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AN L-ARABINOSE FERMENTING YEAST

CONTRACTUAL ORIGIN

[0001] The United States Government has rights in this invention under Contract No.
DE-AC36-99G010337 between the United States Department of Energy and the National

Renewable Energy Laboratory, a Division of the Midwest Research Institute.
BACKGROUND

[0002] Fuel ethanol is a suitable alternative to fossil fuels. Ethanol may be produced
from plant biomass, which is an economical and renewable resource that is available in large
amounts. Examples of biomass include agricultural feedstocks, paper wastes, wood chips
and so on. The sources of biomass vary from region to region based on the abundance of
natural or agricultural biomass that is available in a particular region. For example, while
sugar cane is the primary source of biomass used to produce ethanol in Brazil, corn-derived
biomass, corn starch is a large source of biomass to produce ethanol in the United States.
Other agricultural feedstocks include, by way of example: straw; grasses such as switchgrass;

grains; and any other lignocellulosic or starch-bearing material.

[0003] A typical biomass substrate contains from 35-45% cellulose, 25-40%
hemicellulose, and 15-30% lignin, although sources may be found that deviate from these
general ranges. As is known in the art, cellulose is a polymer of glucose subunits, and
hemicellulose contains mostly xylose. Arabinose is also a significant fermentable substrate
that is found in biomass, such as corn fiber and many herbaceous crops in varying amounts.
Other researchers have investigated the utilization of arabinose and hemicellulose, as reported
by Hespell, R. B. 1998. Extraction and characterization of hemicellulose from the corn fiber
produced by corn wet-millingprocesses. J. Agric. Food Chem. 46:2615-2619, and McMillan,
J. D., and B. L. Boynton. 1994. Arabinose utilization by xylose-fermentingyeasts and fungi.
Appl. Biochem. Biotechnol. 45-46:569-584. The two most abundant types of pentose that

exist naturally are D-xylose and L-arabinose.

[0004] It is problematic that most of the naturally available ethanol-producing
microorganisms are only capable of utilizing hexose sugar, such as glucose. This is

confirmed by a review of the art, such as is reported by Barnett, J. A. 1976. The utilization of
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sugars by yeasts. Adv. Carbohydr. Chem. Biochem. 32:125-234. Many types of yeast,
especially Saccharomyces cerevisiae and related species, are very effective in fermenting
glucose-based feedstocks into ethanol through anaerobic fermentation. However, these
glucose-fermenting yeasts are unable to ferment xylose or L-arabinose, and are unable to
grow solely on these pentose sugars. Although other yeast species, such as Pichia stipitis and
Candida shehatae, can ferment xylose to ethanol, they are not as effective as Saccharomyces
for fermentation of glucose and have a relatively low level of ethanol tolerance. Thus, the
present range of available yeast are not entirely suitable for large scale industrial production

of ethanol from biomass.

[0005] Most bacteria, including £. coli and Bacillus subtilis, utilize 1.-arabinose for
aerobic growth, but they do not ferment L.-arabinose to ethanol. These and other
microorganisms, such as Zymononas mobilis, have also been genetically modified to produce
ethanol from hexose or pentose. This has been reported, for example, in Deanda, K., M.
Zhang, C. Eddy, and S. Picataggio. 1996, Development of an arabinose-fermenting
Zymomonas mobilis strain by metabolic pathway engineering. Appl. Environ. Microbiol.
62:4465-4470; and Zhang, M., C. Eddy, K. Deanda, M. Finkelstein, and S. Picataggio. 1995
Metabolic engineering of a pentose metabolism pathway in ethanologenic Zymomonas
mobilis. Science 267:240-243. However, it remains the case that the low alcohol tolerance of

these non-yeast microorganisms limits their utility in the ethanol industry.

[0006] Much effort has been made over the last decade or so, without truly
overcoming the problem of developing new strains that ferment xylose to generate ethanol.
Such efforts are reported, for example, in Kotter, P., R. Amore, C. P. Hollenberg, and M.
Ciriacy. 1990. Isolation and characterization of the Pichia stipitis xylitol dehydrogenase gene,
XYL2, and construction of a xylose-utilizing Saccharomyces cerevisiae transformant. Curr.
Genet. 18:493-500; and Wahlbom, C. F., and B. Hahn-Hagerdal. 2002 Recent studies have
been conducted on yeast strains that potentially ferment arabinose. Sedlak, M., and N. W.
Ho. 2001. Expression of E. coli araBAD operon encoding enzymes for metabolizing L.-
arabinose in Saccharomyces cerevisiae, Enzyme Microb. Technol. 28:16-24 discloses the
expression of an E. coli araBAD operon encoding enzymes for metabolizing L.-arabinose in
Saccharomyces cerevisiae. Although this strain expresses araA, araB and araD proteins, it is

incapable of producing ethanol.
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[0007] United States Patent Application 10/983,951 by Boles and Becker discloses
the creation of a yeast strain that may ferment L-arabinose. However, the overall yield is
relatively low, at about 60% of theoretical value. The rate of arabinose transport into S.
cerevisiae may be a limiting factor for complete utilization of the pentose substrate. Boles
and Becker attempted to enhance arabinose uptake by overexpressing the GAL2-encoded
galactose permease in S. cerevisiae. However, the rate of arabinose transport using galactose
permease was still much lower when compared to that exhibited by non-conventional yeast
such as Kluyveromyces marxianus. Another limitation that may have contributed to the low
yield of ethanol in the modified strain of Becker and Boles is the poor activity of the L-
arabinose isomerase encoded by the bacterial araA gene. Although Becker and Boles used an
araA gene from B. subtilis instead of one from E. coli, the specific activity of the enzyme was
still low. Other workers in the field have reported that low isomerase activity is a bottleneck

in L-arabinose utilization by yeast.

[0008] There remains a need for new arabinose-fermenting strains that are capable of
producing ethanol at high yield. There is further a need to identify novel arabinose
transporters for introduction into Saccharomyces cerevisiae to boost the production of

ethanol from arabinose.

[0009] The foregoing examples of the related art and limitations related therewith are
intended to be illustrative and not exclusive. Other limitations of the related art will become
apparent to those of skill in the art upon a reading of the specification and a study of the

drawings.

SUMMARY
[0010] The following embodiments and aspects thereof are described and illustrated
in conjunction with systems, tools and methods which are meant to be exemplary and
illustrative, not limiting in scope. In various embodiments, one or more of the above-
described problems have been reduced or eliminated, while other embodiments are directed

to other improvements.

[0011] The presently disclosed instrumentalities overcome some of the problems
outlined above and advance the art by providing new yeast strains that are capable of using L-
arabinose to produce ethanol at a relatively high yield. Since the yeast galactose permease
may faciliate uptake of arabinose, any (:a!" strain possessing endogenous galactose permease

activity may be used as described below. Although S. cerevisiae is used by way of example,
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the scope of coverage extends to any organisms possessing endogenous pathways to generate
ethanol from arabinose and to organisms into which components of such arabinose metabolic

pathways or arabinose transporters may be introduced. The use of S. cerevisiae is preferred.

[0012] In a brief overview of the recombinant technique, the endogenous yeast aldose
reductase (AR) gene is disrupted by replacing the AR coding sequence with the yeast LEU2
gene. Because the yeast aldose reductase is the first enzyme to metabolize arabinose in yeast,
an AR strain is used to reduce diversion of arabinose to unwanted byproducts and to prevent
possible inhibition of the isomerase by arabitol. The bacterial araA, araB, and araD genes
are cloned into appropriate yeast expression vectors. The expression constructs containing all
three ara genes are introduced in the AR’ strain and the transformants were capable of

making ethanol from L-arabinose.

[0013] In another aspect of this disclosure, two novel arabinose transporter genes,
termed KmLATIand PgLAT2, have been cloned and characterized from two non-conventional
yeast species, Kluyveromyces marxianus and Pichia guilliermondii (also known as Candida
guilliermondii), respectively. Both Kluyveromyces marxianus and Pichia guilliermondii are
efficient utilizers of L-arabinose, which renders them ideal sources for cloning L.-arabinose

transporter genes.

[0014] The KmLATI gene may be isolated using functional complementation of an
adapted S. cerevisiae strain that could not grow on L-arabinose because it lacked sufficient L-
arabinose transport activity. KmLatl protein has a predicted length of 556 amino acids
encoded by a single ORF of 1668 bp. Itis a transmembrane protein having high homology to
sugar transporters of many different yeast species. When KmLatl is expressed in S.
cerevisiae, transport assays using labeled L.-arabinose show that this transporter has the
kinetic characteristics of a low affinity arabinose transporter, with Ky, = 230 mM and V ax =
55 nmol/mg-min. Transport of L.-arabinose by KmLat] is not significantly inhibited by

common uncoupling agents but is out-competed by glucose, galactose, xylose, and maltose.

[0015] The PgLAT2 gene may be isolated using the technique of differential display
from Pichia guilliermondii. The PgLAT2 gene has an ORF of 1617 nucleotides encoding a
protein with a predicted length of 539 amino acids. When PgLAT?2 is expressed in S.
cerevisiae, transport assays show that this transporter has almost identical L.-arabinose
transport kinetics as that of wildtype Pichia guilliermondii. The PgLat2 transporter when

expressed in S. cerevisiae has a K, of 0.07 mM and Vpax of 18 nmol/mg-min for L-arabinose
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transport. Inhibition experiments show significant inhibition of the PgLat2 transporter by
protonophores (e.g., NaN3;, DNP, and CCP) and H+-adenosine triphosphatase (ATPase)
inhibitors (e.g., DESB and DCCD) similar to inhibition in wildtype P. guilliermondii.
Competition experiments show that [.-arabinose uptake by the PgLat2 transporter is inhibited

by glucose, galactose, xylose and to a lesser extent by maltose.

[0016] The transport kinetics of S. cerevisiae Gal2p have been measured and
compared to those of KmLatl. The S. cerevisiae GAL2 gene (SEQ ID NO 5) under control
of a TDH3 promoter exhibits 28 times greater (8.9 nmol/mg-min) L-arabinose transport rate
as compared to GAL?2 gene under control of a ADH1 promoter. The GAL2-encoded
permease (SEQ ID NO 6) shows a K, of 550 mM and a Vmax of 425 nmol/mg-min for L-
arabinose transport and a Ky, of 25 midf arut a Viax of 76 nmol/mg-min for galactose transport.
Although L-arabinose transport by both KmLLATI and GAL2 encoded permeases is out-
competed by glucose or galactose, the inhibitory effects of glucose or galactose are greater on

the GAL2 encoded permease than on the KmILLATI encoded transporter.

[0017] It is further disclosed here that a S. cerevisiae strain may be transformed with
different combinations of the KmLLATI and PgLAT2 transporter genes and a plasmid carrying
the GAL2 gene native to S. cerevisiae. The doubling time for the Pglat2p and Gal2p co-
expressing cells grown on L-arabinose is markedly shorter than that of the cells expressing
only Gal2p, suggesting that L.-arabinose uptake may have been enhanced in these cells. In
addition, the PgLat2p and Gal2p co-expressing cells appear to grow to a higher optical
density at saturation, suggesting that this strain may be able to utilize the L.-arabinose in the
medium more completely. This conclusion is supported by HPLC analysis which shows

significantly less residual L-arabinose in the culture of cells expressing PgLat2p and Gal2p.

[0018] In one embodiment, the transformed strains that carry the new transporter
genes may be further transformed with plamids carrying three bacterial genes, araA, araB
and araC, which encode proteins that may be utilized for arabinose utilization and
fermentation. In another embodiment, the bacterial genes, araAd, araB and araC, may be

transformed into a yeast strain that does not carry any of the new transporter genes.

[0019] In addition to the exemplary aspects and embodiments described above,
further aspects and embodiments will become apparent by reference to the drawings and by

study of the following descriptions.
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BRIEF DESCRIPTION OF THE DRAWINGS
{3201 Bxemplary embodiments are iHustuited n reforenced Hgures of the drawings.

i

SBUTES Qe selosed hersin are (0 be consdd

I is intended that the embodiments and fig

trative rathor thao limiting.

{03 Figore | shows the z’:ﬁi&ﬁi«:}zi*«iup hetwesn Kl AT and other Gransporiers based

on the neighbor-isining method {Sattou and Ney 1987

{68823 Figure 2 shows the DNA {SEQ ID NO. 1 seqguencs of Kwyveromyces

e

] i

marcianns Kmld T, and the predicted protein sequence {SEQ D NG, 2}

{8833} Figure 3 is o schematic presentation of the arabinose metabolic pathway
recorgbinant vean containing proteins sncoded by three bacterial genes grad, arad, and

arall,

{8024} Fyawe 4 shows the Ubrary insert from gonomie X masxianus DRA

“\

crevisive for growih on L-ambinose. Cloning indo the Hbrary

complements adapted 8 ¢

pans

expression veotor is gl the indicated Ram 8 restriction sttes. The black block arvow s the L-
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stripes i an un-related ORF 8 naitously during hbrary construcon. The

Sean 344 restrictic

ysite where the transporter ORE was interrupted s shows. The prireer used
B 3

anis 18 shown.

for PR based gononue walking i 8 i
{325} Frgure 5 shows the growth carve of § cepevisiae exprosaing Kl AT (A,

(Al d (m) or a orartrol veotor €8 an 2% L-arabinose,

{326} Frgure 6. (A Hadie-Hofxoe plot of L-arabinose uptaks by KmLatl (8} or
GalZ (m) expressad in S cerevisiae grown on 2% Lavabinase, (B): Companson of adie-

Hofster ploty of KmLatt expreesed i S0 cerevisioe (8) and wild type transport activity of K

gty (A} Both grown on 2% L-arabinosg.

