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absence of the mutation. The increased expression thus achieved is retained in the absence of
conditions that select for cells displaying such increased expression. When the integrated
segment comprises, for example, ethanol-production genes from an efficient ethanol producer
like Zymomonas mobilis, recombinant Escherichia coli and other enteric bacterial cells within the
present invention are capable of converting a wide range of biomass-derived sugars efficiently to
ethanol.
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heterologous segment, resulting in enhanced production by the host cells of each polypeptide
encoded by that segment, relative to production of each polypeptide by the host cells in the
absence of the mutation. The increased expression thus achieved is retained in the absence of
conditions that select for cells displaying such increased expression. When the integrated
segment comprises, for example, ethanol-production genes from an efficient ethanol producer
like Zymomonas mobilis, recombinant Escherichia coli and other enteric bacterial cells within the
present invention are capable of converting a wide range of biomass-derived sugars efficiently to
ethanol.
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transformed with genes coding for alcohol dehydrogenase and pyruvate decarboxylase. By
virtue of their transformation with these genes, the recombinant hosts are capable of producing
significant amounts of ethanol as a fermentation product. Also disclosed are methods for
increasing the growth of recombinant hosts and methods for reducing the accumulation of
undesirable metabolic products in the growth medium of these hosts. Also disclosed are
recombinant hosts capable of producing significant amounts of ethanol as a fermentation product
of oligosaccharides and plasmids comprising genes encoding polysaccharases, in addition to the
genes described above which code for alcohol dehydrogenase and pyruvate decarboxylase.
Further, methods are described for producing ethanol from oligomeric feedstock using the
recombinant hosts described above. Also provided is a method for enhancing the production of
functional proteins in a recombinant host comprising overexpressing an adhB gene in the host.
Further provided are process designs for fermenting oligosaccharide-containing biomass to
ethanol.
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Novel plasmids comprising genes which code for the alcohol dehydrogenase and pyruvate
decarboxylase are described. Also described are recombinant hosts which have been
transformed with genes coding for alcohol dehydrogenase and pyruvate. By virtue of their
transformation with these genes, the recombinant hosts are capable of producing significant
amounts of ethanol as a fermentation product. Also disclosed are methods for increasing the
growth of recombinant hosts and methods for reducing the accumulation of undesirable
metabolic products in the growth medium of these hosts. Also disclosed are recombinant host
capable of producing significant amounts of ethanol as a fermentation product of
oligosaccharides and plasmids comprising genes encoding polysaccharases, in addition to the
genes described above which code for the alcohol dehydrogenase and pyruvate decarboxylase.
Further, methods are described for producing ethanol from oligomeric feedstock using the
recombinant hosts described above. Also provided is a method for enhancing the production of
functional proteins in a recombinant host comprising overexpressing an adhB gene in the host.
Further provided are process designs for fermenting oligosaccharide-containing biomass to
ethanol.
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ACT - 20010815 AT/RER-T []

CEASED AS TO PARAGRAPH 5 LIT. 3 LAW INTRODUCING PATENT TREATIES
ERLOSCHEN GEM. PAR. 5 ABS. 3 PATVEG.
upP - 2003-22

8/9-LGST-©EPO

PN - W09216615 Al 19921001  [WO9216615]
AP - WOUS9201807 19920318 [1992WO-US01807]
ACT - 19921001 WO/AK [+]

DESIGNATED STATES CITED IN A PUBLISHED APPLICATION WITH SEARCH REPORT
AT AU BB BG BR CA CH CS DE DK ES FI GB HU JP KP KR LK LU MG MN MW NL NO PL RO
RU SD SE US

