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35 Commercial starch is produced primarily through the wet milling
process. The final products from a wet mill, however, include very little
unprocessed starch. By far, the majority of products made are in the form

of fully processed starch (monosaccharides, including glucose) or smaller
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35 SUMMARY OF THE INVENTION
Applicants have provided an isolated nucleic acid molecule

encoding an a(1,6)-linked glucose oligosaccharide hydrolyzing enzyme
selected from the group consisting of: (a) an isolated nucleic acid molecule
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regulatory sequences. The suitable regulatory sequence is selected from
the group comprising CYC1, HIS3, GAL1, GAL10, ADH1, PGK, PHOS,
35 GAPDH, ADC1, TRP1, URA3, LEU2, ENO, TPI, AOX1, lac, ara, tef, trp,
IP., IPg, T7, tac, tre, apr, npr, nos, and Gl. The invention encompasses
transformed host cells wherein the chimeric gene is integrated into the

chromosome or is plasmid-borne.
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30 SEQID NO:2, SEQ ID NO:6, SEQ ID NO:17 or SEQ ID NO:31. The
transformed host cell may be selected from bacteria, yeast or filamentous
fungi. This invention includes producing 1,3 propanediol, glycerol, and cell
mass from limit dextrin.
The invention also encompasses a polypeptide having an amino
35 acid sequence that has at least 69% identity based on the BLASTP
method of alignment when compared to a polypeptide having the
sequence as set forth in SEQ ID NO:17, the polypeptide having an o.(1,6)-

linked glucose oligosaccharide hydrolyzing activity.
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Gene SEQID SEQID . .
ORF Name Name Base Peptide Strain of Origin
mbc1g.pk007.h12 algB 1 2 Bifidobacterium breve
mbc2g.pk018.j20 algA 3 4 Bifidobacterium breve
mbc1g.pk026.k1 algA 1 5 8 Bifidobacterium breve
dexB dexB 16 17 Streptococcus mutans




al A5 6 Bifidobacteriumbreve nbcl . k026.kl1 L_ 1

dexB dexB 16 17 Streptococcus nutans 5 WO 2004/018645
WOEOANEBED3/ 026760 SEQ I D NGs: 1-6 are nucl ei cPERtiS2003/026760
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30 SEQ ID NO:33 is the amino acid sequence for the Bifidobacterium
breve gene mbc2g.pk018.j20 signal peptide linked to the amino acid
sequence for the Bifidobacterium breve mbc2g.pk01 8.k1 gene.

SEQ ID NO:34 is the nucleic acid sequence for the Bifidobacterium
breve gene mbc2g.pk018.j20 signal peptide linked to the coding sequence

35 for the Streptococcus mutans dexB gene.

SEQ ID NO:35 is the amino acid sequence for the Bifidobacterium
breve gene mbc2g.pk018.j20 signal peptide linked to the amino acid
sequence for the Streptococcus mutans dexB gene.
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Low cost starch products are obtained, for example, from the action
of commercially available amylase enzymes on raw starch and other feed
stocks containing a(1,6)-linked glucose oligosaccharides to produce a limit
dextrin. The efficient use of the low cost starch products requires
genetically engineering a host organism (for example, E. coli), such that
the recombinant organism produces an enzyme that degrades o(1,6)-

linked glucose oligosaccharides. Enzymes that degrade o(1,6)-linked
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35  expression will also increase the level of activity over that of any
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thus increasing utilization of (1,6)-linked substrate.
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35 EC 3.2.1.20) are distributed widely among microorganisms. They
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nonreducing end. Various types of these enzymes with different (and wide)

substrate specificity have been found in bacterial species of the genus
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category of over 81 recognized families of glucosyl hydrolases (Henrissat,
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emphasized by demonstrating the utility of this invention, using enzymes
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pol ysacchat | conposet a single monomer unit is
r efleasteana o(b)-imed%er m " honopol ysacchari de". The

tef m ' SPH@'tériéHS ﬁd)ﬁlhkﬁ%fé@érglté Heoretmtianshiposttachsadotiarides

t.er 1
2q i nl@ébé’f thtee(f?i&@”i 8”?% rédel Wgﬁl bpopggdtt\%&ﬂég:‘lc pline fegond
20 édrdhhdtietumt. CL from one saccharide unit is bonded

to the Cf 5%}-@{“9( Z@ﬁﬂﬂgg ?&Q% lti‘ijéeréfé‘ﬂl% shTﬂ‘Sf ﬁ/\ﬁfé‘&cchandes

"(1,6) I tions V\ﬁ
sacml'that ’d‘am ifrom pae sanehmder uwmwd@%@ﬁbﬁ%o fhersecond
Q?&gi\%q E ,.ﬁqwe C6 of the second saccharide unit. 25

2 hat cathejomRs AYIRGe, a1 Hamgise, et o %joﬂgxﬁ‘%zt
I nsatae; zeEhﬁe agtiiolydiy of ahydt @) glycesidic likaged, zh)e ac’uvuty,

|
T
i ncrmyelasetacaww”mf‘amquluttceaptwﬁy t REMYRseH 'rt%lﬂﬂﬁ 'éﬁ Gl

L .tgw hé bfs ﬁéﬁqé 18BYB.cia8s fioatdrased, 3. B0
3] z(qmglgse) EC3.2.1.60 (( N A R Rdas &N dnG EC 3.2.1.98

((1,4)-a-maltohexaosidase).

The terms “isoamylase” and “a-isoamylase” refer to an enzyme that
catalyzes the hydrolysis of an a(1,6) glycosidic linkage. The activity,
hydrolysis of an a(1,6) glycosidic linkage, is referred to by the terms

35  ‘“isoamylase activity” or ‘isoamylolytic activity”. Isoamylases include but
are not limited to the group comprising IUBMB classifications EC 3.2.1.10
(oligo-(1,6)-glucosidase), EC 3.2.1.11 (dextranase), EC 3.2.1.41

(pullulanase), and EC 3.2.1.68 (isoamylase).
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((1,4)-a-nmal tohexaosi dase). The terns "isoanyl ase" and

"a-isoanyl ase" refer to an enzyne that catalyzes the
whyanolsess s of an a(l,6) glycosidic |inkage. TPEI/US2003/026760

activity, hydrolysis of an a(l1,6) glycosidic |inkage,

' f to by the, ter 35 [IRVATR VA
or 5 sohp e ruddags g P oSSR Tt fo oK' dntyme
alrmanplatdlyzm:stthd nr‘%/grdghsjs %)f igaw m@‘r,%gkyggewdg@kage and an
! 8pBbY §iyBasiditsi ahddibfates o-D-glucose units from the non-
Bl A NGt me gkt
5 t( | semny ff%ﬁ%oag%IMMW{tﬁ.laﬁd&:sﬂﬁaeusgaua«;e mstaﬁ@nofnhnited
er ucosi dase a- gl ucosi r to an
en mﬁ’@ gri%lp @é@%ﬂ'%@rﬁwg ﬂ%ﬁ@ﬁj@ﬂ?@fs’ %‘gt an a(1,4)
al g&??lggilmobidalsegandm a12.1.201063lugbsideses)i ¢ | i nkage
an t ) . O :
e OB o SRRl AR P ek
amghaymel tefersaiora Engynaa @opsesing teiunetienal jagtiyiy to catalyze
109 u@ﬁg@%‘%@ Hclzigegg ca4ificnipkabé Mspedifictexatiigeg bban

conprisin B C | |cat|?ngt3. @%.3 | )

( aRPEYHRIASSEaRIng)SUSA @ fapcional Rchyty IRCEARIBRRPHEEET: @

;I]'hgsdalepﬁﬂaéé’e(,bhﬁdoslidq}ieeﬁ?gdi uc%!eeosiﬂagassacchari de

rolyzing ‘enzyme" refers to enNzyNe, NOSSESs
the fundihPaRan SaMIASS Ob olpH W EIcare” BT it Seo-D-
of gﬁka@bhyﬁbol@e?cr_eﬁérslit@aﬂ ienkpme. (ESp@.2i 1.110) thak hytelyzes only
: : i :

15?2ﬁﬂéﬁ-’“ﬁ%@%ﬁ?i@*&é‘%@?&v%@%‘ﬁb??sfé’i‘?@%?%@%@?‘%%ieg, ang

a- gl ucosiheatesw. “DEnB” refers to therdi®)salucgpidase encoded by the

) 0lde&@'i%/nﬁ%(?&j\B‘ﬁﬂ@A@@é@ioﬂﬁufﬁﬂéXW?ﬁSﬁ) af B¥reptococcus

| ucano as f t EC 3.2.,1.10
Chputagar ShippaeiesRes UGss R PHRIGHED) ofHE of el1.6)
NoNihREY Gédtgaltbshoehantégasddekizan.des. The term " DexB"

f t t ol - , i B
0 che (o Rk an Ao ISR 183 Spsiect e e
St rdggradatioruef statshap@mpiiging Manasagslardas sk eligasskrhaides.