Fivlda guilfiermondil

{8027} Figure 7 shows the DNA (REQ D RO, 3} sequence of

Y

FelAT2, and the predicied profein soquenes {SEG I RO 43

[O02ZR] Figure 8 shows the induction of L-srabinose transport in & g

Uptake of 13 mM labeled sugar was assayed for colls grown in mindma! roadia containing 2%

L-arabinnae, Dhgalactose or Baxyvlose, White bars tndicate labeled L-rabinose transport
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RBiack bars indicate labeled galactose tranaport. Bars with vertical stripes indicate fabeled

xylose transport

H029] Figure ¢ shows the sugar transport connpetition analysis in £ gudlflermonddd

grown it mingmal L-avalanose medium,

{3838 Figure 10 shows the transpont kineues of L-arabinose by the PglAT2

fansporter exprossed in 8 cerevizdoe, Open triangles Indicate transport for wild fype &

v

guwilliermondil grown on L-arabinose, Black dismmonds indicate wansport for PglATR

expressed in S corevizige grown on L-atabinose.

{0031 Figurs 11 shows comparizson of the growth curves 1 8.2% Lwarabunose for X
cerevisiae colls expressing either GalZp alone or both Gal2p and Pelat?. The maximoem
nwih density and growth rate are signifcantly enhanced in the straiy expressing both Gallp

and Pelail,

{033} Pigre 12 shusws the growth curves of BEY GG (parent) {black syuare) and

BREYOOZ (AAR) (black triangle) on ghicose and sylujose.

JO033] Figure 13 shows the diagraras of the expression plasmids with argf, arad,

(;'A
.

aral} genes carrying the HisY selectable marker.

(oo

{034} Figure 14 shows the diagrares of the expression plasmids with wrad, arad, snd

aral) genes carrying the Urad seleciable marker

{BO3S] Figuve 15 shows histogram with the result of sthanol production in whole-celi

fermentation using veast cells expressing the three bacterial gones aralB, arad, and aradd

{6367 Figure 16 shows hustogram with the resull of sthanol production in vell-free

fermentation using veast colls expressivng the thres bacterial genes aral, amid, and wrad

RS

{37 Figure 17 plots ethanol production using yeast colls oxprossing the three

~froe

Gorms

bagtenial genes araed, arad, and araldl, a5 a function of the weuhation time ina eel

fermentaton RAESIE

s

JOIRY

shows histogram with the result of ethano! producton i cell-free

fermentation using yeast colls expressing the three baclerial genes wrad, arad, and arad.

{038 Figure 19 plots vihane! prodection using veast cells

X

SYpresming ihe fareg

Bacterial genes aral, arad, and arald, under singhe- and mixed-sugar formentations,
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DETAILED DESCRIPTION

Hi48] There will now be shown and desceribed methods fiw producing transgenie

N o

yeast that are capabde of metabolizing arabinose and producing etharol, In the discussion

oy

below, parerthetical merdion s made to publications from the ref

N,

weiion fora

FoRCaes

dincussion of related proveduores that reay be found usefid fvap a porspective of one skilled in

the art, This is dime to demonstrate what is disclosed by way of nopliminng exumple.

{341 The following definitions are provided to faciliate andorstanding

torms wsed frequently horetrt and are not meant tn Hmit the scope of the present disclosure:

B843] "Amine soid” refers 1o any of the twenty nalurally occurring smino ac

weltl 58 any modified amine acid s CEUAMNCES, foditications nay mchude nahos DIOCCERCE

auch as posfiransiational processing, ov may g hendeal modifications which are kue
in the art, Modiftcations inclode bat are not lintted tor phospherelation, ubiguitination,
cetylation, amidation, glveasylation, covalent attachment of favin, ADP-ubosylation, cross

finkang, iodinattion, methylation, and the lke.

{8843} "Antibody” refers to g penerally Yeshaped molecule having a par of ant

binding sifes, a lunge region and a constant regio. Fragments of antibodies, for ex
antigen binding fragment (Fab), chimernie antibodies, antibodies having & baman constant

s coupded to o morine aptigen binding region, and i"}'zigmc s thereof, as well a8 othes

o
ey

well bnown recombinag aniibodies ave mohuded in this defininion,

{8044} "Antisense” refers to polynuclkeotide seguences that are complementary to

target "sonse” polynocientide sequence.

{B048T “Biomass” refors collestively to organie nov-fossi! rosterial, “Biomass” n the
present disclosure vefers particularly to plant materia! that is used o goverate fuel, such as

ethanol. Examples of biomass includes but are not fmuted 1o corn fiber, dried d

atropha, manure, meat and bone weal, miscanthas, peat, plate waste, landscaping waste,
maize, rice halls, aifage, stover, maiden grass, swilchgrass, whey, and bagasse fom

SUATTANG,

{346] "Conplementany™ ar "complementarty” refors to the ability of a
polynuciectide i a polynuciconde moleouk to form a hase patr with aucther polymucisotide
i a second polyaucieotide molecuie. For example, the sequence A-GHT s complementary o

the sequience T-C-&. Conplerventarity may be partial, in which only simwe of the
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polvnocicotides match acvording (o base pairing, ot sompiets, where all the polymucleotides

meatoly according o base pawing

{00471 The torm “denvative” refers (o compounds that are derived from a predeceseny

N

cranpound by way of cheroteal or physical modification. For example, a compound 18 & sugay

X

[R3

ws i 1 s formed by oxtdization of ong o more erminal groups to carboxryhic acuds,

by reduction of & carboryl group, by substitation of hiydrogen{s), aming group(s}, dual

grssupds), ote, for one or more hydroxy! groups on a sugay, o1 i is formed by

‘_;‘shOS’_g}hC?I}’k‘J(‘i} o @ sugsy moleculs.

{0048] “Bxpresaion” refers o transoription and {ranstation nocuyring within & host
cedl The level of exprossion of a IINA molecule na bost celt may be detepmned on the
basis of euther the amount of corresponding mBNA that is presont within the cell or the
amount of DINA molecule encoded protein prodiced by the host eell (Sambrook et al| 1989,

R AFosriaaFrone feivssony Y T erxeer fvpeys A SRR
Molecudar eloning 4 Laboratory Manua!, 1811888},

{30491 "Fusion profein”

vefors o & st prstein attached to a second, heterologmus

profein, Preferably, the helerologous protein is fused via recrmbinant DINA techmiques, sueh
that the frst and second proteing are expressed tn frame. The beteroligous protein may

confer a desired characteriatic to the fosion proteln, for example, a detecton signal, snhanced
stabifity or stabilization of the proter, faeilitated oligomerization of the protemn, or faciiitated

wirification of the fusion profom. Bxamples of heterologous proteins useful as fusion

rog

profeins include molecules baving fudldength or partial protein sequence of Kmlat! or

Pulat?. Further exampdes include poptide tags such as histidine tag {6-Hig), lousine @ipper,
subsirate wrgeting moletios, sigoal peptides, and the fike. Fusiom proteing are also meant to

sneornpass vartanis and derivatives of KanLatl or Pglat polypeptides that are generated by

i
vz
pil
=
ot
e
pg
[
Lo
s
<
pis

sonventienal site~dirested wostagenesis and more moderr echnigues such

svahiiion, discussed infis,

10058] "Genentcally engineered” refers to any recondsinant DNA or RNA method

RELy a profein ai elevated levels,

used b oreate a prokaryolic or sukan

host coll thay expres

13

at towered levels, or in 2 mutated forse In other words, the host cell has been transfected,

transfonmed, or ranaduced with & recombinant polynociestide molenide, and thereby been

altared s0 as b causs the cell to slier expression of the destred protein. Methods and vacios

s

fir genetically sngnecring bost cells arve well known in the art; for exsrople various

techiques are Hlustrated in Current Protocols in Moleoudar Biology, Ausubel e al, eds.
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{Wiley & Sons, MNow Yok, P8, and quarterly updates). Genstic engineering techniques

include but are not Hmited to expressiom vectors, targeted homologons recombination and

gene activation {(see, for example, U8, Patert No 5,272,071 to Chappel) and transg activation

by m‘tginc-::red transoription factors (see, for example, Segal et all, 1999, Proo Na# doad Kol

2758631,

U354 96(ay

netic engincering also encompasses any punagenesis techniques
wherein a cell is exposed 1o chomivals to mdace ervors m DNA replication or to scoelerate
sone recombination. The term "spontaneous mutation” refers to nutations that ovours at ¢
# |

much lower tate as 3 resull of genetic recombination or BNA replication grrors that occur

naturally from generation fo geaeration.

{0081} “Heterclogony” refers o DNA, RKA and/or polypeptides dentved fram

3

polypepiide 3 heterologos 1o yeust,

different organisns or spectes, for examyple a bact

{80321 "Homology™ vefors fo a degres of stonlarnity between polymicleatides, having
significant effect on the efffciency and strength of hybridization betwesn polynacieotide

~

between polepeptides. Two

melecudes, The term also vefers o g degree of similarity |
polvpeptides having greater than or equal o about 60% similarity are presamptively

) R S
DOMGIOZOUS.

i3

R3] "Host,” "Host cell™ or Thost vells” refors 1o colly exprasaing a beterologous
polymucieotide molecule. The torm "hatersdogous” mcans non-pative. Por instance, when a
gong that iy not normally exprassed @ an ovgasism & introduced and expressed in that hodt
orgarisrg, such an expressiom i heterolugous. Host celis of the present disclosure express
polynmucleotides encoding KmLATT oo PeLATE or a fragment theven!. Examples of suitable

Host cells usefud fu the present disclosure nclude, but are nodt Hnvted o, prokaryotic and

aryotic cells. Specilic examples of such vells include bacieria of the gonera Es

Saeiths, and Sedmonelia, as well as memburs of the gonera Preudomonas, Sirepiostvees, |

Staphvioceceus; fungl, pantioud

£

v filamontouy fungl such as Frichoderma and dspergiliig,

FBhanerochaste chrysosporinm and other white rot fung; alen other fung including Fsaria,

&
wolds, and yeast mcluding Seccharomyvees sp., Piokia ep., and Candide sp. and the ke planis
e.g. Arabidopsis, cotion, barley, tobacoo, potato, snd agquatic plants and the

JO’N(

celly Suwomers and Smith, 188

Fxperiment Station By
Other spectfic examples inchude mammalian cells such as human embrvonie Kidney

eifs), Chinese haraster ovary {CHO cells {Puck et al,,

7.

 R2T5-12RY ), fupnan corvical carcinoma cells (HELAY (

ATCC CCL 23, hunan Hver

10
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weast cancer cells (MORST

Py
5
San”
o
P
o

7
s
onns}
uw
Z\.)
PN 3
e

AT

CL 220, Dasdie

human colon carcinuma cells (DL DHATCC O

murine oyveloma cells sueh as PA/NSYL-Agd-1 (ATOC TIB-18), PAKSIAgR {ATCC TIB-8),

.

SP2A-Aptd {ATCC CRL-1SE1) and the like. The most preforred host is Saccharomyesy

L

[ROS4] "Hybndivation” refors 1o the pairing of complementary polynoclectides during
an anngaling period, The strength of ybndization between two polynucieotide molecules 1s
mipacted by the homaology between the two molecules, stringency of the conditions nvolved,

the melting femperature of the formed Tvbeid and the GO satio within the polviocleotiden.

I0055] "identiyy” rofers to a comparison of two difforent DINA or protein sequences

2

by comparing pairs of noclete acid or amine aeids within the twi sequeneesr, Methods for

determinung sequence Jdentily are known, See, for sxample, compuier programs ooy
grploved for this purposs, such as the Gap progearn {Wisconsin Sequence Analysis Package,

”

T4,

fersion § for Unix, Genetics Compatar Group, University Research Park, Madison

5

fcdv. Appl Mearh,, 30 482

Wisconsin), that uses the algoritbm of South and Watenman, 198

484,

00867 "isolated” velers to a polyrnucleotide or polypeptide that bas been separated

From at forst one contarninant {polynucientide or pobvpoptide) with which it s normally

o

associated, Fur example, an tsolated pobynucleotde or polypeptide is g context oy i ¢

k)

form that iy different ftom that o which it is found in nature.

