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main carbohydrate source. However, a disadvantage of the use of

15  glucose by microorganisms developed for production of commercially
desirable products is the high cost of glucose. The use of sucrose and
mixed feedstocks containing sucrose and other sugars as carbohydrate
sources for microbial production systems would be more commercially
desirable because these materials are usually readily available at a lower

20  cost.

A production microorganism can function more efficiently when it

can utilize any sucrose present in a mixed feedstock. Therefore, when a
production microorganism does not have the ability to utilize sucrose
efficiently as a major carbon source, it cannot operate as efficiently. For

25  example, bacterial cells typically show preferential sugar use, with
glucose being the most preferred. In artificial media containing mixtures
of sugars, glucose is typically metabolized to its entirety ahead of other
sugars. Moreover, many bacteria lack the ability to utilize sucrose. For
example, less than 50% of Escherichia coli (E. coli) strains have the

30  ability to utilize sucrose. Thus, when a production microorganism cannot
utilize sucrose as a carbohydrate source, it is desirable to engineer the

microorganism so that it can utilize sucrose.
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15 SUMMARY OF THE INVENTION

In one embodiment, the invention provides a recombinant

bacterium comprising in its genome or on at least one recombinant
construct:
(a) anucleotide sequence encoding a polypeptide having sucrose
20 transporter activity, the polypeptide having at least 95%
sequence identity, based on a Clustal V method of alignment,
when compared to an amino acid sequence as set forth in
SEQ ID NO:24; and
(b) a nucleotide sequence encoding a polypeptide having sucrose
25 hydrolase activity, the polypeptide having at least 95%
sequence identity, based on a Clustal V method of alignment,
when compared to an amino acid sequence as set forth in
SEQ ID NO:26;
wherein (a) and (b) are each operably linked to the same or a different
30  promoter, further wherein said recombinant bacterium is capable of
metabolizing sucrose.

In one embodiment, the recombinant bacterium produces 1,3-



I n anot her enbodi nent, the invention provides a process for mnaking
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Sequences andNFNQGIVceAcT &- @'@Q@@ﬂ@'@' and/er dfndeexyprepieniseafid O Rul es") and

15consi st ent ellectual Property Organi zation (WPO Standard
ST. 25 (2009) gﬁ@éte\@@@que#ce listing requirenents of the EPO and PCT

(Rules 5.2 and 49.8& @utblum)g thene cBmtiinant ba@teramd thatmeadces 1,8he
Adm ni strative |Insty S nmbol s and forma dfor nucl eoti de
and am no aciPfo y&%ﬁm fwﬂa ; EQ%(VPFF&'?WP&C'CL@HS adhheeimin c F. R

201. 822. Ta@ﬁ@p%seﬁ%@@gﬁg@se@ﬁ& and Protein SEQ I D Nunbers Gene Coding
Sequence SEQ | Enco Proteln

b) optionally, recovering the glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid produced.
10
BRIEF SEQUENCE DESCRIPTIONS
The following sequences conform with 37 C.F.R. 1.821 1.825

(“Requirements for Patent Applications Containing Nucleotide Sequences
and/or Amino Acid Sequence Disclosures - the Sequence Rules”) and

15  consistent with World Intellectual Property Organization (WIPO) Standard
ST.25 (2009) and the sequence listing requirements of the EPO and PCT
(Rules 5.2 and 49.5(a bis), and Section 208 and Annex C of the
Administrative Instructions). The symbols and format used for nucleotide
and amino acid sequence data comply with the rules set forth in 37 C.F.R.

20 §1.822.