.n0Wﬁﬁe?%mgaﬁﬁl?%ls@forﬁéﬂayl@becﬂiril DieRfs a mixture of monosaccharide

doxErghooRe BRACCEaRIR [rase: obhAL Ik igamaliose, o(1.6)
dlegrrﬁk@as bﬁa rﬁ%hértcﬂig_?_bammﬁ_dés.i 'ﬁmfya highes aligdsacchasdesmay be
ol i gosacchari des, . :
o s
( D-iredonsrantlydidat)dinkapges and il Bd dekaggs), 4) | i nked,
and i sorgyt fifh dae‘gi': ébﬁ B&%@&%ﬁ@ﬁ%rﬂmﬂ%f«ars to the number of
ol i gosacchari des. %e Pg er, ol | gosaccha%n des TT% .ge
25 onemner UHEA tEesens ik Rndndieidyabgomagnentgf 4,3a0C éF' e
bE i @,;é; (‘@%ﬁaﬁ‘h;ﬁle%%’?ﬁé&@?ﬂéﬁd@émm&s D-glkages hasid DP of 1,
a(1, I pkages) . e term'"de
by 4 gpsaceRnats SyEh PR HEAIASH Drephon il SR aih e
i n pandgeshas dUBIP of BnpizndVhenfapplied ée halysaechatidet mixéires or
Egr ! gxo?sg%lc:ﬁari& RRGRAC B FAR BURE aF8rddedh HABECOABNBmers

per molecule.
The term “dextrose equivalent” (‘DE") refers to the “reducing sugar
35 content expressed as dextrose percentage on dry matter” as determined
by the Lane-Eynon titration. (Handbook of Starch Hydrolysis Products and
their Derivatives, M. W. Kearsely and S. Z. Dziedzic, eds., Blackie
Academic & Professional, page 86). The DE scale indicates the degree of
13



30 a di saccharide such as maltose has a DP of 2, a
trisaccharide such as panose has a DP of 3, etc. Wen
wappkioess4t o pol ysaccharide m xtures or ol i goSBCT/NS20081626760

m xtures, DP refers to the average nunber of nononers
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or Bensaeraihite i B8R FERD e ferfil mEab R and
préextctaiéllalmsabtlmt)é extracellularly. The term
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SEXWO?ICI%tI\}él éé ma: %e]@ade‘ﬁlég!l;} éﬁginééreﬂhﬁtoeé‘wmorgamsm for

trat es pass e oré§ k le” in thi
tréh@lp&ﬁ%l@nﬁh?w?%oeéﬂ %%‘0 19 ?{89 é%cue in this
' '&bh@é‘a@'a'lsd @l‘fer%lea\ﬁ thyy p@mdct ofememermehmmoaahawww be

p(;étop $§lv§ yor&m:o%g fg?rﬁ Jn%plofenﬁ\]entatlon sEstem to
corqhaunaitetfeadbad nnaihmm apd/pr talneximige btlmt@ivafc@atmtyst

2007 15 nagrpabdiie K98 Y& 96 ASd h%%'dft gt RRfE&Sle

into a m croorgani'sm hei r functi onal [essio

| n produeschined bmf@rarﬂeraiﬁr in arsw@@tvqlwﬁ@@@r qu ithynits o
r8ils/ (@t hou®f @bbré\iated rl?)” orhis imedsurd & determined by

seﬁeééﬁggf & B o heiioe @vs f arE T Sl Rtiep of e ¢ o

el Ib‘rbd‘mta@sf ek tiheaikulated foi the titerdfor time, amck ihg weorking volume
al, yst ity. 20 "Volunetric productivity"”

refcg%@etbx(%?ﬂﬁgﬁfggs of target nol ecule ?roduced in

bi of er néffiter” refera tg ihﬂs‘r‘am@ﬂ matecplercancestratiph withrjnits fo

grg@g{ﬂgmtép ngglétegza%ew ated g/ (L hr)). This

nmedasure 1S

o1 ocat al Tae 16IS ‘PRYTUSIROURE & O NYEIeOHES SBIUEHRSH yst -

I't “‘oﬁg@@cﬂé‘btﬁie’:’d“rﬂcm tbiel deduence™; andt‘hueleiceandd flagment” or
s el 5P S g ST b s oo
gr aimsrfnman@onﬂmslsnmdaﬂhda sga/qupncas]gnd ghertike. A polynucleotide

" POIADYE & Pblyfier ATRNRYONA HRis gkt Biefdesle-stranded, that
optionally contains synthetic, non-natural or altered nucleotide bases. A
polynucleotide in the form of a polymer of DNA may be comprised of one

35  or more segments of cDNA, genomic DNA, synthetic DNA, or mixtures
thereof.
The term "isolated" refers to materials, such as nucleic acid

molecules and/or proteins, which are substantially free or otherwise
14




"ol i gonucl eoti de", "nucleic acid sequence", and
"nucleic acid fragnent” or 30 "isolated nucleic acid

wo eagoessts are used i nterchangeably herein. ThEGEUS®DIG26760
enconpass nucl eoti de sequences and the like. A
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artisans used to obtain is aftﬁfN
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pol MQE FHN%R %@6 lﬁéluﬂgmdlétéél il 8cidrfraihénts that are

segrren genom c or synt het The
t emmm@mﬁr@wﬁpam domplelssealaneRass reorian e

rel s eegmemfe higthg ab iwikel dmihese tsubttamtially similar
capabl e tocP%gbrl | Zi ng to one another. 15 For

anyieic W5EGt to DNA, adenosine is
c 0 rrpl ermeAs asgd heréihy fsubstantidily gimiteiriefers te swpleierapidar y

i Cﬁ%@@gﬂl A Olﬁ&%ﬁ’r{ ghAKes intdie cg‘ rﬂéF@Hﬁcléﬁf{dﬁ‘bé@é‘s Fdstts in

ted nucielc aci

t
conpllestituticir 9f @ne EHIOED AP1IRY éceéq%{@@&a% ?“éﬁ'&‘? ?‘é’%?t'oﬁal

they, Fﬁ%@(ﬁﬂ)‘;b%l BBGEHCbUEd lbqgh@aumebhdaseqbea@e It is
e i 3 B 5 LGS Bt Fa BB T e,
aci gpedifi @gi@ﬂb&ry\heclebtlde loa agEIs0 apidsegiuences apd includes
nuc i (i
mor Brafiphs SENAehEHelse, The JHEE %‘fa‘??'&ﬁ%ﬁ“’é“ﬁag%“d
pr ohmntesesndmgtmsmtsaﬂe’barﬁd@eélnﬁt@d@@ﬂgﬁ heherein.

nucl eot %ré&%’regﬁératlbﬁs irPa Avclkeadl Wa@mélﬁﬁthéﬁr@@dlt in the
that the 1 nvention enco&r&ﬂsses nore t (Sn t he gem fi.c

3(33xenf9dg,}c§40ﬁ 9f peraraigalhs ABNLRNNAGY &h 2 iveyy gite, but do not
inc bﬁé@tstheff&iﬁ@tﬁdrﬂll @korfélﬂes/ of tietendoded goiypepidet arenwell known
substhant [ all,l“y‘I am bi
the art. S, 3 codon for amino acid alanine, a hydrophobic amino
acid, may be substituted by a codon encoding another less hydrophobic
residue, such as glycine, or a more hydrophobic residue, such as valine,
35  leucine, or isoleucine. Similarly, changes which result in substitution of
one negatively charged residue for another, such as aspartic acid for
glutamic acid, or one positively charged residue for another, such as lysine

for arginine, can also be expected to produce a functionally equivalent
15



"correspondi ng substantially" are used interchangeably
herein. Moireover, alterations in a nucleic acid

WO eagloessys t hat result in the 30 production of BCT/US2003/026760
chem cally equivalent amno acid at a given site, but

ggen t. &L@Eeg @Qg:ga@gyt 5}% L{fjf ﬁﬂpﬁfetréﬁ&% ﬁf thtehQ—tetmlnal and
a EeMnmrfai portianseofithe pelypepsite molecula wauid slseonptd

2218?;2 ct@fl gg S’altEP?ebﬁcthlp?f ‘tﬁélbcﬂ‘}'p&yuoﬁa CEQ@W oﬁﬁféoﬂ*dp@sed

a Gaiens im v S s ouTid e W Arings RdSteMtinatlon of
5 L : ;{ﬁtFPﬁon of bgﬁctsglt@w:adneny Sf thiel exrdoyied :ma@@as whi ch
| SUDST I |
r esi due fYFO g‘?(otsHéﬁagﬁﬁl&wS'g@g Q&g@ écc‘{cgtrﬁgﬁié%rtgﬁ%y also be
gI chardaterizeiddoy theiraatality ds ihybrdizg. Eistimgées pbsucahukomelogy are
g%\ﬁﬁ%d pg Cé"th@? DN DR of BNAaRHAUh rk?rldli?flbn%r?dér%ndltlons

uce a runctiona Ul va

2ooﬂstvm@m§y Bete wsﬁmﬁwev@by tlaﬁa%ﬁ@l'ed @Péﬁ‘f ?'?L%mes and
1oCh ps!bas. (1esy) Nubﬁl@Aélawbri@isaﬁbnt IReL Rrdsy; Oxfedd, U.K.).

et AP e 2P 5 A5 o
t hﬁagﬂarﬁsféqdﬂeas Ea|m10yo$lseqpenmﬁdm aistintly calaterhs
is well. . .
. st BV U, ok b Bt
of fumetiosat edeymes ﬁ@m&bseWE@@ﬁbprgm$ é?@stmbyldlza ion
155! Wé&"i’\resr&é(iéﬁhﬁt’;ne%@r‘lrﬁbérfc‘?%ﬂtti%nﬁabrfé S& dﬁ‘?)referred conditions

characteri ze bi |
of Usgsia SRR GgYases SIaas MNEKSSE (G ORSHUCTR <
DNAefRiya ratvike foi 1ﬁa|himmh®mdafea¢@jldmth|2)h§800f0 506 Sigeacys °C

as .8 ” un rsto a? rlg b ¢”o%h>/% § at50°C
( Nafﬂ‘éé aHa- % Yyihe 4 e| ¢ AC
Hy foi 80 saini wnmdréalpréfeagsl sedef siringent ¢or)dltlora usesgRigber