{87 “Nucleic acid sequence” refers to the order or sequence of
d’as‘}xyribomzaief}iiﬁeﬁ slong a sirand of deoxyribomeclete acid. The order of these
deoxyribonucieotides determanes the order of amuno acids along a polypeptide chain, The

deogyribonucieotide sequence tu codes for the aming acid sequence

{RORR] “Polynucieoude” refors {o a Hnear sequence of nucleotides, The nucleotid
may be ribonueleotides, ot deoxyribonueleotides, or a mixivre of both, ?i.:;;zunpk:s of
polynncieotides in this context inclusde single and doubde stranded DNA| single and douhle
stranded RMA, and hybeid molecules having roiiures of single and double stranded DNA

and BNA. The polynucieotides roay comfain ane or more modified nucleotides,

0058 "Protem,” "peptide,” and "polvpeptide” are used buerchangeably to denste an

amine acid polymer or a set of two o more vevacting ot bound amino avid polymers,

11
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{B0608] "Purify” or "punified” refers fo a target protemn roakes up for at least about

S

~
N

G0% of a composition. Tn other svords, i refors 1o a farget proteiy that is free from at least |

VD
FR

% of contaminating protoing. Furification of & proten from conlfamiveiing proteins may be
secoroplished using known technignes, including ammonturn sulfate or ethavol precipiiation,
scid precipiation, heat precipiaion, amon or Cation exchange chromatography,
phasphocellulose chromatography, hydrophobic interaction elyormatography, aftimty

3 2 2

chromatography, hydroxyiapatiie chimatography, sire-exclusion chromatography, and lectin

ki

chromatography. Various protein puriioation wchyigues are ilustrated in Curront Profpoals

in Molecwdar Biology, Ausubel ot al, eds. {(Wiley & Sons, New York, 1988, and quarte
apdates),

i,

{B061] "Selectable marker” refors 1o a yparker that identifies a cell ag having
undergone a recombinant DINA or RNA event. Relectable markers inchude, for example,
genes that encode antimetabolite resistance such as the DHEFR profein that corders resistines
o methotroxate {(Wigler ot al, 1988, Proo Natd dead Sl USA 773567, GHare et al, 1981,
Froo Nod dead Sei URA, TRS2TY, the OGP protein that confors tesistance 1o mycophanolic
acid (Mulligan & Berg, 1981, PNAS US4, TH:2072), the neomvein teaistance marker that

confers resatancs to the amnoglyeoside G418 {CalberreGarapin et al, 19

15001}, the Hy

sy

Vi, Y

’\/

.

wo prrotein that confers reststance o hygromyein B (Santerre et al,,

30147, and the Zeovin™ resistance marker {Invitrogen). o addiftom, the herpes stmplex
viras thynidine Minase, bypoxanthine-goanine phosphoribosyliransferase and adening
phosphonbosyliransfersse genes may be employed in 1, beprt and aprt colls, respecnively,

.

{8863} "Transfonm” meany the process of introducing a gene inio a host cell. The
gene may be foreign in origin, bl the gene may alse dertve Hom the host. A transionned
oot el da ermad o Prravie farrmant B Thes brecivicsed pyiee wus 5 T Eeeorrateed covey Fhe
host eall ia termed a "transformant” The introduced gene may be integrated ounto the
chromosome of the host, or the gene may remain on a stand-alone vector independent of the

host chrownosomes.

HEIO3] "Variamt”, as used herein, moang 8 polymucleotide or polvpeptide mudevule

that differs from & reference molscale, Vardants way include mucleotide changes that resuli §

bl

4]

amino acd substituhons, deletions, fusions, or fruncations Tn the rosulting variant polypeptide

when compared b the reference polypeptide.

12
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{dad] "Vector” Mortra-chromasorsal vecior” or Vexpression vector” refers fo a first
polyrucieotide molecaly, usuatly doutde-stranded, which may have inserted into it & sevond
polymucieotide molecnls, for example o forvign of heterologous polymuciontide. The
heterologous pobynucleotide mokicule may or may not by naturally fovnd o the host cell, and
maay be, for example, one or more additional copy of the hetersiogous polyruclootide

wiing the fet

naturally present in the host genome, The vector is adapted for trans

ke

polyrscleotide moicculs into o suilable host cell. Onee in the host cell, the vestor may be
capable of integrating into the host cell chromesmmes, The veetor tay optionally contain

i 3 H Ypeytiotes e A
he integrated polyrucieotide mmolkecule o

additional clements for selecting celis containing ¢

well as elements to promots transeription of mBRNA from transticted DNA. BExamples of

+

the methods disviozad berein tnebsde, bot are nod Hveted 1y pdasndds,

.

veotors waeinl in t

bacteriophages, cosuids, ralrovirases, and antificis! chromosmmes,

{68 For purpose of thus disclosurg, unlees otherwise stated, the teohnigues used

raay be found in any of sever) well-known reforences, such as: Molecud

3 -~

Laboratory Menual {Sambrook of all {1989 Molecular clowing A Laborstory Manual), Gene

Fxpression Techmology (Methods in Ensyniod Vol 185, edited by D Goeddel, 1491

3

Acadernie Press, San DHego, CA), “Chade to Protemn Punfication” in Methods in &

SN S
VEGIGeY

= R S R
de fo Meihods and

{(MLF. Deutshesr, 34, (1980) Academic Press, }(m.}y FOR Protocals: 4 Gy

«

Applications {mus of b {18940 Acadenyie Fress, San Dieps, CA), Culturs of Animal Cells:

B Liss, Ine., MNew Yok, NYS

Vgt
Fo R

A Manasd of Basie Technigue, 2™ ed, {R,?. E‘"s‘eshnej; {198

3

™ o Tyerrercaiiog svaed B
{repe {rassior gud b

=

eension Pre 128, ed EX Murmay, The Hismana Progs

fre. Clifron, ML

{88686} Unloos otherwise indicated, the teym “veast,” "yeast strain” or "veast cefl”

refors o baker's veast, Secoharamvess ¢

ey oF Priofifa mdlfiermondi, are referred 10 a8 nonsconventional veast

in this dischsure, Straios of § o6 v, depository inforration, and plasmids uesed fr the

hsclisure are listed iy Table 1, 2 and Table 3, respectively. The veast Klyveronmyoes

3
M

5-108% ix ok

mined from the Centranlburean voor Schimmeloudiures {CF

roubtoral Research

colection. Piehia gpunfliermondid KRRLU Y2073 15 oblained from the Ag

Service Culinre Collection (NRRL),

13
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Table 1. 8. cerevisige Strains Used in this Disclosure

SU‘REH Q}\ ii(}{s\,pe i Z(}&)R 3‘3

BEY OO

samie as BEY
SR &
A0 4%
same as k

WY savne as BEY 0{3”
3} \’ ‘? { same as BFY 62
BEY(14 same as BFYOO2
§‘} ‘s { af same as BEYH02
ag REYOHG2
woas BEYG02
s as BY ‘mm

T

B
B
i

BFYS34 same s piad, plsd
Ri Vﬁﬁ SERER pldd, pBEYLZ
3 sarne as BE ERCE
] PREY 2, pBEYLS, pl3s

BEYSIG :so.nm as ;3} ‘? s‘}‘,-;:i) pHBEYZ, p13E, p204

[B86T] Yeast strains way be grown on liguid or sohid wedia with 29 agar for solid
madia. Where appropriate, some amino acids or nuclele acids are parposely left cut from the

f\ox

medis for plasreid swintenance, Crowth conditions are typically 30°C unless otherwise

N o £.%

dicated, with shaking in liguid caltures, Araerobic condttions are generally more favorabie

o metabolize the various sugars (o ethanol.

HI68] A vumber of the veast sbeains bsted in Table 1 bave boen de;msiie@ at t

\

Collecuon (ATCCY  acoordance with the ¢

Amernican Type Calture sions of th

st Treatey on the Interoations] Recognition of the Deposit of Microorganism

Furposes of Faient Frocodures. 1o oneh fostance, the yeast strain way deposited by the

mveninrs Hsted herel:

nab

on March 16, 2607 at Amercan Type Cultwre Collection, 10881

Vistveraity Roulevard, Manassss, Virginia 20110 U8.A

14
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Table 3. Depesitory Information

Yeast Strsin/Accession Number

BEYSHY/
BEY626/

<

Table 3, Plasmids Used in this Disclosure

Pi’ibﬁiﬁﬁ ‘%iarku and expressed genes
‘ {3, Gall av BT-CRP \w;uu

CVET-EXTIT assion
ner gennir DNA fragment

;dwii”d

on phisnud

: f."'{‘i cssion plasroid

control 2 veotor with POX promoter, GAL T terminator and Trpl marker
E pali ar %‘ in pBREYO4

E ocoli arad o ﬁfi} Y4

ovEL

£ coli arald in pBEYOM
}?Kﬂ ¥ 912 control 2p vector with POK promoter, GAL7 ¢ terminator and Ura marker
pBEYOIS control 2u vector with 2GK promoter, GdL 7 terminator and His? warkes

2

pBEYGH4 £ ocoli araf mpBEY(L2
pBEYOLS ) C{w’, “ru}% W pBEYOIS
‘{sP‘ Fyais !
pBE \’G}
pBEYH1E
pREYGLS

i) :::cs

Wy

Py

.

A

I ared in pBF ‘ 53
Cendi arad in pBFY

{8089 celis may be grown In rich media YPD or winimom media
conventionally used in the YFD medinm containg aboot 19 youst extracy, 294 peplone
and 2% dextrose. Yeaxt wonimum media typtoally contams §.67% of veast nirogen base

s,

YNBY) without amine acids supplemented with appropriate sising aoids or purine or
pyrivnidine bases, An amount of sugsy, typically 29 unless otherwise tndicated, roay be used

¢

as carbon source, wnchuding ghicose {dexrose), gulactose, maliose or L-araldnose apumg

15
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others, Adaptation for growih on L-arabinose iz performed as deseribed in, for sxample,

Becker and RBoles (2003) with wodifications as detailed in HExample 3

{8070} Orver-expreasion plasnuds are construcied by cloving ¢

se PORT vo TS promoter ina 2i-hased vector,

expression downstream of the 8 ¢

o

Constraction of a DNA Bbrary s delsiled 1o the Examples. Note that other like S cerovisice

S

promoters can alyo be used for overexpresstoy, meleding ADH2, PRI, PG ete.

[BO7H £ coff cells may be grown in LB Hauid media or on LI agar plates

supplementad with ampietilin at 140 pg/ad as needed. Transforsation of & coli DHSa s by

slectrotransformation sccording 1o a protoco! by Invitragen {favit

sransformation, the baterial cells are plated on LB plates comtanm

sefection, Transformation of 8 cerevisice was performed using a DMSOQ-enhanced Hithhuon-

seetate procedure as desoribed with the following modifications (Fill etal, 1991, Cellsave

3

harvested and fnitially washad in water. 600 p of PEGAG00 solution 18 added and 70wl

are heat-shocked for 15 nyin at 42

DIMIS i3 added just prior 1o heat shooking,

-~ - \=

the fast wash step is skipped. Cells are reguspended in 10 mM TE solution and plated.

JBH72Y Yeasi DNA v isolated using the Hasy DMA kit according to manufacturer’s

profocel (nwitrogen, RIBGGOL) DA yomupolations and bbrary construction sve performed

A ~

s desertbed in Molecular Cloning: A Laboratory Manual {1989}, except otherwise

specifically indicated mw this disclosure, Plasmids are cured fron veast by growing the stran

i rich non-selective media overnight followed by plating ob non-selective madia. Isolated

colonies are replos plated to sercen for loss of selective markers, Plasynid vescas in

performed by trarsforming iselated veast TINA o £ cofl followed by isolation and

i,
N

acterizationn, & cofi plasmid taolation 1 accomphshed using plasoud spin suni-prep kit

cording o the manufacturer's manual {agen, 27166). PCR-based chromosomal walking

£ ~

ix performed uyeing the Uroversal GenomeWalker Kit as deseribed (8D Biosciences, K807+

i
{6673 Fow the transport assays, colis may be grown i minimal media supplomented
with 20 g/l of L-arabinose. Cells are collveted 1o roud-growth and washed twice befiwe

. . . T oo iy 1 o em e . . s
suspension 1w water at 30 mg/mi. Uptake of L-03- 7 Clatabinose {34 mUimmol, Moravek
Rischemicals Ine.} or D-{1-70) galactose (87 mCifmmol, Amersham Biosciences) is

measured as previcusly deseribed by Starobuk et al, (2003} Assavs are parfimed in 30

S

seconds o mamiain iniial rates allor appropniale expariments o onsere uptake is Hoear fir at

16
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least §wingte. Transport aotivity is desertbed as nano-moles of labeled sugar transported per

myg cell dry weight por ninote, Inhibifion and competition assays are performed as
previously desortbed by Stambuak et «l. (2003,
H0074] Seguencing resulis showed that the KmLATY gone vontains an ORF of 1668

by in length. The predicted mming acid sequence of KinLATL shares bomology with hugt

o ) N -,

affimity ghucose transporters, in pacticular, with HETT from K ooty (Table 4). KmlATY

‘ s‘:’iumse transporiers

e

trangporter shows a moach higher sequence similartty with bigh-affi

Al
Lo ‘ Loy v

4

fromt non-conventional yeast than with transporter profeins encodesd by the bacterial arall

gene or hexoae transporters from 8 cerevisiae (Fig. 13,

Table 4. Properties and shnilarvitics of Kinlsil to other sugar
{ransporiers.

gens ol of Predicted Organism Pafative function
srofeln fransmems o st

‘m'qme.