SEQ I D NO. GPD1 from Saccharonyces cerevisiae 1 2 GPD2 from
Saccharonyces cerevisiae 3 4 GPP1 from Saccharonyces cerevisiae 5 6 GPP2
from Sacomeromyosxicer evi siae 7 8 dhaBl from Kl ebsi el | aPpmaseanioee3® 10
dhaB2 from Kl ebsi el | a pneunoni ae

Table A
Summary of Gene and Protein SEQ ID Numbers
Gene Coding Encoded
Sequence Protein
SEQ ID NO: SEQ ID NO:
GPD1 from Saccharomyces cerevisiae 1 2
GPD2 from Saccharomyces cerevisiae 3 4
GPP1 from Saccharomyces cerevisiae 5 6
GPP2 from Saccharomyces cerevisiae 7 8
dhaB1 from Klebsiella pneumoniae 9 10
dhaB2 from Klebsiella pneumoniae 11 12
dhaB3 from Klebsiella pneumoniae 13 14
aldB from Escherichia coli 15 16
aldA from Escherichia coli 17 18
aldH from Escherichia coli 19 20
galP from Escherichia coli 21 22
lacY from Pseudomonas fluorescens Pf5 23 24
scrB from Pseudomonas fluorescens Pf5 25 26
cscB from Escherichia coli EC3132 27 28
¢scA from Escherichia coli EC3132 29 30
scrK from Agrobacterium tumefaciens 31 32
scrK from Streptococcus mutans 33 34
scrK From Escherichia coli 35 36
scrK from Klebsiella pneumoniae 37 38
cscK from Escherichia coli 39 40
c¢scK from Enterococcus faecalis 41 42
HXK1 from Saccharomyces cerevisiae 43 44
HXK2 from Saccharomyces cerevisiae 45 46
dhaT from Klebsiella pneumoniae 47 48
dhaX from Klebsiella pneumoniae 49 50

SEQ ID NO:51 is the nucleotide sequence of plasmid pSYCO101.
5 SEQ ID NO:52 is the nucleotide sequence of plasmid pSYCO103.
SEQ ID NO:53 is the nucleotide sequence of plasmid pSYCO106.
SEQ ID NO:54 is the nucleotide sequence of plasmid pSYCO109.
SEQ ID NO:55 is the nucleotide sequence of plasmid
pSYCO400/AGRO.
10 SEQ ID NOs:56-61 are the nucleotide sequences of primers used

in the Examples herein.

DETAILED DESCRIPTION
The disclosure of each reference set forth herein is hereby
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incorporated by reference in its entirety.

As used herein and in the appended claims, the singular forms "a",
"an", and "the" include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to "a cell" includes one or more
cells and equivalents thereof known to those skilled in the art, and so forth.

In the context of this disclosure, a number of terms and
abbreviations are used. The following definitions are provided.

“Open reading frame” is abbreviated as “ORF”.

“Polymerase chain reaction” is abbreviated as “PCR”".

“American Type Culture Collection” is abbreviated as “ATCC”.

The term “recombinant glycerol-producing bacterium” refers to a
bacterium that has been genetically engineered to be capable of
producing glycerol and/or glycerol-derived products.

The term “polypeptide having sucrose transporter activity” refers to
a polypeptide that is capable of mediating the transport of sucrose into
microbial cells.

The term “polypeptide having fructokinase activity” refers to a
polypeptide that has the ability to catalyze the conversion of D-fructose
+ ATP to fructose-phosphate + ADP. Typical of fructokinase is EC
2.7.1.4. Enzymes that have some ability to phosphorylate fructose,
whether or not this activity is their predominant activity, may be referred
to as a fructokinase. Abbreviations used for genes encoding
fructokinases and proteins having fructokinase activity include, for
example, “Frk”, “scrK”, “cscK”, “FK”, and “KHK”. Fructokinase is
encoded by the scrK gene in Agrobacterium tumefaciens and
Streptococcus mutans; and by the cscK gene in certain Escherichia coli
strains.

The term “polypeptide having sucrose hydrolase activity” refers to
a polypeptide that has the ability to catalyze the hydrolysis of sucrose to
produce glucose and fructose. Such polypeptides are often referred to
as “invertases” or “B-fructofuranosidases”.

The terms “glycerol derivative” and “glycerol-derived products”



scrB from Pseudononas fl uorescens Pf5 25 26 cscB from Escherichia coli
EC3132 27 28 cscA from Escherichia coli EC3132 29 30 scrK from

Agr obact ewpum2ars@afiaci ens 31 32 scrK from Strept ococcus POUtUsR611882338 scr K
From Escherichia coli 35 36 scrK fromKl ebsiella pneunoni ae 37

are used interchangeably herein and refer to a compound that is
synthesized from glycerol or in a pathway that includes glycerol.
Examples of such products include 3-hydroxypropionic acid,
methylglyoxal, 1,2-propanediol, and 1,3-propanediol.