20° ong‘@e‘f’&:ﬁré‘@i'?\ \pﬁcﬁcﬁhé‘ ﬁ{?%ﬂeé % ‘ﬁﬁ@alfte theRSI8heye la)(cept for

, SucC

di §haﬁ@werﬁue& @che&r@éhmﬁ@ m'ﬂdN %@?ﬁvseqﬁg@fs 5%2'%ps
fr ?@én%g@?%%dgt:@()@;@ @e?kg}l%tﬁehgiref@m@d! @R of highlynstringaat
o STsHE o e WasBRs.h BPCSREND: L% PRSASP °C

cond| t i chsbsténgallyetimiér puaéieracetifragments ofitbe instapt iavention

f
2585 ol AT EDERAUBEH I 5 Ot D B
sscs,eomeaces 8o they apcgle tcbtheamwprac@ﬁaqwmwﬁ@aﬁ
tw I%ﬁ'eYH '% o(étgﬁ%lﬁ L\J:a oﬁfh%%cﬁ‘ﬁm@ﬁly%mﬁl@&e@%yﬁhﬂse &killed
Ie

nor e erre set ons uses

20 ind R e A A S
sé@%@eﬁ@@rﬁlﬁnobdé dlﬁ%ptldé@ﬂ’ieatane at tfast 6 %iidedtical,

o S RGP B, R i 08B o

st rhergémt Preferrdd muctesc asiddragmertts eatod@anyro aﬁldﬁqwences
Ssci’ha?aﬂe % REs 9? ‘ﬁ}?e%tm%%@%%ﬁ& Licsd de%be@ l#éﬂ)&iéd

ragnents I nvent 1 on

be hergincMeore peafegpdinvsigie aeidffagroris engo ?amféo

gg 'qgeé nﬁgégﬁggﬁarb@tleéémo Brigenteca e tHeeammmua@equences

35 ‘reported herem I@Iost preferred are nucleic acid fragments that encode

amino acid sequences that are at least 95 % identical to the amino acid
sequences reported herein. Suitable nucleic acid fragments not only have

the above identities but typically encode a polypeptide having at least
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herein, as determ ned by al gorithnms comonly enpl oyed
by those skilled in this art. Suitable nucleic acid
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amino acid sequences that are about 85 % identical to the amino acid
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St. Madison, WI 53715 USA), and the FASTA program incorporating the
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35 “Promoter” refers to a nucleotide sequence capable of controlling

the expression of a coding sequence or functional RNA. In general, a
coding sequence is located 3' to a promoter sequence. Promoters may be

derived in their entirety from a native gene, or may be composed of
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“RNA transcript” refers to the product resulting from RNA

polymerase-catalyzed transcription of a DNA sequence. When the RNA
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the expression of identical or substantially similar foreign or endogenous

genes (U.S. Patent No. 5,231,020, incorporated herein by reference).
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(e.g., polymerase chain reaction (PCR), Mullis et al., U.sS.
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and serum albumin. Also included in the typical hybridization solution will

be unlabeled carrier nucleic acids from about 0.1 to 5 mg/mL, fragmented

35  nucleic DNA, e.g., calf thymus or salmon sperm DNA, or yeast RNA, and
optionally from about 0.5 to 2 % wt./vol. glycine. Other additives may also
be included, such as volume exclusion agents that include a variety of

polar water-soluble or swellable agents, such as polyethylene glycol,
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Pathway Modulation
Knowledge of the sequence of the present genes will be useful in
35  manipulating the sugar metabolism pathways in any organism having such
a pathway. Methods of manipulating genetic pathways are common and
well known in the art. Selected genes in a particularly pathway may be up-

regulated or down-regulated by variety of methods. Additionally,
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yeasts (such as Saccharonyces,
Media and Carbon Substrates

Biofermentation media (liquid broth or solution) for use in the
present invention must contain suitable carbon substrates, chosen in light
of the needs of the biocatalyst. Suitable substrates may include, but are
not limited to, monosaccharides (such as glucose and fructose),
disaccharides (such as lactose or sucrose), oligosaccharides and
polysaccharides (such as starch or cellulose or mixtures thereof), or

unpurified mixtures from renewable feedstocks (such as cheese whey
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Zygosaccharonyces, Kl uyveronyces, Candi da, Hansenul a,
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Arthrobotrys); and al gae. For purposes of this

£ P a8 comsflefRelof Aol beBl #8IEIE0 TBAT BE Y Fldif The
Matearban subatiaiesnhy @édsasioe pastaartien sukstrates ésuch asidarbon

gr ayibRidel meth&iabh res are well known to those
in the a]r&‘hdo__nc?tr@biegﬂé{geg or 25 biofernentation

sci ence Qi) 19" gRArAArAS; Camion SeMRER DioteRgeRtationgedia
SEg naasecssthin s@t&%l&ﬁé@ér@!ﬁ, g%@é{?\ﬂgﬂ'rﬁﬁrmé, |dpfé%¥g(s}rggiﬁ‘b}s, ap'd

n [ 1 0N S |,V . . ) )
CerDbPEPaEOnehl” kaayi e R R 1BR G iy and ofi)

i oBicabeniital Engineeminer fibidanentals RSrex; ppedRs8BA@NIB20-622;

th i fuir:6. ' i f OF
t hé‘tv'bééi‘%“ﬁ“; '&ﬁ%‘%ﬁéﬁ@% %8%&8%%@%9 %Ejh Lligbre for
Carhergrews o oEnigiyet abx PEMO dinzynatgwpainwayt h
1007 r§éddeshfNb protiubs the PickditheMARsPRigdtPreaLEON Nust
contai n sui @3?3' e .carbon sug_'strat es, chosen 1 n |ight
of the rBaY.Jrnetnalggnst 1A sxpressiampAks ik tsaibgroduct
rraymbyddwnégpl;b&d, rapeessdd, oodlerepredsed l:%yCSpetcific rowth conditions
no Q%&nggl C uct ose
di s %c ari J%Sﬁ%s#&?:%ﬁsoa%ygp5@@2@?@%&& E;%OGS)OBOL us, sulfur, )
ol i gyg&eac hamiodey anydragsomjaraseiient idekidingishal inarganictions).
1S3 e LenutatrPbf ihtholid uense ey be aBhievBaBYthp ience or
wh 3PSO 5062 T88Usta Mmaleoes (Bisk7asarasdifausainducers) that
Colrétﬂ%te&ﬁb_l_h d foate E;ultatéyﬁtﬁil E@hombﬁéfﬁﬁéogﬁﬂdrééﬁﬁdtﬁént or energy
na . e~_carbon substrate may al so,be qne-carhon
Cortrag ool e M AR be Attt SdRGr gt in gene
rr;etemme%iomn_ addition to an appropriate carbon source,
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35 GENERAL METHODS:
Materials and methods suitable for the maintenance and growth of
bacterial cultures are well known in the art. Techniques suitable for use in

the following examples may be found as set out in Manual of Methods for
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are added to the culture and are not typically

considered nutrient or energy sources. Gowh rate
worey4@isses be an i nportant regulatory factor i nP@EIE2003/026760

expression. 20 EXAMPLES The present invention is
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precipitated in 70 % ethano! and suspended in a solution containing 1 mM
Na-EDTA and 10 mM Tris-HCI, pH 7.5. The DNA solution was treated
with a mix of RNAases, then extracted twice with Tris-equilibrated phenol
35 and twice with chloroform. This was followed by precipitation in ethanol
and suspension in 1 mM Na-EDTA and 10 mM Tris-HCI, pH 7.5.
Library construction: 50 to 100 pg of chromosomal DNA was

suspended in a solution containing 30 % glycerol, 300 mM sodium
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all non-redundant GenBank CDS translations, sequences derived from the
3_dimensional structure Brookhaven Protein Data Bank, the SWISS-PROT
| protein sequence database, EMBL, and DDBJ databases). The
sequences obtained were analyzed for similarity to all publicly available
35 DNA sequences contained in the “nr” database using the BLASTN
algorithm provided by the National Center for Biotechnology Information
(NCBI). The DNA sequences were translated in all reading frames and

compared for similarity to all publicly available protein sequences
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15 R et al., Science 269(5223):496-512 (1995)).
Sequence was generated on an ABI Autonmatic sequencer

w@ 2p@ploissds Bi osystens, Foster City, CA) using BPYEUS2003/026760
term nator technology (U S. 5,366,860, EP 272,007)
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simlarity to sequences contained in the BLAST "nr
dat abase (conprising all non-redundant GenBank CDS
transl ati ons, sequences derived fromthe
3-di nensi onal structure Brookhaven Protein Data Bank,
the SW SS-PROT protein sequence database, EMBL, and
DDBJ dat abases). The sequences obtai ned were anal yzed
for simlarity to all publicly available 35 DNA
sequences contained in the "nr" database using the
BLASTN al gorithm provi ded by the National Center for
Bi ot echnol ogy Information (NCBI). The DNA sequences
were translated in all reading frames and conpared
for simlarity to all publicly avail able protein
sequences 32 WD 2004/ 018645 PCT/ US2003/ 026760
contained in the "nr" database using the BLASTP
algorithm (G sh and States, Nature Cenetics 3:266-272
(1993)) provided by the NCBI. Al conparisons were
done using either the BLASTN or BLASTP algorithm The
results of the BLAST conparison are presented in Table
1, 5 which sumarizes the sequences to which they
have the nost simlarity. Table 1 displays data based
on the BLASTP algorithmw th values reported in
expectation val ues. The expectation value (E-value) is
the nunber of different alignnents with scores
equi valent to or better than a particular score S
that are expected to occur in a database search by 10
chance. The | ower the E-value, the nore significant
the score. 33 WD 2004/018645 PCT/ US2003/ 026760 a) co
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Jagusztyn et al. (J. Gen. Microbiol. 128:1135-1145(1982)).

Oligonucleotide primers (SEQ ID NO:7 and SEQ ID NO:8) were
designed based on Streptococcus mutans (dexB) DNA sequence (Ferretti
et al., Infection and Immunity 56:1585-1588 (1988)) and also included
BamHI and Sall restriction sites. The dexB gene was amplified using the
standard PCR protocol included with the HotStartTaq!™ kit (Qiagen,
Valencia, CA). Reactions contained 1 ng of genomic DNA and 1 uM each
of primers. The resulting 1.6 kb DNA fragment was digested with the
enzymes BamHI and Sall. The digested fragment was cloned directly into
the plasmid pTRC99a (amp®) (Amersham-Pharmacia, Amersham, UK)
resulting in a translational fusion with the LacZ gene. The plasmid,
designated pTRC99-dexB, also contains the coding sequence for the first
10 amino acids of the LacZ gene, which upon expression are fused to the
N-terminal end of native DexB protein. pTRC99-dexB plasmid was
transformed into E. coli DH5a cells using the manufacturer's protocol
(Invitrogen, Carlsbad, CA) and plated on Luria Broth (LB) medium
containing 100 ug/mL ampicillin.

