: beta-glucosidase BGL7

<400> SEQUENCE: 32

Met Thr Ser Arg Arg Phe Asp Ile Glu Glu Val Leu Ala Glu Leu Thr
1 5 10 15

Leu Glu Glu Arg Ile Ser Leu Leu Ala Gly Leu Asp Phe Trp His Thr
20 25 30

Val Ser Val Pro Arg Val Gly Ile Pro Ser Leu Arg Phe Ser Asp Gly
35 40 45

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

Cys Phe Pro Cys Gly Thr Gly Leu Ala Ala Thr Phe Asp Lys Glu Leu
65 70 75 80
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Leu Phe Glu Ala Gly Gln Leu Met Gly Glu Glu Ala Lys His Lys Gly
85 90 95

Ala His Val Ile Leu Gly Pro Thr Met Asn Met Gln Arg Gly Pro Leu
100 105 110

Gly Gly Arg Gly Phe Glu Ser Phe Ser Glu Asp Pro His Leu Thr Gly
115 120 125

Gln Ala Ala Ser Ser Ile Ile Arg Gly Ile Gln Asp Lys Gly Ile Ala
130 135 140

Ala Thr Val Lys His Phe Val Cys Asn Asp Leu Glu Asp Gln Arg Asn
145 150 155 160

Ser Ser Asn Ser Ile Leu Thr Glu Arg Ala Leu Arg Glu Ile Tyr Leu
165 170 175

Glu Pro Phe Arg Leu Ala Ile Lys Tyr Ala Asn Pro Ile Cys Val Met
180 185 190

Thr Ser Tyr Asn Lys Val Asn Gly Glu His Val Ser Gln Ser Lys Arg
195 200 205

Leu Leu Glu Glu Val Leu Arg Gln Glu Trp Lys Trp Asp Gly Cys Ile
210 215 220

Met Ser Asp Trp Tyr Gly Val Tyr Thr Ala Asn Asn Ala Ile Glu Asn
225 230 235 240

Gly Leu Asp Leu Glu Met Pro Gly Pro Pro Asn Phe Arg Lys Leu Thr
245 250 255

Glu Ile Arg Ser Met Val Val Thr Lys Glu Leu His Ile Lys His Ile
260 265 270

Asp Glu Arg Val Arg Gly Val Leu Lys Leu Ile Lys Tyr Ala Leu Gln
275 280 285

Ser Gly Ile Pro Glu Asn Ala Pro Glu Asp Thr Leu Asn Asn Thr Pro
290 295 300

Glu Thr Arg Lys Leu Leu Arg Lys Leu Ala His Asp Ser Val Val Leu
305 310 315 320

Leu Lys Asn Glu Asp Asn Leu Leu Pro Leu Ser Lys Asp Glu Lys Ile
325 330 335

Val Val Ile Gly Pro Asn Ala Lys Tyr Ala Ala Tyr Cys Gly Gly Gly
340 345 350

Ser Ala Ser Leu Arg Ala Tyr Tyr Thr Thr Thr Pro Tyr Asp Ser Ile
355 360 365

Ala Ala Lys Thr Ser Thr Pro Ile Asp Tyr Thr Val Gly Ala Tyr Gly
370 375 380

His Arg Leu Leu Pro Gly Leu Ala Ala Asn Leu Val Asn Pro Ile Thr
385 390 395 400

Gly Lys Pro Gly Tyr Asn Cys Lys Phe Tyr Arg Glu Thr Val Gly Ser
405 410 415

Pro Glu Arg Thr Leu Ile Asp Glu Tyr Asn Leu Asp Ile Ser Tyr Ile
420 425 430

Leu Leu Val Asp Tyr Tyr Asn Asp Leu Ala Pro Asp Ser Val Phe Phe
435 440 445

Val Asp Phe Glu Gly Glu Phe Thr Pro Asp Glu Thr Ala Glu Tyr Glu
450 455 460

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

Leu Val Val Asp Asn Lys Thr Lys Gln Arg Arg Gly Asn Ser Phe Phe
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485 490 495

Asn Ser Gly Ser Ala Glu Glu Lys Gly Thr Leu Leu Leu Glu Lys Gly
500 505 510

Lys Thr Tyr Lys Val Arg Ile Glu Phe Gly Ser Gly Pro Thr Phe Thr
515 520 525

Cys Arg Gln Glu Gly Ser Thr Val Val Ala Gly Gly Gly Gly Ile Asn
530 535 540

Leu Gly Met Ala Lys Val Ile Asp Pro Glu Ile Glu Ile His Lys Ala
545 550 555 560

Ala Lys Leu Ala Lys Glu Ala Asp Lys Val Val Leu Asn Ile Gly Leu
565 570 575

Asn Gln Glu Trp Glu Ala Glu Gly Phe Asp Arg Pro Asp Met Glu Leu
580 585 590

Val Gly Tyr Gln Asn Lys Leu Ile Asp Ala Val Leu Ala Ala Asn Pro
595 600 605

Asn Thr Val Ile Val Asn Gln Ser Gly Thr Pro Val Glu Met Pro Trp
610 615 620

Leu Pro Lys Ala Lys Ala Val Leu Gln Ala Trp Tyr Gly Gly Asn Glu
625 630 635 640

Ser Gly Asn Gly Ile Ala Asp Val Leu Phe Gly Asp Val Asn Pro Ser
645 650 655

Gly Lys Leu Ser Leu Thr Phe Pro Phe Lys Thr Ile Asp Asn Pro Thr
660 665 670

Tyr Leu Asn Phe Lys Thr Glu Arg Gly Arg Val Leu Tyr Asn Glu Asp
675 680 685

Ile Phe Val Gly Tyr Arg Phe Tyr Glu Lys Met Gly Arg Asp Val Ala
690 695 700

Phe Pro Phe Gly Phe Gly Leu Ser Tyr Thr Asn Phe Glu Phe Ala Asp
705 710 715 720

Val Asn Val Val Val Glu Glu Leu Asp Asp Asn Leu Glu Val Ser Val
725 730 735

Thr Val Ser Asn Thr Gly Lys Val Asp Gly Ala Glu Val Val Gln Ile
740 745 750

Tyr Ile Gly Lys Glu Asp Ser Asp Val Ile Arg Pro Val Lys Glu Leu
755 760 765

Lys Gly Phe Glu Lys Val Phe Leu Lys Ala Gly Thr Gln Glu Thr Val
770 775 780

Ile Ser Thr Leu Ser Leu Lys Glu Ser Val Ser Phe Phe Asp Glu Tyr
785 790 795 800

Gln Glu Lys Trp Ser Val Leu Ala Gly Glu Tyr Gln Val Tyr Val Gly
805 810 815

Asn Ser Ser Asp Asn Ala Asn Ala Ile Gly Thr Phe Val Ile Glu Arg
820 825 830

Asp Phe Leu Trp Ile Gly Arg
835

<210> SEQ ID NO 33

<211> LENGTH: 483

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: endo-1,4-beta-glucanase EGC1
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<400> SEQUENCE: 33

Met Ser Thr Gly Phe Leu Thr Thr Lys Gly Thr Lys Ile Val Asp Ala
1 5 10 15

Asn Gly Lys Gln Val Val Leu Val Gly Thr Ala Ile Ala Gly His Leu
20 25 30

Asn Met Glu Asn Phe Ile Thr Gly Tyr Pro Gly His Glu Thr Glu His
35 40 45

Lys Asn Val Leu Lys Lys Lys Ile Gly Glu Glu Lys Phe Asn Phe Phe
50 55 60

Phe Asp Lys Phe Tyr Glu Tyr Phe Trp Thr Glu Lys Asp Ala Asp Phe
65 70 75 80

Tyr Lys Asn Glu Leu Gly Phe Asn Cys Leu Arg Ile Pro Phe Asn Tyr
85 90 95

Arg His Phe Ile Asp Glu Glu Val Asp Leu Phe Lys Ile Asp Pro Lys
100 105 110

Gly Phe Glu Arg Leu Asp Arg Val Ile Asp Ile Cys Ser Lys Tyr Gly
115 120 125

Ile Tyr Thr Val Leu Asp Leu His Ala Thr Pro Gly Gly Gln Asn Gln
130 135 140

Asp Trp His Val Asp Ser Gly Ile His Lys Ser Ser Phe Phe Asp Phe
145 150 155 160

Lys Val Phe Gln Asp Ser Met Val Asn Leu Trp Ile Glu Leu Ala Lys
165 170 175

His Tyr Lys Asp Asn Thr Trp Val Ala Gly Phe Asn Pro Leu Asn Glu
180 185 190

Pro Ala Val Ser Gln His Lys Lys Leu Val Asn Phe Tyr Gln Arg Leu
195 200 205

His Asp Glu Ile Arg Pro Ile Asp Pro Asn His Ile Phe Phe Leu Asp
210 215 220

Ala Asn Thr Tyr Ser Met Asp Phe Arg Gln Phe Pro Ala Pro Lys Asp
225 230 235 240

Phe Ile Pro Asn Ala Val Tyr Ser Ile His Asp Tyr Ser Thr Phe Gly
245 250 255

Phe Pro Asn Ile Gln Gly Thr Leu Tyr Thr Ala Ser Asp Ala Glu Lys
260 265 270

Glu Lys Leu Lys Arg Gln Tyr Asp Arg Lys Val Glu Tyr His His Glu
275 280 285

His Asn Val Pro Val Trp Asn Gly Glu Phe Gly Pro Val Tyr Ala Ser
290 295 300

Lys Glu Arg Gly Asp Glu Asp Pro Asp Thr Ile Asn Arg Ala Arg Tyr
305 310 315 320

Gln Val Leu Lys Asp Gln Leu Ala Ile Tyr Lys Lys Gly Asp Pro Ser
325 330 335

Gly Asp Gly Thr Pro Ile Ser Trp Ser Ile Trp Leu Tyr Lys Asp Ile
340 345 350

Gly Tyr Gln Gly Leu Thr Tyr Val Asp Pro Glu Ser Lys Trp Tyr Lys
355 360 365

Val Phe Gly Glu Phe Leu Leu Lys Lys Lys Lys Leu Gly Leu Asp Arg
370 375 380

Trp Gly Asn Asp Ile Asp Pro Glu Tyr Asn Gln Leu Tyr Glu Asn Leu
385 390 395 400
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Ala Asn His Ile Leu Glu Asn Val Pro Glu Lys Tyr His His Ala Leu
405 410 415

Tyr Pro His His Trp Thr Val Leu Asp Trp Leu Phe Arg Val Ser Lys
420 425 430

Asp Gln Leu Phe Ser Gln Tyr Ala Gln Tyr Glu Tyr Ala Asp Leu Phe
435 440 445

Val Gly Leu Ser Phe Glu Glu Leu Asp Glu Leu Ala Ala Ser Phe Lys
450 455 460

Phe Glu Asn Ile Lys Leu Arg Asp Glu Leu Asn Asp Ile Leu Lys Asp
465 470 475 480

Tyr Lys Asn

<210> SEQ ID NO 34

<211> LENGTH: 481

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: endo-1,4-beta-glucanase EGC2

<400> SEQUENCE: 34

Met Ser Thr Gly Phe Leu Thr Thr Lys Asn Thr Lys Ile Val Asp Ala
1 5 10 15

Asn Gly Thr Pro Val Val Leu Val Gly Thr Ala Ile Gly Gly His Leu
20 25 30

Asn Met Glu Asn Phe Ile Thr Gly Tyr Pro Gly His Glu Thr Glu His
35 40 45

Lys Lys Val Leu Lys Lys Lys Ile Gly Glu Glu Lys Phe Asn Phe Phe
50 55 60

Phe Asp Lys Phe Tyr Glu Tyr Phe Trp Thr Glu Lys Asp Ala Glu Phe
65 70 75 80

Tyr Lys Asn Glu Leu Gly Phe Asn Cys Leu Arg Ile Pro Phe Asn Tyr
85 90 95

Arg His Phe Ile Asp Asp Glu Val Asp Leu Phe Lys Ile Asn Pro Lys
100 105 110

Gly Phe Glu Arg Leu Asp Arg Val Ile Asp Ile Cys Ser Lys Tyr Gly
115 120 125

Ile Tyr Thr Ile Leu Asp Leu His Ala Thr Pro Gly Gly Gln Asn Gln
130 135 140

Asp Trp His Ala Asp Ser Gly Ile His Lys Ser Ile Phe Trp Asp Phe
145 150 155 160

Lys Val Phe Gln Asp Ser Met Val Asn Leu Trp Val Glu Leu Ala Lys
165 170 175

His Tyr Lys Asp Asn Thr Trp Val Ala Gly Tyr Asn Pro Leu Asn Glu
180 185 190

Pro Ala Ser Pro Asp His Ser Lys Leu Val Asn Phe Tyr Gln Arg Leu
195 200 205

Gln Asp Glu Val Arg Pro Ile Asp Pro His His Ile Phe Phe Leu Asp
210 215 220

Gly Asn Thr Tyr Ser Met Asp Phe Arg Gln Phe Pro Ala Pro Lys Asp
225 230 235 240

Phe Ile Pro Asn Ser Val Tyr Ser Ile His Asp Tyr Ser Thr Phe Gly
245 250 255
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Phe Pro Asn Ile Gln Gly Thr Leu Tyr Ala Gly Thr Ala Ala Glu Lys
260 265 270

Asp Lys Leu Lys Arg Gln Tyr Asp Arg Lys Val Glu Tyr His Leu Glu
275 280 285

His Asn Val Pro Val Trp Asn Gly Glu Phe Gly Pro Val Tyr Ala Ser
290 295 300

Lys Glu Arg Gly Asp Glu Asp Pro Asp Thr Ile Asn Arg Ala Arg Tyr
305 310 315 320

Gln Val Leu Lys Asp Gln Leu Ala Ile Tyr Lys Lys Gly Asp Pro Ser
325 330 335

Gly Asp Gly Thr Pro Ile Ser Trp Ser Ile Trp Leu Tyr Lys Asp Ile
340 345 350

Gly Tyr Gln Gly Leu Thr Tyr Val Asp Pro Glu Ser Lys Trp Tyr Lys
355 360 365

Val Phe Gly Glu Phe Leu Leu Lys Lys Lys Lys Leu Gly Leu Asp Arg
370 375 380

Trp Gly Asn Asp Ile Asp Pro Ala Tyr Asn Lys Leu Tyr Gln Asp Leu
385 390 395 400

Ile Asp His Ile His Ser Asn Val Pro Glu Lys Tyr His Lys Ala Leu
405 410 415

Tyr Pro His Gly Trp Thr Thr Gln Asp Tyr Leu Phe Arg Val Ala Lys
420 425 430

Asp Met Leu Phe Ser Gln Tyr Ala Gln His Glu Tyr Ala Asp Leu Phe
435 440 445

Val Gly Leu Ser Phe Glu Glu Leu Asp Glu Leu Ala Ala Ser Phe Lys
450 455 460

Phe Glu Asn Ile Lys Gln Arg Lys Glu Leu Asn Glu Ile Leu Lys Asp
465 470 475 480

Tyr

<210> SEQ ID NO 35

<211> LENGTH: 481

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: endo-1,4-beta-glucanase EGC3

<400> SEQUENCE: 35

Met Ser Ala Gly Phe Leu Thr Thr Ala Gly Thr Lys Ile Val Asp Ala
1 5 10 15

Glu Gly Thr Pro Val Val Leu Lys Gly Ala Ala Leu Gly Gly His Leu
20 25 30

Asn Met Glu Asn Phe Ile Thr Gly Tyr Pro Gly His Glu Thr Glu His
35 40 45

Lys Leu Val Leu Glu Lys Lys Ile Gly Lys Glu Lys Phe Asp Tyr Phe
50 55 60

Phe Glu Lys Phe Tyr Glu Tyr Phe Trp Thr Glu Lys Asp Ala Glu Phe
65 70 75 80

Tyr Arg Asn Lys Leu Gly Phe Asn Cys Leu Arg Ile Pro Phe Asn Tyr
85 90 95

Arg His Phe Ile Asp Asp Asn Gly Asp Leu Phe Lys Ile Lys Gly Lys
100 105 110

Gly Phe Glu Leu Leu Asp Arg Ile Val Asp Ile Cys Ser Gln Tyr Gly
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115 120 125

Ile Tyr Thr Ile Leu Asp Leu His Thr Thr Pro Gly Gly Gln Asn Gln
130 135 140

Gly Trp His Ser Asp Ser Ala Ile His Lys Ser Leu Phe Trp Asp Phe
145 150 155 160

Lys Val Phe Gln Asp Ser Ile Val Asn Leu Trp Val Glu Leu Ala Lys
165 170 175

His Tyr Lys Asp Asn Val Trp Val Ala Gly Tyr Asn Pro Leu Asn Glu
180 185 190

Pro Ala Val Ser Asp Ser Glu Lys Leu Val Asp Phe Tyr Lys Arg Leu
195 200 205

His Asp Glu Val Arg Pro Ile Asp Pro Asn His Ile Phe Phe Leu Asp
210 215 220

Gly Asn Thr Tyr Ala Met Asp Phe Arg Lys Phe Pro Ser Pro Glu Ser
225 230 235 240

Tyr Ile Pro Asn Thr Val Tyr Ser Ile His Asp Tyr Ser Thr Tyr Gly
245 250 255

Phe Pro Asn Leu Glu Gly Ala Leu Tyr Thr Gly Ser Glu Glu Glu Lys
260 265 270

Ser Lys Leu Lys Ser Gln Tyr Asn Arg Lys Ile Glu Tyr Gln Ser Glu
275 280 285

Tyr Lys Val Pro Val Trp Asn Gly Glu Phe Gly Pro Val Tyr Ala Ser
290 295 300

Lys Glu Arg Gly Asp Lys Asn Pro Glu Val Ile Asn Arg Ala Arg Phe
305 310 315 320

Asn Val Leu Lys Asp Gln Leu Glu Val Tyr Arg Lys Gly Asp Pro Ser
325 330 335

Gly Asp Gly Ser Pro Ile Ser Trp Ser Ile Trp Leu Tyr Lys Asp Ile
340 345 350

Gly Phe Gln Gly Leu Thr Tyr Val Ser Pro Lys Ser Lys Trp Tyr Glu
355 360 365

Val Phe Gly Glu Trp Leu Leu Lys Lys Lys Lys Leu Gly Leu Asp Lys
370 375 380

Trp Gly Asn Asp Ile Asp Pro Gly Tyr Asn Gln Leu Tyr Gln Asn Leu
385 390 395 400

Val Asp His Met Glu Ala Asn Val Pro Glu Lys Tyr His Lys Val Leu
405 410 415

Tyr Pro His Thr Trp Thr Met Glu Lys Tyr Leu Ala Arg Val Ser Arg
420 425 430

Asp Met Leu Phe Ser Gln Tyr Ala Gln His Glu Tyr Ala Asp Leu Phe
435 440 445

Val Gly Phe Ser Leu Glu Glu Leu Asp Glu Leu Ala Ala Ser Phe Lys
450 455 460

Phe Glu Asn Leu Asp Gln Arg Glu Glu Leu Asn Gln Ile Leu Lys Glu
465 470 475 480

Tyr

<210> SEQ ID NO 36

<211> LENGTH: 633

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
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<223> OTHER INFORMATION: glucose transporter HGT1
<400> SEQUENCE: 36