’(

8.22 P2 - Komarsianus

5.78 12 TSRS K. ol

.
= 5 3 : I
AELD ad 12 65 7 &2 A
DEHAQEDRTTARS ) 2 2775 03 honsen
CaHgil RE {2413 NS £
‘;l"s‘\‘\s"‘c
Cabgia {2-14 St/ 7 ¢

DE34GRE0, 3 A

HIYTSY Transmembrane regions predicted for Kolatt and Felat2 by the software

Tropred chows 12 transmembrane regions with i larger ttercelindar loop butween ey
and 7 (Fig. 23 {Seo Holmann et al, 19933, wpteal of G4L2 and other veast sugar transportars
having W12 wansmembrane regions (See e.g., Alves-Armyo et al, 2004; Day et al,, 2002,

Fouckeberg et all, 1998; Plna et ol 2004; and Weierstall et al, 1994y,

{876 Like other members of the transporier family, and in particudar sugar

transporters, Kmbati and Pelat? polypeptides are usefol in facihiating the uptake of varfous

sugar molecuies indo the cells, I is envisioned that KamLat! or Pelai? polypeptides could b

Here
PALRNG

used o other purposes, for example, in analytical instruments or osther processes w

17
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uptake of sugar s required. KmLatl or Pghat? polypeptides yuay be weed alone oy i
sombination with one or more other transporiens 1o feilitate the wmovement of melecules

acrisss 3 menbrane structure, which functon may be mod ne skilled in the relevant

att, all of which are within the scope of the present disclosire.

HROTT] The KonL AT polypepudes melude isolated polypeptides having an aniine
acid seqmence sa shown befow in Example 20 and in SEQ 1D N2, as well as vanants and
+3 vy +3

derivatives, inchading fragroonts, having substantial sequence stmilarity to the amine seid

sequence of SEQ H NGO 2 and that refain any of the Runctonal activities of KL ATL

Pl AT polypeptides mnciude bolated polypeptides having an anuno acid sequence as shown

below m Exsvople 3; and in SEQ 1D NGu4, as well a3 variants and dorivatives, inclading
Fagments, baving subsiantial sequence simitanty o the aming acid sequence of SEQ
MNOn4 and that retain any of the fmetions] activities of PgLAT2, The functional activities of

the Eml AT or

2 pobypeptides inelade but are not Hmited to travsport of Le-arabinoss
ST ity o S ol aedrviiTe yray E & -%m--) Ty ‘:ri i\ T ENAaT \ic) ‘i'* ;ouhienting the
aoross cell membrane. Sach activities roay be deterained, for example, by subjeching the

vartant, derivative, or fragment to & arabinose franaport assay as dotadlad, for example i

IHTE] Varlands and derivatives of KmLATT or PgLAT2 nelade, for example,
KL AT or PglATZ polypeptides medified by covalent s aggregative comgugation with

other chemnical moleties, such as glveosyl groups, polyethyiene glycol (FEG) groups, lipids,

phosphate, scetyl groups, and the ke

HO79 The amine acid sequence of KL AT ot Pl aAT2 polypeptides s proforably
at least abowt 60% identical, more preforably ar loast sbout 70% identical, more preforably

Ny
o 3

stthl at beast sbogt 80% wentioal, and in sowne erpbodiments at loast abwat 0%, &

‘} : £0

, F8%, and 99% idenuesl, o the KmtLATY and Pl ATY soing and sequences of $EQ
P NN 2 and SEQ D MO 4, respectively, The percontage sequence identity, also termed
homology {see definition above) may be readily deternddned, for example, by covaparing the

tevo polypeptide seguences using any of the computer programs componty emploved forth

purpose, sach as the Gap program (Wisconain Sequence Analysis Package, Verston § for

&

Vix, Gengtics Comgauter Group, Universily Research Park, Madison Wisconsin, whuch ¢

z

the algorithi of Swuth and Watermuan, 1981, Ady. dppd Mode 2 482-489

{ORE] Variants and dertvatives of the KmbLATT or PeLATY rdes wmay further

wmclude, for example, fusion proteins formed of a KonLATY or Pg

18
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another polypeptide. Fusion protein may be formed between a fagment of the KmLAT

polyvpeptide and another polypeptide, such that the fusion protein may retain none or only

part of the activities notmally performed by the ulldengih KL AT or FgLAT2
polypepude. Froforred polypeptides for consinucting the fusion protan inehude those that
facilitate purification or olgomerization, ov those thal enbance KmLATY or PgLAT2 slabihty
and/or ranspant capacily oy transport rate for sugars, especially for arabmose, Pretomred
polypeptides roay also nvlude those that gain onbanced trapsport capabibily when fused with

KoL AT, FeLATE or fragments thargot,

081 ¥inl ATHor PgLATS varianty and dertvalives may contain conservatively
substibited amine acids, meaning that one or wore aming acid sy be replaced by an aming
acid that does not alior the secondary andfor tertiary structure of the polypeptide. Such
substitutions may nclede the replacement of an amine scid, by = residue having stnalar
physicochemical properties, such as subntituting one aliphatie residoe (g, Val, Leg, or Ala)

for anether, or subatitations betwesn basto residues Lys and Arg, anidie residoes Glu and

Asp, amide residoes Gin and Asn, hydroxyt residues Sey and Tyrl or aromatic residuss Phe
and Tyr. Phenotvpically silent amino aaid exchanges arve described wore fully in Bowie e

af, 1990, In addition, fonctional Kl ATE or PeLATZ polyvpeptide variants inchude those
having amine acld substitutions, deletions, ov additinns (o the arabv acid sequence oulsids

functional regions of the protein. Techniques for making these subsititutions and deletions are

wail known iy the art and inchede, for example, site-divected mutagenesis,

{882} The FooLATE or PelATY polypeptides reay be provided o an isodated form,
ov inoa substantially pudified form. The polypeptides may be recorvered and purified from
recornbinant celfl cultures by known methods, including, fir example, ammontum sulfate or

ethanol precipitation, amon or cation exchange chrommography, phosphocefivloss

chromatography, hydophobic interaction chromatiography, affiolty chromatography,

hvdroxyiapanis chromatography, and leotin ohromals hy. Freferably, protein

&

chromatography s evaplaved for purifivation,

)

{0083} A preferved form of KmLATT or PeLAT2 polypoptides {5 that of recombinant

polypepides expressed by sultable hosta. Inone ;)*nf,,mw ernbodimnent, when heterologous

sxpression of BmE AT or PpLAT2 1 desived, the coding sequences of KL ATE o

may be modilied fiaccordanos with the codon usage of the host. Such modification may

¥

rasult i increase protein exprossion of & foretgn it the host, Furthermuore, the hosts may
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simultapeousty produce other transporters such that mulliple transporters are expressed wn the

¥ X

+

same cell, wherem the different transporters may form oligomers (o transport the same sagar,

Altematively, the different tansportors roay function independently to ransport different
sugars. Such recombinant colls may be useful in orude forpentation provessing oy n other

mdustrisl processing.

84T ML AT or PeLAT2 polypoptides may be fused to heteralogous pol
o faothitate purification. Many avatlable hoterslogous peptides {peplide taga) allow selective

&

A

binding of the fusion profein o a binding parinsr. Nop-lininng examples of peptide tags

&

melude 6-His, thooredoxin, hemaghdion, GST, and the OmpA signal seguence

cand binds o the beterclogous peptide may be any wmolecale oy

binding pariner that recogni

cample, metal afhinity colwrons), antibodies, antibody

compound, including reetal ong {or ¢

T

sraends, or any profein or pepide that preferentially binds the heterciogous peptide o

;)me pm’n‘ wation of the fasion piﬂwiii

FOOBR] Konl ATT or Pl AT? podypentides may be modified (o faalitate formation of

BanlATE or PglAT2 oligraners, For example, KimL AT polypeptides may be fused to
pephide moleties that promote cligomerization, sach ax loucine zippers and certatn anitbody

fragment polypeptides, forexmuple, Fo polypepiides. 'i‘ec}"miques for praparing these fusion

.

profeins are knowr, and are deascribed, for sxample, 10 WO 9931241 and in Cosman et al,,

2001 Fusimtoan Fo G offers the additional advantage of feilitating parification

by aifingty -::’m‘omamg shy over Protein A oy Frotein & colonms, Fusion o a leugine-zipper

S./
;t

(L2}, Tor example, & repetitive heptad repaat, ofien with four or Hve leusine residues

kS

interspiersed with other aming acids, is deseribed in Landsehahiz et al., 1988,

DRG] U is also envisioned that an expanded set of varlants and derivatives of
KL AT or PeLAT2 polyoucleoudes and/or polypeptides may be goversied to select for
usefitt molecales, where such expansion is schieved not only by conventional methods sush
as ste-divected mutagenesis bot also by more modern techniques, either independently ar in

combination.

{H087] Site-diveoted-mutagenesis i eonsidersd an informational approach 1o protein

engineering and may rely on E‘;igh‘-mat.:;iu‘i‘inn erysinllographic structures of target proteins fy
spocific amine actd changes {van den Burg et ad. 1898). For example, modification of the
armnits acid sequence of KmLATT or PgLAT? polypeptides may be accomplished ag s

known in the art, such as by introdecing motations at particalar locations by oligonucleotide-
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{»,
ey
s
=

divected muisgenesis Stle-directod-nutagenesis may also fake advantage of the recent adve

of szmmin.imiimw;&zi methods for identifying site-specific changes for a variely of protem

engincering objectives (Hallinga, 1998

{3088 The more medern techoigues inchude, bt are not Hmited to, non-informational

mutageneus woehgques referred to genentcatly ma “divected m‘w&:ia‘_m”}. Directed evoluti

wn confunction with lugh-throughput soreening, allows teating of slatistivally meaningh

variations in protein conformation {Amold, 1898}, Directed svolution tef:t}me‘i«:;gy may

{1598}, site-

=

eribed by U

//

wmelude diversification mothods simtlar fo that des

al,

satoration mulagenasts, staggered extonsion procass {SIEP) (¢ Cal, 198, and DNA

Y

syrthesis/reassembly (U8, Patent 5,965 408}

G089 Pragroents of the FonL AT or FeLATE polypeptide muy be osed, for example,
o geperate speciie andi Kool AT apdibodies. Using known selection tectauques, speciiie
epitopes may be selecied and used o generate monocional of polyelonal antibodies. Such

anifbrodics have uithly o the assay of KL AT ¢

vecombimand KmL AT ok

2 podypepstides

e
:p

{00901 The disclosure alse provides polynaciestide molecules encoding the Kmb

or FeLATE polypeptides distussed above, Kmll 4T or Pel 472 polynuckeotide molecyl
inchde polynucieonhide molocules having the nucieic acid seguencs shown in SEQ 1D NO:

and SEQ 1D N, respectively; polynuclestide molvotles that bybridize to the muchae ask

segquence of SEQ I NOT and SEQ 10 NOLY, respectively, under high stringeney

hybridizaton conditions {for example, 42° 2.5 br,, 8X SCC, §.19%6808 ) and polyvoucientide

mistecyles having substantial nuciele acid sequence ideniity with the yvucleie avid seguence of
SEQ IR NCRT and SEQ I NOW3, respucuvely. Towill be appreciated that such
polyrucleotide molecules also broadly encompass squivalont sabstitutions of codons thay

may be ranslated 1o produce the same amino acid sequences, ningated Tagments of the

pobynucelotide moleoues, and polynuclentide yooleonles with a high ncidence of homology,

o

such as %%, 93%, B0%, 87%, BB, or 99% or more homology with respoct to what s

disclosed.
9] The Kanl A7 v Bl AT2 polynucicotide medevules of the disclosurs are
prefenbly fsolated moleouies encoding the Kaal AT or PgLAT2 polvpeptide baving an

¥ &

amine acid sequence as shown in SECQ D NG and SEQ 1D NOu4, respentively, as well as

derpvatives, vartonds, and vaeful fagoents of the Kl AT] or Pel AT7 polvaucleotide. The
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KmLATE or Pgl 472 polynuclestide sequence way ncluds deletions, substitutions, or

et

additions o the nucleie aoid sequancs of SEQ I N and SEG D KNG, sespeetively

8G9 The Kl ATT or PglAT2 polynuckeotide molecule roay be cDNA, chenuieally

synthesized DNA, DNA amplified by PCR, BNA, v comnbinations thereof. Due to the

3

h
wf encode identcal

degeneracy of the genetic code, two IMNA sequences may diffy

arine acid sequences. The presoat disclosure thas provides an tsolated polyrwcleotide

F3 o Pl 477 vaxlere acid suquence enching KmlAT or Fgl47?

RS

miciscule i‘m\xm a Kandd

polypepiide, wherein the puaciele acid sequence encodes a polypeptide having the complote

amne acid seguencss as shown i SEQ I N2 and SEQ 1D NO4, respectively, or v

;_\

derivatives, mud Fragments thereof

w
oy
o
s
o
L3
4]
i
3
v}
<
Joie
z
o)

O3] The KmlAT or Pgl yielentides of the disclosure have

sequenee that is at least about 60% identical 1o the nocleie acid sequence shown In SEQ D

KT and SE‘S‘IQ 133 Nk 3, 't:sp(-:-;:i‘i\‘miy, in strme enbodiments at least aboust 709 wWentical o

about 80% wentival o the nucleie acid seguence shown in \) £ NO L and SEQ D NGO,

respecti and in other embociments at least about §0% -§5%, Q0% 87%:, B8%4, 8%%%

identical fo the nucleie acid sequence shown in SEQ 1D NG and SEQ I NGe3|
respociively. Nuckowe aid sequence idendity 1s determined by known methods, fr example

by sligning two sequences m a sofbware program such as the BLAST programy {Alischul, 8.F

et al {1990 1, Mol 8ol 215:403-410, frow the Nationa! Center fk

fformation (hitpy/Awvww nebinboauh govw/BLASTS,

nacieotide molecules of the disclosures also

[0094] The KmlATT or PelAT2 p

T o

3

fnelude isolated polynuclestide molecales having a nucleie acid sequence that hybridizes

under fo gh 'sta‘ingﬁnc v conditions {as detined above) (6 1 the eleie acid segquencs shown in

SEGH Tand 3EQ ID MO, respectively, Hyhridization of the polynociestide ia ¢

ot
L
£

o)
e

feast about 15 comdipussus nuclectides, or af least about 20 contiguous npucleotides, and i

other embodiments at least about 30 contiguous nucleotides, and in stifl other embodiments at

jeast about 100 contiguous vucieotides of the sudleie acid sequencs shows i SEQ ID NOu

fecs

and REQ 1D MO, respectively.