Isoamylase activity was assessed from crude protein extract
following expression in E. coli. A single colony of E. coli DH5a/pTRC99-
dexB was cultured overnight in LB medium and then diluted 1:100 into
fresh LB medium (3.0 mL) and cultured for an additional two hr at
37°C. Following this incubation, the DexB gene' was induced by adding
isopropyl p-D-1-thiogalactopyranoside (IPTG) to a final concentration of
1 mM. Crude protein was extracted from induced cells following an
additional two hr incubation. To isolate the crude protein extract, cells
were collected by centrifugation (1 x 8000 g) and then suspended in
0.5 mL of phosphate buffer (10 mM, pH 6.8). The suspension was
sonicated to release total cellular protein and centrifuged (1 x 14,000 g) to
remove cell debris. Total protein present in the supernatant was assayed
for isoamylase activity by incubation with isomaltose or separately with
panose at 37 °C in 10 mM phosphate buffer (pH 6.8) for two hrs. Products
of the reaction were characterized by High Performance Anion Exchange

Chromatography (HPAEC).
35
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EXAMPLE 4
Expression of the Bifidobacterium breve isoamylolytic genes in E. coli

25

Several open reading frames from the Bifidobacterium breve (ATCC
15700) library were identified as putative candidate genes with activity

against a(1,6)-linked glucose oliogosaccharides (Example 2). Three
putative clones, mbc1g.pk007.h12 (h12), mbc1g.pk026.k1 (k1), and
mbc2g.pk018.j20 (j20) were chosen for detailed characterization of

36




35 for isoanylase activity by incubation with

i sonal tose or separately with panose at 37 Cin 10 nM
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256 / TRC99:dexB ND 15 = npt 3
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= not detected EXAMPLE 4 Expression of the

Bi fi dobacteri um breve i soamyigple/ti ¢ genes in E. coli

Sever al ding fra i he Bifi '

breve (AR 1B\ exYactyl s

put ati ve candi date genes with activity agai nst

a(1,6)- ed glucose ol i pgos Ldes ( Exagyp| .
Thr ee ;Qﬁq N&%e clones, npcl gl.§8 %3915% 2 h12;@,?u£05%)
nbcl g. pk026. kI (k1), and | mbc2(uasmbls. j 20 (j 4r9/Mier e
chosen {fipnsgdelat{gd characteri zap7on of 37
(negative control)
DH5a — h12 6 187
DH5a — k1 5 165
DH5a —j20 8 154
20 ND = not detected

Total protein extracts were incubated with panose (250 pg/mL) for
two hr and then filtered through a 0.22uM Spin-X (R) centrifuge tube filter
(Costar, Corning, NY). Samples were analyzed by HPAEC as described

25  in Example 3. The absence of panose following incubation demonstrated
that the enzymes produced from the clones h12, k1 and j20 are capable of
degrading panose. Figure 1 shows that the clone h12 degrades panose
completely to glucose (also shown is the negative control, plasmid pUC18
in E. coli DH50.). Figure 1 also shows that the enzymes from the k1 and

30  j20 clones degrade panose to glucose and maltose.
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37 WD 2004/ 0
Cell line Isomaltose Glucose
(pg/mL) (ng/mL)
DH5a/pUC18 508 26
(negative control)
DH5a - j20 180 22
25
EXAMPLE 6

Extracellular targeting of the
S. mutans dexB and B. breve isoamylase enzymes
Because the Bifidobacterium breve k1 and Streptococcus mutans
30 dexB genes do not appear to contain native signal peptides (pSort
prediction software; Nakai and Kanehisa, Expert, PROTEINS: Structure,
Function, and Genetics 11:95-110 (1991)), the mature coding sequences
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Expression of the native B. breve 120 isoanyl ase gene
in E. coli The native Bifidobacterium breve gene j20
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The resulting 1.2 kb PCR product was digested with Kpnl and EcoRV and
ligated into the large Kpnl-EcoRV fragment from pBE592, resulting in
pBE92.

Plasmid pBE80 (Nagarajan et al., Gene 114:121-126 (1992)) was

30 used as a template to amplify the B. amyloliquefaciens neutral protease
(npr) promoter region using PCR methods described in Example 3. The
downstream primer SEQ ID NO:11 was designed and synthesized to
infroduce an Nhel restriction site at the neutral protease signal cleavage
site and an EcoRV restriction site immediately downstream of the

35 cleavage site. The primer SEQ ID NO:12 was designed to anneal to the 5’
region of the Npr promoter in pBE80. A PCR reaction was carried out
using the described primers and DNA template. The resulting 350 bp PCR
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and neutral protease genes were constructed in a
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Following incubation, cells were removed from the medium and prepared
and analyzed by methods described in Example 3. The presence of
extracellular isoamylase activity in cells containing the pBE93, pBE93-

35  dexB or pBE93-k1 plasmid was demonstrated by reduced levels of
isomaltose compared to the negative control (E. coli DH5a cells containing
only the original pBE92 plasmid). The results in Table 6 demonstrate that

the Npr-gene fusion proteins degraded isomaltose supplied extracellularly.
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supplemented with either glucose or isomaltose (1 mg/mL) as the sole
carbon source. The results, shown in Table 7, indicated that when the
30 dexB or k1 genes, are linked in a translational fusion to the Npr signal
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(spec ) (described in U.S. Patent Application 10/420,587 herein
20 incorporated by reference), which encodes the DART and GPP2 genes
from Saccharomyces cerevisiase, and dhaB and orf operons from
Klebsiella pnuemoniae. The transformed E. coli strain produces glycerol
from glucose as well as 1,3-propanediol when vitamin B12 is added.
Methods for the production of glycerol and 1,3-propanediol from glucose
25  are described in detail in U.S. Patent No. 6,358,716 and U.S. Patent No.
6,013,494 herein incorporated by reference. The transformed RJ8n cells
were plated on LB medium containing 50 pg/mL spectinomycin and
100 pg/mL ampicillin. Single colonies were used to inoculate 2.0 mL of
TM2 medium (potassium phosphate, 7.5 g/L; citric acid, 2.0 g/L;
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10p SYN2 Qﬁedl(lﬁ‘DWﬁR)gllﬁ(ﬁE&(HS ihectaripotusGurcediTabte 8). However, this
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i ncmmwlabmaltbye vefsarsstoas a ThED A soiyter glycerRl Brodiietipg was
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1 NO icll
mr@ex&,eadm@\fqﬁ@agn@ﬁswd@ aﬁtcompaw Ao iy naaa’ﬂve control line,

20( PORASS cHAtMhA raulw Pss%cﬂ o, LG @eﬁon béc@@iuthtion; Gsig

42 WO 2004/ i %C@éﬁ%gﬁg é“%s c%%.w”gﬁéjf@ﬁand
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G ycerol was shown to accunul ate when E. coli RJ8n
cells containing only the plasm d pSYCOL01 were
weeiosiorssds for 24 hr at 37Cin 10 TM2 medi um we€TUS2003/026760
gl ucose as the carbon source (Table 8). However, this
negative control [i ne produq'gskar@gl i gi ble levels of
ed

glucose does not support accunulatlon of a

fergsfighéon product. By cosfycar! AcaUitestel (uesmL)

produced in E coli RI8 g |,§eae 15 lgd,@@m)g@_
pSYCOlOl and pBE93 dexB |or Eﬁg T when s‘ﬂptp &4 cultures

r

i SO ghicose—we t—as—sote —caf n
pl_gl n/ﬁ%m Q*% \I\V\a :c-r\wn co wnallicad A quL

sou soraltose—was-tused
car bBAS@,/b@d o) “}?’@59(% produclspgn was |shown be 8
to 9d@¥$n§|§0ﬁ\'t%tl4 in F_lcoli R18n contaiining bhath the
pBEDBJSHSY GO0 pPRESE 1 pl asnid@d as corrpared 334 t he
negptiex® (isolaie 8) |ine, 20 RI8n contai ning only

pSYORDBAPSYFOe00/pBEI3Nul at i 0883usi ng |i sonal4ddse,
was| R1 Klgoﬂa@eQb mes hi gher| in |ines contaijni ng pSYCO101

and/g] @@m gd 10 Thgonegati ye conigyy . The
dat a 3 E{ 3 enonstjrat e that expregsion of the
Npr | —ki—-genes—tresturted—+n—gtycerol

productl on in cultures supplied with isomaltose. The

sdata f U%%a%arbnﬁﬁ@spe%bmﬁﬁe Rbsh cbﬁtéﬁr'nﬁg the prameé

accunul at ed or cul tures contai nj

OB anct B e RE L Piduice TerReHEHAR Proite AGH(1.6)-
SoUyhk&d o@btaso@ gubstrats eV fuather cHarav@rizeaoyadlindihg in

Pcy&% .ngesog/ 0267§auﬁ5}g%% ﬁ,ﬁéﬁ@l A EEHBLALG Bk R¥Bits to

d yhe samedireuusing ighecoselas abulesisate {lippd/Mdd. | somal t ose

| g /
10 25 Lf [ag?c%%ngagggg%l SR iRt ) o elral af'éﬁgog%m'”g only
Yeed91 (Bsgatygzpor@rgjmqqssm asty@tt‘@slze glycerol

RJ %\ﬂt{ mk%ed 383n4Qdle d@*bbh@%@t Soute in TM2 medium.
Me\{qrygypelp@?ls:grqdupeq] gv% E L hRid %@ hz is present in

pI dlsisi hene pﬁmmcalndepmm&medmnpn\mhﬂmanose Glycerol

f er red
IR BT R0 LaRoRih plb R ol cen
pBE93-k1 was comparable when either glucose or panose was supplled
as a carbohydrate source.