Met Val Val Ile Gly Arg Leu Ile Lys Gly Leu Ala Met Gly Ile Leu
1 5 10 15

Ser Ser Leu Ile Pro Val Tyr Val Ala Glu Thr Ile Val Lys Lys Ala
20 25 30

Ser Ser Ile Ser Phe Val Gln Leu Asn Ala Ala Ile Ser Gly Leu Ala
Met Tyr Tyr Ile Ala Tyr Phe Phe Pro Val Leu Met Pro Asn Glu Tyr
50 55 60

Ser Phe Arg Phe Ala Trp Ala Ile Glu Ala Leu Pro Ala Ile Ala Ile
65 70 75 80

Phe Ile Leu Ser Phe Phe Leu Pro Glu Ser Pro Lys Trp Leu Ala Thr
85 90 95

Lys Ser Arg Trp Gly Gln Ala Ala Lys Asn Leu Asp Lys Ile Lys Ala
100 105 110

Tyr Gln Asn Gly Lys Pro Gln Glu Lys Thr Asn Arg Asp Asp Arg Glu
115 120 125

Tyr Val Leu Arg Ala Tyr Thr Ser Gly Pro Glu Ile Arg Asn Ser Ser
130 135 140

Tyr Asp Lys Ile Phe Gly Lys Lys Tyr Trp Lys His Thr Val Leu Gly
145 150 155 160

Ile Ser Thr Gln Val Phe Val Gln Leu Thr Ser Val Gln Val Leu Met
165 170 175

Asn Tyr Phe Leu Phe Ile Cys Glu Leu Cys Gly Ile Glu Glu His Ser
180 185 190

Leu Ile Phe Val Ser Ser Ala Leu Asn Val Val Gln Val Ile Phe Thr
195 200 205

Leu Val Pro Leu Phe Ile Leu Asp Asn Thr Arg Arg Arg Asp Ser Leu
210 215 220

Thr Phe Gly Leu Ile Ile Leu Ser Val Ser Phe Leu Ala Leu Phe Ile
225 230 235 240

Ile Ile Leu Thr Phe Gly Glu His Phe Thr His Glu Gly Phe Asp Leu
245 250 255

Leu Phe Arg Phe Glu Met Phe Asp Glu Pro Ala Ser Ala Val Leu Ala
260 265 270

Ile Phe Leu Phe Ile Asn Ala Val Tyr Ser Ser Thr Val Leu Ser Ala
275 280 285

Ser Trp Leu Tyr Ala Gly Glu Leu Phe Pro Gly Pro Ala Arg Ala Lys
290 295 300

Gly Ala Ser Ile Cys Met Cys Ala Ser Trp Met Val Asn Thr Thr Met
305 310 315 320

Gly Leu Val Leu Pro Ile Leu Phe Lys Tyr Ile Gly Pro Trp Thr Phe
325 330 335

Ala Thr Leu Ala Leu Phe Ser Phe Val Gly Gly Ile Ala Leu Met Phe
340 345 350

Leu Pro Glu Thr Arg Asp Leu Gly Glu Tyr Glu Leu Tyr Ser Ile Phe
355 360 365

Asn Phe Asn Asn Glu Pro Phe Pro Arg Gln Lys Leu Val Ser Asp Lys
370 375 380
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Lys Lys Lys Lys Ser Lys Glu Ala Ile Leu Gly Leu Glu Ser Lys Glu
385 390 395 400

Ala Val Val Asn Lys Pro Gln Phe Glu His Ala Leu Thr Tyr Glu Gln
405 410 415

Gln Gln Gly Asn Gly Lys Val Gln Leu Glu Ser Leu Thr Gly Gly Phe
420 425 430

Thr Thr Ser Pro Thr Ser Glu Thr Val Thr Glu Ile Glu Thr Gly Val
435 440 445

Glu Leu Glu Thr Ala Arg Glu Tyr Met Lys Pro Phe Ser Ser Glu Thr
450 455 460

Asn Ser Ala Leu Arg Gln Glu Thr Asp Pro Asp Ser Ser Gln Val Glu
465 470 475 480

Asp Ile Leu Asp Ile Tyr Thr Ser Gly Gly Ala Leu Asp Glu Glu Asp
485 490 495

Ala Ile Ser Pro Asn Thr Tyr Tyr Ser Ser Asp Trp Ser Gln Gly Tyr
500 505 510

Gln Gly Val Gln Gly Ala Ala Thr Thr Asp Asn Tyr Glu Glu Glu Glu
515 520 525

Glu Glu Glu Ala Pro Ala Lys Ile Ser Leu Ile Ser Ser Lys Ser Ser
530 535 540

Thr Arg Glu Ser Thr Met Lys Pro Pro Gln Ser Gly Asn Ala Tyr Phe
545 550 555 560

His Ala Asn Arg Glu Gly Ser Pro Ile Lys Ala Gly Leu Thr Tyr Glu
565 570 575

Pro Thr Thr Phe Leu Gln Phe Asp Ser Leu Arg Val Ala Leu Arg Thr
580 585 590

Asn Ile Leu Asp Arg Lys Lys Ser Glu Ala Lys Leu Arg Glu Asn Ala
595 600 605

Asn Ser Thr Phe Pro Lys Gly Gly Val Phe Ile Ser Ser Ile Ser Lys
610 615 620

Ser Lys Met Ala Ala Lys Thr Thr Pro
625 630

<210> SEQ ID NO 37

<211> LENGTH: 542

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: glucose transporter HGT2

<400> SEQUENCE: 37

Met Ser Tyr Glu Asp Lys Leu Val Gln Pro Ala Leu Lys Phe Arg Thr
1 5 10 15

Phe Leu Asp Arg Leu Pro Asn Ile Tyr Asn Val Tyr Ile Ile Ala Ser
20 25 30

Ile Ser Cys Ile Ser Gly Met Met Phe Gly Phe Asp Ile Ser Ser Met
35 40 45

Ser Ala Phe Ile Gly Glu Asp Asp Tyr Lys Asn Phe Phe Asn Asn Pro
50 55 60

Gly Ser Asp Ile Gln Gly Phe Ile Thr Ser Cys Met Ala Leu Gly Ser
65 70 75 80

Phe Phe Gly Ser Ile Val Ser Ser Phe Ile Ser Glu Pro Phe Gly Arg
85 90 95
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Arg Ala Ser Leu Leu Leu Cys Ser Phe Phe Trp Met Val Gly Ala Ala
100 105 110

Val Gln Ser Ser Ser Gln Asn Arg Ala Gln Leu Met Ile Gly Arg Ile
115 120 125

Ile Ala Gly Phe Gly Val Gly Phe Gly Ser Ser Val Ala Pro Val Tyr
130 135 140

Gly Ser Glu Leu Ala Pro Arg Lys Ile Arg Gly Phe Val Gly Gly Ile
145 150 155 160

Phe Gln Phe Cys Val Thr Leu Gly Ile Leu Ile Met Phe Tyr Ile Cys
165 170 175

Tyr Gly Leu His Phe Ile Asn Gly Val Gly Ser Phe Arg Ile Ala Trp
180 185 190

Gly Leu Gln Ile Val Pro Gly Leu Val Leu Phe Val Gly Cys Phe Phe
195 200 205

Ile Pro Glu Ser Pro Arg Trp Leu Ala Lys His Gly Tyr Trp Asp Glu
210 215 220

Ala Glu Phe Ile Val Ala Gln Ile Gln Ala Lys Gly Asn Arg Glu Asp
225 230 235 240

Pro Asp Val Leu Ile Glu Ile Ser Glu Ile Lys Asp Gln Ile Leu Ile
245 250 255

Glu Glu Asn Leu Lys Ser Phe Gly Tyr Val Asp Leu Phe Thr Lys Lys
260 265 270

Tyr Ile Arg Arg Thr Leu Thr Ala Ile Phe Ala Gln Ile Trp Gln Gln
275 280 285

Leu Thr Gly Met Asn Val Met Met Tyr Tyr Ile Val Tyr Ile Phe Asn
290 295 300

Met Ala Gly Tyr Ser Asn Asn Ala Asn Leu Val Ala Ser Ser Ile Gln
305 310 315 320

Tyr Val Leu Asn Thr Ala Ala Thr Val Pro Ala Leu Phe Leu Met Asp
325 330 335

Tyr Ile Gly Arg Arg Arg Leu Leu Ile Gly Gly Ala Ile Met Met Met
340 345 350

Ile Phe Gln Phe Gly Val Ala Gly Ile Leu Gly Lys Tyr Ser Val Pro
355 360 365

Val Pro Gly Gly Leu Pro Gly Asn Pro Thr Val Thr Ile Gln Ile Pro
370 375 380

Glu Asp Asn Lys Ser Ala Ala Arg Gly Val Ile Ala Cys Cys Tyr Leu
385 390 395 400

Phe Val Val Ser Phe Ala Leu Ser Trp Gly Val Gly Ile Trp Val Tyr
405 410 415

Cys Ser Glu Val Trp Gly Asp Ser Ala Ser Arg Gln Arg Gly Ala Ala
420 425 430

Val Ser Thr Ala Ala Asn Trp Ile Leu Asn Phe Ala Ile Ala Met Tyr
435 440 445

Thr Pro Ser Ser Phe Lys Asn Ile Thr Trp Lys Thr Tyr Ile Ile Tyr
450 455 460

Ala Val Phe Cys Leu Val Met Ala Ile His Val Tyr Phe Gly Phe Pro
465 470 475 480

Glu Thr Lys Gly Lys Arg Leu Glu Glu Val Gly Gln Met Trp Asp Glu
485 490 495

Asn Val Pro Ala Trp Arg Ser Ser Ser Trp Gln Pro Thr Val Pro Leu
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500 505 510

Leu Ser Asp Ala Asp Leu Ala His Lys Met Asp Val Ser His Lys Glu
515 520 525

Glu Gln Ser Pro Asp Ala Glu Ser Ser Ser Glu Glu Lys Pro
530 535 540

<210> SEQ ID NO 38

<211> LENGTH: 493

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: cellobiose transporter HXT2.1

<400> SEQUENCE: 38

Met Leu His Ile Phe Val Phe Leu Cys Thr Leu Ser Cys Thr Thr Asn
1 5 10 15

Gly Tyr Asp Gly Ser Met Leu Asn Gly Leu Gln Ala Leu Asp Ser Trp
20 25 30

Gln Asp Ala Met Gly His Pro Glu Gly Tyr Lys Leu Gly Ser Leu Ala
35 40 45

Asn Gly Thr Ile Phe Gly Ser Val Leu Ser Val Ser Val Ala Ala Trp
50 55 60

Leu Ser Asp Lys Val Gly Arg Arg Val Ala Ile Ile Ile Gly Ser Gly
65 70 75 80

Ile Ala Val Val Gly Ala Ile Leu Gln Gly Ala Ser Thr Asn Phe Ala
Phe Phe Leu Val Ser Arg Ile Leu Leu Gly Phe Gly Val Gly Ile Gly
100 105 110

Ala Ile Ala Ser Pro Ala Leu Ile Ala Glu Ile Ser Tyr Pro Thr Phe
115 120 125

Arg Pro Thr Cys Thr Thr Leu Tyr Asn Thr Leu Trp Tyr Leu Gly Ala
130 135 140

Val Ile Ala Ala Trp Val Thr Phe Gly Thr Gln His Leu Lys Gly Ser
145 150 155 160

Ala Ser Trp Arg Val Pro Ser Tyr Ile Gln Ala Phe Leu Pro Ala Val
165 170 175

Gln Phe Val Ser Leu Trp Trp Cys Pro Glu Ser Pro Arg Trp Met Ile
180 185 190

Ala Lys Gly Arg Glu Asp Glu Ala Arg Gln Ile Leu Phe Lys Tyr His
195 200 205

Thr Gly Gly Asp Gln Asp Asp Arg Ala Val Arg Leu Val Glu Phe Glu
210 215 220

Ile Lys Glu Ile Lys Ala Ala Leu Glu Met Glu Lys Ile Cys Ser Asn
225 230 235 240

Ser Lys Tyr Ser Asp Phe Leu Thr Ile Pro Ser Tyr Arg Lys Arg Leu
245 250 255

Phe Leu Leu Ser Phe Thr Ala Ile Ile Met Gln Leu Ser Gly Asn Gly
260 265 270

Leu Val Ser Tyr Tyr Leu Ser Lys Val Leu Thr Ser Ile Gly Ile Lys
275 280 285

Ser Ala Asn Glu Gln Leu Ile Ile Asn Gly Cys Leu Met Ile Tyr Asn
290 295 300

Met Val Ile Ala Leu Ser Val Ala Phe Val Val Tyr Leu Phe Arg Arg
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305 310 315 320

Arg Thr Leu Phe Leu Thr Ser Ile Ser Gly Met Leu Phe Ser Tyr Ile
325 330 335

Ile Trp Thr Ala Leu Ser Ala Val Asn Gln Gln Arg Asp Phe Lys Asp
340 345 350

Lys Ser Leu Gly Lys Gly Val Leu Ala Met Ile Phe Phe Tyr Tyr Leu
355 360 365

Ser Tyr Asp Ile Gly Ala Asn Gly Leu Pro Phe Leu Tyr Val Thr Glu
370 375 380

Ile Leu Pro Tyr Thr His Arg Ala Lys Gly Leu Asn Val Met Tyr Gly
385 390 395 400

Val Gln Met Thr Thr Leu Val Tyr Asn Gly Tyr Val Asn Pro Ile Ala
405 410 415

Met Asp Ala Leu Asp Trp Lys Tyr Tyr Ile Val Trp Cys Cys Phe Leu
420 425 430

Ala Phe Glu Leu Leu Ile Val Tyr Phe Phe Phe Val Glu Thr Tyr Gly
435 440 445

Tyr Ser Leu Glu Glu Val Ala Lys Val Phe Gly Asp Asp Pro Asn Ser
450 455 460

Ser Leu Ile Gln Ser Thr Ser Ser Asn Glu Lys Ala Ser Ile Glu His
465 470 475 480

Leu Glu Asp Thr Ser Ser Ala Glu Ile Gly Arg Val Val
485 490

<210> SEQ ID NO 39

<211> LENGTH: 540

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: cellobiose transporter HXT2.2

<400> SEQUENCE: 39

Met Ser Lys Asn Gln Thr Ile Lys Asp Gln Ile Ile Ser Ile Ser Val
1 5 10 15

Ser Asp Gly Val Glu Tyr Asp Ala Gln Gln Glu His Glu Ile Asp Gln
20 25 30

Tyr Leu Tyr Gln Lys Asn Ser Trp Trp Thr Tyr Pro His Leu Arg Lys
35 40 45

Leu His Leu Phe Val Phe Leu Cys Thr Leu Ala Thr Thr Thr Asn Gly

Tyr Asp Gly Ser Met Leu Asn Gly Leu Gln Val Leu Pro Ala Trp Gln
65 70 75 80

Glu Ala Met Gly His Pro Glu Gly Tyr Lys Leu Gly Ser Leu Ala Asn
85 90 95

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

Cys Asp Lys Ile Gly Arg Arg Asn Thr Ile Thr Ala Gly Ser Gly Ile
115 120 125

Ala Val Val Gly Ala Val Leu Gln Gly Ala Ser Thr Asn Phe Ala Phe
130 135 140

Phe Leu Ser Ser Arg Ile Leu Ile Gly Phe Gly Gly Gly Leu Cys Ala
145 150 155 160

Ile Ala Ala Pro Ala Leu Ile Ala Glu Ile Ser Tyr Pro Thr Phe Arg
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165 170 175

Pro Thr Cys Thr Ala Ile Tyr Asn Thr Phe Trp Tyr Phe Gly Ala Val
180 185 190

Ile Ala Ala Trp Val Thr Phe Gly Thr Gln Asn Leu Asn Gly Gly Ala
195 200 205

Ser Trp Arg Ile Pro Ser Tyr Leu Gln Ala Ala Leu Pro Ala Val Gln
210 215 220

Phe Leu Thr Ile Trp Tyr Phe Pro Glu Ser Pro Arg Trp Met Ile Ala
225 230 235 240

Lys Gly Arg Glu Glu Gln Ala Arg Lys Phe Phe Phe Glu Tyr His Thr
245 250 255

Gly Gly Asp Gln Asp Glu Arg Ser Val Lys Leu Val Glu Phe Glu Ile
260 265 270

Lys Glu Ile Gln Ala Ala Leu Glu Met Glu Lys Ile Cys Ser Asn Ser
275 280 285

Lys Tyr Thr Asp Phe Leu Thr Ile Pro Ser Tyr Arg Lys Arg Leu Phe
290 295 300

Leu Ile Ser Phe Thr Ala Cys Ile Met Gln Leu Ser Gly Asn Gly Leu
305 310 315 320

Val Ser Tyr Tyr Leu Gly Lys Val Leu Thr Ser Ile Gly Ile Glu Ser
325 330 335

Ser Asn Glu Gln Leu Ile Ile Asn Gly Cys Leu Met Ile Tyr Asn Asn
340 345 350

Val Ile Ala Leu Ser Val Ala Phe Val Val Tyr Leu Phe Arg Arg Arg
355 360 365

Thr Leu Phe Leu Thr Ser Ile Ser Gly Met Leu Val Ser Tyr Ile Val
370 375 380

Trp Thr Ala Leu Ser Ala Lys Asn Gln Gln Arg Asn Phe Glu Asp Lys
385 390 395 400

Ser Leu Gly Arg Gly Val Leu Ala Met Ile Phe Leu Tyr Tyr Phe Phe
405 410 415

Tyr Asp Ile Gly Ala Asn Gly Leu Pro Phe Leu Tyr Val Thr Glu Val
420 425 430

Leu Pro Tyr Thr His Arg Ala Lys Gly Leu Asn Val Met Tyr Gly Val
435 440 445

Gln Met Val Thr Ser Val Tyr Asn Gly Tyr Val Asn Pro Ile Ala Met
450 455 460

Asp Ala Leu Asp Trp Lys Tyr Tyr Ile Val Trp Cys Cys Phe Leu Thr
465 470 475 480

Phe Glu Leu Val Ile Val Tyr Leu Phe Phe Val Glu Thr Tyr Gly Tyr
485 490 495

Ser Leu Glu Glu Val Ala Lys Val Phe Gly Asp Asp Ala His Ser Pro
500 505 510

Leu Ile Ser Leu Asp Thr Gly Asn Gly Lys Thr Ser Ile Glu His Leu
515 520 525

Glu Gln Ile Ser Ser Val Glu Val Gly Lys Ser Val
530 535 540

<210> SEQ ID NO 40

<211> LENGTH: 537

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis
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<220> FEATURE:
<223> OTHER INFORMATION: cellobiose transporter HXT2.3