{B98Y Useful fragments of the KmlATT or Pl 472 pulyvnuclectide molscules

described herain, inchude probes and primers. Such probes and primers may be used, for

example, in POR methods 1o samplify and detedt the prosense of
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potyrucieotides i vivee, as well ag in Southerm and Mogthers blots fir analysis of KnLATH
or PplAT2, Cells expressing the KmlAT! or Pl 4T2 polynucientide muteaudes may also by

whentified by the vee of such probes. Mathods for the production and use of such primers and

probes are keown, For PR, S and ¥ priveers copesponding 1o a reglon at the ternini of the

Kl 477 or PplAT2 polynucleotide molecnls may be employed to solate and ampht

Kl 477 or Pl AT2 polymuclentide asing conventionad techniques.

M

{00981 Other usetid fragments of the KmlATT or Pel 4712 polyrumiontides include

antisense or sevae ohigonucleotides comprising a single-stranded nucleic avid seguence
capable of binding to a target Kl AT or PgLAT2 mRNA (using a sense strand}, or DNA

{using an antiscnse sirand) seguence.

[OOBT] The present disclosure also provides vectors comlairang the polymucleotide

moksctles, ax well ax host colls wansfrmed with such vectors, Any of the polyrueleotide

rincludes a

moleeules of the disclosure may be condained in g veotr, which geperall

\2’

scleciahle ma don i host, The veotors may

cor and an origin of replication, for propag

further mciude suitabls transeriptional or fransiational regulatory sequences, sueh as thoss

zd frovn o manmnalian, fungal, bacterial, vival, or insect genes, operably linked to the

&

or Pel 472 pulynucleotide wmolecule. Examples of such regulatiny segue

inchude transenptional promoters, oporators, or enhancers, mRNA ribosomal binding sites,

and appropriate

crpitences which contirol transcriptisnt and transiation. Nuckeotide segquenges

are operably Hiked w e regulatory seauencs Bowiionally relates o the DNA encoding

¥

the target proten. Thas, o promoter nuclesdide sequence is operably Haked to a KmlATi or

X

Pl AT2 DNA sequence i the prosvoter nucleotide sequence dirsets the transoription of the
Kol AT or Pl 477 sequence,
(098] Selection of suifable vectors for the cloning of Knld 7T or Pl 47
polynuclectide molecules sncoding the 8mld¥? or Peld¥2 polvpeptides of this disclosure

depends upor the host cell in which the vector will be transformed, and, where appheable, the

o

host eull fronmy which the target polypeptide 18 fo be expressed. Suutable host cells for

exyression of Kml 477 or Pel 472 polvpepnides nclade prokarvotes, veast, and higher

eukaryotic cells, each of which is discussed balow. Selection of saitable combinations of

vecturs and host arganisms ix g routing matter from a perspective of akith

{099 The Kmid T or Pul

472 polypeptides o be expressed in such host cells may

also be fusion proteiny that include sequences from other proteins. As discuased above, such
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regions may be inchuded to allow, for example, enhanced fonctionality, huproved stability, or

N

facititated purificstion of the Kml 47T or Pel 472 polvpeptide. For example, & nuclele acid

sequence encoding a pepiide that binds strongly to arabinose may be fused in-frame o the

T

g

N

tramamembrane sequence of the KmlATT oy PelA T2 polypeptides 3o that the resalting fusion
profem binds arabinese and transports the sugar across the cell rnomdbrane at & higher rats

th

vihe &ml AT or PeldT2 fransporier.

{BOI0H Sutable host cells for expression of target polypeptides clede

proksryotes, veast, and b cukaryotic cells. Soitable profaryonc hosts o be ased forthe
expreasion of these polypeptides include bacteria of the gensra Evcherichia, Bacillus, and
Salmoneiin, as well a3 mowbers of the geners Preudomonas, Streptompees, and

e

TS,

’..c

Naphvl

' Exprossion veoiors fr use in prokaryotic hosts generally comprise one
{86181} Expression veoior it prokarvotic h generally compriss on
ar more phenotypic seleciable marker genes. Such gones encads, for example, a protein that

copfors antibiotic resistance or that supplios an auxotrophic requirsmerd. A wide variery of

i

such vectors are readily svatlable froan commercial sources. Examoples tnofude pSBORT

-~

vectons, pGEM ventors {Promega, Madison, Wi}, pPROEX veeters {111, Bethesda, MIY),

Hlueseript veciors (Stratagene), and pQE vectors {(Hagen).

<

BIDB Kmld¥7 or Pel 472 may also be expressed in veast host oelly from genera

B

amehiding Seccharony Bichia, and Kluveromyees, Preforred yeast host 8 8 cerevisiae.

Yeast vectors will often contain an origin of rephcation sequence from a 2 veast plasmid for

Bigh copy veetors and a CEN sequeacs fiw g lvw copy nuntber vector, Uther seguonces an 4

yeast vector may inchude an antonomously replicating sequence {ARS), a promoter

sequenices for polyadenyiation, s

uences for ranscripiion termination, and a selectable

2!
marker gene.  Veotors rephicable in both veast and £ colt (omed shatile vociors) ars

preferved. In addition to the above-mentioned {vatures of vesst vectors, 8 shuttle veotor will

also inclade sequences for replication and seleciion in

{01601} Insect host cell colture syatems may also bo used for the exprossion of

i
¥

KL AT] or FglAT2 polypeptides, The target polypeptides are preferably exprossed using a

bacutovivus expression syster, as desortbed, for exanple, 1o the veview by Luckow and

~

Sumiers, 198K

st

{1821 The choles of a sudtable exprassion vector for expression of KmlATT or

tides will depend apon the host cell 1o be used. Examples of sunable
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expression vectors for £ colt tnctode pET, pUC, and timilar vectors ax s knowe in the axt.

Preferred vectors {or expresainn of the Kmd AT or Pel 472 pn§ vpeptides include the shuttle

&

plasmid plIT702 for Streprosnces vidans, pGAPZalpha-A, B, Cand pPICalpha-AL B, C

Invitrogen) fov Plchic pastoris, and pPE-1 and pFE-2 for filamentous fungt and stmtlar

o,
e

ora as i known i the arl. The vectors preferred for expression in S cerevisiae ars histed

B3 Modification of & Kl ATT or PelA72 polynocicotide molscule to facilitate
faertion inte a particslar vector {for example, by modifying reatriction sites}, case nfuse ina
particular expression svsdeny or bost (for examnple, asing preferred bost codons}, and the ke,
ave known aud arg ernplated for use. Genetic enginesring methods for the production of

3 N

Kl ATT ov Pl AT2 polypepudes inchude the sypression of the polynucieonde molecules in
cell free expression systoma, in host cella, in tssues, and i amniat medels, according to
known methods,

{1841 This disclosure alse provides reagents, compositions, and methwsds fhat are
asefal for analysis of Kl ATT or PelAT2 solivity and for sssesaing the amount and ate of
srabinese transport,

II8S] The KmLATT o FelATZ polypeptides of th

snt disclosure, in whele ar

1 part, may be used to raise polyclonal and monoclonal angibedies that are useful i

472, ov dotecting Enil ATT o Pel AT polypeptide sxpression, as

purifving KmlAT] or

well as a reagent tond oy charactensing the molecular actions of the Kadl 477 o

poiyp-‘pt de. Preforably, a peptide containing a unigue eprtops of the Ko,

polypeptide is used in preparation of antibodies, using conventional tockmiques, Methods for

o

ie epitopes and production of antibodies are known, See, Tor example,

the selection of }‘?}"i‘

A esfvbvongdroner e A F a5k ey E oy i
Antthodies: 4 Laboraior

{nuad, Hatlow and Land {eds.), 1958 Cold Spring Hasbor

Laboratory Press, Cold Spring Harbor, N.Y . Monedlosal dntibodies, Hybeidomas: £ New

Ty
IREN LS

IHmension in Sivlogical A ww, Kennet ef of. {eds ), 1980 Plenuny Press, New York,

6] Age

nts that modify, fv example, 1o increase or decrease, Kml AT or PeldT)

transport of arabincse or other sugars may be identified by the transport assay deacribed in
Hxampie 4, for exanyde. Ferforming the trausport assay in the prosencs or absence of g test
agent pernuis screendng of such agents,

FOHG7] The KonL AT oo FeLATZ transport activity s determined fo the presence or
absence of a tost agent and then comparad. For instance, a lower Kl 77 transport activity

i the presepce of the et agent, thun in the absence of the test sgent, indizates that the test
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agent has decreased the activity of the Kall AT, Stimudators and imbubitors of Kml AT ot
Pel 472 way be uwsed to angment, inhibil, ov modify Kl AT or PelAT72 travaport acti

and therefore yoay have polental industrial uses as well as potential use in further ehued
of the molecutar actions of Kml AT or Pgl AT2
{08 The KenLATT or PeLATE polypeptide of the disclosure s an effective

arabinose transporter. In the methods of the disclosure, the sugar transporting effects of

Kond ATT gr Pel AT2 are achieved by mixing cells expressing Kml A48T or Fpd

3

sugar of sugar-containdng bomass. Kml 477 or PelA72 may also be use

systern, Kl AT or Peld72 may be wsedwnder other condinions, for example, at elevated

wmpsraneres or pnder acidic pHL Other methods of wsing K lAT or Pgld¥2 o tran ;*fei‘iﬁ

sugar, especially arabinose, for fermentation, are envisioned 10 be withun the scope of what i3

e

disclosed, KmlATT or PolAT? poelvpeptides may be used 1 any known application currently
atifizing s sugay transporter, sl of which are within the seope of this discloswre.
ST His shown in this disolosars that Gal2p 18 an effective Learabinose it‘aixs;}miﬁ;r

472 may be wore effective at

af hugh concentrations of arabinose, whereas Km

.

different concentrations of Learabinose. Combination of the Gallp and the two new
ransporters from pon-conventional veast may be smploved o provide complementary
franeport ko N cereviviee of L-arabinose down to very low restdaal concentration of
arabinose.

{814 Hors shows bere that combinatorial expression of GalZp, KmLATT and

PATZ may enbance the overall rate and extent of srabinose abilization by recombinm S

cereviciae cells exprassing these tansporters, As shown i Example §, the doubiling time for

1§

S QEFEVicice SITa: 8X

wesaing both PelAT? and Gally is shovter than 8 cerevicioe cells

s

exprosaing Gal2p slong (15 howrs veo P howurs), suggesting that L-arabinose aplake may be

enhanced by the synergistio effect of Pel.AT2 and Gallp in these cells, Movreover, the

Pel ATZ exprossing strain appears to grow 0 a higher overall optical density at sanration,

1
iy
32

suggesting that this straan was able to witlize the carbon sowree (L-arabinose) 1o the mediom

fgtal

more compistely, This hypothesis 18 supported by HPLO analysis of the final oultwrg media

able §) wiuch indicates that there b significantly loss vestdual L-arabinose i the cultpre of

cells exprassing G

yard PLATZ than in the coltre of those expressing Gallp alove.
Thaus, heterologous expression of either or both KamLAT! and PaLlAT2 in & cereviciae muay
enthanes arabiness utilization by facilitating arabinose transport when the concentration of

arabinose is relatively low,

26



WO 2007/143245 PCT/US2007/064330

Table 8 Doubling thnes and HPLU Measurcment of Residuad
Arabinose Concentration in Cultures Deseribed in Flgure 11

Flask | Transporiers Boubling Final O {m

arabinese
Expressed Time {(howrs)
{g/Ly by HPIY

CralZp only 192 £.63
2 156 {3.67
3 Gallp + Pglat? 180 0.49
4 148 .48

~arabinose concenation 1,89 ofLL and madia without 3 ~arabinose had an
I /Ly, WD = pot determined,

(0111 L-arabinose metabolism i bacteria mvelves thres enzymes: L-arabinose

fsomerase farad), Lribulokinase {ora®), and { -:‘iim.iioss:i->~5~p d-epimerase farad), which may

he collectively reforred 1o as the "araBALY proteins fu this disclosure. The goves encoding

o

these thres enzymes moay be reforred to as the "araBADY geves in thiv disclosure. The

combined action of these three bacterial proteing convert L-arabinose to Xylulose-S-

phosphate (Soe Fig 33 5 coreviziae contains the pathway @ uiilize and forment the Hnal

7

3 3

prodiict .?<’}_v'iuiosc>~?‘s«piﬁ;@sph, do and prodace ethanol ander ceriam condittons (see Fig. 1)

ii}i 123 S pereviy

fae strain 1o b used to copstruct an arabinoss frementing yeast strain

se. A Gal stradn is Hkely 1o expres

preferably possesses Gal’ phenoty sfaniose pormenss

ch moay factlitate the uptake of arsbinose by & cerevisiae.