T

- Table 9
20 Glycerol Accumulation Due to Expression of Npr-K1

Cell line Glycerol Accumulated (ug/mL)

Glucose-supplied Isomaltose-

cultures supplied cultures

RJ8N/pSYCO101 417 25
RJ8n/pSYCO101/pBE93-k1 (9) 396 363
RJ8n/pSYCO101/pBE9Y3-k1 (7) 376 347
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TM2 medi um cont ai ni ng panose (1 ng/nL) and conparing

the results to the sanme |ine using glucose as a
wGeuivsnisate (1 ng/ ). 10 Data in Table 9 al so BEDUS1003026760

E. coli strain RJ8n containing only the plasmd

pSYCOlO%h@%a@tabWe Ggmorn% ret &f eQﬁ’r‘es§bb'ht draRe2r-dexB or

cer ol

caNDOiKﬂcfﬂalpé pyetaie i EncquS ;mﬁcrearqe%epfgauctéqrwfewwerol
' Smﬁbﬁdé’@rﬁﬁlt%@ﬁr bQ@oé@ r@sm@&%%sme dasbghyesatetsdunce in the

bamsime JRbRaRr @@Efﬂﬁ ks TP uREl oWk Rl production

5 coatofnerwas] atbemplistsad bis syrivexis ©f aanther jemgsntationgpsoduct

SRS OB Bl A it

Accurrul ﬁJSomﬂﬂaéraﬂSchﬂmdew e plesiiis R %Y@NOW fRg PBE93-
}ﬂ p‘ﬁE@tffkh e UsBH to ﬁd&%@ﬂsﬂlﬁﬂ_ bfswzsﬂeaumse-
cu tures supp |ed cult res 3n SYCOl?l 417.
elgwgggc%%gm mg/mL) or |somaltose

\ﬂﬁﬁ% Ek12 (10D rRy/6). 3B idlturéd WiDe ZWOWhGEBRA bir at

" ,7?50@& A e RS SR E B

E. BExahiple€sul ts in increased productl on of glycerol
uhen | SOFRI §456n AlabRA 19 B8moRRESRE Mot 11 A1BraifirRdiol was not

car bohydrat e sourc U [
C hisynihesiaed b hieregativecOaTobng Mgﬁ&@@ Wfergtown in
152l PhEdNRHNBSARMIRII Rethdtose Ut d eaihglirate ebhese. However,

o L £ L L LGRSy VPl e
t r RME OsBRAItEE vdshehqwrarbel mepdvaizedl Thisirgssited idexB

(ﬂpBE 3- @%0&"\6{ @ zéﬁ-geﬁtg |bﬁ‘f3FdHLﬁ:ttq 32P|Q)d§ﬁeefol Fivee data further

ove so contalnin | ucos

rrg/dﬁn)lomtratsdhaﬂ thedevel of (1 £- ngv/m)edmhaymheaﬁeﬁ byl FSJ meglls
20N dyore&3th H{éeﬁlrpd EQB%‘NW K‘Pfus?&h Fot@ih was céinp&eidle

were ' prepa anal yzed nmet.hods r|b

Examtsesglumae@aﬂ%?mﬂy %P%lb%%?sﬁi\e Ehthdrarate.

1, 3- propanedi ol was not synt hesi zed by the negative

control Iine (RI8n/ pSYCOlOl)Té{mgqogrown in 15 nedi a

containing only isomaltose as a car bohydrate sourc

Howe.izel?ropahed|odaABbemuta’ulg_ME)§3_@§§gﬁr0fNDrf-dexB ror Npr-k1
25protel n vvas expressed in RI8n ,cells, isonaltose was
ShOV}JI“Cé"\'ﬁ e fret-abottzed— s rESUH[3q:qOFsaﬂed|o| (mg/mL)
accumgtattTonmof —the ferme @ﬂkbé@n‘;@ﬂ@guct Isomaltose- Isomaltose
1, 3-jpropanedi ol . The dat a| f ur tlfes denpesdplict altdrbsitl  (ug/mL)
t he 'TR:‘\jéﬁlipsQéof,O1d- propanedj ol syxd hesi zled by NRI8n cel | $225

RJ8n/pSYCO101/pBE93-k1 (9) 1.7 2.8 12
RJ8n/pSYCO101/pBES3-k1 (7) 3.0 2.9 14
RJ8n/pSYCO101/pBE93-dexB 3.0 3.1 27

ND = not detected

EXAMPLE 8
Expression of the B. breve k1 gene in E. coli using an alternative promoter
30 The use of alternative promoters to direct expression of a preferred
gene is often highly desirable. Alternative promoters may be used to vary
the level or timing of gene expression and, therefore, increase utilization of

a preferred substrate.
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20 expressing the Npr-dexB or Npr-Kl fusion protein

was conparable whether glucose or isomaltose was
waapplissds as t he sol e carbohydrate. Table 10 BCT/US2003/026760

3 Propaned| ol Accunul ation Due to ExpreSS| on of

5
/ rrL GI GQQ qsgx&nloggﬁ%ﬁ, ré'\% lIq‘]so Atose Séﬁ’%
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PC‘E.éqS’éﬂG@hﬁmiﬁmlonEfre%ldtadﬂé resisictiar eRYHE itge. which would
10br Ve, & s ﬁﬁ@égﬁ%ﬁt agﬁﬁ%g@éw an al ternative pronoter

< t
pr om);e g?{]hsaq{qﬁhrg:t@na@}ﬁya‘lep% 4 tﬁv é{r@étﬁ%l?\lge%; g@ﬁeetq:to the 5’
%: UeFrir?Jgﬁo %rﬁ:irfé”@flf tgglﬁweuftlﬁl praveasesighabpeptice amchK1genehe
at i on
G SaieBper. rERRCTREN PYT GR D Pl hBRY SER I KO 1B%and
di ssEQslechn 19. $CRamepificatjoy waapea‘arm@ﬂbydhswotowi or
150 4 sg:alﬁ%'?lﬁ E'X{QE&IQERNWQT@E rPCR%th@tﬂhé@l%%lé!éd Bhe ligated

non e sequen he ,neu

or dntiathe YRG! 00S W-HiRE (LY GEADIARE FEIosIn U.S.
S eqﬁﬁféﬁmﬁgﬁbéﬂ&ﬁi 0/208,58¢S Whid}‘\dwa@ alsesdigestedoritretheyerezymes

t be
2k esact b pab, s e g d FoR R A L ot
add@ﬁd tne NPR-5i na%@h@nceri@kedﬁn aleansational fysian tedie k1

o8, e Y il e O YIS St
19. wE@IalsmTpséd tndirect axpressioT of hed\BR-gigral neplidedy Hision. A
desqg QQB (gR%?GHB&:teré’smtﬁglﬁé% é’Féa‘B@Bnm"s p’mﬁers SEQID

Ic;SOIQsIQ;LI)B@nggSﬁE@ BN 19 vae e cad RtatRe By S dofide/dort 1.6
Appbl aé@ﬁd“l&;@gaclvﬁnwﬁamwmondanggmeefdtem {The
2§oﬁféﬁntﬁ’éﬂghp\%§[§ﬁé agcfjeél%arﬁi B@Grl SRYKY T AR A Bromoter
when operably linked to a yghD gene was previously shown to direct lower
levels of gene expression (U.S. Patent Application 10/420,587) as
compared to the wild-type Gl promoter-yghD construct.
Demonstrating effective expression of the K1 gene using the wild-
30 type and variant Gl promoters was accomplished by an activity assay.
E. coli cells (strain DH5a, Invitrogen, Carlsbad, CA) were transformed with
the plasmids WTGl-ss-K1 and LowGl-ss-K1 and grown overnight in LB
medium. Cell pellets were recovered by centrifugation and suspended in
1/10 volume sodium-phosphate buffer (10 mM, pH 7.0). The cells in the
35  suspension were lysed with a French press and cell-debris was removed
by centrifugation. Total protein concentration was determined by Bradford
assay (Bio-Rad, Hercules, CA). Activity of the K1 gene product in a total

protein isolate was assayed using 4-nitrophenyl-a-D-glucopyranoside
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and the NPR-signal sequence linked in a translational
fusion to the k1 20 gene. This construct was

waelewisgmated WIG -ss-KL. A variant G pronoter PEERBESBEDI®R6760
used to direct expression of the NPR-signal peptide/Kl

Igf;%rﬁgggh%gr% ggbg%mgq’é%prcggﬁ}\%th%g o g@% (B]taining

Noth'le9 B migd W‘E@l—sm wa@%‘ﬁ@(ﬂ.dﬁﬁ&ss%mr(poqﬁn@e captrol) and

ISBSRGID e ThARoRIE) 8 Emie et

Loy»m:s;stsatahuffane@ sobtilpa@pnt%ﬁat @rm'\/b\k%&?%gg%fr%if%ﬁo min at
511 8ot [ReRaKaUPIIEBRIVES rosiEue mﬁiupmwsmts iniANR L