19921001 WO/AL [+]

DESIGNATED COUNTRIES FOR REGIONAL PATENTS CITED IN A PUBLISHED
APPLICATION WITH SEARCH REPORT

AT BE BF BJ CF CG CH CI CM DE DK ES FR GA GB GN GR IT LU MC ML MR NL SE SN TD
TG

19921112 WO/DFPE

REQUEST FOR PRELIMINARY EXAMINATION FILED PRIOR TO EXPIRATION OF 19TH
MONTH FROM PRIORITY DATE

19930527 WO/EX32

EXTENSION UNDER RULE 32 EFFECTED AFTER COMPLETION OF TECHNICAL
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PREPARATION FOR INTERNATIONAL PUBLICATION
<UA>
19930610 WO/LE32
LATER ELECTION FOR INTERNATIONAL APPLICATION FILED PRIOR TO EXPIRATION OF
19TH MONTH FROM PRIORITY DATE OR ACCORDING TO RULE 32.2(B)
<UA>
19930805 WO/LE32
LATER ELECTION FOR INTERNATIONAL APPLICATION FILED PRIOR TO EXPIRATION OF
19TH MONTH FROM PRIORITY DATE OR ACCORDING TO RULE 32.2(B)
<UA>
19930916 WO/ENP
ENTRY INTO THE NATIONAL PHASE IN:
CA 2106377A [1992CA-2106377]
19930917 WO/WWE [+]
WIPO INFORMATION: ENTRY INTO NATIONAL PHASE
< 934087 >
19940127 WO/REG; DE/8642 [-]
DE: IMPACT ABOLISHED FOR DE
DE: WIRKUNG WEGGEFALLEN FUER DE
<DE>
upP - 2007-40

9/9-LGST-©EPO

PN - EPO0576621 Al 19940105 [EP-576621]
EP0576621 A4 19941102 [EP-576621]
EP0576621 B1 20010228 [EP-576621]

AP - EP92910933 19920318 [1992EP-0910933]

ACT - 19940105 EP/AK-A [+]

DESIGNATED CONTRACTING STATES:
BENANNTE VERTRAGSSTAATEN

AT BE CHDE DKES FRGB GRIT LI LU MC NL SE
19940105 EP/17P-A [+]

REQUEST FOR EXAMINATION FILED
PRUEFUNGSANTRAG GESTELLT
EFFECTIVE DATE: 19931015

19941102 EP/AK-A [+]

DESIGNATED CONTRACTING STATES:
BENANNTE VERTRAGSSTAATEN

AT BE CHDE DKES FRGB GR IT LI LU MC NL SE
19941102 EP/A4-A [+]
SUPPLEMENTARY SEARCH REPORT
ERGAENZENDER RECHERCHENBERICHT
EFFECTIVE DATE: 19940916

19970730 EP/17Q-A [+]

FIRST EXAMINATION REPORT

ERSTER PRUEFUNGSBESCHEID
EFFECTIVE DATE: 19970611

20010228 EP/AK-A [+]

DESIGNATED CONTRACTING STATES:
BENANNTE VERTRAGSSTAATEN

AT BE CHDE DKES FRGB GR IT LI LU MC NL SE
20010228 EP/REG-A; CH/EP [+]

CH: ENTRY IN THE NATIONAL PHASE
CH: EINTRITT IN DIE NATIONALE PHASE
<CH>

20010228 EP/REF-A

CORRESPONDS TO:

ENTSPRICHT

(AT 199389T 20010315 [ATE199389])
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20010405 EP/REF-A

CORRESPONDS TO:

ENTSPRICHT

(DE 69231706 20010405 [DE69231706])
20010528 EP/ITF-A [+]

IT: TRANSLATION FOR A EP PATENT FILED
IT: DEPOSITO TRADUZIONE DI BREVETTO EUROPEO
OWNER: JACOBACCI & PERANI S.P.A.
20010706 EP/ET-A [+]

FR: TRANSLATION FILED

FR: TRADUCTION A ETE REMISE
20010801 EP/NLV1-A [-]

NL: LAPSED OR ANNULED DUE TO FAILURE TO FULFILL THE REQUIREMENTS OF ART.
29P AND 29M OF THE PATENTS ACT; NO LEGAL EFFECT FROM THE DATE OF
NL: WIRKUNG IN NL NICHT EINGETRETEN (ART. 29P UND 29M NL PATG.)
20010816 EP/REG-A; ES/FG2A

ES: DEFINITIVE PROTECTION

ES: PROTECCION DEFINITIVA

(ES 2157203T3 [ES2157203))

20010831 EP/REG-A; CH/PL [-]

CH: PATENT CEASED

CH: LOESCHUNG/RADIATION/RADIAZION
<CH>

20020101 EP/REG-A; GB/IF02 [+]

GB: EUROPEAN PATENT IN FORCE AS OF 2002-01-01
<GB>

20020220 EP/26N-A [+]

NO OPPOSITION FILED

KEIN EINSPRUCH EINGELEGT

20020327 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<BE>

EFFECTIVE DATE: 20010228

20020327 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<CH>

EFFECTIVE DATE: 20010228

20020327 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<LI>

EFFECTIVE DATE: 20010228

20030212 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<BE>

EFFECTIVE DATE: 20010228

20030212 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<CH>

EFFECTIVE DATE: 20010228

20030212 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<L[|>

EFFECTIVE DATE: 20010228

20030212 EP/25-A []

LAPSED IN A CONTRACTING STATE
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ERLOSCHEN IN EINEM VERTRAGSSTAAT
<NL>

EFFECTIVE DATE: 20010228

20031105 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<BE>

EFFECTIVE DATE: 20010228

20031105 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<CH>

EFFECTIVE DATE: 20010228

20031105 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<L[|>

EFFECTIVE DATE: 20010228

20031105 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<DK>

EFFECTIVE DATE: 20010531

20031105 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<NL>

EFFECTIVE DATE: 20010228

20031105 EP/GBPC-A [-]

GB: EUROPEAN PATENT CEASED THROUGH NON-PAYMENT OF RENEWAL FEE
GB: EUROPEAN PATENT CEASED THROUGH NON-PAYMENT OF RENEWAL FEE
EFFECTIVE DATE: 20030318