I3 S e

1

sses end OEENUS aldoss yeg

siae typically posse

which may divert arabinose to a pathway difforsnt from the sne that may lead to the
production of ethanel turough the action of the bacterial araBAD proteins. Moresver, the

4
1

srabitol gensrated by the AR proten may inhibit the isomergss encoded by arad

fnorder o

increase the overall vield of ethavol from arabinese, 1t 15 proferable 1o use an AR -deficient
sirain to consinict the arabinose ferypenting yeast of the prosery disclosure. The AR-deficient

stratn may be obtained by soreening Ror sponfanecus mutations, or preforably by targeted

goene disraption or nmutdation. An {fxa;n'z;ﬂe of such gene dsmplion s detgied in BExample 10,

{8134] As showrm Fig. 3, the engineered pathway wiilizing bacterial arsBAD

paverts Learabinoss to gyislose-S-P that S ¢ vice can convert to sthanol using

L3

endogenous enzymaiio activitdes. It is thus desivable 1o cosure that the arabinose metabolic

N

pathway starting from xyvhilose to cthanol remaing tact in the AR-defictent strain. This may
be tested by comparing the growth of the ARdeficient stvain with it parental sivain on

glucose or xylelose, I both strains profiferate at about the same rate on glucuse or wylaloss,
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i is likely that the AR goene disruption event higs not negatively opacted the catabolisny of
ghseose or wylidose,

tabinose

{HETEST The preserg diselosure also provides a new method fom
uptake by veast cefis, Traditionally, L-arabinose fransport is measured by using madio-labeled
substrate. Since aldose reductase, which converts L-arabinose to argbited, is oytosolie, His
possibie 1o ase the formation of pew arabitol as an indicator of arabinose uptake. Higher
levels of arabitol indicates higher aptake of L-arabinwse. To cordivm the validity of thix

micthed, Loarabinose transport was measured vsing the taditional M abellnd Loarabinose in
various yeast stratvs with different lovels of arabitol frvmation, Thess experiments show that
the level of arabitod frmation corresprnds well with the lovel of L-arabinuse uptake.

[OE16] Using this method, severa! lngh arabiio! producing stradns have been isolated,
inciading two gad/ 80 mutants and two otherwise wildtype strains, whicht have 3 fo 4 folds
higher L-arabinose and D-galactose transport activity than the BFYOU orginally used to

construet the arabinose fermenting stratns. Hacterial genes encoding the araBAD proteius

hed

may be intreduced o these straing to achiovs lgher rate of arabinose uptake and ths

strains with

higher overadl vield, Thix vesult also validates the indivect soreoning method &

higher arabinoss transport activity

{0117] Although the presert disclosure teaches the introduction of foreign genes such

as f.oondl araB4D genes, into yveast cells, genes from other species encoding proteing that

perform the same or simifay function ax the £, coff ara 840 proteing, Lo, converting L~

arabinose into various informedistes and evemually inte ethanol, may be used in place of the

ki

tRALD gones (See e.g., Becker and Boles, 2003, usi‘ng arad from Bacili

{4

£ eoli a 5 wudi
The DNA of the foreign genes may be present in g host cell at one copy, or preferably, in
more than e copy. The foreign genes may be under control of a constitutive promoter or an
mduaible prowmoter.

{0 The forvign gones may Be present as plasnids o nonichromosomes i
the bost yeast cells, or alternatively, the plasemids carrying the foreign genes may be

engineered 5o that the foreign gones ate integrated info the chromosomes of the host throag!

¥

genetic recomnation. o the latter vase, the foreign tonds to be mainiained after generations,

Ty,
3N

event when the host cells are grown in rich media whore no selective prosmure is present.

gontrast,

in the former case where the genes remain on @ vector, the genes may be lostafler a

few generations. Under those circomstances, the host yeast cells are preferably grown ina
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winimon media Supp Hemented with ;lpi‘!ﬂ‘huﬁb A aeids oy K)ﬁﬂﬁh o §:\"”41(Md31 basos s

that & selective preasure helps maintain the plasmids.,

{9118] Cell-free or whols-cadl formentation may be used o convert atabinose o

sthanol, In the whole cell formentation process, the transformants may be grow:

minimoem media with appropriate supplementation o maintain the plasroids.

sransformant cells are preforably provwn on galactoss to indacy the expression of g

o

pormease. More preforably, the cells are grown on buth arabinose and galactose befwe the

fe

meniation assays. In addifion, Sanstormant cells van be grown on both aratinose and
glocoae befrge the fermentation assays {see Fig, 19}

{8118 Inthe cell-free formentation system, cells are harvested and the colls are lysed

bhottleneck for g whole-

o release enyymes for the conversion of the segar w ethaned, (v

reniation systent 3 the uptabe of arnbinose by the cells, which may explain its Jower

Hion g

overall yield of ethanol than the celi-froe system. However, whele-cell formse
prefered beoause i s caster fo perform. In a whole-cedl fermontation system, the colls may
be mixed divectly with the blornass or other substrates, requiring no exiea steps of celi-
handling.

{0128] In a preforred embodinmeet, the varions arabinves metabolic pathways

dislosed here myay be mtroduced o a 8 cerevivice strain that have been moditie

facthitate #is arabinose aptake. Such strain may includs but are not loniied 1o strai

ass hoth Gallp and one of twe of the novel arsbinose transporiers similar to the ones

<

o

disclosed bere. The expression levels of the array of arabinoss transportars may be fine-

mned such that they are conwnensurate with the rate of srabinose nictabolism inside the

negred yeast cells. Most preferably, the exprossion levels of the transporiers may be

Unked 1o the arabinoss metabolic rate in each cell, such that the arabinose s taken in more

rpndly by those cells that convert srabinass to ethanol more efficiently

>t nsinonentalitios by way of

{121} The svamples herein iHustrate the pre

S

Hlustration, and not by Tmtation. The chemicals, biological agenis and other ingredients are

presented ss typical components or reactants, and the provedures describad herein roay

sepresent but ong of the typical ways to secomplish the goal of the particular experiment, §t

J

o

is understond that variows madification may be dertved in view of the

.{\um%. disclosurs

without departing from the spivil of the present disclosure.
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Example I—Cloning of the new iransperter gene Kul AT
{1221 A K srardignuy genovic bboary was consinunted i our veast ventor pBYFY 13
which contains the veast 2¢ origin of replication, a URAS selection cassetts, and a Bambi sife
incgted between the PUKT promoter and GALT T rorminator. After partial digestion of 206 ug

of genomic DNA with Saud 47 restriction enzyme, fragments of 2-8 kb in length were ,d

isolated and hgated nte the el site asi"pﬁi?‘x’{}lii, This ligation reaction was then

ransformed inte & coll and plated for recovery, Plate counts prasdyced ~3000 oft
ransformed cells and the plasmid DNA from 24 colonies wag acreensd for presence of insert

e

reveahing 22 of 24 ganaformants bad an insert ranging from 1 kb o~

b miving anav

et stze of 3.2 kb, The transformed cells were seraped fom the plates, DINA recoversd,
and § udwas travafonped into competent BEY 518 cells. The straln, BPY S, was cured of
the GAL2 over-sxpression plasmid negating ite abibify fo form colordes on agar plates
containing L-arabinsse as the sole carbon source enabling restoration of colony formation by
comnplerperntation with @ heterolognus L-arabinose transporter. To count the nasber of
ranstormed yeast cells, {0 gl of the veast Hibrary tranaformation were plated ordo mimmal
gluzose media vet the colonies were 30 dense that enly an estimate of ~SHH colonice was
posaible. The vest of the transformation wux (~140 ul) was platad codo mintmad wedia
corttaindng 2% L.arabinose for selection from which a small amount of background prowih

witiced, The plates were then replica plated to fresh L-arabinoae mirdmal media, The

was
total number of cells plated for selection represerded ~280,000 ransformanis ropresenting ~8
fold enverape of the 107 mb & marvianny genome (See Duyjon et all, 20043 Two colonies
grew on the replics plates and the plasond DNA was rescuad and re-transts into

B L0 GG PORMIGER PR alitt Tl prrd il 84 ¥ a5 FORCULQ ax e i ANSIHIme Li AT
BEYS1E sllewing growth once again on L-arabinose confirraing that the & smarviamy

genorpis insett carvied on these plasmids was seponsible for growih, Restriction analysia

suggesied bodh plastuds harboved the same nsert of approximately B8 kb in sive.
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Faample 2--Seguenes Avnalysis of the £mIi 47T gene

23] Sequencing results showed that both plasmids had wentical inserts of ¥ b
coptaining two ORFs on the $7 end of the fnsert, Both of these OREs showed strong

T

homology to yeast sugar ransporters. One transporter ORF wags fterrapted by a fragment of
an wirelated QORF suggestng that recombinatton of fragments during ligation nto the veotor
secwrred in hibrary conatruction {Fig, 41 Recombination of library fragments daring hgation

into the veetor was shown by PCR walking experiments performed on & mardiasus gonomie

. Walling was performed out of the trapsporier in a 57 divection and additional
transporier seguenee inchiding the start codon was recoverad rather than the additional
seguence from the uorelated ORF. The wunierrapied tmansportor OREermed Kl 477 was

recovered twice more in ancther subsequent hbrary sereeving, This ORF wag !

beal

fength and shaved homology with high-affintty ghicose transporters in particslar, 8O from

K lactis {Table 4 and showed a much closer association with ugh-affinity ghicose

b

transporiers from non-conventional veasts thaey the bacterial wrall genes or 8 cerevisiae
heyose fransponters {(Fig. 1)

{8124} Transwoembrane region prediction by the softwarg Tropred shows 12

wansmembrane regions with a larger tercethdar loop b i regions 6 and 7 {Fig. Y &

Hofmann st al, 1993}, tvpleal of G442 and other yeast sugar rsnsporters having 16-12

fransmernbrane vegions (8se o.g., Alves-Aragjo of al, 2004; Dav et al, 2062 Kmeke

al, 1996; Pina et gl ,2004; and Welerstall epal, 19093,

Fxanple 3-KmLatl Expressed in & cerevivioe Eaables Growth on Arabinese
28} The coding sequence of Kl AT was solated by BOR Sorm genomic DRA of
K. margianes and clonsd nfo @ vesst 2u plasmid under control of the #PGKT promuoter of S

dsice. This consfract was transformed fnto a G4L? delated sivain of 8 corevisiae

adapted {o L-arabinoss. Briefly, colls are grown i appropriate selective glucose mintmal

media aniil saturation then washed and dituted o a starting ODgpp 0 0.2 1 minimal media

’\(,/

supplomented with 2% L-arabnnose. Coltures are incohated ol exponential growth s
observed then the caliures age dilnted twics Into the same media for continued growth o

ostablish the final L-arabinose utilizing adapted strain which s purified on stresk plates.

{ontrol plasmids canrving the veast GALZ gone and an smpty veotor were also o

foansiorny yeas eellz,
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1 26] Yeast celis with o 23 plasoud carrying the KA T or GALZ gene or cells

with an emipty 2p plasonid wers grown with shaking o figuid minboum media comtatung 2%

I

{-arabinose as the sole carbon sourge. The ODgs of each cullure was messured and

TR,

monitored by 140 hawrs, Grewth curve resalis show that Kmbat! s sufficisnt to support

¥

growth on L-arabinose when comparad to cells harboring the empty vectar which does pot

Ee &

show any signs of growth (Fig, 8) This reselt confiymg that the KmLat] gene encodes an

arabipose trmnsporier that enables veast cells to grow on Learabinose.

Example d—Comparivon of the Arabinose Transport Kipetics between Gald and
Kmlatl expressed in 8. coroviviae
IBERT] The transport chavacternistios of the KmbLatl and the Gal2 transporters
expressed in ¥ corsvisice wore compared. Both transporters wers expressed wna host

3
¥

background adapisd for growlion Learabinose i which the endogenous copy of (74402 hag

fon

1

en entirely replaced with a HI8T selection marker. The Kmbatl transporier showad a fow-

affimity travaporter having a Kgo= 230 mM and 8 Vi, = 55 nmol o min (Fig 4 This s in

contrast to the lugh-affnty active tansport activity induced in the wild iype

when grown on 2% Learabinoss (Fig. 6B). These results sugpest there arg at feast 2

transporters in K sarvianny that moay transport Learabinose bt just the high-affinity activity

is induved in the wild type when grown on 2% Larvabinose, Inhibition experiments showed

that when Kmlatl is expressed tin 8 ¢ rige it s pol significantly inhubited by

protonophores such as Maky, DNF, and COP. Netther 1s KonLatl inlubited by Hi-adenosine

triphosphatase (AT Pase) inhibitors such ag DESE and DOCD (Table 8). Thas fs tn contrast to

the transport activity i wild type X marwfoags, supgesting (hat Konbatl s a facilitated

i

diffusion permaase stonlar to the Gal? permeae. Competition experiments showed th

Kabatl is outcompeied by glucoss, galactose, xylose, and maltoss when expressedin 8

cerevisiae {Table 83
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Tabe 6, Effect of Inhibltory vy Compeiing Sugars on the Rate
of i~Arabinose Transport in L-Arabinese-Grown 8
cerevisiae Kxpressing 6442 ov KmdlAT?
Inhibitor o Concentrattin Kelative Learabinose
Competing Sugar ) franaport (9o}

(»

MNone
Y« &l
3 55
i}i S 3 100
None MA 106
{Hineose SH0 17
Galastose SO0 3 23
Hyvlose G} 25
Mattose 450 3%

ol
jon
7 J

v was 684 mmol ¢
1.9 amol g

Was

{0128] Transport kinetics of X cer » BEY 597 over-expressing the Gald

N

permease grown on 2% L-aralinose shoowed a K of 350 mM and a Vi o428
nool/mgein for L-arabinose trosport (Flg. 8A). Inhibition assays showed a reduction but

not a emoplete mhibition of transport suggestive of faciittated diffusion wansport {Table 8).