Ap@pm@ue%&%ni wh@%ae*g%’fsé QgﬁtS% @E’dﬁr@d %E%?gﬂbﬂ”'%}'%“ as.a

G dieenselt-of 4 Rregnet activity viasmositoredi ougr &ifeby abeorbance

expressi on of t t

© alk B le et i Aol B B ol adfroflstr s iRCa BRsmoter,

as saat)Er than dbé ineatrhl profeaseapnonisa Manhe tu.sgg @ direct

08B r 65 that

%}& %r‘(\%ﬁ% k?g;%fn% 'T’ﬁ@ résbiks aI'sB%IeIﬁ*ucﬂ@‘ﬂﬂa a an

s ropatetimay b iachaduai Bt sy eveL K | allissipn and

an %&H&P%ﬂ@i@y bcsrres'ldohas\t@ el et Ienrepdnfqaphatter shosrigh,
(10 MV . The cells in the 35 suspension were

| ysed vvlth a French press and cell-debris was renoved
by centrifugation. Total prdiagl®idoncentration was

determ ne S\ HE 85t
I5pctivity Y o Huciis Vcﬁp%ﬁﬁqﬂ k& ﬁﬂpr : elY@An

i sol ate_was assayed using

4-ni e dpfianyl- a- D gl Ucopyr anosi o PAIF 93 §dtbin min”
PCT/ US20637 026760 (PNPG— Si g ST. Loui s lYé)% Tot al
pr ot ei n WX6t- a@mf(h@hﬁxmﬁ&er}nm ining theP A48 mi ds

WG -sg- -sgw%ﬁﬁve*%l)ntrblﬁ’R' sst K1 (pOSI ti 09:)104Jnt rol)
and pS$YCOL09 (negatlve control) were I ncu 39 in alO
M sodi|[LhewsHssrih g,g&d_gg ;

PNPG f ar, si,{cd)m%egatmabntrcﬂ) 30 C. Rel ease 6f000Re
gl ucose reS| due fromPNPG results in PNP

accunul ati on, which absorbs light at 400 nm PNP
accunul ation as a direct EﬁMg_PLLEJ_Q k1 enzynme activity
V"?S 43‘8”” QUE o thd'B. Bl Sahrfo tid Eacypyshenet h
o) n

2pr ot er Integriag thaarsied DNAYaINS¢el S gEROmERRY gphance

”gﬁ’g%esrtﬁﬁﬁﬂ/ bPgéhd éﬁéreéﬁoﬁméﬁﬁmecﬁhdmndﬁr @Avhiiety okl

e resu also denons
O etat e cHoVEyE elcEah Tt Ploarton aay o
of @néwpmmﬂleaetdand hatim&tehadhe effegtiveamese 9 diridesiced
the rel atlv% vel of pronoter strength. Table 11 15
Rat ENBYME Msduction resulting from K1 en
Zﬁct ivity |ntEgeaimncbfAbe ki iexpresparreasseifedNii p{prﬂpfﬁ:r—agnal

eéﬁ 5%(1%86%7 IRORAE §REMeLIR 4b/NBRaBFMS) aposhe | ve
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Wanner, Proc. Natl. Acad. Sci. 97:6640-6645 (2000)). The host aldA

30 (aldehyde dehydrogenase A) and aldB (aldehyde dehydrogenase B)
genomic sites were chosen for integration. PCR primers were designed
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Lowd -ss-K1 (| ow expresser) 0.0028 pSYCOL09 (negative
control) 0.0002 EXAMPLE 9 Integration of the B. breve
wh200gemss43 nto the E. coli genone 20 | nt egr at i NRCT/I82003/026760
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TM2 mediumwith 0.5 %isomaltose. Low|evel growth of

the negative line FM> was observed, but due only to a
waemkoissabunt of the fermentable sugar mal t 0SBCT/US2003/026760
contam nating the i somaltose source material (Sigm,

25 St. Louis, MOJ. Cells coitgi nigg the integrated Kl
expressi on cassette grew a h higher rate and to

a higher final optCelamagsreecusnulatidro@8t®nni)he 25 hr

time period. A PCR positive colony cont a| n| ng the kl
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3||u. -

contlaini t the _’__ngz #eogg Iu ;Ogsp e f&%rﬁt ed 310-02
the |30 aldB sitk wd-86des ona@é@ Bll1 ald/®B1-4.  49.%
2004/ 018685 PCT/ USR0S/ 0267603.17abl b 12 6@ | mass 6.01
accymul at Bon (ABOOBB4Ti ne (hdisics) FMNb 1OVE A2-|3 0.92
FMb-(B1-1 H4Vb- B1r 2 %79. 02| 0. 08.34 02/ 0. 09 48 0./66 G080

0.7670. 7556 2. /5 3@ 6. pU §oUE_ 8| 3. 33 5 50 [10. 4B 75

9.9 IT3772 8732 1041 101025 3766 10161110
10. 78 5 | somal tose consunption by cells containing the

5 nt egr at ls@Meltosg,gensdRIPHAN Gy eelis tceniqising|tke intearpied K 1
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that t
TP e o) RndiSise he SO Tabld 57 camansteia tt the K
andexpressimn cakbestte & activarfbidweing infeigration anchalladd eells to

¢ hoBSmBRReg RIAEaTA el shoA SR S e REgERE,  ©
10 ar pohpaiet to. the Tiegative soalrelovkinbWoesatot iugizenthis sarbiobydrate.
n ot OLTE G%%Qo@ho%a? %eﬂﬁ%@ .]L, Aot bbrg‘squé\éi‘ &f gt %ﬁng FAR in

eenlnte rated into ar e
aI dlwesswh@@ themgengghas heen m@@far@dag@o tanad dAnes semrgred to
Ti nme(ﬂggrgﬁegzl\/B FMb- A2-3 FMb-B1-1 FMb-B1-2 0 5.56
546 5.36 5.31 3 5.52 5.35 5.31 5.30 6 5.60 4.73
1.81 1.78 8 5.48 3.64 00 11 5.77 1.34 0 0 25 5.55
10 0 0 49 Table 13

Isomaltose Consumption (g/L)

Time (hours) FM5 FM5-A2-3 | FM5-B1-1 | FM5-B1-2
0 5.56 0.46 5.36 5.31
3 5.52 5.35 5.31 5.30
6 5.60 4.73 1.81 1.78
8 5.48 3.64 0 0
11 5.77 1.34 0 0
25 5.55 0 0 0
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WD 2004/ 018645 PCT/ US2003/ 026760 CLAIMS What is

claimed is: 1. An isolated nucleic acid nolecule
we@nmanissgs an a( 1, 6)-1inked glucose ol i gosaccheeT/tig2003/026760

hydr ol yzi ng pol ypeptide selected fromthe group 5

consisting of: (a) an isol ucl ei ¢ acid nol ecul e
encoding the amno acid s SEQ ID NGs: 2, 4, or

6, |saclai#ﬁé@isC acid nol ecul e that hybridizes with

galx Ss is%l%%gln%%@gg %b cﬁ@%ﬁlﬁ)dﬁﬁfﬁh%&)&@@ymked

O QJu%ﬁDShgmﬁaoohedd@jnydl@lylz)nggqjypgptla% gbgctegrfaorp c’gl;ne group

n%f# nol ecul e that is conpl enment ary to (a) or
> 3%'%'% € isolated nucleic acid nol ecul

S et o f @m amisolajed mycisic acidnaplecyleien e EniNo acid
consi sting of @e‘n@emlD NOsend, br6l5 3. A

ol Dt ok RIS gL i) ger v
sel ected from tdﬂewg‘rg)hwbrtdm&tlomctom@lthmﬁ 8des $BCNBs1%,SDS,
04 and 6. 5. A§54 ghafvggh@u% X35, mb/@SEiSﬁfollowed by

encodi ng an a( ucose ol i gosacchari de
hydr ol yzi ng poDyieBBCd8- "sél%%$e%l”qrom t he group

consi st i n9( f aﬁﬂklé@abuaqhalte@mermat slobnwememw¢uka) or (b).

Sgg? |d|dg Opg'lhg r@g’;qc Ql%; glc&qr%%gifllegep ‘P%’%@d%‘? from the
ol 'g&ﬂﬁ@@ﬁh@éleldfad*d' dakoutés gortsisting 9hspQi BeNOsHY, % and 5.

nucl ei ¢ ,aci,d

5ihe  folr ol Ry %?F%He d?ﬁ&?itedrﬁﬁplrh' ﬂé&lﬁﬁéd"\‘\ﬁ%e (iaQCIdJHﬁ?‘écule of

zation’condi tions:
0. ThaisD9, 65 C and washed with 2X SSC, 0.1 % SDS

foll oweq by (ﬂ%éﬁ@e &- AP elengd Fom the @“onﬁcdoﬁls!stlng

acid rml ecul e t 3 conpl ementary to (a) or (b)
Thef iSEP AP NOside fePBd Bci d nol ecul e of Caim5, wherein

the hSI @a:Arpsgrat@ua nusleRERid Bhdlerid euco?iﬁ@ aerNCE)zlihked
7. e i at ed ,nuc| eji c
205 glusase Algosaeaie i o fRyEE e Fedéy Fom e oroup

hy dopkisting@fpol ypeptide is SEQID 35 NGs:2, 4, 6, 17,
L e -IZFﬁe'a?ﬂ Bltaﬁ%i Htlﬂrﬂél% l@ﬁidl’eé[%éﬁ%cﬁn fa GRidieiic