20031112 EP/REG-A; GB/728V

GB: APPLICATION FOR RESTORATION FILED (SECT. 28/1977)
<GB>

20040211 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<BE>

EFFECTIVE DATE: 20010228

20040211 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<CH>

EFFECTIVE DATE: 20010228

20040211 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<LI>

EFFECTIVE DATE: 20010228

20040211 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<DK>

EFFECTIVE DATE: 20010531

20040211 EP/25-A []

LAPSED IN A CONTRACTING STATE
ERLOSCHEN IN EINEM VERTRAGSSTAAT
<GR>

EFFECTIVE DATE: 20010228

20040211 EP/25-A []
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LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<NL>

EFFECTIVE DATE: 20010228

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<BE>

EFFECTIVE DATE: 20010228

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<CH>

EFFECTIVE DATE: 20010228

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<L[|>

EFFECTIVE DATE: 20010228

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<DK>

EFFECTIVE DATE: 20010531

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<GR>

EFFECTIVE DATE: 20010228

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<LU>

EFFECTIVE DATE: 20010318

20040922 EP/25-A []

LAPSED IN A CONTRACTING STATE

ERLOSCHEN IN EINEM VERTRAGSSTAAT

<NL>

EFFECTIVE DATE: 20010228

20050330 EP/REG-A; GB/732E

GB: PROCEEDING UNDER SECTION 32 PATENTS ACT 1977
<GB>

20050622 EP/REG-A; GB/7281

GB: APPLICATION FOR RESTORATION WITHDRAWN (SECT. 28/1977)
<GB>

20050810 EP/REG-A; GB/732E

GB: PROCEEDING UNDER SECTION 32 PATENTS ACT 1977
<GB>

20060927 EP/25-A []

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM. FROM NAT.
OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM. FROM NAT.
OFFICE TO EPO

<AT>

EFFECTIVE DATE: 20010228

20060927 EP/25-A []

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM. FROM NAT.
OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM. FROM NAT.
OFFICE TO EPO

<BE>
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EFFECTIVE DATE: 20010228
20060927 EP/25-A [-]

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

<CH>

EFFECTIVE DATE: 20010228
20060927 EP/25-A [-]

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

<DK>

EFFECTIVE DATE: 20010531
20060927 EP/25-A []

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

<GR>

EFFECTIVE DATE: 20010228
20060927 EP/25-A []

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO
<L|>

EFFECTIVE DATE: 20010228
20060927 EP/25-A [-]

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO
<LU>

EFFECTIVE DATE: 20010318
20060927 EP/25-A [-]

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO
<NL>

EFFECTIVE DATE: 20010228
20060927 EP/25-A [-]

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

LAPSED IN A CONTRACTING STATE ANNOUNCED VIA POSTGRANT INFORM.

OFFICE TO EPO

<MC>

EFFECTIVE DATE: 20010428
upP - 2006-39

8/19-FAMPAT-©OQUESTEL-ORBIT

FAN - 20042770980570

PN - CN1070424 A 19930331 [CN1070424]
STG: Unexamined application
AP : 1992CN-0101877 19920318

CN1065915 C 20010516 [CN1065915C]
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Tl -
PA -

IN -
AP -

IC -

ICAA -

ICCA -

uP -

STG: Granted patent

CN1342773 A 20020403 [CN1342773]

STG: Unexamined application

AP : 2000CN-0131779 20001020
Ethanol production by recombinant hosts
UNIV FLORIDA & BIOENERGY INTER
UNIV OF FLORIDE
UNIV OF FLORIDE RES FOUNDATION
BEALL DAVID S; INGRAM LONNIE O; BURCHHARDT GERHARD F H
1992CN-0101877 19920318
2000CN-0131779 20001020
1991US-0670821 19910318
C12N-015/53
C12N-015/60
C12N-015/63
C12P-007/02
C12P-007/06
C12N-015/53 [2006-01 A - | R M EP]; C12N-015/60 [2006-01 A - | R M EP]; C12N-015/63 [2006-
01 A-1R M EP]; C12P-007/06 [2006-01 A- | R M EP]
C12N-015/53 [2006 C - | R M EP]; C12N-015/60 [2006 C - | R M EP]; C12N-015/63 [2006 C - I R
M EP]; C12P-007/02 [2006 C - | R M EP]
2000-08