<400> SEQUENCE: 40

Met Ser Ser Leu Lys Gln Asn Gln Ala Thr Val Asn Gln Glu Ser Thr
1 5 10 15

Ser Asp Ile Glu Val Gln Gly Asp Glu Asn Lys Ile Glu Ser Tyr Leu
20 25 30

Tyr Leu Glu Gly Ser Trp Trp Lys His Lys His Phe Arg Phe Leu Asn
35 40 45

Leu Cys Ile Trp Leu Ile Ala Leu Thr Ser Thr Asn Asn Gly Tyr Asp
50 55 60

Ser Ser Met Leu Asn Gly Leu Gln Ser Leu Pro Lys Trp Lys Leu Asp
65 70 75 80

Met Gly Ser Pro Val Gly Pro Val Leu Gly Ala Leu Asn Asn Gly Asn
85 90 95

Thr Phe Gly Val Met Leu Ser Phe Leu Leu Ala Ser Trp Ile Ala Asp
100 105 110

Lys Trp Gly Arg Lys Lys Ala Ile Ile Gly Gly Ser Ser Leu Met Val
115 120 125

Ile Gly Ala Ile Leu Gln Gly Val Ser Thr Asn Phe Gly Phe Phe Leu
130 135 140

Phe Ser Arg Met Val Leu Gly Phe Gly Ser Gly Ile Ala Ile Val Ser
145 150 155 160

Ser Pro Ser Leu Ile Ser Glu Leu Ala Tyr Pro Thr His Arg Ala Val
165 170 175

Ala Thr Thr Leu Tyr Asn Val Phe Trp Tyr Leu Gly Ala Ile Ile Ala
180 185 190

Ala Trp Val Thr Phe Gly Thr Arg Thr Leu His Ser Ser Tyr Cys Trp
195 200 205

Arg Val Pro Ser Tyr Leu Gln Gly Phe Leu Pro Leu Val Gln Ile Leu
210 215 220

Phe Phe Trp Leu Val Pro Glu Ser Pro Arg Tyr Leu Ile Ala Asn Gly
225 230 235 240

Arg Thr Glu Glu Ala Arg Ala Ile Leu His Lys His His Thr Gly Ser
245 250 255

Ser Asp Asp Glu Arg Ala His Ala Leu Ile Asn Phe Glu Val Ser Glu
260 265 270

Ile Glu Ala Ala Leu Glu Gln Glu Lys Leu Tyr Ser Asn Ala Lys Tyr
275 280 285

Ser Asp Phe Phe Thr Ile Pro Ser Phe Arg Met Arg Leu Phe Leu Val
290 295 300

Val Trp Thr Ser Val Ile Met Gln Leu Ser Gly Asn Gly Leu Val Ser
305 310 315 320

Tyr Tyr Leu Ser Lys Val Leu Ile Ser Ile Gly Ile Thr Gly Val Lys
325 330 335

Glu Gln Leu Glu Ile Asn Gly Gly Leu Asn Ile Tyr Asn Leu Phe Val
340 345 350

Ala Gly Phe Ile Ala Ser Asn Ala Asn Lys Phe Lys Arg Arg Thr Leu
355 360 365

Phe Ile Thr Ala Leu Ser Gly Met Phe Ile Thr Tyr Val Ile Trp Thr
370 375 380
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Val Leu Ser Ala Ile Asn Gln Gln Arg Asp Phe Ser Asp Lys Ser Leu
385 390 395 400

Gly Lys Gly Val Ile Ala Met Ile Phe Leu Phe Tyr Ile Phe Tyr Asn
405 410 415

Met Gly Ala Asn Gly Leu Pro Trp Leu Tyr Met Thr Glu Ile Leu Pro
420 425 430

Tyr Ser His Arg Ala Lys Gly Val Asn Ile His Asn Leu Val Gln Thr
435 440 445

Trp Ile Val Ile Tyr Asn Gly Phe Val Asn Pro Ile Ala Met Asp Ala
450 455 460

Ile Gln Trp Lys Tyr Tyr Ile Val Tyr Cys Cys Ile Ile Val Val Glu
465 470 475 480

Leu Val Val Val Tyr Phe Thr Tyr Pro Glu Thr Ser Gly Tyr Thr Leu
485 490 495

Glu Glu Val Ala Arg Ala Phe Gly Asp Asp Glu Thr Thr His Leu Arg
500 505 510

Phe Ile Asn Glu Thr Ser Lys Asp Lys Phe Gly Val Glu His Glu Glu
515 520 525

Ser Val Asp Ile Ala Ser Lys Thr Val
530 535

<210> SEQ ID NO 41

<211> LENGTH: 547

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: cellobiose transporter HXT2.4

<400> SEQUENCE: 41

Met Ser Asp Lys Leu His Asn Ile Lys Asp Gln Thr Asp Ser Leu Ser
1 5 10 15

Ile Thr Asp His Ile Asp Glu Gln Gln Asn Ile Leu Asn Asp Pro Asn
20 25 30

Thr Asp Ile Asn Asp Leu Leu Phe Gln Thr Asp Gly Trp Trp Lys Tyr
35 40 45

Gly His Phe Arg Lys Leu His Phe Met Ile Ala Leu Ile Ala Leu Ala
50 55 60

Ser Thr Asn Asn Gly Tyr Asp Gly Ser Met Leu Asn Gly Leu Gln Ala
65 70 75 80

Ile Pro Asp Trp Gln Thr Thr Met Gly Thr Pro Glu Gly Tyr Lys Leu
85 90 95

Gly Ser Leu Ala Asn Gly Thr Met Phe Gly Ser Ile Ile Ala Val Ser
100 105 110

Cys Ala Ser Tyr Leu Asn Asp Lys Trp Gly Arg Lys Phe Gly Val Leu
115 120 125

Phe Gly Ser Ile Ile Ser Phe Ile Gly Gly Ile Leu Gln Gly Ala Ser
130 135 140

Thr Asn Tyr Ala Phe Phe Leu Val Ala Arg Ile Ile Ile Gly Phe Gly
145 150 155 160

Val Gly Ile Ala Leu Thr Gly Ala Pro Ala Trp Ile Ala Glu Leu Ser
165 170 175

Phe Pro Ser Tyr Arg Ser Ser Cys Thr Ala Val Phe Asn Thr Leu Trp
180 185 190
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Tyr Leu Gly Ala Ile Leu Ala Ala Trp Ile Thr Phe Gly Thr Glu Lys
195 200 205

Leu His Gly Pro Lys Ala Trp Arg Ile Pro Ser Tyr Leu Gln Ala Ile
210 215 220

Leu Pro Gly Ile Gln Val Leu Thr Leu Trp Phe Cys Pro Glu Ser Pro
225 230 235 240

Arg Trp Leu Ile Asp Asn Gly Lys Glu Glu Lys Ala Arg Ser Val Leu
245 250 255

Asn Ala Tyr His Thr Gly Asn Val Asp Asp Glu Arg Ala His Ala Leu
260 265 270

Val Glu Phe Glu Ile Lys Glu Ile Lys Ser Ala Leu Glu Leu Glu Lys
275 280 285

Leu Tyr Ala Ser Ser Ser Tyr Phe Asp Phe Leu Lys Ile Arg Ser Tyr
290 295 300

Arg Lys Arg Leu Phe Leu Val Cys Phe Thr Ala Phe Ile Met Gln Met
305 310 315 320

Ser Gly Asn Gly Leu Val Ser Tyr Tyr Leu Val Lys Val Leu Arg Ser
325 330 335

Ile Gly Tyr Glu Ser Pro Thr Glu Gln Leu Lys Ile Asn Gly Cys Leu
340 345 350

Gln Val Phe Asn Ile Val Ile Ser Val Gly Ala Ala Leu Leu Thr Tyr
355 360 365

Arg Phe Lys Arg Arg His Gln Phe Leu Val Cys Ile Ala Gly Met Leu
370 375 380

Leu Cys Tyr Val Ile Trp Thr Val Leu Ser Ala Ile Asn Gln Gln Arg
385 390 395 400

Asn Phe Glu Asp Lys Gly Leu Gly Arg Gly Ile Leu Ala Met Ile Phe
405 410 415

Leu Phe Tyr Phe Ser Tyr Asp Ile Gly Ala Asn Gly Leu Pro Phe Leu
420 425 430

Tyr Ala Thr Glu Val Leu Pro Tyr Ser His Arg Ala Lys Gly Leu Asn
435 440 445

Leu Met Tyr Phe Thr Gln Leu Cys Thr Leu Val Tyr Asn Gly Tyr Val
450 455 460

Asn Pro Ile Ala Met Asp Ala Ile Glu Trp Lys Tyr Tyr Ile Val Trp
465 470 475 480

Cys Cys Val Leu Ala Phe Glu Leu Val Ile Val Phe Phe Phe Tyr Val
485 490 495

Glu Thr Phe Gly Tyr Thr Leu Glu Glu Val Ala Val Val Phe Gly Asp
500 505 510

Asp Ala Gly Thr Thr Leu His Arg Leu Ser Ser Pro Val Glu Lys Ser
515 520 525

Ala Val Glu His Leu Glu Asp Gly Asn Ser Ser Asn Glu Lys Ile Gly
530 535 540

Glu Arg Val
545

<210> SEQ ID NO 42

<211> LENGTH: 534

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
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<223> OTHER INFORMATION: cellobiose transporter HXT2.5
<400> SEQUENCE: 42

Met Ser Gln Ser Lys Glu Lys Ser Asn Val Ile Thr Thr Val Leu Ser
1 5 10 15

Glu Glu Leu Pro Val Asn Tyr Ser Glu Glu Ile Ser Asp Tyr Val Tyr
20 25 30

His Asp Gln His Trp Trp Lys Tyr Asn His Phe Arg Lys Leu His Trp
35 40 45

Tyr Ile Phe Val Leu Thr Leu Thr Ser Thr Asn Asn Gly Tyr Asp Gly
50 55 60

Ser Met Leu Asn Gly Leu Gln Ser Leu Ser Thr Trp Lys Asp Ala Met
65 70 75 80

Gly Asn Pro Glu Gly Tyr Ile Leu Gly Ala Leu Ala Asn Gly Thr Ile
85 90 95

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

Phe Gly Arg Lys Leu Thr Thr Cys Phe Gly Ser Ile Val Thr Val Ile
115 120 125

Gly Ala Ile Leu Gln Gly Ala Ser Thr Asn Tyr Ala Phe Phe Phe Val
130 135 140

Ser Arg Met Val Ile Gly Phe Gly Phe Gly Leu Ala Ser Val Ala Ser
145 150 155 160

Pro Thr Leu Ile Ala Glu Leu Ser Phe Pro Thr Tyr Arg Pro Thr Cys
165 170 175

Thr Ala Leu Tyr Asn Val Phe Trp Tyr Leu Gly Ala Val Ile Ala Ala
180 185 190

Trp Val Thr Tyr Gly Thr Arg Thr Ile Val Ser Ala Tyr Ser Trp Arg
195 200 205

Ile Pro Ser Tyr Leu Gln Gly Leu Leu Pro Leu Val Gln Val Cys Leu
210 215 220

Val Trp Trp Val Pro Glu Ser Pro Arg Phe Leu Val Ser Lys Gly Lys
225 230 235 240

Ile Glu Lys Ala Arg Glu Phe Leu Ile Lys Phe His Thr Gly Asn Asp
245 250 255

Thr Gln Glu Gln Ala Thr Arg Leu Val Glu Phe Glu Leu Lys Glu Ile
260 265 270

Glu Ala Ala Leu Glu Met Glu Lys Ile Asn Ser Asn Ser Lys Tyr Thr
275 280 285

Asp Phe Ile Thr Ile Lys Thr Phe Arg Lys Arg Ile Phe Leu Val Ala
290 295 300

Phe Thr Ala Cys Met Thr Gln Leu Ser Gly Asn Gly Leu Val Ser Tyr
305 310 315 320

Tyr Leu Ser Lys Val Leu Ile Ser Ile Gly Ile Thr Gly Glu Lys Glu
325 330 335

Gln Leu Gln Ile Asn Gly Cys Leu Met Ile Tyr Asn Leu Val Leu Ser
340 345 350

Leu Ala Val Ala Phe Thr Cys Tyr Leu Phe Arg Arg Lys Ala Leu Phe
355 360 365

Ile Phe Ser Cys Ser Phe Met Leu Leu Ser Tyr Val Ile Trp Thr Ile
370 375 380
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Leu Ser Ala Ile Asn Gln Gln Arg Asn Phe Glu Gln Lys Gly Leu Gly
385 390 395 400

Gln Gly Val Leu Ala Met Ile Phe Ile Tyr Tyr Leu Ala Tyr Asn Ile
405 410 415

Gly Leu Asn Gly Leu Pro Tyr Leu Tyr Val Thr Glu Ile Leu Pro Tyr
420 425 430

Thr His Arg Ala Lys Gly Ile Asn Leu Tyr Ser Leu Val Ile Asn Ile
435 440 445

Thr Leu Ile Tyr Asn Gly Phe Val Asn Ala Ile Ala Met Asp Ala Ile
450 455 460

Ser Trp Lys Tyr Tyr Ile Val Tyr Cys Cys Ile Ile Ala Val Glu Leu
465 470 475 480

Val Val Val Ile Phe Thr Tyr Val Glu Thr Phe Gly Tyr Thr Leu Glu
485 490 495

Glu Val Ala Arg Val Phe Glu Gly Thr Asp Ser Leu Ala Met Asp Ile
500 505 510

Asn Leu Asn Gly Thr Val Ser Asn Glu Lys Ile Asp Ile Val His Ser
515 520 525

Glu Arg Gly Ser Ser Ala
530

<210> SEQ ID NO 43

<211> LENGTH: 534

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: cellobiose transporter HXT2.6

<400> SEQUENCE: 43

Met Ser Gln Ser Lys Glu Lys Ser Asn Val Ile Thr Thr Val Leu Ser
1 5 10 15

Glu Glu Leu Pro Val Lys Tyr Ser Glu Glu Ile Ser Asp Tyr Val Tyr
20 25 30

His Asp Gln His Trp Trp Lys Tyr Asn His Phe Arg Lys Leu His Trp
35 40 45

Tyr Ile Phe Val Leu Thr Leu Thr Ser Thr Asn Asn Gly Tyr Asp Gly
50 55 60

Ser Met Leu Asn Gly Leu Gln Ser Leu Ser Thr Trp Lys Asp Ala Met
65 70 75 80

Gly Asn Pro Glu Gly Tyr Ile Leu Gly Ala Leu Ala Asn Gly Thr Ile
Phe Gly Gly Val Leu Ala Val Ala Phe Ala Ser Trp Ala Cys Asp Arg
100 105 110

Phe Gly Arg Lys Leu Thr Thr Cys Phe Gly Ser Ile Val Thr Val Ile
115 120 125

Gly Ala Ile Leu Gln Gly Ala Ser Thr Asn Tyr Ala Phe Phe Phe Val
130 135 140

Ser Arg Met Val Ile Gly Phe Gly Phe Gly Leu Ala Ser Val Ala Ser
145 150 155 160

Pro Thr Leu Ile Ala Glu Leu Ser Phe Pro Thr Tyr Arg Pro Thr Cys
165 170 175

Thr Ala Leu Tyr Asn Val Phe Trp Tyr Leu Gly Ala Val Ile Ala Ala
180 185 190
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Trp Val Thr Tyr Gly Thr Arg Thr Ile Val Ser Ala Tyr Ser Trp Arg
195 200 205

Ile Pro Ser Tyr Leu Gln Gly Leu Leu Pro Leu Val Gln Val Cys Leu
210 215 220

Val Trp Trp Val Pro Glu Ser Pro Arg Phe Leu Val Ser Lys Gly Lys
225 230 235 240

Ile Glu Lys Ala Arg Glu Phe Leu Ile Lys Phe His Thr Gly Asn Asp
245 250 255

Thr Gln Glu Gln Ala Thr Arg Leu Val Glu Phe Glu Leu Lys Glu Ile
260 265 270

Glu Ala Ala Leu Glu Met Glu Lys Ile Asn Ser Asn Ser Lys Tyr Thr
275 280 285

Asp Phe Ile Thr Ile Lys Thr Phe Arg Lys Arg Ile Phe Leu Val Ala
290 295 300

Phe Thr Ala Cys Met Thr Gln Leu Ser Gly Asn Gly Leu Val Ser Tyr
305 310 315 320

Tyr Leu Ser Lys Val Leu Ile Ser Ile Gly Ile Thr Gly Glu Lys Glu
325 330 335

Gln Leu Gln Ile Asn Gly Cys Leu Met Ile Tyr Asn Leu Val Leu Ser
340 345 350

Leu Ala Val Ala Phe Thr Cys Tyr Leu Phe Arg Arg Lys Ala Leu Phe
355 360 365

Ile Phe Ser Cys Ser Phe Met Leu Leu Ser Tyr Val Ile Trp Thr Ile
370 375 380

Leu Ser Ala Ile Asn Gln Gln Arg Asn Phe Glu Gln Lys Gly Leu Gly
385 390 395 400

Gln Gly Val Leu Ala Met Ile Phe Ile Tyr Tyr Leu Ala Tyr Asn Ile
405 410 415

Gly Leu Asn Gly Leu Pro Tyr Leu Tyr Val Thr Glu Ile Leu Pro Tyr
420 425 430

Thr His Arg Ala Lys Gly Ile Asn Leu Tyr Ser Leu Val Ile Asn Ile
435 440 445

Thr Leu Ile Tyr Asn Gly Phe Val Asn Ala Ile Ala Met Asp Ala Ile
450 455 460

Ser Trp Lys Tyr Tyr Ile Val Tyr Cys Cys Ile Ile Ala Val Glu Leu
465 470 475 480

Val Val Val Ile Phe Thr Tyr Val Glu Thr Phe Gly Tyr Thr Leu Glu
485 490 495

Glu Val Ala Arg Val Phe Glu Gly Thr Asp Ser Leu Ala Met Asp Ile
500 505 510

Asn Leu Asn Gly Thr Val Ser Asn Glu Lys Ile Asp Ile Val His Ser
515 520 525

Glu Arg Gly Ser Ser Ala
530

<210> SEQ ID NO 44

<211> LENGTH: 563

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: cellobiose transporter HXT4

<400> SEQUENCE: 44



US 2014/0206071 Al Jul. 24,2014
74

-continued

Met Ala Ile Leu Val Glu Ser His Leu Ser Leu Pro Glu Tyr Arg Ser
1 5 10 15

Ser Ser Asn Met Ile Ser Asp Asn His Ser Ser Ser Ser Ser Thr Glu
20 25 30

Glu Lys Ala Ala His Leu Gln Tyr Glu Ile Lys Ser Asp Ser Gly Glu
35 40 45

Leu Gly Ala Phe Ser Ile Glu Thr Asp Phe Ile Glu Ile Glu Gln Leu
Ala Gln Gln Ala Ser Arg Lys Arg Thr Phe Trp Gln Lys Leu Leu Asp
65 70 75 80