5 The term “microbial product” refers to a product that is microbially
produced, i.e., the result of a microorganism metabolizing a substance.
The product may be naturally produced by the microorganism, or the
microorganism may be genetically engineered to produce the product.

The terms “phosphoenolpyruvate-sugar phosphotransferase

10  system”, “PTS system”, and “PTS” are used interchangeably herein and
refer to the phosphoenolpyruvate-dependent sugar uptake system.

The terms “phosphocarrier protein HPr” and “PtsH” refer to the
phosphocarrier protein encoded by ptsH in E. coli. The terms
“‘phosphoenolpyruvate-protein phosphotransferase” and “Ptsl” refer to

15  the phosphotransferase, EC 2.7.3.9, encoded by pts/in E. coli. The
terms “glucose-specific IIA component”, and “Crr” refer to enzymes
designated as EC 2.7.1.69, encoded by crrin E. coli. PtsH, Ptsl, and
Crr comprise the PTS system.

The term “PTS minus” refers to a microorganism that does not

20  contain a PTS system in its native state or a microorganism in which the
PTS system has been inactivated through the inactivation of a PTS gene.

The terms “glycerol-3-phosphate dehydrogenase” and “G3PDH”
refer to a polypeptide responsible for an enzyme activity that catalyzes the
conversion of dihydroxyacetone phosphate (DHAP) to glycerol 3-

25 phosphate (G3P). /n vivo G3PDH may be NAD- or NADP-dependent.
When specifically referring to a cofactor specific glycerol-3-phosphate
dehydrogenase, the terms “NAD-dependent glycerol-3-phosphate
dehydrogenase” and “NADP-dependent glycerol-3-phosphate
dehydrogenase” will be used. As it is generally the case that NAD-

30 dependent and NADP-dependent glycerol-3-phosphate dehydrogenases
are able to use NAD and NADP interchangeably (for example by the
enzyme encoded by gpsA), the terms NAD-dependent and NADP-
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dependent glycerol-3-phosphate dehydrogenase will be used
interchangeably. The NAD-dependent enzyme (EC 1.1.1.8) is encoded,
for example, by several genes including GPD1, also referred to herein as
DART1 (coding sequence set forth in SEQ ID NO:1; encoded protein
sequence set forth in SEQ ID NO:2), or GPD2 (coding sequence set forth
in SEQ ID NO:3; encoded protein sequence set forth in SEQ ID NO:4), or
GPD3. The NADP-dependent enzyme (EC 1.1.1.94) is encoded, for
example, by gpsA.

The terms “glycerol 3-phosphatase”, “sn-glycerol 3-phosphatase”,
“D,L-glycerol phosphatase”, and “G3P phosphatase” refer to a polypeptide
having an enzymatic activity that is capable of catalyzing the conversion of
glycerol 3-phosphate and water to glycerol and inorganic phosphate. G3P
phosphatase is encoded, for example, by GPP1 (coding sequence set
forth in SEQ ID NO:5; encoded protein sequence set forth in SEQ ID
NO:6), or GPPZ2 (coding sequence set forth in SEQ ID NO:7; encoded
protein sequence set forth in SEQ ID NO:8).

The term “glycerol dehydratase” or “dehydratase enzyme” refers to
a polypeptide having enzyme activity that is capable of catalyzing the
conversion of a glycerol molecule to the product,
3-hydroxypropionaldehyde (3-HPA).