9/19-FAMPAT-©QUESTEL-ORBIT

FAN -
PN

Tl -
PA -

IN -

AP -
PR -

ICAA -

ICCA -

uP -

20042770977393
AU4744199 A 19991104 [AU9947441]

STG: Open to public inspection

AP : 1999AU-0047441 19990908
Ethanol production by recombinant hosts
BIOENERGY INTL C
UNIV FLORIDA
GUIMJARAES WALTER V; BEALL DAVID S; INGRAM LONNIE; BEN-BASSAT ARIE; FOWLER
DAVID E; OHTA KAZUYOSHI; WOOD BRENT E; BURCHHARDT GERHARD F H;
SHANMUGAM KEELNATHAM T
1999AU-0047441 19990908
1991US-0670821 19910318
1992US-0846344 19920306
1997AU-0010176 19970115
1999AU-0047441 19990908
C12N-001/21
C12N-015/63
C12N-015/74
C12P-007/02
C12P-007/14
C12N-001/21 [2006-01 A - | R M EP]; C12N-015/63 [2006-01 A - | R M EP]; C12N-015/74 [2006-
01 A-IRMEP]; C12P-007/14 [2006-01 A - | R M EP]
C12N-001/21 [2006 C - | R M EP]; C12N-015/63 [2006 C - | R M EP]; C12N-015/74 [2006 C - I R
M EP]; C12P-007/02 [2006 C - | R M EP]
2000-08

10/19-FAMPAT-©QUESTEL-ORBIT

FAN -
PN -

20042770775987

CA2097803 Al 19920608 [CA2097803]
STG: Application laid open
AP : 1991CA-2097803 19911204
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W09210561 Al 19920625 [W09210561]

STG: Publ. Of int. Appl. With int. Search rep
AP : 1991WO0-US08835 19911204

AU9098891 A 19920708 [AU9190988]
STG: Open to public inspection
AP : 1991AU-0090988 19911204

F1932559 DO 19930604 [F19302559]
STG: Application filed
AP : 1993FI-0002559 19930604

F1932559 A 19930727 [F19302559]
STG: Unex. Appli. Open to public inspec.

EP0560885 Al 19930922 [EP-560885]
STG: Public. Of applic. With search report
AP : 1992EP-0901454 19911204

BR9107210 A 19940208 [BR9107210]
STG: Patent Application
AP : 1991BR-0007210 19911204

JP6504436 T 19940526 [JP06504436]
STG: Unexam. Pat. Appl. On foreign appl.
AP : 1991JP-0501565 19911204

EP0560885 A4 19940608 [EP-560885]
STG: Publ. Of suppl. search report

AU668677 B2 19960516 [AU-668677]
STG: Patent preceeded by Al

AU6194696 A 19961031 [AU9661946]
STG: Open to public inspection
AP : 1996AU-0061946 19960808

AU694674 B2 19980723 [AU-694674]
STG: Patent preceeded by Al

EP0560885 B1 19990317 [EP-560885]
STG: Patent

AT177784 T 19990415 [ATEL177784]

STG: EP Patent valid in AT
AP : 1992AT-0901454 19911204

DE69131015 D1 19990422 [DE69131015]
STG: Granted EP number in bulletin
AP : 1991DE-6031015 19911204

ES2132116 T3 19990816 [ES2132116]
STG: Transl. Compl. Txt. Of grted Eur. Pat.
AP : 1992ES-0901454 19911204

DK560885 T3 19991011 [DK-560885T]
STG: Translations of EP patents
AP : 1992DK-0901454 19911204
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TI
PA
PAO

IN
AP

PR

STG: Transl. Of EP patent
AP : 1999GR-0401653 19990617

DE69131015 T2 19991118 [DE69131015]
STG: Trans. Of EP patent

F1111552 B1 20030815 [FI-111552]
STG: Patent

JP2004283176 A 20041014 [JP2004283176]
STG: Doc. Laid open to publ. Inspec.
AP : 2004JP-0147724 20040518

JP3593125 B2 20041124 [JP3593125]
STG: Grant. Pat. With A from 2500000 on
AP : 1992JP-0501565 19911204
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RECOMBINANT CELLS THAT HIGHLY EXPRESS CHROMOSOMALLY-INTEGRATED