Cys Glu Phe Glu Leu Glu Phe Lys Asp Lys Lys His Met Val Trp Leu
85 90 95

Leu Gly Ala Phe Ala Ser Ala Ala Gly Ile Leu Ser Gly Val Asp Gln
100 105 110

Ser Ile Ile Ser Gly Ala Ser Ile Gly Met Asn Thr Ala Leu Lys Leu
115 120 125

Thr Asp His Gln Ser Ser Leu Val Ser Ser Leu Met Pro Leu Gly Ala
130 135 140

Met Ala Gly Ser Met Met Met Thr Pro Leu Ser Glu Tyr Phe Gly Arg
145 150 155 160

Lys Lys Ala Ile Val Ile Ser Cys Leu Trp Tyr Ser Leu Gly Ala Gly
165 170 175

Leu Cys Ala Gly Ala Asn Ser His Glu Met Met Phe Ala Gly Arg Phe
180 185 190

Ile Leu Gly Ile Gly Val Gly Ile Glu Gly Gly Ser Val Gly Ile Tyr
195 200 205

Ile Ala Glu Ser Val Pro Ala His Val Arg Gly Asn Leu Val Ser Met
210 215 220

Tyr Gln Phe Asn Ile Ala Leu Gly Glu Val Phe Gly Phe Ala Ile Ala
225 230 235 240

Ala Ile Phe Tyr Asp Ile His Gly Gly Trp Arg Tyr Met Val Gly Ser
245 250 255

Ser Leu Val Phe Ser Thr Ile Leu Phe Ile Gly Leu Leu Phe Leu Pro
260 265 270

Glu Ser Pro Arg Tyr Leu Met Tyr Lys Gly Lys Val Gly Glu Ser Tyr
275 280 285

Asn Val Trp Lys Arg Leu Arg Asn Ala Asp Asp Glu Ser Ser Lys Val
290 295 300

Glu Phe Leu Glu Met Arg His Asn Ala Ile Ile Asp Glu Asp Arg Arg
305 310 315 320

Ala His Glu Ser Lys Phe Gln Val Trp Met Asp Leu Phe Thr Ile Pro
325 330 335

Arg Asn Arg Arg Ala Leu Phe Tyr Ala Val Leu Met Val Ser Phe Gly
340 345 350

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

His Lys Ile Gly Phe Asn Ile Arg Ala Ser Val Phe Met Ser Leu Val
370 375 380

Gly Gly Gly Ser Leu Leu Ile Gly Thr Ile Pro Ala Ile Leu Trp Met
385 390 395 400

Asp Arg Phe Gly Arg Arg Val Trp Gly Met Asn Ile Ile Gly Phe Phe
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405 410 415

Ile Gly Leu Val Leu Val Gly Val Gly Tyr Arg Phe Asn Ser Val Thr
420 425 430

Gln Lys Glu Ala Ala Leu Gly Val Tyr Leu Thr Gly Leu Ile Leu Tyr
435 440 445

Met Ser Phe Phe Gly Ala Tyr Ala Cys Leu Thr Trp Val Leu Pro Ala
450 455 460

Glu Ser Phe Ser Leu Ser Thr Arg Ser Val Gly Met Thr Ile Cys Ser
465 470 475 480

Thr Phe Leu Tyr Leu Trp Ser Phe Thr Val Thr Tyr Asn Phe Thr Lys
485 490 495

Met Gln Asn Ala Phe Thr Tyr Thr Gly Leu Thr Leu Gly Phe Tyr Gly
500 505 510

Gly Ile Ala Phe Ile Gly Phe Ile Tyr Gln Ile Leu Phe Met Pro Glu
515 520 525

Thr Lys Asp Lys Thr Leu Glu Glu Ile Asp Asp Ile Phe Ser Lys Ser
530 535 540

Ser Phe Gln Val Ala Arg Glu Asn Ile Ser Asn Val Lys Arg Phe Trp
545 550 555 560

Gly Phe Ser

<210> SEQ ID NO 45

<211> LENGTH: 189

<212> TYPE: PRT

<213> ORGANISM: Streptomyces noursei

<220> FEATURE:

<223> OTHER INFORMATION: nourseothricin resistance NAT1

<400> SEQUENCE: 45

Met Thr Thr Leu Asp Asp Thr Ala Tyr Arg Tyr Arg Thr Ser Val Pro
1 5 10 15

Gly Asp Ala Glu Ala Ile Glu Ala Leu Asp Gly Ser Phe Thr Thr Asp
20 25 30

Thr Val Phe Arg Val Thr Ala Thr Gly Asp Gly Phe Thr Leu Arg Glu
35 40 45

Val Pro Val Asp Pro Pro Leu Thr Lys Val Phe Pro Asp Asp Glu Ser
50 55 60

Asp Asp Glu Ser Asp Ala Gly Glu Asp Gly Asp Pro Asp Ser Arg Thr
65 70 75 80

Phe Val Ala Tyr Gly Asp Asp Gly Asp Leu Ala Gly Phe Val Val Val
Ser Tyr Ser Gly Trp Asn Arg Arg Leu Thr Val Glu Asp Ile Glu Val
100 105 110

Ala Pro Glu His Arg Gly His Gly Val Gly Arg Ala Leu Met Gly Leu
115 120 125

Ala Thr Glu Phe Ala Arg Glu Arg Gly Ala Gly His Leu Trp Leu Glu
130 135 140

Val Thr Asn Val Asn Ala Pro Ala Ile His Ala Tyr Arg Arg Met Gly
145 150 155 160

Phe Thr Leu Cys Gly Leu Asp Thr Ala Leu Tyr Asp Gly Thr Ala Ser
165 170 175

Asp Gly Glu Gln Ala Leu Tyr Met Ser Met Pro Cys Pro
180 185
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<210> SEQ ID NO 46

<211> LENGTH: 553

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: glucose/xylose transporter SUT1

<400> SEQUENCE: 46

Met Ser Ser Gln Asp Ile Pro Ser Gly Val Gln Thr Pro Ser Asn Ala
1 5 10 15

Ser Phe Leu Glu Lys Asp Glu Asp Lys Ile Glu Glu Val Pro Gln Asn
20 25 30

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

Leu Leu Ile Cys Phe Phe Cys Leu Leu Val Ala Phe Gly Gly Phe Val
50 55 60

Phe Gly Phe Asp Thr Gly Thr Ile Ser Gly Phe Val Asn Met Ser Asp
65 70 75 80

Phe Leu Glu Arg Phe Gly Gln Thr Arg Ala Asp Gly Thr His Tyr Leu
85 90 95

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

Ala Ile Gly Gly Ile Phe Leu Ser Lys Ile Gly Asp Val Tyr Gly Arg
115 120 125

Arg Val Gly Ile Met Ala Ser Met Val Ile Tyr Val Val Gly Ile Ile
130 135 140

Val Gln Ile Ala Ser Gln His Ala Trp Tyr Gln Val Met Ile Gly Arg
145 150 155 160

Ala Ile Thr Gly Leu Ala Val Gly Thr Val Ser Val Leu Ser Pro Leu
165 170 175

Phe Ile Gly Glu Ser Ser Pro Lys His Leu Arg Gly Thr Leu Val Tyr
180 185 190

Cys Phe Gln Leu Cys Ile Thr Leu Gly Ile Phe Ile Gly Tyr Cys Val
195 200 205

Thr Tyr Gly Thr Lys Arg Leu Ser Asp Ser Arg Gln Trp Arg Val Pro
210 215 220

Leu Gly Leu Cys Phe Leu Trp Ala Ile Phe Leu Val Val Gly Met Leu
225 230 235 240

Ala Met Pro Glu Ser Pro Arg Tyr Leu Val Glu Lys Lys Arg Ile Glu
245 250 255

Asp Ala Lys Lys Ser Val Ala Arg Ser Asn Lys Leu Ser Pro Glu Asp
260 265 270

Pro Ser Val Tyr Thr Glu Ile Gln Leu Ile Gln Ala Gly Ile Asp Arg
275 280 285

Glu Ala Ile Ala Gly Ser Ala Ser Trp Thr Glu Leu Ile Thr Gly Lys
290 295 300

Pro Ala Ile Phe Arg Arg Val Val Met Gly Ile Ile Met Gln Ser Leu
305 310 315 320

Gln Gln Leu Thr Gly Val Asn Tyr Phe Phe Tyr Tyr Gly Thr Thr Ile
325 330 335

Phe Gln Ala Val Gly Leu Lys Asp Ser Phe Gln Thr Ser Ile Ile Leu
340 345 350
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Gly Val Val Asn Phe Ala Ala Thr Phe Ile Gly Ile Trp Ala Ile Glu
355 360 365

Arg Phe Gly Arg Arg Ser Cys Leu Leu Val Gly Ser Ala Gly Met Phe
370 375 380

Val Cys Phe Ile Ile Tyr Ser Thr Ile Gly Ser Phe His Leu Tyr Lys
385 390 395 400

Asp Gly Glu Tyr Asn Asn Asp Asn Thr Tyr Lys Pro Ser Gly Asn Ala
405 410 415

Leu Ile Phe Ile Thr Cys Leu Phe Ile Val Phe Phe Ala Ser Thr Trp
420 425 430

Ala Gly Gly Val Tyr Thr Ile Ile Ser Glu Ser Tyr Pro Leu Arg Ile
435 440 445

Arg Ser Lys Ala Met Ala Ile Ala Thr Ala Ala Asn Trp Val Phe Gly
450 455 460

Phe Leu Ile Ser Phe Phe Thr Pro Phe Ile Val Ser Ala Ile His Phe
465 470 475 480

Lys Phe Gly Tyr Val Phe Ser Gly Cys Leu Leu Phe Ser Phe Phe Tyr
485 490 495

Val Tyr Phe Phe Val Val Glu Thr Lys Gly Leu Ser Leu Glu Asp Val
500 505 510

Asp Glu Leu Tyr Ala Ser Asn Val Val Pro Trp Lys Ser Ser Lys Trp
515 520 525

Val Pro Pro Ser Thr Ala Ala Met Ala Thr Glu Ala Gly Tyr Ala Ala
530 535 540

Asp Glu Lys Pro Val Asp Glu His Val
545 550

<210> SEQ ID NO 47

<211> LENGTH: 550

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: glucose/xylose transporter SUT2

<400> SEQUENCE: 47

Met Ser Ser Gln Asp Leu Pro Ser Gly Ala Gln Thr Pro Ile Asp Gly
1 5 10 15

Ser Ser Ile Leu Glu Asp Lys Val Glu Gln Ser Ser Ser Ser Asn Ser
20 25 30

Gln Ser Asp Leu Ala Ser Ile Pro Ala Thr Gly Ile Lys Ala Tyr Leu

Leu Val Cys Phe Phe Cys Met Leu Val Ala Phe Gly Gly Phe Val Phe
50 55 60

Gly Phe Asp Thr Gly Thr Ile Ser Gly Phe Leu Asn Met Ser Asp Phe
65 70 75 80

Leu Ser Arg Phe Gly Gln Asp Gly Ser Glu Gly Lys Tyr Leu Ser Asp
85 90 95

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

Gly Gly Ile Phe Leu Ser Lys Ile Gly Asp Val Tyr Gly Arg Arg Ile
115 120 125

Gly Ile Ile Ser Ala Met Val Val Tyr Val Val Gly Ile Ile Ile Gln
130 135 140
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Ile Ser Ser Gln Asp Lys Trp Tyr Gln Leu Thr Ile Gly Arg Gly Val
145 150 155 160

Thr Gly Leu Ala Val Gly Thr Val Ser Val Leu Ser Pro Met Phe Ile
165 170 175

Ser Glu Ser Ala Pro Lys His Leu Arg Gly Thr Leu Val Tyr Cys Tyr
180 185 190

Gln Leu Cys Ile Thr Leu Gly Ile Phe Ile Gly Tyr Cys Val Thr Tyr
195 200 205

Gly Thr Lys Asp Leu Asn Asp Ser Arg Gln Trp Arg Val Pro Leu Gly
210 215 220

Leu Cys Phe Leu Trp Ala Ile Phe Leu Val Val Gly Met Leu Ala Met
225 230 235 240

Pro Glu Ser Pro Arg Phe Leu Ile Glu Lys Lys Arg Ile Glu Glu Ala
245 250 255

Lys Lys Ser Leu Ala Arg Ser Asn Lys Leu Ser Pro Glu Asp Pro Gly
260 265 270

Val Tyr Thr Glu Val Gln Leu Ile Gln Ala Gly Ile Asp Arg Glu Ala
275 280 285

Ala Ala Gly Ser Ala Ser Trp Met Glu Leu Ile Thr Gly Lys Pro Ala
290 295 300

Ile Phe Arg Arg Val Ile Met Gly Ile Ile Leu Gln Ser Leu Gln Gln
305 310 315 320

Leu Thr Gly Val Asn Tyr Phe Phe Tyr Tyr Gly Thr Thr Ile Phe Gln
325 330 335

Ala Val Gly Leu Gln Asp Ser Phe Gln Thr Ser Ile Ile Leu Gly Thr
340 345 350

Val Asn Phe Leu Ser Thr Phe Val Gly Ile Trp Ala Ile Glu Arg Phe
355 360 365

Gly Arg Arg Gln Cys Leu Leu Val Gly Ser Ala Gly Met Phe Val Cys
370 375 380

Phe Ile Ile Tyr Ser Val Ile Gly Thr Thr His Leu Phe Ile Asp Gly
385 390 395 400

Val Val Asp Asn Asp Asn Thr Arg Gln Leu Ser Gly Asn Ala Met Ile
405 410 415

Phe Ile Thr Cys Leu Phe Ile Phe Phe Phe Ala Cys Thr Trp Ala Gly
420 425 430

Gly Val Phe Thr Ile Ile Ser Glu Ser Tyr Pro Leu Arg Ile Arg Ser
435 440 445

Lys Ala Met Ser Ile Ala Thr Ala Ala Asn Trp Met Trp Gly Phe Leu
450 455 460

Ile Ser Phe Cys Thr Pro Phe Ile Val Asn Ala Ile Asn Phe Lys Phe
465 470 475 480

Gly Phe Val Phe Thr Gly Cys Leu Leu Phe Ser Phe Phe Tyr Val Tyr
485 490 495

Phe Phe Val Ser Glu Thr Lys Gly Leu Ser Leu Glu Glu Val Asp Glu
500 505 510

Leu Tyr Ala Glu Gly Ile Ala Pro Trp Lys Ser Gly Ala Trp Val Pro
515 520 525

Pro Ser Ala Gln Gln Gln Met Gln Asn Ser Thr Tyr Gly Ala Glu Ala
530 535 540
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Lys Glu Gln Glu Gln Val

545

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

PRT

<400> SEQUENCE:

Met Ser Ser Gln

1

Ser

Gln

Leu

Gly

65

Leu

Ile

Gly

Gly

Ile

145

Thr

Ser

Gln

Gly

Leu

225

Pro

Lys

Val

Ala

Ile
305

Leu

Ser

Ser

Val

50

Phe

Ser

Arg

Gly

Ile

130

Ser

Gly

Glu

Leu

Thr

210

Cys

Glu

Lys

Tyr

Ala
290

Phe

Thr

Ile

Asp

35

Cys

Asp

Arg

Val

Ile

115

Ile

Ser

Leu

Ser

Cys

195

Lys

Phe

Ser

Ser

Thr
275
Gly

Arg

Gly

Leu

20

Leu

Phe

Thr

Phe

Gly

100

Phe

Ser

Gln

Ala

Ala

180

Ile

Asp

Leu

Pro

Leu

260

Glu

Ser

Arg

Val

SEQ ID NO 48
LENGTH:
TYPE :
ORGANISM: Scheffersomyces stipitis
FEATURE:
OTHER INFORMATION: glucose/xylose transporter

550

48

Asp

Glu

Ala

Phe

Gly

Gly

85

Leu

Leu

Ala

Asp

Val

165

Pro

Thr

Leu

Trp

Arg

245

Ala

Leu

Ala

Val

Asn
325

550

Leu

Asp

Ser

Cys

Thr

70

Gln

Ile

Ser

Met

Lys

150

Gly

Lys

Leu

Asn

Ala

230

Phe

Arg

Gln

Ser

Ile
310

Tyr

Pro

Lys

Ile

Met

55

Ile

Asp

Val

Lys

Val

135

Trp

Thr

His

Gly

Asp

215

Ile

Leu

Ser

Leu

Trp
295

Met

Phe

Ser

Val

Pro

40

Leu

Ser

Gly

Ser

Ile

120

Val

Tyr

Val

Leu

Ile

200

Ser

Phe

Ile

Asn

Ile
280
Met

Gly

Phe

Gly

Glu

25

Ala

Val

Gly

Ser

Ile

105

Gly

Tyr

Gln

Ser

Arg

185

Phe

Arg

Leu

Glu

Lys

265

Gln

Glu

Ile

Tyr

Ala

10

Gln

Thr

Ala

Phe

Glu

90

Phe

Asp

Val

Leu

Val

170

Gly

Ile

Gln

Val

Lys

250

Leu

Ala

Leu

Ile

Tyr
330

Gln

Ser

Gly

Phe

Leu

75

Gly

Asn

Val

Val

Thr

155

Leu

Thr

Gly

Trp

Val

235

Lys

Ser

Gly

Ile

Leu
315

Gly

Thr

Ser

Ile

Gly

60

Asn

Lys

Ile

Tyr

Gly

140

Ile

Ser

Leu

Tyr

Arg

220

Gly

Arg

Pro

Ile

Thr
300

Gln

Thr

Pro

Ser

Lys

45

Gly

Met

Tyr

Gly

Gly

125

Ile

Gly

Pro

Val

Cys

205

Val

Met

Ile

Glu

Asp

285

Gly

Ser

Thr

SUT3

Ile

Ser

30

Ala

Phe

Ser

Leu

Cys

110

Arg

Ile

Arg

Met

Tyr

190

Val

Pro

Leu

Glu

Asp

270

Arg

Lys

Leu

Ile

Asp

15

Asn

Tyr

Val

Asp

Ser

95

Ala

Arg

Ile

Gly

Phe

175

Cys

Thr

Leu

Ala

Glu

255

Pro

Glu

Pro

Gln

Phe
335

Gly

Ser

Leu

Phe

Phe

80

Asp

Ile

Ile

Gln

Val

160

Ile

Tyr

Tyr

Gly

Met

240

Ala

Gly

Ala

Ala

Gln
320

Gln
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Ala Val Gly Leu Gln Asp Ser Phe Gln Thr Ser Ile Ile Leu Gly Thr
340 345 350

Val Asn Phe Leu Ser Thr Phe Val Gly Ile Trp Ala Ile Glu Arg Phe
355 360 365

Gly Arg Arg Gln Cys Leu Leu Val Gly Ser Ala Gly Met Phe Val Cys
370 375 380

Phe Ile Ile Tyr Ser Val Ile Gly Thr Thr His Leu Phe Ile Asp Gly
385 390 395 400

Val Val Asp Asn Asp Asn Thr Arg Gln Leu Ser Gly Asn Ala Met Ile
405 410 415

Phe Ile Thr Cys Leu Phe Ile Phe Phe Phe Ala Cys Thr Trp Ala Gly
420 425 430

Gly Val Phe Thr Ile Ile Ser Glu Ser Tyr Pro Leu Arg Ile Arg Ser
435 440 445

Lys Ala Met Ser Ile Ala Thr Ala Ala Asn Trp Met Trp Gly Phe Leu
450 455 460

Ile Ser Phe Cys Thr Pro Phe Ile Val Asn Ala Ile Asn Phe Lys Phe
465 470 475 480

Gly Phe Val Phe Thr Gly Cys Leu Leu Phe Ser Phe Phe Tyr Val Tyr
485 490 495

Phe Phe Val Ser Glu Thr Lys Gly Leu Ser Leu Glu Glu Val Asp Glu
500 505 510

Leu Tyr Ala Glu Gly Ile Ala Pro Trp Lys Ser Gly Ala Trp Val Pro
515 520 525

Pro Ser Ala Gln Gln Gln Met Gln Asn Ser Thr Tyr Gly Ala Glu Ala
530 535 540

Lys Glu Gln Glu Gln Val
545 550

<210> SEQ ID NO 49

<211> LENGTH: 550

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: glucose/xylose transporter SUT4