Jompetition studhes showed {hat glocoss, galaciose, and xylose significantly redeced L+

feg

arabinnse fransport mdicating that these sugars are prefercrdially transported over L-

arabinsss (Table 63, The kinstics of galactose transpart were alzo measured in this strain and

N

indhicate that Gallp bas a Ky, of 25 oM and & Vi, oF 76 nmelimgmin for galactose fransport

By ¥

{data not shown) dervonsivating & bigher affivity for galactose that would eub-corgpete Lo
arabinose for ransport.
Example S Cloning of the Mew Transporier Gege Ppl4¥2

{01297 Wildtype Fickio guilliormondii NRRL Y2075 was oblained from the

Agricuinral Research Service Culnre Collection (NRRL). Plohin guiifiermondii ¢olls were
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~arabingse, galaciose, or xylose, Cells

pt

grown i mirumal oedia supplemented with

were pollected 1 mish-growth snd washed twice i water belore susponsion i water at abowt
30 mp/mi. RNA was extracied from the cells using the soid phenel method {Ausubel, et al,

“

Short Protucols in Molecular Biotogy, Joln Wiley and Sons, 19983 Briefly, z:a;:}{.s.z‘(.»:in‘ia.if::iy

1S ml of fresh culpiire was adided o about 25 mib of orushed fco and contrifiged at 4° O for §

oin at 3840 v g Cells wore washed twice with cold DEPC treated witer, and the pellets
ore frozen at -80° T, After the peliets were resuspended ju 400 al TES (10 mM Treig HOL,

pH 7.5, S ;M EDTA, 0.5% S8}, 400 ol of acid phenol was added. The swyoples were

vartexed vigorously for 10 see, followead by mcubation for 33-60 nun at 658° O with

N

__4
pid
P
e
o,
s
A

5

oveastonal vorteving, The twbes with the samples were then clulled on fce and s

at 4% L The agueous phase was romovaed and re-exivacted with chloroformn. The aqueous

phiase was then ethano! precipitated vsmg 8.1 volume of 3 M sodivm acetate (pH 5.3 and

two voluroes of 100% sthanol. The peliet was waghed using 0% ethanol, dried, and

resuspended 1o 50 vl DEPC HLO. Total RNA conceontralion was quantiiated by measuring
the Oy and visualived on agarose gels,

J3130] RNA purification, synthesiy of ¢DNA, and difforential display were parformed

at Gerdanter Corportion according o stundard techrigues, DMNA Hands showiog hagher
tevels of expression from arabinose-growrn cells refative o xylose- or galacioss-grown cells
were reamplified waing the difforcotal display amplification primers, Divest sequencing was

& that did not

performed on the POR products wsing the GenHuonter arblivary privoors. Inea

o

vield clean sequence, the amplification products ware cloned 1o the TOPOWTA vectw pUR2S

(nvirogen) and mdividual clones were sequonced. Sequences were then coraparad to the

databaass 2 BLASTX apalysis and those that showed siputarity o known transporters oy

(

transporter-like profeins were examined further, One of these sequences lod 1o the

dentification of & novel transporter gene, Pel 472 from o,

ST = Ry ol SN
movicdis, PelAT? gone

has an ORF of 1617 nucivoides encoding g protein swith a predicted length of 53¢

fad

§ aring

acids {(Figure 7).

Example 6—Characieristies of Sugar Transport by Sickis guilfiermondi

33} The induction of Learabinose transport mowild type £ gudlliersmondil was

ke

examined. Wildtype Pioliia guifiiermonddl colls were grown in roinimal media supplementad

with 2% L-arabinose, galactoss, or xyvlose while REYSOS cells were grown i the same media

B

Yo

supplernenied with 0,29 L-aralanose. Cells were collected fnonud-growth and washed twice
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i water befors suspension in water st about 36 Q’igft}iii. Uplake

sl Amersham

miVmmcl, Moravek Buschenucals Ingly, f\}ﬂ(i- Chealactose (8

‘. ;-

1 maod, Moravek Biochemicals Ine.) was measured

Blosoiences), or D-{1-"Clrvlose (53 sy

smed in 5, 16, o

as previously described (Brambuk, Franden ef al. 20035 A

30 secomd periods to maintatit nitial rates. Approprigte expetiments ensured uptake was

Hnear o st lonst | minule. Trangport activity was desertbed as nmoles of labeled sugay

o

sransported por mg cell dry welght per mobmitte. Inhibiion and competition assays werg

¥
3

performed ge proviously described (Stambuk, Franden etal 2003)

91321 Cells

growsn on L-arsbinose were slle to vansport L-arabinose whereas oolls
grown on galactose or xylose were vot able to transport L-arabinose, Addiionally, xylose

ransport was abeout dowble in cells grown in L-ambinose media C{.ﬂi}piift’jd o cells grown u

o)

. Transport competition betwean L-atabivose and xylose was also examined, Uptake

ed L-arsbinose was reducad by 98%% when 100y an-labeled xylose was inchuded m the

transport assay whereas uptake of labeied yylose was ua‘a} redused by 1€

labeled L-arabinose was inchuded fo the assay (Fig. 9. This data su

galliormonddi, growih on L-avabingas induces expression of a specific transport sysiom
caveabyioe ot e eyt tivies 1 ooaraiiiroacs aned wartace  Ap3ei 34 PN S T
capable of transporting L-arabinose and xylose, Additionally, this system proferentally
travapots Kylose at the expense of L-avabinose i botit sugars are presend and has g bigh
tranaport velocity for xylose thay the transport sysient indhiced when growrn on yylose, By

conrast, franspont activity for L-arabinese B3 nolinduced when grosn om xylose,

Example T—aArabinose Transpart Kineties of gl ATY expressed In 8 covevisiee
{3133] The L-arabinoss transport characteristios of the Peld 72 ransporter pypressed
m 8 cerevivice growy on 8.2% L-arabinose wmedinns showed the same L-arabinose transport
characteristics as wildiype £

guiifiormondii (Fig, 10) The PelAT2 wansporier when

exprossed in S perevisize hasa Ko = (.07 mM and Ve = 18 moolmge-nun, Tnhubitinm

experiments showed significant inhibiton of transport by protonophores (NaN;, DNF and

{OP) and Ht-adenosine triphosphatase (AT Pase) inhubitors (DESE and DOC) simifar

the indubition observed n wildtype £ quilliormondii (Table 7). Competition experunents
showsd that L-arabnnose uptake by the 8oL 472 travsporter was inhihited by glucase,

gaiactose, xyloss and 0 a lesser ovtend by majtose (Table 7.
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Tabie 7

Eifect of Inbibifors or Competing Sugars on the Hate of L-Avabinose Transport
i L~Arvabinose-{rown & g:eziirermwsdu Y Zi} 5 and 8§ cerevisige BEYSAS

inhibitor or ¢ L-arabinose ansport

Competing  Concentralion S, cersvisige
Sugar {mdd} fransporion)
Nome - 10 RE
Mal, 14 i 16
DNP 3 Y 4
CoCy 5 & 2
DT 3 22 36
DESR S 5 i

Noe

CHucnss

o
o~
s
.
P

!

5
s

A S
pred’
S

Y ey P L ouidli i and 104 nmol mg"‘ nyin

v

144 nannd mg min €

,,
=
e

{138} The transport activities, inhibttion profiles, and compottion ey with respoct

~ I

s aviose of wildivpe £

AT2 transporter av:pres\@d S

ole, high afffmiy, active

revizice are dentiond sug guilfiermendii has g

trapsporter charged with uplake of L-arabivose. There are no L-arabinose transpont acivities

{hat are unaceounted which suggests the presence of g single L

rabinose frangporier in &

3 :iu;"i&”’?wi!( R
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Example $—Synergistic Effect on Growth Rafe and Sugar Usilization by 8. cerevisice
Expressing GaiZp and the New Transporter Protelus-Pglat? sad KmLatd

+ %

[O138] To determine the complementary effects on arabinase ranaport

w the thres

sransporiors, nanwely, Gallp, Felui? and Krolat], veast strains were constructed with
appropriate selection roarkers to allow different pathway and traveporior combinations to be

ware generated by introducing tras

expressed. All possible ransporter combinatio

CEFE

gxprossion plasnuds for Pelat? and Kmdati {or smopty ve

expressing the bactertal gones grad, wrel and ared? {See e g, Becker and Boles), Al siraina

expressing Gally {due 0 the 2804 genotype), plus or mmus ather ransporters, were able (o
grow an 2% or 0.2% L-arabinose after extensive lag times {a process termed “adaptation.™).

A relatively low concentration of Learalinose (0.29) wias vsed i this sxperirpent as sivain

differences are more pronounced at this coneentration. Onee “adapted” to growth on §15
arabiinose, the strains were able to grow sore guickly and growth curves for cach transpotier
combination were genwrated.

FOL36] Figure 11 shows & comparison of shake flask groowth ourves for four strains on

86 deletion) o the

{3.29% L-arabinoss, all of whivch express Gal2p {(vig the GAL

presence of the novel transporter Pelai? {also see Table $) A significant lag ime was

X

shserved due to th

However, once growth initiated,

Wit wpocutation from stationary suliu
the growth rate was velatively rapmd, The deubding e for each culture in the exponential
phase of the curve 15 shown i Table § The doubding time for the Pelat? and Gallp co-

axpressing cells was markedly shorter than in the colis expressing only GalZp {18 houss vy,

v

19 hours) A sevond shaervation relates to the overall extent of growth, The Palat

i\-)

s—:xpres&ing strain appeared (0 grow to a higher overali optical dens Csateration, suggesting

tet

that this strain was able o atilize the carbon seares (L-amabinose} in the medivm meore

P

complotely (Fig. 11y

Fxample $—Co-vxprossion of Gallp with PglAT? or KL AT Enables more
Complete Uiilization of Avabingse by Recombinant 3 coreviviae

{1371 Doobhng thimes for the cultures desoribed above in Example & wers measured

o eardy exponeniial phase for cach culture. Doubling tme was measwred by the period

thve taken for the munber of cells 1o donbile dn a given cell culivre (See generally, Guthice

and Fiak, 1891} The coucentration of remaining L-arabinose at the 276 howr Hime polnt was

e

Y

termivied by HPLC (for saturated cultores only). The concentation of Learabinose inthe

")
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starting media was about 1.89 ¢/L and the concentration of L-aralinose in media without L~

-~

arabinose had an endetectable level (<01 g/L). Ag shown in Table 5, significantly less

resicheal L-arabinose vemained in the adbwe of colls expressing both Gal2p and Pgl.Aatl

P

¥

than in the calture of ¢ells exproseing Gallp alone.

Example 18-—Construction of 8 corgvisioe Strain Deficient In Aldose Redaotase (AR}
{1381 Based on the sequence of a presumptive AR gone, two oligonucleotide primers
were designied and the AR gene along with 600 bp of flanking DNA were cloned by PCR
using gononue PNA isolated from yeast as template. Using another sel of prinsare, an AR
deletion constract was made in which all the coding sequences of the AR geve were replaced

with a restriction enzyme aite { The vesst LT gene wis solated as a Safl-Xhal

3

fragment and cloned tndo the Saff site of the AR delstion constraet. The DNA fragment

containing the LELZ

zene and AR Hanking sequences was wed o transform the fewd veast
atrain BFYOO1. LEU vansformanis wers isolated, grown and ana tyzed by Southeny and
POR avialysis to confive that the AR gene 1n the genome bad been deleted and replaced with

Yo FETFT g
NG LA

L vl

y hornolngous recombination,

{§138] One such transformant, desiguated BEYOGE, wiaa chosen ag a host for further

sonsiraction of arsbinose formenting yoast strians, Shake-Hask experiments were conduetad

ad the resalis showed that arabitol fopmation i BEYGOZ had been reduced 1o about 305 10
comparisen with the parental strain BEY QG

{8148} Growth of BFYG02 on glueoss and xylulose was compared with that of

HBEYQ01. Bricfly, yeast strains BEYOH and BEYO02 were grown 1 rich medium YPH

1

Calls were collvcted by centvifugation and washed with sterile water, The washed ¢

3 WeTe

ndod i water ab the ortginad denstty. 50 ud of Gus cell sospension was used o nwoulate

5 mil of medion containing voast nitrogen base TYNR") supplementad with leueine {"Len™),

o e

768

tryptophan (" Trp™), histdine THs™y and aracll (U™, phis wath 1% glocose or 1%

i was momtvred By

=3

xviulose. The growtl of each atraiv on both media at 30° € with shak

measoring the Ul for about 6 geoeration times. As expected, both wirains bad much
shorter doubling time op glacose tharn on xylalose, No significat difference in the growth
curves was observed between BEYOUT and BEY002 regardiess of whether glucoss

xyluiose was used {Fig. 12}
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Eyample Hi—Jsolation of £ coli areBAD goney and X spdilliy avad and Introduction
info & cereviviae

j03141] Primers were designed o dsolate ¥ cofi arad gone as a Belff fragment, and the

genes were isolated as Samd fagmants by PUR from plasoud piB206. The

N

wadd and srald

fragrnents containing the thres gones were chimed Into a yeast expression vecior pBFYHES,

which contains FOR prmnoter, GAL G eominator, and TRPT seloction murker

b plasnid
carrying ndivideal gene was then transformed ot the veast strain BEVYH02 fn sepamate
experiments. Transformants carrying individoad plasaid were analyeed {or the exprassion
fevels of each arg protein. Lenbalokonase {arald) and Lonbulose-3-Pdoopimerase {arald}