HETEROLOGOUS GENES.
UNIV FLORIDA
UNIV OF FLORIDA RES FOUNDATION

UNIVERSITY OF FLORIDA; 901-B1 NW 8 Avenue Gainesville, FL 32604 (US)

INGRAM LONNIE O; OHTA KAZUYOSHI
1992JP-0501565 19911204
1992DK-0901454 19911204
1991BR-0007210 19911204
1992ES-0901454 19911204
1991AU-0090988 19911204
1992AT-0901454 19911204
1991DE-6031015 19911204
1991CA-2097803 19911204
1991WO-US08835 19911204
1992EP-0901454 19911204
1991JP-0501565 19911204
1993FI-0002559 19930604
1996AU-0061946 19960808
1999GR-0401653 19990617
2004JP-0147724 20040518
1990US-0624227 19901207
1991WO-US08835 19911204
(Linked)
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Novel plasmids comprising genes which code for the alcohol dehydrogenase and pyruvate
decarboxylase are have been transformed with genes coding for alcohol dehydrogenase and
pyruvate. By virtue of their transformation with these genes, the recombinant hosts are capable
of producing significant amounts of ethanol as a fermentation product. Also disclosed are
methods for increasing the growth of recombinant hosts and methods for reducing the
accumulation of undesirable metabolic products in the growth medium of these hosts. Also
disclosed are recombinant host capable of producing significant amounts of ethanol as a
fermentation product of oligosaccharides and plasmids comprising genes encoding
polysaccharases, in addition to the genes described above which code for the alcohol
dehydrogenase and pyruvate decarboxylase. Further, methods are described for producing
ethanol from oligomeric feedstock using the recombinant hosts described above. Also provided
is a method for enhancing the production of functional proteins in a recombinant host comprising
overexpressing an adhB gene in the host. Further provided are process designs for fermenting
oligosaccharide-containing biomass to ethanol.
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Novel plasmids comprising genes which code for the alcohol dehydrogenase and pyruvate
decarboxylase are described. Also described are recombinant hosts which have been
transformed with genes coding for alcohol dehydrogenase and pyruvate. By virtue of their
transformation with these genes, the recombinant hosts are capable of producing significant
amounts of ethanol as a fermentation product. Also disclosed are methods for increasing the
growth of recombinant hosts and methods for reducing the accumulation of undesirable
metabolic products in the growth medium of these hosts. Also disclosed are recombinant host
capable of producing significant amounts of ethanol as a fermentation product of
oligosaccharides and plasmids comprising genes encoding polysaccharases, in addition to the
genes described above which code for the alcohol dehydrogenase and pyruvate decarboxylase.
Further, methods are described for producing ethanol from oligomeric feedstock using the
recombinant hosts described above. Also provided is a method for enhancing the production of
functional proteins in a recombinant host comprising overexpressing an adhB gene in the host.
Further provided are process designs for fermenting oligosaccharide-containing biomass to
ethanol.
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decarboxylase are described. Also described are recombinant hosts which have been
transformed with genes coding for alcohol dehydrogenase and pyruvate. By virtue of their
transformation with these genes, the recombinant hosts are capable of producing significant
amounts of ethanol as a fermentation product. Also disclosed are methods for increasing the
growth of recombinant hosts and methods for reducing the accumulation of undesirable
metabolic products in the growth medium of these hosts. Also disclosed are recombinant host
capable of producing significant amounts of ethanol as a fermentation product of
oligosaccharides and plasmids comprising genes encoding polysaccharases, in addition to the
genes described above which code for the alcohol dehydrogenase and pyruvate decarboxylase.
Further, methods are described for producing ethanol from oligomeric feedstock using the
recombinant hosts described above. Also provided is a method for enhancing the production of
functional proteins in a recombinant host comprising overexpressing an adhB gene in the host.
Further provided are process designs for fermenting oligosaccharide-containing biomass to
ethanol.
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Recombinant host cells are obtained that comprise (A) a heterologous, polypeptide-encoding
polynucleotide segment, stably integrated into a chromosome, which is under transcriptional
control of an endogenous promoter and (B) a mutation that effects increased expression of the
heterologous segment, resulting in enhanced production by the host cells of each polypeptide
encoded by that segment, relative to production of each polypeptide by the host cells in the
absence of the mutation. The increased expression thus achieved is retained in the absence of
conditions that select for cells displaying such increased expression. When the integrated
segment comprises, for example, ethanol-production genes from an efficient ethanol producer
like Zymomonas mobilis, recombinant Escherichia coli and other enteric bacterial cells within the
present invention are capable of converting a wide range of biomass-derived sugars efficiently to
ethanol.
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