<400> SEQUENCE: 49

Met Ser Ser Gln Asp Leu Pro Ser Gly Ala Gln Thr Pro Ile Asp Gly
1 5 10 15

Ser Ser Ile Leu Glu Asp Lys Val Glu Gln Ser Ser Ser Ser Asn Ser
20 25 30

Gln Ser Asp Leu Ala Ser Ile Pro Ala Thr Gly Ile Lys Ala Tyr Leu
35 40 45

Leu Val Cys Phe Phe Cys Met Leu Val Ala Phe Gly Gly Phe Val Phe
50 55 60

Gly Phe Asp Thr Gly Thr Ile Ser Gly Phe Leu Asn Met Ser Asp Phe
65 70 75 80

Leu Ser Arg Phe Gly Gln Asp Gly Ser Glu Gly Lys Tyr Leu Ser Asp
85 90 95

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

Gly Gly Ile Phe Leu Ser Lys Ile Gly Asp Val Tyr Gly Arg Arg Ile
115 120 125
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Gly Ile Ile Ser Ala Met Val Val Tyr Val Val Gly Ile Ile Ile Gln
130 135 140

Ile Ser Ser Gln Asp Lys Trp Tyr Gln Leu Thr Ile Gly Arg Gly Val
145 150 155 160

Thr Gly Leu Ala Val Gly Thr Val Ser Val Leu Ser Pro Met Phe Ile
165 170 175

Ser Glu Ser Ala Pro Lys His Leu Arg Gly Thr Leu Val Tyr Cys Tyr
180 185 190

Gln Leu Cys Ile Thr Leu Gly Ile Phe Ile Gly Tyr Cys Val Thr Tyr
195 200 205

Gly Thr Lys Asp Leu Asn Asp Ser Arg Gln Trp Arg Val Pro Leu Gly
210 215 220

Leu Cys Phe Leu Trp Ala Ile Phe Leu Val Val Gly Met Leu Ala Met
225 230 235 240

Pro Glu Ser Pro Arg Phe Leu Ile Glu Lys Lys Arg Ile Glu Glu Ala
245 250 255

Lys Lys Ser Leu Ala Arg Ser Asn Lys Leu Ser Pro Glu Asp Pro Gly
260 265 270

Val Tyr Thr Glu Val Gln Leu Ile Gln Ala Gly Ile Asp Arg Glu Ala
275 280 285

Ala Ala Gly Ser Ala Ser Trp Met Glu Leu Ile Thr Gly Lys Pro Ala
290 295 300

Ile Phe Arg Arg Val Ile Met Gly Ile Ile Leu Gln Ser Leu Gln Gln
305 310 315 320

Leu Thr Gly Val Asn Tyr Phe Phe Tyr Tyr Gly Thr Thr Ile Phe Gln
325 330 335

Ala Val Gly Leu Gln Asp Ser Phe Gln Thr Ser Ile Ile Leu Gly Thr
340 345 350

Val Asn Phe Leu Ser Thr Phe Val Gly Ile Trp Ala Ile Glu Arg Phe
355 360 365

Gly Arg Arg Gln Cys Leu Leu Val Gly Ser Ala Gly Met Phe Val Cys
370 375 380

Phe Ile Ile Tyr Ser Val Ile Gly Thr Thr His Leu Phe Ile Asp Gly
385 390 395 400

Val Val Asp Asn Asp Asn Thr Arg Gln Ser Ser Gly Asn Ala Met Ile
405 410 415

Phe Ile Thr Cys Leu Phe Ile Phe Phe Phe Ala Cys Thr Trp Ala Gly
420 425 430

Gly Val Phe Thr Ile Ile Ser Glu Ser Tyr Pro Leu Arg Ile Arg Ser
435 440 445

Lys Ala Met Ser Ile Ala Thr Ala Ala Asn Trp Met Trp Gly Phe Leu
450 455 460

Ile Ser Phe Cys Thr Pro Phe Ile Val Asn Ala Ile Asn Phe Lys Phe
465 470 475 480

Gly Phe Val Phe Thr Gly Cys Leu Leu Phe Ser Phe Phe Tyr Val Tyr
485 490 495

Phe Phe Val Ser Glu Thr Lys Gly Leu Ser Leu Glu Glu Val Asp Glu
500 505 510

Leu Tyr Ala Glu Gly Ile Ala Pro Trp Lys Ser Gly Ala Trp Val Pro
515 520 525

Pro Ser Ala Gln Gln Gln Met Gln Asn Ser Thr Tyr Gly Ala Glu Thr
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Lys
545

530 535

Glu Gln Glu Gln Val
550

<210> SEQ ID NO 50

<211> LENGTH: 566

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces
<220> FEATURE:

<223> OTHER INFORMATION: xylose

<400> SEQUENCE: 50

Met

1

Arg

Asn

Val

Ser

65

Leu

Val

Val

Val

Val

145

Ala

Gln

Gly

Trp

Val

225

Asp

Ser

Gln

Gln

Lys
305

Cys

His Gly Gly Gly Asp Gly Asn

Arg Leu Gln Ile Ala Gly Lys
20

Ser Arg Ser Phe Phe Ile Ala

Tyr Gly Tyr Asn Gln Gly Met

50 55

Phe Ser Lys Ala Ile Gly Val
70

Gln Gly Leu Leu Thr Ser Ile
85

Leu Met Asn Gly Tyr Ile Ala
100

Val Val Gly Val Phe Phe Phe
115 120

Ala Arg Gly Gly Asn Tyr Asp
130 135

Gly Ile Gly Val Gly Ile Leu
150

Glu Val Ser Pro Pro Glu Ile
165

Leu Ala Ile Thr Phe Gly Ile
180

Thr Asn Tyr Ile Gly Gly Thr
195 200

Leu Val Pro Ile Cys Ile Gln
210 215

Gly Ile Phe Phe Met Pro Glu
230

Arg Glu Asp Glu Cys Leu Ser
245

Lys Glu Asp Thr Leu Val Gln
260

Lys Leu Phe Glu Arg Glu Leu
275 280

Asp Gly Ser Ala Lys Ser Asn
290 295

Ser Met Ile Thr His Tyr Pro
310

Leu Ile Met Thr Phe Gln Gln

stipitis

transporter

Asp

Ser

25

Val

Phe

Glu

Leu

Asp

105

Phe

Tyr

Ser

Arg

Met

185

Gly

Leu

Ser

Val

Met

265

Ser

Phe

Thr

Trp

Ile

10

Gly

Phe

Gly

Lys

Glu

90

Arg

Ile

Ile

Met

Gly

170

Ile

Ser

Val

Pro

Leu

250

Glu

Ala

Leu

Phe

Thr

Thr

Val

Ala

Gln

Ile

75

Leu

Leu

Gly

Leu

Val

155

Ser

Ser

Gly

Pro

Arg

235

Ser

Phe

Lys

Ile

Lys
315

Gly

540

XUT1

Glu Ile Ile Ala
15

Ala Gly Leu Val
30

Ser Leu Gly Gly
45

Ile Ser Gly Met
60

Gln Asp Asn Pro
Gly Ala Trp Val
95

Gly Arg Lys Lys
110

Val Ile Val Gln
125

Gly Gly Arg Phe
140

Val Pro Leu Tyr

Leu Val Ala Leu
175

Tyr Trp Ile Thr
190

Gln Ser Lys Ala
205

Ala Leu Leu Leu
220

Trp Leu Met Asn

Asn Leu Arg Ser
255

Leu Glu Met Lys
270

Tyr Phe Pro His
285

Gly Phe Asn Gln
300

Arg Val Ala Val

Val Asn Phe Ile

Ala

Ala

Leu

Tyr

Thr

80

Gly

Ser

Ala

Val

Asn

160

Gln

Tyr

Ser

Gly

Glu

240

Leu

Ala

Leu

Tyr

Ala
320

Leu



US 2014/0206071 Al Jul. 24,2014
&3

-continued

325 330 335

Tyr Tyr Ala Pro Phe Ile Phe Ser Ser Leu Gly Leu Ser Gly Asn Thr
340 345 350

Ile Ser Leu Leu Ala Ser Gly Val Val Gly Ile Val Met Phe Leu Ala
355 360 365

Thr Ile Pro Ala Val Leu Trp Val Asp Arg Leu Gly Arg Lys Pro Val
370 375 380

Leu Ile Ser Gly Ala Ile Ile Met Gly Ile Cys His Phe Val Val Ala
385 390 395 400

Ala Ile Leu Gly Gln Phe Gly Gly Asn Phe Val Asn His Ser Gly Ala
405 410 415

Gly Trp Val Ala Val Val Phe Val Trp Ile Phe Ala Ile Gly Phe Gly
420 425 430

Tyr Ser Trp Gly Pro Cys Ala Trp Val Leu Val Ala Glu Val Phe Pro
435 440 445

Leu Gly Leu Arg Ala Lys Gly Val Ser Ile Gly Ala Ser Ser Asn Trp
450 455 460

Leu Asn Asn Phe Ala Val Ala Met Ser Thr Pro Asp Phe Val Ala Lys
465 470 475 480

Ala Lys Phe Gly Ala Tyr Ile Phe Leu Gly Leu Met Cys Ile Phe Gly
485 490 495

Ala Ala Tyr Val Gln Phe Phe Cys Pro Glu Thr Lys Gly Arg Thr Leu
500 505 510

Glu Glu Ile Asp Glu Leu Phe Gly Asp Thr Ser Gly Thr Ser Lys Met
515 520 525

Glu Lys Glu Ile His Glu Gln Lys Leu Lys Glu Val Gly Leu Leu Gln
530 535 540

Leu Leu Gly Glu Glu Asn Ala Ser Glu Ser Glu Asn Ser Lys Ala Asp
545 550 555 560

Val Tyr His Val Glu Lys
565

<210> SEQ ID NO 51

<211> LENGTH: 551

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: xylose transporter XUT3

<400> SEQUENCE: 51

Met Arg Glu Val Gly Ile Leu Asp Val Ala His Gly Asn Val Val Thr
1 5 10 15

Ile Met Met Lys Asp Pro Val Val Phe Leu Val Ile Leu Phe Ala Ser
20 25 30

Leu Gly Gly Leu Leu Phe Gly Tyr Asp Gln Gly Val Ile Ser Gly Ile
35 40 45

Val Thr Met Glu Ser Phe Gly Ala Lys Phe Pro Arg Ile Phe Met Asp
50 55 60

Ala Asp Tyr Lys Gly Trp Phe Val Ser Thr Phe Leu Leu Cys Ala Trp
65 70 75 80

Phe Gly Ser Ile Ile Asn Thr Pro Ile Val Asp Arg Phe Gly Arg Arg
85 90 95

Asp Ser Ile Thr Ile Ser Cys Val Ile Phe Val Ile Gly Ser Ala Phe
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100 105 110

Gln Cys Ala Gly Ile Asn Thr Ser Met Leu Phe Gly Gly Arg Ala Val
115 120 125

Ala Gly Leu Ala Val Gly Gln Leu Thr Met Val Val Pro Met Tyr Met
130 135 140

Ser Glu Leu Ala Pro Pro Ser Val Arg Gly Gly Leu Val Val Ile Gln
145 150 155 160

Gln Leu Ser Ile Thr Ile Gly Ile Met Ile Ser Tyr Trp Leu Asp Tyr
165 170 175

Gly Thr His Phe Ile Gly Gly Thr Arg Cys Ala Pro Ser His Pro Tyr
180 185 190

Gln Gly Glu Thr Phe Asn Pro Asn Val Asp Val Pro Pro Gly Gly Cys
195 200 205

Tyr Gly Gln Ser Asp Ala Ser Trp Arg Ile Pro Phe Gly Val Gln Ile
210 215 220

Ala Pro Ala Val Leu Leu Gly Ile Gly Met Ile Phe Phe Pro Arg Ser
225 230 235 240

Pro Arg Trp Leu Leu Ser Lys Gly Arg Asp Glu Glu Ala Trp Ser Ser
245 250 255

Leu Lys Tyr Leu Arg Arg Lys Ser His Glu Asp Gln Val Glu Arg Glu
260 265 270

Phe Ala Glu Ile Lys Ala Glu Val Val Tyr Glu Asp Lys Tyr Lys Glu
275 280 285

Lys Arg Phe Pro Gly Lys Thr Gly Val Ala Leu Thr Leu Thr Gly Tyr
290 295 300

Trp Asp Ile Leu Thr Thr Lys Ser His Phe Lys Arg Val Phe Ile Gly
305 310 315 320

Ser Ala Val Met Phe Phe Gln Gln Phe Ile Gly Cys Asn Ala Ile Ile
325 330 335

Tyr Tyr Ala Pro Thr Ile Phe Thr Gln Leu Gly Met Asn Ser Thr Thr
340 345 350

Thr Ser Leu Leu Gly Thr Gly Leu Tyr Gly Ile Val Asn Cys Leu Ser
355 360 365

Thr Leu Pro Ala Val Phe Leu Ile Asp Arg Cys Gly Arg Lys Thr Leu
370 375 380

Leu Met Ala Gly Ala Ile Gly Thr Phe Ile Ser Leu Val Ile Val Gly
385 390 395 400

Ala Ile Val Gly Lys Tyr Gly Asp Arg Leu Ser Glu Phe Lys Thr Ala
405 410 415

Gly Arg Thr Ala Ile Ala Phe Ile Phe Ile Tyr Asp Val Asn Phe Ser
420 425 430

Tyr Ser Trp Ala Pro Ile Gly Trp Val Leu Pro Ser Glu Ile Phe Pro
435 440 445

Ile Gly Ile Arg Ser Asn Ala Ile Ser Ile Thr Thr Ser Ser Thr Trp
450 455 460

Met Asn Asn Phe Ile Ile Gly Leu Val Thr Pro His Met Leu Glu Thr
465 470 475 480

Met Lys Trp Gly Thr Tyr Ile Phe Phe Ala Ala Phe Ala Ile Ile Ala
485 490 495

Phe Phe Phe Thr Trp Leu Ile Ile Pro Glu Thr Lys Gly Val Pro Leu
500 505 510
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Glu Glu Met Asp Ala Val Phe Gly Asp Thr Ala Ala Leu Gln Glu Lys
515 520 525

Asn Leu Val Thr Ile Thr Ser Val Ser Glu Ser Asp Ala Lys Asp Arg
530 535 540

Asn Ser Ile Glu Met Ser Glu
545 550

<210> SEQ ID NO 52

<211> LENGTH: 318

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: xylose reductase XYLl (Xyllp)

<400> SEQUENCE: 52

Met Pro Ser Ile Lys Leu Asn Ser Gly Tyr Asp Met Pro Ala Val Gly
1 5 10 15

Phe Gly Cys Trp Lys Val Asp Val Asp Thr Cys Ser Glu Gln Ile Tyr
20 25 30

Arg Ala Ile Lys Thr Gly Tyr Arg Leu Phe Asp Gly Ala Glu Asp Tyr
35 40 45

Ala Asn Glu Lys Leu Val Gly Ala Gly Val Lys Lys Ala Ile Asp Glu
50 55 60

Gly Ile Val Lys Arg Glu Asp Leu Phe Leu Thr Ser Lys Leu Trp Asn
65 70 75 80

Asn Tyr His His Pro Asp Asn Val Glu Lys Ala Leu Asn Arg Thr Leu
85 90 95

Ser Asp Leu Gln Val Asp Tyr Val Asp Leu Phe Leu Ile His Phe Pro
100 105 110

Val Thr Phe Lys Phe Val Pro Leu Glu Glu Lys Tyr Pro Pro Gly Phe
115 120 125

Tyr Cys Gly Lys Gly Asp Asn Phe Asp Tyr Glu Asp Val Pro Ile Leu
130 135 140

Glu Thr Trp Lys Ala Leu Glu Lys Leu Val Lys Ala Gly Lys Ile Arg
145 150 155 160

Ser Ile Gly Val Ser Asn Phe Pro Gly Ala Leu Leu Leu Asp Leu Leu
165 170 175

Arg Gly Ala Thr Ile Lys Pro Ser Val Leu Gln Val Glu His His Pro
180 185 190

Tyr Leu Gln Gln Pro Arg Leu Ile Glu Phe Ala Gln Ser Arg Gly Ile
195 200 205

Ala Val Thr Ala Tyr Ser Ser Phe Gly Pro Gln Ser Phe Val Glu Leu
210 215 220

Asn Gln Gly Arg Ala Leu Asn Thr Ser Pro Leu Phe Glu Asn Glu Thr
225 230 235 240

Ile Lys Ala Ile Ala Ala Lys His Gly Lys Ser Pro Ala Gln Val Leu
245 250 255

Leu Arg Trp Ser Ser Gln Arg Gly Ile Ala Ile Ile Pro Lys Ser Asn
260 265 270

Thr Val Pro Arg Leu Leu Glu Asn Lys Asp Val Asn Ser Phe Asp Leu
275 280 285

Asp Glu Gln Asp Phe Ala Asp Ile Ala Lys Leu Asp Ile Asn Leu Arg
290 295 300
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Phe Asn Asp Pro Trp Asp Trp Asp Lys Ile Pro Ile Phe Val

305

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

PRT

<400> SEQUENCE:

Met Thr Ala Asn

1

Phe

Val

Ala

Gly

65

Ser

Arg

Met

Pro

Lys

145

Leu

Asp

Ala

Phe

Thr

225

Gly

Cys

Gln

Ala

Asp
305

Arg

Glu

Gln

His

50

His

Leu

Phe

Ala

Gly

130

Leu

Ser

Tyr

Val

Asp

210

Phe

Gly

Ile

Val

Met
290

Tyr

Glu

Thr

Val

Gly

Glu

Lys

Ser

Phe

115

Thr

Pro

Val

Val

Ala

195

Asn

Asn

Asn

Lys

Gly

275

Lys

Lys

Asn

Tyr

20

Lys

Arg

Ser

Val

Asp

100

Ala

Leu

Asp

Gly

Ala

180

Lys

Lys

Ser

Val

Leu

260

Asn

Glu

Thr

Ala

SEQ ID NO 53
LENGTH:
TYPE :
ORGANISM: Scheffersomyces stipitis
FEATURE:
OTHER INFORMATION: xylitol dehydrogenase XYL2