Ay was expressad ab a

were expressed #t a higher fevel while L-arabinose isomerase {

fower teval,
{8142} In order o tmtroduce all three are gones indo the vame cell, LRAT and M3
expression vectors for each ara gere were construetnd by re-epnginsering the TRPT plasmid,

pEEY0O04, Briefly, the T8FT coding sequance was removed and replaced with o Saif

S

restriction 8ite 1o generate & plasmid destgnated as pBEY 0T Other selection markers, HIS3

ar URAZ, were then cloned mto this plassmd, Another strategy for introducing ail th

s

oot
4
v

os i the same cell was o o

atruet # plasmitd carryving all three genes. Briefly this was

s

done by combining each ara gene with a differert promoter/terminator combination to

prevent homologus recranbinativet and thus leop-oot of the genes with corre

furction. Primers were designed 1o elone the £ coff arad? gone between the THHT promnier
and GALZ erminator. Thiv exprossion cassette was then moved (o pBFYOUT {which already

v

hus the £ coll arad gene cloned betwesn the PERY promoter and GALTT terminator) and

esignated pBFYUST wers were designed to clone the £ colf arad gone

between the PG provooter and the POCT worminator, This expression casaetie was then

moved o pBEYOST to oreat pBEVOR0 which now has all three & voli g peves. The &

7

2 POUR and clined betwesn the PG

suhiitiz arad goone was thon solated ssing

AL erminator to roplacs the £ cofi arad The URAR gene wax solated as a Sadf Fagment

and cloned bito the Saff sile o congiruct the plasroid pBEYO12. Stwiladdy, s

%

veator, pRFEYOLS3, was constructed by 'fz'zgg‘_zma;fréng and cloning the KI8T gone into pBFYOH

3] The engineored arg gones were cloned ndo sach of thuse expression vectons o

generate a sertgs of expression vectors carrying each of the eraB8A4D genes with either Tipd,

Urad or Hisd markers (Table 3 also see Fig, 13 and Fig 14}, Appropriate combinations of

these expression veolors were miroduced into the stram BFYO0Z. Stnilarly, the plasoid
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contaming all three gra gones was introchiced o the strain BEYOST. The ransformanis
were charactorized and assayed for growth and fermentation of arabinose.

Example 13--Determination of the Copy Numbers of Plasmids Uarvying araB40in
cerevisiae
{3144} The copy numbers of ¢

{ the three plasmids present i the steain BEYD

&} ransformed as deseribed in Bxample 1] were determined, Oncolony of BEYH12 was
skowith veast minimuom mediwn. The

o grown 1o expopental phase andthe o

of the oo

isolated and vsed to inoculate a

gceily were allowead

eils were harvested by centrifugation. Spheroplasis
s wore propaved and DNA was

aa extracted from these spheroplasts (See Guthoie and
Fank, 1891 & ool strain

?

\

DHSa calls were then ansformed with the extraciod veast BRA
cterial arsiormanis

TOTEN
3oy v

were plated out and plasoid DN

Ain bdhvichaal colordes was solated
and characterized by restriction digest fllowed by agarose gel electrophoresiz. Assuniing
that the tndividual plasmids carrying cach of the araRA4D genes possessed the same capabiity
to transform bacterial celly, the ravio betwaen the copy marabers
the original veast ceolls

:{

s of gach plasmids prosent in
was estimaied based on the punther of £ coff iransformants harhorin

g

each plasmid {Table 8}

Table 8. Ratfio of the 3 plasmids in BFYU13

£ Number
wrafl 1
aradl 4
arald i5

Eyample 13—Assays of Enzymatic Activities of eraBAD proteimy Expressed in &
Lerevinige
{0145] The activines of the three & cofi enymes heternlogousiy expressed m §

perevising were measered n the crude extracts of the veast ransformus sceording o
pristocn! ds

Tabls 8.

«d in Booker aud Boles, 2003, The results of these assa

s are swmmarized o
Table 16 compares the epzymatio activiiies of

fermentation. The e

s

e two straims used for subssquent
nzymatic assays were performed in the presence of abse

v of 20mM
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Table @

+, but it appears that MnCl; doss not have sigotiieant gffect

Freyme sctivities In transformants carrving all 3

ont the overall resud

PCT/US2007/064330

I
H
!

3 {Table

3 EEE gonRes

Loratirose soverase (arad) {ibickinace {oal) Lrhtiose S8 daivasselanll
Siralr St wdinindg Soact urniimining Saact smifrm'nﬁ

Cod AR O 021 (B0 28 (3 Lol | D Aha? ot 2R L Den 2
BRYnE sed et nd d d 4
BRHa OOk 8,40 a1 & 12 13 us 05 18 Hs
RERGE! Qe RS a1 fp 1.2 18 s sk nd L
BRYS 7 rd B 24 28 &P 0.3 08 s
NG 03 08 | Hs 24 24 s e i R
BT Qe g Hy Q8 i1 wa 158 35 9]
oG8 a1 7l €2 i3 it s Wi 223 LY
Agromnes (85 08 158
m&:z‘ct kit{*f\"

raean tvsﬁzni NADH dssgasrar e

Al adiures wers grten rosstacheraaden T8 Sgoiphews)

Table 18

Earyme Activitios o Siraing Used for Fermentation

Frofein
Mndlz

bomarase arad )}

Sp.act Sp.act

Kinuse {aral)

Epiraamase {eal
Sp.act

EE
{
12
¢
¢

(23 . o
31 Yes

e

£

35
JFEYD

P

Stesdn (20 el vgdnd | umaimindag amoimindmyg | umolindn/mg
BFEYQ01Z T No 8,8 fid ot rid
BFYOIZ T Yas 8.1 fud sy vud
BFEYDIZ L Mo i 0.8

Erample 14Whole~coll Fermeniation in 3. cereviviae

{§146] The tounsfoomead veast

i galactnse or angbinose alone oy

Cells were endlectad by candrifuga

resuspended in B

5\,\p@ﬂ>i£>-1 e al q

tubes were meubated af 307 and

wore filtered and analyzed for o
1o Tretz, 1976 (Table 11
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and Fig,
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hefore the hrmendiation assay had a slightly lugher overall yield of ethanol thay cells grown

a

in palactose alono during the same period. The stratns BFY 534

LY o

and BEYS31S ware grown in
arahinose alone prior 1o fermerdation. From g stavting concentration of 19 g/l of L-avabinose,

BEYS34 and BFYS3S veed 127 and VLR /L of L-arabinose to vield 4.7 and 4.8 g/l of

b

[

ethanol 1 4% hours vespecitvely. The percentage of maximumn theoretical conversion woul

X

o

thug be 73% and 78% respectively and a produchivity of §.012 g BEeOW/ g cells hr for both
straing. In an additiona! fermentation with strain BFYS34 ;’::iirﬂ}r.nwd it shake fHasks, 197 o/L

fL-avabinose was converted to 8.5 ¢/L ethanel tn 96 bre giving 88% of the theoretical
maxiraust conversion and a productivity of 0.017 ¢ BtO/g cells b

Table 11 Ethanol Cencentration {g/1) from Whele CUell Fermoniation

o iGiugose {ﬁé Tl Asabmes@ JOSN ?g:i 4. Nosugar
Time {hrs} g
BFYOIR {Gal) :

REVHAS {G+A}

Example 15-Celi-free Fermentation in & cerevivine

{BH47T For formentation of arabinose Jo a cofl-free system, veast transfonmants were

grown i the presence ot both galactose and arabinose 1n YNB. Celle weore collected by
centrifugation and washed i watey, Cell walls wore removed by engymatic digestion sad the
cells wore then lysed in a bysis boffer containing 20mM potassivm phosphate buffer, pH 7

nd 10mM MpUh and ToaM T, Cells debris were removed by contrifagation, and the
supermatant was ravsferred to a tube where vagious chemicals were added 1o the superontant
such that the fermentation mix contained Tradd My acelate, SmM ATE, 0.1 mM
diphesphoghyesric acid, 4naM Na arsenate and ZraM NAD. Fermentation was stared by

adding appropriate sugar 1o the fermentation motin the tbe. The tube was incubated af 30°

{2, and sar

ples were taken at the time idicated. The samples were botled, ventrifuged,

{iltered and analysed {or ethanol concentration by gas il‘?.‘iki'(}i!}éiiiﬂg?“fi_g}h}f' {GO) as proviously

described. Kesulin of the cell-free fermentation wre shown i Table 12, Fig 16, Fig. 17 and

¥ )
Py In
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Table 12 Fihanol Concentration {g/h) fromm Cell-Free Fermentation

Qo
MK

Thive fes
B

72

48] Ve

N AR Gy T
BONErase

previcusty {soe for sxample, Example 11

farrpeniation of glucose, arabinose, and @ mixbure of arabinose and ghegose. T pacticatar, 1285 ml

ron-haffled Hasks containing 3G ml of yeast-exiradt-peptone mesdin (uchiding adapted veast) aund

exther no sugar, glocose, L-arabinoss, or both plucose and L-arabinose we

were glosed with Sargrvwrap held in place with rubber bands, The frroentations were performed at

? N

370 with gentle shaking (80rprn). In all cases, each sugar was prosent gt a concendration of 20 ¢/
48] The reaults ave iHustrated fo Flg, 19, where 2 greater than $0% inorease i ethano!

oradachon was obiained m co-formentation of ghicoss wd L-arabigose, compared

IS0 Whale a nummber of exomplary aspects and embodiments bave been discussed
above, those of skill 1o the adt will recogmze cettain madifications, permutations, addiions
and sub-combinations theveof, Itis therefore intended that the following appended clatms and
clains hereatier tdroduced are interpreted {o fnchude all such modifications, peronatations,
additiops and sub-combinations s are within thew true spirit and scope

{9151 Thos specifieation containg numeroas citations o references such as patents,

patert apphications, ard sctentific publications, Bach is beveby incorpovated by vefers

s for

#il putposes.
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We clatra:
i A methist for producing an L-arsbinose utitizing veast sivain for the production of
athanol, comprising the steps oft
modifying the yeast strain by introdaving genes for the expression of an erad peplide,
an gra 8 pepiide and i arald peptide to produce a ransgenic yeast strain having the

capacity o comsunie L-arabinose, and to prodece ethanol from a material comprising

L-arabinose,

2 The method rocording to chom 1, wheretn the arad gene is dentved from & cofi ot &
subtilis,
3, The method of cladm 1 wherein the veast sfrain bas af lkeasd one genomic rouiali

N

the aldose reductase (AR) goene that renders the aldose reductase nactive,

rein the yeast sirain having a gonowic mufation in the AR

i

4, The method of claim 1 wh

gene s obtained by soroening for spontanecus muiations

A yeast stramn produced scoarding the method of cialm 1.
&. The method of olahm 1, forther comprising steps oft

providing an arabinoss-containing material; and
performung simultaneous saccharificstion and fermentation of the arahinose-

o

conlaining material by sse of the transgenic yeast stvajn,

7. The method of clatn 1, wharein the step of modifving The veast stvain nglodes

transtorming the yeast strain for the expression of at least one arabinose tranaporier encoded
by a gene selected from the groep consisting of GALL, Kml AT and Ppl 472
& An ethanol produecing yeast strain comprisiag at Jeast one heterologous arabinose

fransporior wherein the ethanol producing yeast strain i aldose reductass (AR} deficlent (AR

A

S
s, The ethanet producing veast steain of claim & furthor comprising st least two

oy

hetsrologous arabinose transporiers.
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1 The ethanol producing vesst stratn of claim & whereln the heterologous arabivose

c.,.
Nz
‘v/
tyd
%}
£z
Py
@

ransporier 18 from a non-conventional veast

11 The ethanol producing veast straan of clom 10 wheretn the helerologous arabinose

transporier s selectad frony Kmbathor Pglat2,

12, The sthano! producing veast strain of &
conventional yeast derived GAL2-encoded g

13, "The ethanol producing yeast strain of olaim 12 wherein the yeast devived G48.2-
encoded galactoss pormease is ander control of a TON3 promoter,

13, The ethanol producing veast stvain of claim 8 funthey comprismg one o mowe
bacterial genes swwherein the one or more bactlerial gones famlitale arabinose uwithization and
fermentation inthe e yeast stoin,

14 m of claim 13 wherein the one or rmore hacferial

14 MG ¢ WHETrS Ul NS ONES OF mare paciena
gones for faciitated avabinose utilization and formentation are selected from the group
consisting of arad, aral and aredd

is. Thee ethansd producing veast strain of claim 13 comprising arad, ¢

{6, The ethanod producing veast strain of clatm 15 wherstn at east one of wrad, era¥ and

ared? 18 dertved from & Coli

N

17, At arabinose formenting yeust strain deposited with American Type Culture

Coliection (ATCC) ss Accession Mamber
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