5, wherein S| ept |
I D NO. 25, and \Mﬁ@ﬁeé? ﬁomggsp @? gflgr@ggeptlde operab?y |mie(8 to an

a(1,6)-linked glucose oligosaccharide hydrolyzing
25 polypeptide;
(b) a nucleic acid molecule that hybridizes with (a) under the
following hybridization conditions: 0.1X SSC, 0.1% SDS,
65 °C and washed with 2X SSC, 0.1% SDS followed by
0.1X SSC, 0.1% SDS; and
30 (c) a nucleic acid molecule that is complementary to (a) or (b).
6. The isolated nucleic acid molecule of Claim 5, wherein the
signal peptide is SEQ ID NO:24 or SEQ ID NO:25.
7. The isolated nucleic acid molecule of Claim 5, wherein the
a(1,6)-linked glucose oligosaccharide hydrolyzing polypeptide is SEQ ID
35 NOs:2, 4,6, 17, or 31.
8. The isolated nucleic acid molecule of Claim 5, wherein the
signal peptide is SEQ ID NO:24 or SEQ ID NO:25, and wherein the o(1,6)-
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ol i gosacchari de hydrol yzi ng pol ypeptide is SEQ ID
wo®4/A1864%, 6, 17, or 31. 9. The isol ated nuclBCTUSINE026760

nol ecule of Claimb5, wherein the signal peptide is

5" fiokes oieos o petRtnaHae HARG AR 3EhreBtld i PERER MOp 2
nolde®yli@, of 3 ai m 5 encoding the a(l,6)-!inked
gl ucose Og?' nu(%s@&fé*f@cf hiGeldi® mMttddide B CYRAPS | Whereihthe

i sol ate elc acl d nol ecul e havi ng the ? encg 63
e g 1D

setsignal pepiide SEen¢asiaddy the sigenl SSIUEN5S 2858

s0r l,@g@ﬁg}g\g@f g @ thz'ﬂll Tthedl fsol ated nucleic acid

ecul e o ai sel.ected,fr

ggnsn st1thg e i8eBie s @ Cﬁ@qq%?*%%%% %E%GPB°RIBQ§EG
SEQ.(1[B)-INRed 4lucsis@ dl@o&ﬁb@&rud@ﬁ@dlr@yﬂ@g@ly@@de[ihe isolated
NGO 40
t hattiteif o Rolpuithdfing e sddife) 4PEEY foRG (FRERS 79 NO1,
pol §pedD N@ @n‘éﬁ@d@ NO: ttheriSFRIPNOREe | ei ¢ aci d

100l ecul £, - of eﬂé@ nuélert 4Bid hol8Eul&oriGRIHL5 stiectddiffom the

e e 3 F oAl g2 sk o
NO: 38 3SESEQPDONTD3EG, SERIDMONE, SEQ SENOA0NGr 3&Q BENO:42.
I(;([,)nerOi' ghgaﬂ?d.ﬁeggggfe@{%édoeﬁg c);lam @Jcﬁglicecuq fnokéciffe of Claim
Cab.m1 or Caimb5 operably Ilnked to suitable

157 €qul atpgy 'Fﬁé‘;H fj@@étbﬁle éﬁcod@@bﬁﬁé‘ﬁbla@ecﬂﬁﬂ@le&fa@ Adlecule

15 wherein e regul atory sequence is
sel efc€leimfs, @@méog?ro%?"‘ﬂo%pn sing CYC1, H S3, GAL 1,

GALlO 'NPHéThé’ hii&s oS8RI, 13°6€lecteBRRIM thB@goup_Eélﬂslstlng
Eacof 56 IEp: 40%{;0 i§0:84 BRI, SEbIp'NG:3s] SEq ID
cONNG: 3T NGECHD NBi:8&rSEQJBNO1 , @ngi SEQID NO:4%

r ansf d i Si ' '
o 21118 Mg b SR A RS Bty gl
\/\heb‘eClalmh‘bobﬁ1a1m5 eperzbhglEnedite suifpbler reouIRtORSSAUEBCES.

chr OWDSQFE ?ﬁe 'cﬁlrﬁérﬁasé%r?e 8PCREM BPwhéhsn thigsgitaiarsgulatory
host cel % \p{ne rein the host %e; I,_g§3 1
sel é@qwqeﬂémeﬂ%e@ TelptheHOLR CORPT SN G ML
andeAL mmuf@ah ISPGKY P05, BAPDRE AD@HSTRP Y RASS | EE4, IENO,
erei sf I

S61 S0 AOR S B (B BRI 12511 TBE Bt 84 o
Sacchar dﬁ‘ycAwecE@rodunmnsdm]ﬂwaj@hlmqalﬁg@ﬁ@ of, Clalm 15
Rhodocoggus fHefEhimeric gene of Claim
Br eV| bag?erﬁutFn di%\?l?)trg%;a;%e(ge'lIBac|FFHSKMQ,91 51 9

19. The transformed host cell of Claim 18 wherein the chimeric
30 gene is integrated into the chromosome or is plasmid-borne.

20. The transformed host cell of Claim 18, wherein the host cell is
selected from the group consisting of bacteria, yeast, and filamentous
fungi.

21. The transformed host cell of Claim 20, wherein the transformed

35 host cell is selected from the genera Asperyillus, Trichoderma,
Saccharomyces, Pichia, Candida, Hansenula, Rhodococcus,
Acinetobacter, Arthrobacter, Brevibacterium, Acidovorax, Bacillus,
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WD 2004/ 018645 PCT/ US2003/ 026760 Streptonyces,
Escheri chia, Sal nonella, Pseudonpnas, or

w@oapesat eri um 22. The transformed host cel PCD1S2003/026760
Claim 20 wherein the transforned host cell is E

col Streﬁtozﬁxceé BethatHiTSdienBladessddmaeiasa of ar get

nol i'n,a reconbi nant host cell conprising: (a)
con meeﬁa‘:?”{"f’bnsf ormed host cell conprising: (i) an
i sol at e2R.nuthestransforrdediiost atleotG =i 2(hwheraimthreetransformed

proﬁ&g Rfi OB | }id of a signal peptide 10 operably
to an ? -linked gl ucose oligosaccharjde

5hydr oI y%?b ngA mﬁtpg@é@r the:produgtion efirtasget melegulinetul e
Iy B o T SSC 0.1 5 SD8,_ 65C and
ybridi za ] 0
washed V\/lth(a X actigsa by @“ifé’r@égﬁgp&?}?%\kéﬂnﬂvs'ﬁgl X
SSC, 0. I1 % SDS; (iJor dri isblated nuclei acid eislecnié ebigbdinthmt
is conplenentary to
one. chi meri ¢ gene. AMEURpEEldom kst btd el §820ae,
10t he target nol ecul e:pezablyrhnkhrétcpawém@e}hokedi ghicose
dextrin under suit ar get
nol ecule is producg)Sbs E L rolgﬂﬁp?@& \ﬁ/gél ng
the target nol ddll & BF‘E’ @LQQ’}S mplez@)le th@ﬁhybﬂ ﬁ@ﬁl"!ﬂ@ floynder
the production of ghy¢elicwing hyBridi2aRstoRditioN T, 1X 8¢,

compri aing: (1) an §00 3PSBH eI Weh eRpaC: b1%
15encodi ng a chi meriSDPrfolieived bpBOptX S&C,df.1% SD§nat

pepti de operab”%yd Fl%ﬁjc L8d I@&lﬁhe%% lg%g% @%;éﬁ%ﬁ?to (i) or

ol i gosacchari de yZ1 ng po ypept
nucl ei c acid nol eCL(II)e afdat hybridizes with (i) under

the follow ng Wféﬂééﬁtm{&‘clﬁiﬁf&ictgé?@or%ﬂ%rﬁ!% 0.1
% SDS, 65C and washed wi th ???5 f%’&?&ﬁ@% fol | onwed

by 0.1 X SSC, 0.1 gyepaisagenar Gt e e,
20l ecul e t hiatthé presemeeasfdintindgxttio ubider suital3e conditionand
Bl S BB LT Bl i o
(b) optionally recovering the target molecule produced in.(a).
24. A method for the production of glycerol in a recombinant host
cell comprising:
25 (a) contacting a transformed host cell comprising:

(i) anisolated nucleic acid molecule encoding a
chimeric protein comprised of a signal peptide
operably linked to an a(1,6)-linked glucbse
oligosaccharide hydrolyzing polypeptide;

30 (i) anucleic acid molecule that hybridizes with (i) under
the following hybridization conditions: 0.1X SSC,
0.1% SDS, 65°C and washed with 2X SSC, 0.1%
SDS followed by 0.1X SSC, 0.1% SDS; or
(i) a nucleic acid molecule that is complementary to (i) or
35 (i)); and

(iv) at least one chimeric gene for converting

mononsaccharides to glycerol,
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limt dextrin under suitable conditions whereby
w@bopsersshs i s produced; and (b) optionally recoR€r/Usz03/026760

the gl ycerol produced in (a). 25. A nethod for the

production, @ftl%elp%s’é;veg%?ﬂmltodeﬂﬁh @?GSFQ.PB'PT@&Bndlﬁoﬁ?St

cell conpri contactin med hos
celwherehpiviengl:is prgduned; 8Bflat ed nucl ei c acid nol ecul e

encoding a bfh'dﬁ%héll é%‘o%ﬁn@ﬁﬂ@ |y§@@5| pfod@céugmé)
peptide _opera

oo | &ga&nﬁl%@wae@m&%@w& yibigRatediclfi § Facsmbinant
5tnﬁg{ﬁ|@|eg\%bﬁqprﬁir@cul e tthat hybri di Izes with (1) under
Z) 8581 650(diﬁgi%grg;\;?ﬁﬁﬁ;@%%?piﬁﬁ;ééré‘;iﬁgj | owed
y 0.1 X SSC, ()1 % nageiciaadig mo encoalbpd
mol ecul e that is copph EF(?E&M Méﬂléecpéfaélbh)al péptide

at | east one chi marl C or con
nononsacchari des t @pfr%ﬂw'lib%féh%lam ﬁ?f“f“f*@' glusegdce
oof limt dextrin Uf&l@bséébﬁar’mbbfh iht pB/peplideher eby

1, 3- di ol d

recovering the () 3 PUERasc Mol bk 48 YR aieY wit) ynder
nmet hod for the prodhetolowing hgeiidizatorscomditons: 0.1X SSC,
reconbi nant host ‘if‘l*y §E§péb$¢%d H‘W‘Eﬁék' ?am%

transformed host ce

nucl ei ¢ acid nol ec@@séﬂ&yﬁ%@y 1)&5 rq E%p$|8§eph

isconprised of a (I’ﬁi ) 08 RlucRfPAEId Indibbliedhat i@ cBmplementary to (i) or
a(1l,6)-linked glucose oligosaccharide hydrolyzing

pol ypeptide; (ii) a(")nucl ei ¢ aci d nol ecul e that
hybridi zes w t hii\) lét leadiesne Sfintene deold foncogverting

and washed vt h 2x '8apBNpcnafieEto 1 draRantal o 1y

SSC, 0.1 % ishBe paeser(de of)linait daﬁnemdacsu!tahie@@ndéloaﬁat
24 ABRLSTR ANl prudac 35 Under Sul (b

optionally @CO%MWYF%@V@@PQ thadss- BFW@BEPI ,pgoci%ed in (a).