363

53

Pro

Asp

Lys

Ile

Ala

Gly

85

Glu

Ala

Cys

His

Val

165

Val

Thr

Leu

Lys

Pro

245

Gly

Ala

Leu

Ala

Pro
325

310

Ser

Ala

Thr

Gly

Gly

70

Asp

Tyr

Thr

Lys

Val

150

His

Phe

Phe

Lys

Thr

230

Asn

Val

Ala

Thr

Val
310

Ile

Leu

Pro

Gly

Asn

55

Thr

Asn

Lys

Pro

Tyr

135

Ser

Ala

Gly

Gly

Met

215

Gly

Val

Asp

Gly

Leu
295

Gly

Asp

Val

Glu

Ile

Phe

Val

Val

Ser

Asn

120

Phe

Leu

Ser

Ala

Ala

200

Ala

Gly

Val

Ala

Pro
280
Phe

Ile

Phe

Leu

Ile

25

Cys

Val

Val

Ala

Gly

105

Ser

Lys

Glu

Lys

Gly

185

Lys

Lys

Ser

Leu

Ile

265

Val

Gly

Phe

Glu

Asn

10

Ser

Gly

Leu

Gln

Ile

90

His

Lys

Ser

Leu

Leu

170

Pro

Gly

Asp

Glu

Glu

250

Ala

Ser

Ser

Asp

Gln
330

315

Lys

Glu

Ser

Thr

Val

75

Glu

Tyr

Glu

Pro

Gly

155

Gly

Val

Val

Ile

Glu

235

Cys

Pro

Phe

Phe

Thr
315

Leu

Ile

Pro

Asp

Lys

60

Gly

Pro

Asn

Gly

Glu

140

Ala

Ser

Gly

Ile

Gly

220

Leu

Thr

Gly

Pro

Arg
300

Asn

Ile

Asp

Thr

Ile

Pro

Lys

Gly

Leu

Glu

125

Asp

Leu

Val

Leu

Val

205

Ala

Ile

Gly

Gly

Ile
285
Tyr

Tyr

Thr

(PsXyl2p)

Asp

Asp

30

His

Met

Gly

Ile

Cys

110

Pro

Phe

Val

Ala

Leu

190

Val

Ala

Lys

Ala

Arg

270

Thr

Gly

Gln

His

Ile

15

Val

Phe

Val

Val

Pro

95

Pro

Asn

Leu

Glu

Phe

175

Ala

Asp

Thr

Ala

Glu

255

Phe

Val

Phe

Asn

Arg
335

Ser

Leu

Tyr

Leu

Thr

80

Ser

His

Pro

Val

Pro

160

Gly

Ala

Ile

His

Phe

240

Pro

Val

Phe

Asn

Gly
320

Tyr
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Lys Phe Lys Asp Ala Ile Glu Ala Tyr Asp Leu Val Arg Ala Gly Lys
340 345 350

Gly Ala Val Lys Cys Leu Ile Asp Gly Pro Glu
355 360

<210> SEQ ID NO 54

<211> LENGTH: 623

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: xylulokinase XYL3 (PsXyl3p, PsXkslp)

<400> SEQUENCE: 54

Met Thr Thr Thr Pro Phe Asp Ala Pro Asp Lys Leu Phe Leu Gly Phe
1 5 10 15

Asp Leu Ser Thr Gln Gln Leu Lys Ile Ile Val Thr Asp Glu Asn Leu
20 25 30

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

Val Gln Lys Gly Val Ile Ala Ile Asn Asp Glu Ile Ser Lys Gly Ala
50 55 60

Ile Ile Ser Pro Val Tyr Met Trp Leu Asp Ala Leu Asp His Val Phe
65 70 75 80

Glu Asp Met Lys Lys Asp Gly Phe Pro Phe Asn Lys Val Val Gly Ile
85 90 95

Ser Gly Ser Cys Gln Gln His Gly Ser Val Tyr Trp Ser Arg Thr Ala
100 105 110

Glu Lys Val Leu Ser Glu Leu Asp Ala Glu Ser Ser Leu Ser Ser Gln
115 120 125

Met Arg Ser Ala Phe Thr Phe Lys His Ala Pro Asn Trp Gln Asp His
130 135 140

Ser Thr Gly Lys Glu Leu Glu Glu Phe Glu Arg Val Ile Gly Ala Asp
145 150 155 160

Ala Leu Ala Asp Ile Ser Gly Ser Arg Ala His Tyr Arg Phe Thr Gly
165 170 175

Leu Gln Ile Arg Lys Leu Ser Thr Arg Phe Lys Pro Glu Lys Tyr Asn
180 185 190

Arg Thr Ala Arg Ile Ser Leu Val Ser Ser Phe Val Ala Ser Val Leu
195 200 205

Leu Gly Arg Ile Thr Ser Ile Glu Glu Ala Asp Ala Cys Gly Met Asn
210 215 220

Leu Tyr Asp Ile Glu Lys Arg Glu Phe Asn Glu Glu Leu Leu Ala Ile
225 230 235 240

Ala Ala Gly Val His Pro Glu Leu Asp Gly Val Glu Gln Asp Gly Glu
245 250 255

Ile Tyr Arg Ala Gly Ile Asn Glu Leu Lys Arg Lys Leu Gly Pro Val
260 265 270

Lys Pro Ile Thr Tyr Glu Ser Glu Gly Asp Ile Ala Ser Tyr Phe Val
275 280 285

Thr Arg Tyr Gly Phe Asn Pro Asp Cys Lys Ile Tyr Ser Phe Thr Gly
290 295 300

Asp Asn Leu Ala Thr Ile Ile Ser Leu Pro Leu Ala Pro Asn Asp Ala
305 310 315 320
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Leu Ile Ser Leu Gly Thr Ser Thr Thr Val Leu Ile Ile Thr Lys Asn
325 330 335

Tyr Ala Pro Ser Ser Gln Tyr His Leu Phe Lys His Pro Thr Met Pro
340 345 350

Asp His Tyr Met Gly Met Ile Cys Tyr Cys Asn Gly Ser Leu Ala Arg
355 360 365

Glu Lys Val Arg Asp Glu Val Asn Glu Lys Phe Asn Val Glu Asp Lys
370 375 380

Lys Ser Trp Asp Lys Phe Asn Glu Ile Leu Asp Lys Ser Thr Asp Phe
385 390 395 400

Asn Asn Lys Leu Gly Ile Tyr Phe Pro Leu Gly Glu Ile Val Pro Asn
405 410 415

Ala Ala Ala Gln Ile Lys Arg Ser Val Leu Asn Ser Lys Asn Glu Ile
420 425 430

Val Asp Val Glu Leu Gly Asp Lys Asn Trp Gln Pro Glu Asp Asp Val
435 440 445

Ser Ser Ile Val Glu Ser Gln Thr Leu Ser Cys Arg Leu Arg Thr Gly
450 455 460

Pro Met Leu Ser Lys Ser Gly Asp Ser Ser Ala Ser Ser Ser Ala Ser
465 470 475 480

Pro Gln Pro Glu Gly Asp Gly Thr Asp Leu His Lys Val Tyr Gln Asp
485 490 495

Leu Val Lys Lys Phe Gly Asp Leu Tyr Thr Asp Gly Lys Lys Gln Thr
500 505 510

Phe Glu Ser Leu Thr Ala Arg Pro Asn Arg Cys Tyr Tyr Val Gly Gly
515 520 525

Ala Ser Asn Asn Gly Ser Ile Ile Arg Lys Met Gly Ser Ile Leu Ala
530 535 540

Pro Val Asn Gly Asn Tyr Lys Val Asp Ile Pro Asn Ala Cys Ala Leu
545 550 555 560

Gly Gly Ala Tyr Lys Ala Ser Trp Ser Tyr Glu Cys Glu Ala Lys Lys
565 570 575

Glu Trp Ile Gly Tyr Asp Gln Tyr Ile Asn Arg Leu Phe Glu Val Ser
580 585 590

Asp Glu Met Asn Ser Phe Glu Val Lys Asp Lys Trp Leu Glu Tyr Ala
595 600 605

Asn Gly Val Gly Met Leu Ala Lys Met Glu Ser Glu Leu Lys His
610 615 620

<210> SEQ ID NO 55

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: endo-1,4-beta-xylanase XYN1

<400> SEQUENCE: 55

Met Lys Leu Glu Phe Thr Thr Ala Leu Leu Ala Leu Ser Gly Ile Val
1 5 10 15

Ala Ala Asn Pro Ile Ser Lys Asn Asn Lys Lys His His Ser Ala Pro
20 25 30

Pro Pro Thr Leu Asn Glu Leu Ala Val Ala Ala Gly Lys Met Tyr Phe
35 40 45
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Gly Thr Ala Thr Asn Gln Glu Gln Trp Ser Asn Lys Glu Tyr Thr Glu
50 55 60

Leu Met Leu Glu Gln Phe Gly Ser Met Thr Pro Ala Asn Val Gln Lys
65 70 75 80

Trp Met Tyr Thr Glu Pro Glu Gln Gly Val Phe Asn Tyr Thr Ala Gly
85 90 95

Asp Glu Phe Ala Asn Tyr Ala Leu Lys Asn Lys Lys Val Leu Leu Cys
100 105 110

Asp Thr Leu Val Trp His Gln Gln Tyr Pro Ser Trp Leu Asp Glu Lys
115 120 125

Thr Trp Thr Lys Lys Asp Leu Leu Asn Val Ile Tyr Gln His Val Tyr
130 135 140

Asn Glu Val Lys His Phe Lys Gly Arg Cys Phe Ser Trp Asn Val Val
145 150 155 160

Asn Glu Ala Leu Asn Glu Asp Gly Thr Trp Arg Gln Ser Leu Phe Tyr
165 170 175

Asn Val Thr Gly Thr Asp Tyr Ile Glu Thr Ala Phe Leu Ala Ala Ser
180 185 190

Ala Ala Asp Pro Arg Ala Gln Leu Tyr Tyr Asn Asp Tyr Asn Ile Glu
195 200 205

Tyr Pro Gly Pro Lys Ser Ala Ala Val Glu Asn Met Val Lys Trp Leu
210 215 220

Arg Ser Lys His Val Lys Ile Asp Ala Val Gly Leu Glu Ser His Phe
225 230 235 240

Ile Val Gly Gln Ala Ala Thr Glu Ala Gln Gln Gln Gln Gln Met Gln
245 250 255

Ser Tyr Ile Asp Leu Gly Val Gln Val Val Val Ser Glu Leu Asp Val
260 265 270

Arg Phe Glu Thr Leu Pro Pro Thr Glu Ala Gly Leu Ala Gln Gln Thr
275 280 285

Val Asp Tyr Gln Ala Ser Ile Asn Ala Cys Ile Lys Val Gly Lys Gln
290 295 300

Cys Met Gly Ile Ser Val Trp Asp Phe Asp Asp Glu Tyr Ser Trp Ile
305 310 315 320

Pro Ser Ser Phe Ala Gly Gln Gly Asp Ala Asp Leu Trp Tyr Ala Asn
325 330 335

Phe Thr Thr Thr Pro Ala Tyr Thr Gly Val Val Ser Ala Leu Glu Ala
340 345 350

Gly Ala Leu Lys Lys His Ile Phe
355 360

<210> SEQ ID NO 56

<211> LENGTH: 500

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(500)

<223> OTHER INFORMATION: ACB2 terminator

<400> SEQUENCE: 56
gtttttaatyg aatagataat gtgtatgact tatcttgtgt acgtggtgac tctaatatca 60

agaaaggacg ttgtaagaga gcaacgagca aatacataat gacaaaatgt aattagtacg 120
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aacaaggacc aacattggag tctcatatte aattaaagte
tacgctttaa atggctgcaa ttttattttt aaagtcacgt
atgagaagat ttatatagca tgaataaatt atacccataa
tttgttcata ctccatagat ttcagaatgg atatacateg
ctcegeacac cgtcacagca acagectttt cgeategtte
ccaatgattt gagattggct gttggtagaa gcaatggtga
aatacaactyg gacccacgaa

<210> SEQ ID NO 57

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(300

<223> OTHER INFORMATION: ALD1l terminator
<400> SEQUENCE: 57

gcgaatttet tatgatttat gatttttatt attaaataag
tacaaatttt aaagtgactc ttaggtttta aaacgaaaat
ttcctgtagyg tcaggttget ttetcaggta tagcatgagg
tctaccggca tgccgagcaa atgectgecaa ategetecce
tgctaactcc agcaatgagt tgatgaatct cggtgtgtat
<210> SEQ ID NO 58

<211> LENGTH: 218

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(218

<223> OTHER INFORMATION: BGL1l terminator

<400> SEQUENCE: 58

tgtatcatag

gatatctgaa

tactctatct

ctgtegtttt

gtegttgget

cattgaaatc

ttataaaaaa
tcttattett
tcgetettat
atttcaccca

tttatgtect

tcaaaatctce

aaatttcgag

atcccatata

gtggactaca

aaacaagcta

tggaatccta

aataagtgta
gagtaactct
tgaccacacc
attgtagata

cagaggacaa

aaaatgaaat agatatggtt tagaatacgt taattcggag tacttgaatc tatcagtagt

acaaaaacaa atgaccttat tacagttett ggtttatagt gtatcaatct tcatcataaa

agttcattta aaggtataac ctttttgtaa atctatagtg tctatattct aaacgttaaa

aagtcatgca ggggagaaaa acattaatcg taaagcta

<210> SEQ ID NO 59

<211> LENGTH: 316

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(316)

<223> OTHER INFORMATION: BGL2 terminator

<400> SEQUENCE: 59

tttatcagte cctaaatcgg tactgetteg gggtataaga
agaaatgtgg gtgaatgttg ttattgctca tggcaaattt
tccataaaag gctctatgta atcgatgate gtacattatt

tatattttcg atagttgccg gttegtagat ttageattat

aataaatggt

agtttatcct

cagtatttat

cgattatgag

agttcataga

agcagttaac

atgtataagc

caacaatgaa

180

240

300

360

420

480

500

60

120

180

240

300

60

120

180

218

60

120

180

240
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caactataat taattgcatt gctctcaaga tatcgtcage atagcaatte tacaaccaga

tctattagca acagat

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 60

LENGTH: 215

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(215

OTHER INFORMATION: BGL3 terminator

SEQUENCE: 60

aaaatgaaat agatatggtt

acaaaaacaa atgacctcat

agttcattta aaggtataac

aagtcatgca ggggagaaaa

tagaatacgt

tacagttett

ctttttgtaa

acattaatcg

taattcggag

ggtttatagt

atctatagtg

taaag

tacttgaatc tatcagtagt
gtatcaatct tcatcataaa

tctatattct aaacgttaaa

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 61

LENGTH: 497

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(497

OTHER INFORMATION: BGL4 terminator

SEQUENCE: 61

gccaatttte ttacttgcag ctaaaatcge aaacttcctg acattagcta tcaaacgaaa

aaaacttgag ctcgatccct attcacgget atcacatgaa aaagtecgca actctttece

aaaagagaat gtaaagtcta gatgattttt gtetttegtt gttettcaca actggcaact

tctttatgta gattgcaaca ttgaccaaca ctaagaaggce attttettge tgatctcaag

catgatgcca aatatagtaa ttgcatgget tcacaggaca tegtagtaaa cctaatctcet

agattttcga atgcggetta tctgcatact gttccatacg ttaatettgg attcttcetat

acagccacat cagaagtcct tgtctggace taataacatce taacgtgtga aacgctatct

gaagggtttt caagctagca cgtttacttc acaggagaga agctatattt ttegettaac

attttgttgt tcttgeg

<210> SEQ ID NO 62

<211> LENGTH: 497

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(497

<223> OTHER INFORMATION: BGL5 terminator
<400> SEQUENCE: 62

acgggcaata gagcctccaa gagttaaaat aaagttcata gttttaagta atgtaattaa

acgttgcagt aatttctgat ttggctgtag atgaatatga cttccaaaac tacagtctag

tagacttcca tcgacaaaac tctcagttga atataattgg cgtatgggga tatacttaca

agtagaattt ccattaaggg aattagagtt gcttecccatt agtcaatttt ctatacaaat

atatcacaat aggaatcgaa cccccgactt cttecgagata ttctattett ctaagatttg

300

316

60

120

180

215

60

120

180

240

300

360

420

480

497

60

120

180

240

300
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gcttaaaatyg ttcagaatta gatatatact tctctgaaat ttggaaatat tgaaaagcat

ggaactttaa aatagacata aagcatctgc aatttcacaa gatatcaaat ctagtattct

ttttgacatt tcttttcaat acaagtaaag taactcattc cactatttct taaaacagtg

ctatttcata attttga

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 63
LENGTH: 497

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(497

OTHER INFORMATION: BGLé terminator

SEQUENCE: 63

ataatttcgt taggtgttga agctgagagt gtaatgacaa actttgtggt tttaaaaaaa

tggtagatat tactgaatta acccttctag accaatcatc tggtgttaga ctttcatttg

gagaaatatt cagttgacaa tatatgttct aattacaaaa tttaggtttt aagtgcaaca

aatatatctyg actttggaaa ccatcggecac tttcaaaatt gatttgttta taaattcgta

gaatatctta atcatattgt ggaatagcct gaaagtactg ggagettgtt caaaagaaca

tataaaaaag tggaccggaa tctaatactt cagaagtttc ggtggaagac ttcatggtag

agctagttgg agacttctgt ctaacaatag ctcaatcatg atttcettttt ttattctcta

tctatgtttt getttactaa tteggtagga aatgetggaa ttcaagaaac agctagetgt

tgtcaatcaa attgcat

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 64
LENGTH: 210

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(210

OTHER INFORMATION: BGL7 terminator

SEQUENCE: 64

aggttttgat agaataaaaa cttatatcgt aatcgttagt gegattaatc tatattagtt

tagccctatg agaaatgaaa taagctgggt taatccctag gtatacagtt taagaaacta

cgtaatatta tgagagattt aaattaaaga atatatattg ttcacttgga ataataatta

tgttaactcg ctaatgaaga aaagagaaga

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 65
LENGTH: 497

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(497

OTHER INFORMATION: EGC1l terminator

SEQUENCE: 65

attcatacaa atcaattgag gttaggtaaa gagttttgaa atttcegeca cttccaaaac

cacggataaa aaacattggt aaaaattata tagaatgtga ataactgaaa tatacgtaac

cgtgttgttt catcatttct ttgtttccaa taagtttgtt accttaaggt tcattattta

360

420

480

497

60

120

180

240

300

360

420

480

497

60

120

180

210

60

120

180
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aattgtgttc cattataatc tttctatcta attttagttc aatcttattt caattttttt 240
caaattctat tcagaagtaa aagtattata ttctaataga ctggaattaa ttaaggcatc 300
tgggagctac ttaatctagt tgcaataaat tcaataagat ggttcccatt tgaaggtcat 360
atccgagtet atatttacca aagaaaaatg tctagactca tagtaagtac acactgttaa 420
tattttgcta tttttctaat caggccacat aaaatacacc ccgtcgatat tagaacatte 480
cacttactag aaattgc 497
<210> SEQ ID NO 66
<211> LENGTH: 500
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(500)
<223> OTHER INFORMATION: EGC2 terminator
<400> SEQUENCE: 66
agatgcaatc tcgttcaata gagagatgcet aggtgatgag gcgaaaaatt tgactatctg 60
actttataga gtaaaataca cataatttgt gtctaaaaac tgacatatcyg taactgcttg 120
tactgtcttyg aatctcgtaa ctagacaatt aagatgctgg gtctaatcca ggtgecccag 180
aatgaaatat ccctctacga gattatgttt ttactgtttc tctggtaact ggattgctte 240
cattttcgga aggaactccg cgacttgcag attgectgtt geccctecta ccccagattt 300
ttgatcacac agaaaaaata tcttgagcga gatacagtgg aaggtctteg ctttgggaaa 360
gcactccaac ccactecttge cgttecectgg atgacatcca agagtagetg aaatagactt 420
ccaccagggce aatgtatgac aaagcccaac aacaataaca ataacaatat taactactte 480
ctacagcgcece ctcggctgcet 500
<210> SEQ ID NO 67
<211> LENGTH: 500
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(500)
<223> OTHER INFORMATION: EGC3 terminator
<400> SEQUENCE: 67
ctttttattt agttataaag ttttaataaa catgaatgtc tggtttttta gttgtaactg 60
aactgagcag agattattct ttcgttatta gacttctgga aggatatcaa aaagaactgg 120
catctectecee acatgtagaa atttccecegt ctactccceca acatcgaata tcgtaaatta 180
acaatatttc aaaatggaac actctttgta taaatgtggg gaattgataa cattatcaac 240
agacaattag gctttacagc acatttactt ttctgactat tttggagaat tgcagcgata 300
attgtacctt atctattaat tataccactc aaactttcectg gtacttcaga ggtcttceccgce 360
cgaacagaaa gtcgccatca agcctctagg gtcgaaatta aacttttcag atactccate 420
tgttctaget ctccattgcet tacaacttcg aatatcctaa ctatggtaca tttatattat 480
ggtacatttt ctataatcta 500

<210> SEQ ID NO 68
<211> LENGTH: 400
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<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(400

<223> OTHER INFORMATION: FAS2 terminator

<400> SEQUENCE: 68

gtagatagaa gattagttta ttaatcgcaa gtgattctat ttttgattaa aaggagagta
gagtgctgag agtagacaga gaagtcaatyg taagcaatag aacaagagat tgaacatgtc
tttcgaggaa ttccaaageg tatatgatgt aatatgttet gtattcaaga atcagggaat
agcatagttc atacatcact tgtatcctat aattcactgt ataagtcaca gccactaatt
ctcctatata aatgetceteg ttatgtatga gaagatcaga tccgagaaag agataaaatce
gacacttgat atatacacca atttattttc ttatgaccce ctatacttat geegtttgat
aaccgataca aagtttgtaa ataacatgaa ttcatactat

<210> SEQ ID NO 69

<211> LENGTH: 547

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(547)

<223> OTHER INFORMATION: HGT1 terminator

<400> SEQUENCE: 69

aaaaggtcaa gaatatcaag ctctgtggeca cgtgacacgg attgacgatce ctgtaatcaa
getttetact gegactcaac tcaaattgaa tctactgttt attccaaaga gecatctaaa
tcecctaacta gecactgettg atcctgecaac aatggettet tataatactt tgecggttga
ggtaagtttt tcccgtettg aatcgetttt aatttcaatt attaatagaa aatactataa
attaatcaaa agatatacta actaagttgt agecttcact acttgacgag gacaatctaa
ttcaaccaga tggtacgcat gttttgettt caactgteet ttaggaatat cttcatttac
aatactaaca ttctttcaga aatgacagct cagccatata cgattecgga ttegtctcca
getccattee tggagccatt acagccgagt gttaacaaaa gtcaggctac gtcagcaaaa
tcacatatgt ttcagattaa cttctatcga tcgtatttta atcttgacac cgatacattt
ttgcaga

<210> SEQ ID NO 70

<211> LENGTH: 574

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(574)

<223> OTHER INFORMATION: HGT2 terminator

<400> SEQUENCE: 70

actaaattga tatgaataaa cctgttgcaa cagttgtgtg aagtcaattg ttcacgtett
acaataatgt ctttatgaaa tgctttaaac aatgtgctat attaatttat ctgtttacta
tcttetgtag tacttcatat acatccatta tcgaagatac tettegtaaa ccaataccct

aatctegect gtacteccact gattgetget ctgetttagg teccttegac acttactttt

tgttctcgaa tatatgactt gttcategee ctaccaccta cecgaatcatt ggtccgcaat

60

120

180

240

300

360

400

60

120

180

240

300

360

420

480

540

547

60

120

180

240

300
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aaactgtgag ctattcttge caataaccce acgcaagatt cataccaaac ttttacttcece

atttcctatt ctgttctcag atagtttagt cttgtgacce cataataact agtgcttate

aattcagggce catgaaatac acaaattgct cctcattcte tgaaactate ttccattttg

ttttgctgat gggtacacat ccctttgett cactecattt tggaagaaag tggacagcaa

tcatctgaat tcactacacc atactcaaca gttc

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 71
LENGTH: 337

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(337)

OTHER INFORMATION: HXT2.1l terminator

SEQUENCE: 71

agaattcatyg cacaaatcag tatcttccga gagaacagaa attggttcta tataagttat

tgtcagactt ttaattttaa atgtgaaacg ataaatggat aaacgacttc taaattactg

aatgtaaagg aaaactatcc tgatttgtag aacatagcta aaaaccttgg gatcgcggaa

gacgcgagaa tccaaagaaa taccaaaaat gtgttggcag aaacgacgac aagttcaaaa

aaactaatat aatgattctg caatttgtaa atcgaacact ttctcegtatt aggataaatt

aattgggaac tgaattatcc agacattacc ttatgtg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 72
LENGTH: 458

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(458

OTHER INFORMATION: HXT2.2 terminator

SEQUENCE: 72

gtagattttt caattctttc caatgcaaaa agaatccgtt ctaatgttet ggaaattget

gagatgcttt atataatttg tagttcatat tctgatatgg ccgatgaata aacaagatct

ttgaatcttt gatctgtaaa atgtagattt ggettattet tcagcgaage aagactttat

cactgtcata tgtaactgag agttttgaaa attacttaat ttcacaacat ttttttggaa

aataccatta ccagattcaa acaagagtta ttaatttaca aacttaagtt taggaagtca

tttgttttaa tataatttac tcagttatag ttagtttaat acgaatgcag tatttgttgg

aatcttgaaa ttgagaggaa gaaccatcaa ttatctatat ttaatcaagt ttggagagta

gatacttttt caaaacggta tgtatcgtga ataaagaa

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 73
LENGTH: 390

TYPE: DNA

ORGANISM: Scheffersomyces stipitis
FEATURE:

NAME/KEY: terminator

LOCATION: (1)...(390

OTHER INFORMATION: HXT2.3 terminator

SEQUENCE: 73

tcaatttcta tgttgaattt caattctata gctagtctat atctggtaat taattaatte

360

420

480

540

574

60

120

180

240

300

337

60

120

180

240

300

360

420

458

60
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tgctacacca atatgaagtt atttgagaag tcagtaaagt atcgtatctt cacaagttat 120
ttacaactga ttataggaaa aattcccaga tatcatccct agttaactgt gatatgtcgt 180
agtagggcag ataagtttca agttcatact ctggecttte actgatgacc gaattggtcg 240
tggatgtgcet cagtgtctcce aagtcattca taacataact taggatatta tttacaaaaa 300
taaacacggt cttaccagca atactgacgce tactaatttt ccaaatgatg ggttggatgt 360
cctecggtaat tatgttcaag agccggatcce 390
<210> SEQ ID NO 74
<211> LENGTH: 634
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(634)
<223> OTHER INFORMATION: HXT2.4 terminator
<400> SEQUENCE: 74
gatagctgaa cttattctaa ttccataata ctatgagttt caattcttta atatgctgac 60
aaatctgtca ttaattgttt tttaacaacg gtatatatgt tctaagcttt agtcaataaa 120
ttatacctga ttataaaatt tttgctcgtt tttgtaagat tggattgaag tcgcctagta 180
aaatctacac aacataatgt cattgcataa ataatcgttt attccttaaa taagattcat 240
atgcccttaa gttgattaat cagtttcaaa caagacacag gctacaacaa aatcaagtgce 300
caaagtcttg ttctgtattc tgctaatata ttcagcacaa gatttcaaaa caaaaaatgt 360
tttaagccat ccatggggaa atacacatcc catcatattc agaaattcaa taattgegte 420
caggaatagt agtaatatgt ttcgaagaca cctttcgaca cttatagtcce atttcaggeg 480
gaaccgggeyg aaagttgaaa ttgttttgaa ttctcagtcet caatacttga tcggtattta 540
gtgttttgat tgagcctgca tcaaaatagc aacttggtgg cttcttctaa tgtaccattt 600
gctctcaaag ttgttgeggg attaagattt tatt 634
<210> SEQ ID NO 75
<211> LENGTH: 574
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(574)
<223> OTHER INFORMATION: HXT2.5 terminator
<400> SEQUENCE: 75
gttagttaat taggaaaact agaacccttg ttagttctcet acagttcaga ttttgatatt 60
agtgatttag tatcaagaat ctagttcgaa tatattttgt atgaatccat aaactcagga 120
cactaatgta ggagtataga tccaacgcaa gcatgaattt aataattttt cgagtgatag 180
cttgtctett gatgggtcaa aaatcaaaat ttttgatttg catggtagat aattattttt 240
gtctgatcgg atcaactttc aaattttggg acctagatgt attttttagc aatacttcat 300
cttataagece atgttgccce acaaatttgt tacaaatatt ttttgcgege attattccga 360
cctaccgtag ttgcaacatg aaagaccaca ccatgttaca tttctttagt gtgggaatta 420
aggactgcte tccectcact taaaaaaatt gecatgcaatg agaagtgtag aatgcataaa 480

ttagtttcat tacctctgtg ttaaaacaat ataggataca tttectacag tagagaggcet 540
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gecatttteg actattccga gegacttatt ttee

<210> SEQ ID NO 76

<211> LENGTH: 616

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(616)

<223> OTHER INFORMATION: HXT2.6 terminator

<400> SEQUENCE: 76

tattaagagt gaaacctggg gtaatgttte tatatttgta aagatctegg gaaaataatt
cgcteggaat agtctaaaat ggcagectct ctactgtagg aaatgtatce tatattgttt
taacacaggg gtagtgaaac taatttatge attctacact tctcattgca tgcaattttt
ttaagtgagg ggagagcagt ccttaattce cacactaaag aaatgtaaca tggtgtggte
ttcaatgttg caactaaggt aggtcggaat aatgegegea aaaaatattt gtaccaaatt
tgtggggcaa catggcttgt aagatgaagt attactaaaa aatacatcta ggtcccaaaa
tttgaaagtt gatccgatca gacaaaaata attatctacc atgcaaatca aaaattttga
cccatcaaga gacaagctat cactcgaaaa attattaaat tcatgettge gttggatcta
tactcctaca ttagtgtecct gagtttatgg attcatacaa aatatattcg aactagatte
ttgatactaa atcactaata tcaaaatctg aactgtatag aactaacaag ggttttagtt
ttcctaatta actaac

<210> SEQ ID NO 77

<211> LENGTH: 500

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(500)

<223> OTHER INFORMATION: HXT4 terminator

<400> SEQUENCE: 77

ttagagtatt taacaatcaa tcaattttge acccgtggta ttgttatcta acaaatgacg
catctaagga aggtcgegte attgtataat attctgaggg gtggactgac tagtctaaga
atgaagcctt agggcccact ggtagttaaa tacaacacge gtgatacttt gaagagtcta
ggagagagtt gtactgtgat atataattct tagtagagat tcggtagget tatcgatget
tttttatcga taattttaga ccctgtatag cgecgaactaa tttttttege agecattect
tagatggcaa gtagctagaa tgaaacacac taagtatgta tgatgctaaa tcaaaagaaa
aacagtgaac attctccatt ttccaagaac cactttagag atagttcaaa tatagaaaca

aaaaaagtaa ttccgatacce gggagtcgaa ccegggtetg cteggtgaaa gcgaaccegtg

ctagcegtta cactatatcg

<210> SEQ ID NO 78

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(121)

<223> OTHER INFORMATION: SUT1 terminator

574

60

120

180

240

300

360

420

480

540

600

616

60

120

180

240

300

360

420

480

500
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<400> SEQUENCE: 78
atccctaatg tcttatgcat agcattctca cgataaaaaa gttatagata gtttccctta 60
atgtttcata gacctaatgt tataaaagat tgaaatcgta cgtagttctt ctatgctaac 120
t 121
<210> SEQ ID NO 79
<211> LENGTH: 337
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(337)
<223> OTHER INFORMATION: SUT2 terminator
<400> SEQUENCE: 79
ctttacgatt aatgtttttc tcccctgeat gactttttaa cgtttagaat atagacacta 60
tagatttaca aaaaggttat acctttaaat gaacttttat gatgaagatt gatacactat 120
aaaccaagaa ctgtaataag gtcatttgtt tttgtactac tgatagattc aagtactccg 180
aattaacgta ttctaaacca tatctatttc attttctaaa ttccagtcca gaggcattgg 240
ttgtcaatat agatggattc ggtttgagag atattcagac tactatttcc aacatggacce 300
ttgtaatttc ctttttgaag ggaccactga ttctgat 337
<210> SEQ ID NO 80
<211> LENGTH: 336
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(336)
<223> OTHER INFORMATION: SUT3 terminator
<400> SEQUENCE: 80
ctttacgatt aatgtttttc tcccctgeat gactttttaa cgtttagaat atagacacta 60
tagatttaca aaaaggttat acctttaaat gaacttttat gatgaagatt gatacactat 120
aaaccaagaa ctgtaatgag gtcatttgtt tttgtactac tgatagattc aagtactccg 180
aattaacgta ttctaaacca tatctatttc attttctaaa ttccagtcca gaggcattgg 240
ttgtcaatat agatggattc ggtttgagag atattcagac tactatttcc aacatggacce 300
ttgtaatttc ctttttgaag ggaccactga ttctga 336
<210> SEQ ID NO 81
<211> LENGTH: 608
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(608
<223> OTHER INFORMATION: SUT4 terminator
<400> SEQUENCE: 81
ctttatggtt aatgctttat tcccaatgat ttttgaattt ttaaatatag actatagatt 60
tacaaaaagg caatgccttt taaatgaact ttaatgaacg attatgataa gattgatata 120
cgacttcteg getttatagt agagtaactc aatatattat gtgctgacga agaataaacc 180

tcaaagactt taaatggcat caatactaac tceggttatg cattatatga atacggaact 240



US 2014/0206071 Al Jul. 24,2014
99

-continued
tttataaata ttgatgtttt atggattata taacttatat atcgttttgt taggtaagtt 300
tctaggatac ttgcgaaaat gcaatgctac agcaaaaaaa ttcacagagt atcaatactg 360
gtacatatga ttagccacca cttcgaaggg taacatttat ttggtcaaag ctactaataa 420
attcaaattt atgaaaaaaa cacgattgta gttactagtt gtaagaaaaa tgattgataa 480
ctteggacta aaattcttga accggaaaat ccaaaaataa tgcgcaaatyg aacgtccectg 540
cgecgtaaga gatcaaattg caacgaggac aaccaaaaaa tgtttctege aactacattg 600
atactgca 608
<210> SEQ ID NO 82
<211> LENGTH: 500
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(500)
<223> OTHER INFORMATION: TDH3 terminator
<400> SEQUENCE: 82
ctatccacga agttgtaggt ccactgtgtg aacctggage tteegtgtgg tgattaatta 60
cctatatatt catacatatg aattcatgaa aatgagaaat atgattagtt gtagatcgta 120
gatcgtagag agaagaatta cgaagtaccg atttctgtaa tggaagagtt ttccaacgaa 180
gaagttctag ttcggtttat tgacaaataa attcttttat tcecttgtctga cccgatgetce 240
agctacttta ccttttctac tectttctact ctacactgtc ctttctactt ctectcagtte 300
ctattcectgt tecttectttt gtectcactcet catcttatcect gtaacgcacce tcatctcatce 360
atagttagcce acatatgaca caattgacac aattggcctyg atcagagccce gaaaccatca 420
taaaaagcaa agtccctectce gaccgaactce getgaccaaa aatggggagt caatggettt 480
gtttggctca tctacatgaa 500
<210> SEQ ID NO 83
<211> LENGTH: 539
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(539)
<223> OTHER INFORMATION: TDH3 terminator
<400> SEQUENCE: 83
ctatccacga agttgtaggt ccactgtgtg aacctggage tteegtgtgg tgattaatta 60
cctatatatt catacatatg aattcatgaa aatgagaaat atgattagtt gtagatcgta 120
gatcgtagag agaagaatta cgaagtaccg atttctgtaa tggaagagtt ttccaacgaa 180
gaagttctag ttcggtttat tgacaaataa attcttttat tcecttgtctga cccgatgetce 240
agctacttta ccttttctac tectttctact ctacactgtc ctttctactt ctectcagtte 300
ctattcectgt tecttectttt gtectcactcet catcttatcect gtaacgcacce tcatctcatce 360
atagttagcce acatatgaca caattgacac aattggcctyg atcagagccce gaaaccatca 420
taaaaagcaa agtccctectce gaccgaactce getgaccaaa aatggggagt caatggettt 480

gtttggctca tctacatgaa ttactaatag gtggatacce ctagtcattt aaaaaacgt 539
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<210> SEQ ID NO 84

<211> LENGTH: 592

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(592)

<223> OTHER INFORMATION: TDH3 terminator

<400> SEQUENCE: 84

agggaaagat atgagctata cagcggaatt tccatatcac tcagattttg ttatctaatt
ttttecttee cacgtecegeg ggaatctgtg tatattactg catctagata tatgttatcet
tatcttggeg cgtacattta attttcaacg tattctataa gaaattgegg gagttttttt
catgtagatg atactgactg cacgcaaata taggcatgat ttataggcat gatttgatgg
ctgtaccgat aggaacgcta agagtaactt cagaategtt atcetggegg aaaaaattca
tttgtaaact ttaaaaaaaa aagccaatat ccccaaaatt attaagageg cctccattat
taactaaaat ttcactcage atccacaatg tatcaggtat ctactacaga tattacatgt
ggcgaaaaag acaagaacaa tgcaatagcg catcaagaaa aaacacaaag ctttcaatca
atgaatcgaa aatgtcatta aaatagtata taaattgaaa ctaagtcata aagctataaa
aagaaaattt atttaaatgc aagatttaaa gtaaattcac ttaagecttg gc

<210> SEQ ID NO 85

<211> LENGTH: 147

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(147)

<223> OTHER INFORMATION: TDH3 terminator

<400> SEQUENCE: 85

gtgaatttac tttaaatctt gcatttaaat aaattttctt tttatagett tatgacttag
tttcaattta tatactattt taatgacatt ttcgattcat tgattgaaac ctttgtgttt
tttcttgatg cgctattgca ttgttct