27 Theoget AaAethbd Gbpihad @3dulicti 61 &l mekginma 26cambinant host
n‘l 26 wherein the signal peptide conprises SEQ ID
I\IO oall 6PMBESNED NO 25.

(a) contacting a transformed host cell comprising:

25 (i) an isolated nucleic acid molecule encoding a
chimeric protein comprised of a signal peptide linked
to an a(1,6)-linked glucose oligosaccharide
hydrolyzing polypeptide;

(i) a nucleic acid molecule that hybridizes with (i) under

30 the following hybridization conditions: 0.1X SSC,
0.1% SDS, 65°C and washed with 2X SSC, 0.1%
SDS followed by 0.1X SSC, 0.1% SDS; and

(iii) a nucleic acid molecule that is complementary to (i)
or (ii).
35 under suitable conditions in the presence of limit dextrin;
(b) optionally recovering the cell mass produced in (a).
27. The method of Claim 23, Claim 24, Claim 25 or Claim 26
wherein the signal peptide comprises SEQ ID NO:24 or SEQ ID NO:25.
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53 WD 2004/ 018645 PCT/ US2003/ 026760 28. A nethod for

the production of a target nolecule in a reconbi nant
whomi/ocsshy conprising: (a) contacting a transfPCTES2003/026760

host cell conprising: (i) an isolated nucleic acid

I I di ted
rom t B-grotsthe i e PrifliBaii 4 aRiigee R 3 )
31; re(:omblrtarrhlhlolstéce:ll eahgrigingecul e that hybridizes with

: g .

)V e i
10 SDS f ol | owedi)by am. igolxtesisacleicraly metecyle epeoding dhe
?ucl)el C SCI(d ;ml fcltanﬁn?%tds m&lﬁmé@mm ¢he{ §roupor

i and (iv) at |east one n

converting rmonons&CRRISHNGQE é\fqgﬁ é’t -’gﬁpg&]l’

15 in the presdiice shudleiciacidimaledule thaiérybsdizeam\n’@ (l) under
condi tions V\/nereb){ é?&loﬁﬁ% %ﬁ‘d’%k&ﬁd’r{ Eondit éj(d)u?ﬁ@}SC

and (b) optionally recov ecul

produced in (a). 2B1%ASRS ﬁg%pfaﬁfj W@‘Pg‘qgr‘%g?ﬁ DRCof- 1%

1oL, 3- propanediol in @S@Giﬂmédwbmssfo @19 SDS; or
conprising: 20 st _cel

t act d h
conprising: (i) ﬁn e;:ggtplgi%éfrl]cﬂ[]}gl L@e i@qﬁgeﬁBF‘ggﬂP%“taW to (i)
encodi ng the am noorgi);dndequence sel ected fromthe
I st
2 hucl ef o aci o () SIFERaE et dhoedd Fiveting
25 the fol | owi ng hynonqmaanchand@satmthat@r@et mol@wlssc
1 % SDS, ﬁgt%?ﬁg%%%%rﬁql Elé‘xtﬁ_% upder sQﬁébI%"’coﬁ@ﬁons

ollomed ;o or (i1i) a nucleic
- aci whﬁfﬁtélc%lleéatgﬁﬂ“@@C@@ﬁ%P@%'ﬁ?Qr 9do (i) or (ii);
and 30 (iV) @t bswsiall fﬁ@ccﬁ)é'nﬁ@"th@t@géenfowcm@pmadedgn (a).

BTN e g
1, 3h§$10¢amtdhpwhsm§ produced; and (b) optionally
2B RS R S g
r econbi nant hos(l) cath isodaja@miuglaﬁgaCIdamol@@HleaQﬂqoﬁl@Qathe
transformed host cell,if£5081se08nce selected from the group
consisting of SEQ ID NOs:2, 6, 17 and 31;
(i) a nucleic acid molecule that hybridizes with (i) under
25 the following hybridization conditions: 0.1X SSC,
0.1% SDS, 65°C and washed with 2X SSC, 0.1%
SDS followed by 0.1X SSC, 0.1% SDS; or
(iii) a nucleic acid molecule that is complementary to (i)
or (ii); and
30 (iv) at least one chimeric gene for converting
mononsaccharides to 1,3-propanediol;
in the presence of limit dextrin under suitable conditions
whereby 1,3-propanediol is produced; and
(b) optionally recovering the 1,3-propanediol produced in (a).
35 30. A method for the production of glycerol in a recombinant host
cell comprising:
(a) contacting a transformed host cell comprising:

54



54 WD 2004/ 018645 PCT/ US2003/ 026760 (i) an isolated

nucl ei ¢ acid nol ecul e encodi ng the am no aci d sequence
w@edogoissds from t he group consisting of SEQ NGBCRUSHN3/026760

17 and 31; (ii) a nucleic acid nolecul e that

hybri di zes wit ha(i) Lo -

hybri di zati on ggndiatnﬁgﬁlg??do.ﬁ'i‘gée%s%@ piegi e gnoodina the |
washed with 2X SSCangng agjd sgsienqel slectes jram heowsp,

0.1 % SDS; or (iil _)Coasiguﬁ @!f@.agi[\m)gm,l (e,_cw andi3dt is

corsl oot ar (BB 08 S8 ) i
sgl ycerol ; in the prthsdoitoaving hybndizatimx conditionsid:1X SSC,

suitabl e conditions yepsbisab eflRhsHed MPINISIE, Bk
(b) optionally recoveri nI?qfhe gl ycera

(a). 15 31. A met hoeP$de w@dgygwg@%pogf‘%géﬁg; Iﬁgss

in a recombi nangj)haghuclerldcid Armed e fgat i€ apmplathestarn® (i)
a transformed host cell cqnprising: (i) an isolated
nucl ei ¢ aci d nol ecuﬂrg")eﬁ@adi ng the amno acid

1;sequence sel ect(@d fatdeadtlomegehimeric 2@nedoscatventingf SEQ
ID NGs: 2, 6, 17 an rndd A ' id nmol ecul e
that hybridizes wi ?’Hg%‘i”'}é{f{dﬁﬁb%ﬁdgfl Edes'?g?%m ng
hybri di zat i iorthe presarcerd:lingt dextgsonder sudglgesonditionand
was | 1dedoanrgDS fol |l owed by 0:.1X SSC,
0. 1%%%¢%¥8%gﬁ§%r?§u%eaz°ﬁgﬁel c. acid | ecuyl e .ha(t is
conpl enent ay) t@Pianally gecquering the giﬂ?@@rpégéﬁlﬁ%g 15¢(@)-

19 i mt dext r Aimethedfosthet srotiactiarndi ¢eliomass haretymbiglnt host
nmass 'LE roduced; and (b) optionally recovering the
cel FEhEYEPAPE8uced in (a). 30 32. The method of Claim
28, O ai m2@) CaitactBQ atraGstirmesihosiieell ebmprisigsi gnal

fpep“ de is SEQ {i)D. NG, ?s%gaciéd oReiPa P moe §§'elﬁo@ﬁg‘ﬂﬂg
or degrading |1//mt dextrin conprrsing: fab contacti ng
a transforned host awino acdsenvence s¢leyted fremitee grei d

grol ecul e encodi ng t fshsFMESER 1IDaU68128, 7 ed 318
group consi sting. I 6,., 17

a nucl eic acid F;%ﬁﬁgef%%‘%\'gs.%lﬁ:w?’ztg@t wwﬁi%ls;wimgipnder
the following hybridization conditions: 0.1X SSC,
0.1% SDS, 65°C and washed with 2X SSC, 0.1%
SDS followed by 0.1X SSC, 0.1% SDS; or
25 (iii) a nucleic acid molecule that is complementary to (i)
or (ii),
in the presence of limit dextrin under suitable conditions
whereby cell mass is produced; and
(b) optionally recovering the cell mass produced in (a).
30 32. The method of Claim 28, Claim 29, Claim 30 or Claim 31
wherein the signal peptide is SEQ 1D NO:24 or SEQ ID NO:25.
33. A method for degrading limit dextrin comprising:
(a) contacting a transformed host cell comprising:
(i) anucleic acid molecule encoding the enzymes
35 selected from the group consisting of SEQ 1D NOs:2,
6, 17 and 31;
(i) a nucleic acid molecule that hybridizes with (i) under

the following hybridization conditions: 0.1X SSC,
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the follow ng hybridization conditions: 0.1X SSC, 55

WD 2004/ 018645 PCT/ US2003/ 026760 0.1 % SDS, 65C and
worehelews th 2X SSC, 0.1 % SDS fol | oned by 0.BXI/8S1603/026760

0.1 %SDS; or (iii) a nucleic acid nolecule that is

compl ementary 1o (10)1905pe, lebechnl I ith X %€, 0.1 %

amount of limt dexXtrin g@bstrate
growt h condi tions; SRifqligweshhy 842 BHCr Bcb¥ePPey ehe

product of st efiif a)ahn@&elc/écﬁph%%%éﬂﬁt@ﬂérﬁgleﬁﬁbrﬂww (i)

aci d sequence t a§ l east 69%identity based on
t he BLASTP net hod &F (i lignment when conpared 10 to a

spol ypept i deyittaxh effetie aeguahcklimi deetrinf abistrateuSEE) $utable

O w8 de havi 1,6)-1inked gl
R vt BB, o 21, O nked ol cose

(b) optionally recovering the product of step (a).
34. A polypeptide having an amino acid sequence that has at least
69% identity based on the BLASTP method of alignment when compared
10 to a polypeptide having the sequence as set forth in SEQ ID NO:17, the
polypeptide having o(1,6)-linked glucose oligosaccharide hydrolyzing
activity.
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