<210> SEQ ID NO 86

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (1)...(300

<223> OTHER INFORMATION: TEF2 terminator

<400> SEQUENCE: 86

gagaaggaga agacagatac taaaccatac gttactcgaa acaaaaaaaa aaaaaatgga
aaaagctgcet atcaacaaaa gacggcectca tcaaacctaa agaaaccatg tcagegtatg
tatatacctt gtaatttacg tttccttaaa tcettetttet actaacgttt tcattattcet

atactctatg accaataaaa acagactgta ctttcaaaat ttacccagta ggccagcaaa

taaagaaaat tataccagat tacttctgaa acacattaat cccaacaaca agtatgccat

<210> SEQ ID NO 87

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

60

120

180

240

300

360

420

480

540
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60

120

147

60
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300
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<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(300
<223> OTHER INFORMATION: TPI1l terminator
<400> SEQUENCE: 87
gattaatata attatataaa aatattatct tcttttettt atatctagtg ttatgtaaaa 60
taaattgatg actacggaaa gcttttttat attgtttcett tttcattctg agccacttaa 120
atttcgtgaa tgttcttgta agggacggta gatttacaag tgatacaaca aaaagcaagg 180
cgetttttet aataaaaaga agaaaagcat ttaacaattg aacacctcta tatcaacgaa 240
gaatattact ttgtctctaa atccttgtaa aatgtgtacg atctctatat gggttactca 300
<210> SEQ ID NO 88
<211> LENGTH: 492
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(492)
<223> OTHER INFORMATION: XUT1l terminator
<400> SEQUENCE: 88
tegttetgat tgagetggte tcttacagag ttaataaata acctccgtat atatcaataa 60
taatactatt tctactttaa aatatcgcaa attggatgta gttccaggtyg cggacagtaa 120
cttaaaaaac tctagagcat ttggccaage ggecttegge tectteggac ttcgaaatat 180
ggaatgttca gatcatatct aggttttcca ccggagtaga aattcatccg tatcattttt 240
aagattcceg ttgteccagcece tgcatgttaa tatgcagggg atcggaaaat tagaacagat 300
acggaattac ttgatatagg ataattatcc gttgggggat aattcattta ataggaaagt 360
gctactaatt aaacttaatt gtcattcctc aagtagtgtce ttectgcttgt atatcctttt 420
gcactcgtaa cttagccaat tgaacaatct tggtaaatat gtttactggg tctgggtatce 480
tgattgaagc ac 492
<210> SEQ ID NO 89
<211> LENGTH: 500
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(500)
<223> OTHER INFORMATION: XUT3 terminator
<400> SEQUENCE: 89
atagactggce tctgaatgcg tttatataaa ttcaataaat gattaacgaa attaatagte 60
ttgactacaa tctcagaatc gattctttgt tccaatatat tatttttctg cagagttgca 120
gccaatgcaa tgcgaattaa ttataaggct gccaggtgca gtgctgacat cagcecatgag 180
ctaagcaagt ataatccacg ctacaaacca ggcatgatte ttaatggcac cacttecgtgg 240
caaaagatat aagaacaata ttacttgctg gttcctccat ttatatttca atttcggttt 300
ttccttecaca atcgatatat tcectactaatt tccatactaa tattctacaa tgatcgctca 360
attaggtttg aacaccaaga ttccttacca tttettgttce tggggagttg catttggtgg 420
ttegtettte tattcattta tegtttectcee acttgttttce aaaaagttgce ctagagaaga 480
attcagtaac ttgcaaaccc 500
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<210> SEQ ID NO 90
<211> LENGTH: 317
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(317
<223> OTHER INFORMATION: XYN1 terminator
<400> SEQUENCE: 90
aagttcttgg atatatcctg gttcactttt ttattttgat atatcagatt acatttcgtt 60
gccaagagta cctagtgcca tttctactgg gettetttte tgttcactgg agtatgaaat 120
gttcatataa gtcctagtta ttatttcata tataggagaa ctttcagatt catagaattt 180
aaatacaatt tttcttatgt tattattatt attattatta ttattattat tattattatt 240
attataatta ttattatctg caatttctat tcagtttggc aaagttatta ataactactt 300
tcecccaattyg aaaatgt 317
<210> SEQ ID NO 91
<211> LENGTH: 625
<212> TYPE: DNA
<213> ORGANISM: Scheffersomyces stipitis
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (1)...(625)
<223> OTHER INFORMATION: ZWF1l terminator
<400> SEQUENCE: 91
gtaaagacga aaagtatgat agacgttttt ggcgatgaaa tgtttaatgt gatctgataa 60
tagttttgtt ttttctatag tttaattttg aaagtttggg cattcaatat attgatacgc 120
tttgtaacta gaggtagttc tagatggaag tactccacac ttgtagtagt aaatgcttct 180
gctagctceta tatactttat cggcecttctac tggtaatact atacgcttct attcacatat 240
aattgttttg aaatctattc cttcgattgt gtttccatcg ggcteccttca acacagatcg 300
tgttccaaga gaatcacacc gacaacgtta aaactaaaaa tcagacatcc atggaaggte 360
gataagcggt caccggcata ctaagatggg ttctattgta tgctaccgag gaaactgcega 420
atgtttatgg taactttcat cactttagtt caacatgtcg ttgctgtatt ctctggaacc 480
cacgattcac tagtgctttg acgaaggtgt cctttgtaaa ctcaacaaaa gaaatggtga 540
accacaaata atgaatcaga actgttataa tactggcaag tataagtccc aaatcaaaca 600
cctecctgcaa cagaggatca atatt 625

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

<400>

SEQ ID NO 92

LENGTH: 700

TYPE: PRT

ORGANISM: Scheffersomyces stipitis
FEATURE:

OTHER INFORMATION: transketolase TKL2

synthase (DHAS) (formaldehyde transketolase)

SEQUENCE: 92

(Tk1l2), dihydroxyacetone
(glycerone synthase)

Met Thr Gln Thr Glu Arg His Lys Asp Leu Glu Asn Tyr Lys Ile Leu

1

5 10

15

His Pro Tyr Ile Leu Lys Val Phe Arg Val Leu Ile Ala Asp Leu Val

20 25

30
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Gln Gln Phe Asn Gly Gly His Pro Gly Gly Ala Met Gly Met Ala Ala
35 40 45

Ile Gly Val Ala Leu Trp Lys Tyr Val Leu Asn Phe Ser Pro Asn Asn
50 55 60

Pro Asp Tyr Phe Asn Arg Asp Arg Phe Val Leu Ser Asn Gly His Ala
65 70 75 80

Cys Leu Phe Gln Tyr Ala Phe His His Leu Val Gly Tyr Lys His Met
85 90 95

Thr Met Asp Gln Leu Lys Thr Tyr His Ser Thr His Leu Glu Ser Tyr
100 105 110

Cys Pro Gly His Pro Glu Asn Glu His Pro Ala Ile Glu Val Thr Thr
115 120 125

Gly Ala Leu Gly Gln Gly Val Ser Asn Ala Val Gly Leu Ala Ile Ala
130 135 140

Ser Lys Asn Leu Gln Ala Thr Tyr Asn Lys Pro Gly Tyr Glu Val Val
145 150 155 160

Ser Asn His Thr Phe Cys Met Val Gly Asp Ala Cys Leu Gln Glu Gly
165 170 175

Ile Ser Leu Glu Ala Ile Ser Leu Ala Gly His Leu Gly Leu Asn Asn
180 185 190

Leu Thr Val Ile Tyr Asp Asn Asn Gln Val Thr Cys Asp Gly Ser Val
195 200 205

Asp Leu Thr Asn Thr Glu Asn Met Asn Asp Lys Phe Lys Ala Cys Asn
210 215 220

Trp Lys Val Ile Glu Ile Glu Asn Gly Ser Glu Asp Val Met Ala Ile
225 230 235 240

Val Ala Ala Leu Gln Lys Ser Lys Glu Ser Ser Asp Lys Pro Thr Phe
245 250 255

Ile Asn Val His Thr Ser Ile Gly Ile Gly Ser Asn Ile Glu Gly Gln
260 265 270

Ala Asn Ala His Gly Ala Ser Phe Gly Glu Ala Glu Val Asp Arg Leu
275 280 285

His Gln Val Tyr Gly Phe Asp Pro Lys Asn Arg Ile His Ile Pro Glu
290 295 300

Asp Val Tyr Gln Phe Phe Cys Asp Ile Ser Ser Arg Gly Asp Ile Leu
305 310 315 320

Glu Val Glu Trp Lys Ser Leu Val Lys Arg Tyr Gly Glu Asn Tyr Pro
325 330 335

Glu Leu Gly Ala Asp Phe Ala Arg Arg Val Lys Gly Glu Leu Pro Glu
340 345 350

Asp Trp Ala Ser Leu Ile Pro Lys Glu Phe Pro Thr Ser Asp Thr Ala
355 360 365

Ser Arg Ala Ser Ser Gly Met Ile Ile Asn Pro Ile Ser Ser Ala Ile
370 375 380

Asn Ser Leu Ile Val Gly Thr Ala Asp Leu Ser Pro Ser Val Asn Leu
385 390 395 400

Ala Tyr Lys Asp Lys Leu Asp Phe Gln Asn Pro Arg Ile Lys Thr Thr
405 410 415

Cys Gly Ile Asn Gly Asp Tyr Ser Gly Arg Tyr Ile His Tyr Gly Val
420 425 430

Arg Glu His Ala Met Ala Ala Ile Ala Asn Gly Ile Ala Ala Phe Asn
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435 440 445

Arg Gly Thr Phe Ile Pro Cys Thr Ser Thr Phe Leu Met Phe Tyr Leu
450 455 460

Tyr Ala Ala Pro Ala Val Arg Tyr Gly Ala Leu Ser Lys Leu Gln Val
465 470 475 480

Ile His Val Ala Thr His Asp Ser Ile Gly Ile Gly Glu Asp Gly Pro
485 490 495

Thr His Gln Pro Ile Ala Leu Pro Ala Leu Tyr Arg Ala Met Pro Asn
500 505 510

Leu Asn Tyr Ile Arg Pro Cys Asp Ser Gln Glu Val Ala Gly Ala Trp
515 520 525

Glu Val Ala Ile Arg Ser Lys Glu Met Pro Thr Ile Ile Ser Leu Ser
530 535 540

Arg His Lys Leu Thr Gln Phe Pro Gln Asn Ser Lys Arg Asp Leu Val
545 550 555 560

Ala Lys Gly Ala Tyr Ser Phe His Lys Glu Glu Asp Ser Met Leu Asn
565 570 575

Ile Ile Gly Val Gly Ser Glu Met Val Phe Ala Val Glu Ser Ala Lys
580 585 590

Leu Leu Asn Asp Arg Gly Ile Lys Thr Ser Val Ile Ser Phe Pro Ser
595 600 605

Gln Tyr Leu Phe Asn Lys Gln Pro Leu Glu Tyr Lys Arg Ser Leu Leu
610 615 620

Lys Arg Gly Lys Val Pro Thr Val Val Ile Glu Ala Tyr Thr Ala Asn
625 630 635 640

Gly Trp Glu Arg Tyr Ala Thr Ala Gly Ile Asn Met Lys Thr Phe Gly
645 650 655

Lys Ser Leu Pro Gly Pro Asp Thr Tyr Arg Tyr Phe Gly Phe Glu Ser
660 665 670

Ser Thr Ile Ala Asp Lys Ile Glu Gln Tyr Val Ala Glu Trp Gln Thr
675 680 685

Asp Asp Gln Ile Arg Leu Glu Phe Gln Asp Leu Asn
690 695 700

<210> SEQ ID NO 93

<211> LENGTH: 677

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

«223> OTHER INFORMATION: transketolase TKT1l, transketolase 1 (Tktl)

<400> SEQUENCE: 93

Met Ser Ser Val Asp Gln Lys Ala Ile Ser Thr Ile Arg Leu Leu Ala
1 5 10 15

Val Asp Ala Val Ala Ala Ala Asn Ser Gly His Pro Gly Ala Pro Leu
20 25 30

Gly Leu Ala Pro Ala Ala His Ala Val Phe Lys Lys Met Arg Phe Asn
35 40 45

Pro Lys Asp Thr Lys Trp Ile Asn Arg Asp Arg Phe Val Leu Ser Asn
50 55 60

Gly His Ala Cys Ala Leu Leu Tyr Ser Met Leu Val Leu Tyr Gly Tyr
65 70 75 80

Asp Leu Thr Val Glu Asp Leu Lys Lys Phe Arg Gln Leu Gly Ser Lys
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85 90 95

Thr Pro Gly His Pro Glu Asn Thr Asp Val Pro Gly Ala Glu Val Thr
100 105 110

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

Ala Gln Ala Gln Phe Ala Ala Thr Tyr Asn Lys Pro Asp Phe Pro Ile
130 135 140

Ser Asp Ser Tyr Thr Tyr Val Phe Leu Gly Asp Gly Cys Leu Met Glu
145 150 155 160

Gly Val Ser Ser Glu Ala Ser Ser Leu Ala Gly His Leu Gln Leu Gly
165 170 175

Asn Leu Ile Ala Phe Trp Asp Asp Asn Lys Ile Ser Ile Asp Gly Ser
180 185 190

Thr Glu Val Ala Phe Thr Glu Asp Val Ile Ala Arg Tyr Lys Ser Tyr
195 200 205

Gly Trp His Ile Val Glu Val Ser Asp Ala Asp Thr Asp Ile Thr Ala
210 215 220

Ile Ala Ala Ala Ile Asp Glu Ala Lys Lys Val Thr Asn Lys Pro Thr
225 230 235 240

Leu Val Arg Leu Thr Thr Thr Ile Gly Phe Gly Ser Leu Ala Gln Gly
245 250 255

Thr His Gly Val His Gly Ala Pro Leu Lys Ala Asp Asp Ile Lys Gln
260 265 270

Leu Lys Thr Lys Trp Gly Phe Asn Pro Glu Glu Ser Phe Ala Val Pro
275 280 285

Ala Glu Val Thr Ala Ser Tyr Asn Glu His Val Ala Glu Asn Gln Lys
290 295 300

Ile Gln Gln Gln Trp Asn Glu Leu Phe Ala Ala Tyr Lys Gln Lys Tyr
305 310 315 320

Pro Glu Leu Gly Ala Glu Leu Gln Arg Arg Leu Asp Gly Lys Leu Pro
325 330 335

Glu Asn Trp Asp Lys Ala Leu Pro Val Tyr Thr Pro Ala Asp Ala Ala
340 345 350

Val Ala Thr Arg Lys Leu Ser Glu Ile Val Leu Ser Lys Ile Ile Pro
355 360 365

Glu Val Pro Glu Ile Ile Gly Gly Ser Ala Asp Leu Thr Pro Ser Asn
370 375 380

Leu Thr Lys Ala Lys Gly Thr Val Asp Phe Gln Pro Ala Ala Thr Gly
385 390 395 400

Leu Gly Asp Tyr Ser Gly Arg Tyr Ile Arg Tyr Gly Val Arg Glu His
405 410 415

Ala Met Gly Ala Ile Met Asn Gly Ile Ala Ala Phe Gly Ala Asn Tyr
420 425 430

Lys Asn Tyr Gly Gly Thr Phe Leu Asn Phe Val Ser Tyr Ala Ala Gly
435 440 445

Ala Val Arg Leu Ser Ala Leu Ser Glu Phe Pro Ile Thr Trp Val Ala
450 455 460

Thr His Asp Ser Ile Gly Leu Gly Glu Asp Gly Pro Thr His Gln Pro
465 470 475 480

Ile Glu Thr Leu Ala His Phe Arg Ala Thr Pro Asn Ile Ser Val Trp
485 490 495
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Arg Pro Ala Asp Gly Asn Glu Thr Ser Ala Ala Tyr Lys Ser Ala Ile
500 505 510

Glu Ser Thr His Thr Pro His Ile Leu Ala Leu Thr Arg Gln Asn Leu
515 520 525

Pro Gln Leu Glu Gly Ser Ser Ile Glu Lys Ala Ser Lys Gly Gly Tyr
530 535 540

Thr Leu Val Gln Gln Asp Lys Ala Asp Ile Ile Ile Val Ala Thr Gly
545 550 555 560

Ser Glu Val Ser Leu Ala Val Asp Ala Leu Lys Val Leu Glu Gly Gln
565 570 575

Gly Ile Lys Ala Gly Val Val Ser Leu Pro Asp Gln Leu Thr Phe Asp
580 585 590

Lys Gln Ser Glu Glu Tyr Lys Leu Ser Val Leu Pro Asp Gly Val Pro
595 600 605

Ile Leu Ser Val Glu Val Met Ser Thr Phe Gly Trp Ser Lys Tyr Ser
610 615 620

His Gln Gln Phe Gly Leu Asn Arg Phe Gly Ala Ser Gly Lys Ala Pro
625 630 635 640

Glu Ile Phe Lys Leu Phe Glu Phe Thr Pro Glu Gly Val Ala Glu Arg
645 650 655

Ala Ala Lys Thr Val Ala Phe Tyr Lys Gly Lys Asp Val Val Ser Pro
660 665 670

Leu Arg Ser Ala Phe
675

<210> SEQ ID NO 94

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: Scheffersomyces stipitis

<220> FEATURE:

<223> OTHER INFORMATION: transaldolase TALl (PsTallp)

<400> SEQUENCE: 94

Met Ser Ser Asn Ser Leu Glu Gln Leu Lys Ala Thr Gly Thr Val Ile
1 5 10 15

Val Thr Asp Thr Gly Glu Phe Asp Ser Ile Ala Lys Tyr Thr Pro Gln
20 25 30

Asp Ala Thr Thr Asn Pro Ser Leu Ile Leu Ala Ala Ala Lys Lys Pro
35 40 45

Glu Tyr Ala Lys Val Ile Asp Val Ala Ile Glu Tyr Ala Lys Asp Lys
50 55 60

Gly Ser Ser Lys Lys Glu Lys Ala Glu Ile Ala Leu Asp Arg Leu Leu
65 70 75 80

Ile Glu Phe Gly Lys Asn Ile Leu Ala Ile Val Pro Gly Arg Val Ser
85 90 95

Thr Glu Val Asp Ala Arg Leu Ser Phe Asp Lys Glu Ala Thr Ile Lys
100 105 110

Lys Ala Leu Glu Leu Ile Ala Leu Tyr Glu Ser Gln Gly Ile Ser Lys
115 120 125

Asp Arg Ile Leu Ile Lys Ile Ala Ser Thr Trp Glu Gly Ile Gln Ala
130 135 140

Ala Arg Glu Leu Glu Ala Lys His Gly Ile His Cys Asn Leu Thr Leu
145 150 155 160
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Leu Phe Ser Phe Val Gln Ala Val Ala Cys Ala Glu Ala Lys Val Thr
165 170 175

Leu Ile Ser Pro Phe Val Gly Arg Ile Leu Asp Trp Tyr Lys Ala Ser
180 185 190

Thr Gly Lys Thr Tyr Glu Gly Asp Glu Asp Pro Gly Val Ile Ser Val
195 200 205

Arg Ala Ile Tyr Asn Tyr Tyr Lys Lys Tyr Gly Tyr Lys Thr Ile Val
210 215 220

Met Gly Ala Ser Phe Arg Asn Thr Gly Glu Ile Lys Ala Leu Ala Gly
225 230 235 240

Cys Asp Tyr Leu Thr Val Ala Pro Lys Leu Leu Glu Glu Leu Leu Asn
245 250 255

Ser Thr Glu Pro Val Pro Gln Val Leu Asp Ala Ala Ser Ala Ser Ala
260 265 270

Thr Asp Val Glu Lys Val Ser Tyr Val Asp Asp Glu Ala Thr Phe Arg
275 280 285

Tyr Leu Phe Asn Glu Asp Ala Met Ala Thr Glu Lys Leu Ala Gln Gly
290 295 300

Ile Arg Ala Phe Gly Lys Asp Ala Val Thr Leu Leu Glu Gln Leu Glu
305 310 315 320

Ala Arg Phe

1. An isolated Pichia stipitis cell, recombinantly express-
ing:
a. axylosetransporter; b. one or more of a xylose reductase,
a xylitol dehydrogenase, and/or a xylulokinase.
2-22. (canceled)