For the purposes of the present invention the dehydratase enzymes
include a glycerol dehydratase (E.C. 4.2.1.30) and a diol dehydratase
(E.C. 4.2.1.28) having preferred substrates of glycerol and
1,2-propanediol, respectively. Genes for dehydratase enzymes have been
identified in Klebsiella pneumoniae, Citrobacter freundii, Clostridium
pasteurianum, Salmonella typhimurium, Klebsiella oxytoca, and
Lactobacillus reuteri, among others. In each case, the dehydratase is

composed of three subunits: the large or “o” subunit, the medium or “§3”

Y
example, Daniel et al. (FEMS Microbiol. Rev. 22, 553 (1999)) and Toraya
and Mori (J. Biol. Chem. 274, 3372 (1999)). Genes encoding the large or

subunit, and the small or “y” subunit. The genes are also described in, for

“‘a” (alpha) subunit of glycerol dehydratase include dhaB17 (coding

7



SEQ I D NO 51 is the nucl eotide sequence of plasm d pSYC0101. 5 SEQ I D NO 52
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D-fructose + ATP to fructose-phosphate + ADP. Typical of fructokinase is EC
Glycerol and diol dehydratases are subject to mechanism-based

suicide inactivation by glycerol and some other substrates (Daniel et al.,
FEMS Microbiol. Rev. 22, 553 (1999)). The term “dehydratase
reactivation factor” refers to those proteins responsible for reactivating
15 the dehydratase activity. The terms “dehydratase reactivating activity”,
“reactivating the dehydratase activity” and “regenerating the
dehydratase activity” are used interchangeably and refer to the
phenomenon of converting a dehydratase not capable of catalysis of a
reaction to one capable of catalysis of a reaction or to the phenomenon
20 of inhibiting the inactivation of a dehydratase or the phenomenon of
extending the useful half-life of the dehydratase enzyme in vivo. Two
proteins have been identified as being involved as the dehydratase
reactivation factor (see, e.g., U.S. Patent No. 6,013,494 and references
therein; Daniel et al., supra; Toraya and Mori, J. Biol. Chem. 274, 3372
25 (1999); and Tobimatsu et al., J. Bacteriol. 181, 4110 (1999)). Genes
encoding one of the proteins include, for example, orfZ, dhaB4, gdrA,
pduG and ddrA. Genes encoding the second of the two proteins
include, for example, orfX, orf2b, gdrB, pduH and dadrB.
The terms “1,3-propanediol oxidoreductase”, “1,3-propanediol
30 dehydrogenase” and “DhaT” are used interchangeably herein and refer
to the polypeptide(s) having an enzymatic activity that is capable of
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Enzymes with similar physical properties have been isolated from

15  Lactobacillus brevis and Lactobacillus buchneri (Veiga da Dunha and
Foster, Appl. Environ. Microbiol. 58, 2005 (1992)).

The term “dha regulon” refers to a set of associated
polynucleotides or open reading frames encoding polypeptides having
various biological activities, including but not limited to a dehydratase

20  activity, a reactivation activity, and a 1,3-propanediol oxidoreductase.
Typically a dha regulon comprises the open reading frames dhaR, orfY,
dhaT, orfX, orfW, dhaB1, dhaB2, dhaB3, and orfZ as described in U.S.
Patent No. 7,371,558.

The terms “aldehyde dehydrogenase” and “Ald” refer to a

25  polypeptide that catalyzes the conversion of an aldehyde to a carboxylic
acid. Aldehyde dehydrogenases may use a redox cofactor such as NAD,
NADP, FAD, or PQQ. Typical of aldehyde dehydrogenases is EC 1.2.1.3
(NAD-dependent); EC 1.2.1.4 (NADP-dependent); EC 1.2.99.3 (PQQ-
dependent); or EC 1.2.99.7 (FAD-dependent). An example of an NADP-

30 dependent aldehyde dehydrogenase is AldB (SEQ ID NO:16), encoded by
the E. coli gene aldB (coding sequence set forth in SEQ ID NO:15).
Examples of NAD-dependent aldehyde dehydrogenases include AldA
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SEQ I D NO 5: encod&@ 6Fes cglicey ge-Zphospiia ﬁdieny enpsasamd 6), or GPP2

(6007 g L b 0, o R LA g o
enzyme" ref eesnzymatic @etiyipepapatee ba\aanrgyangymrecan‘temdrmft hat i s capabl e of
catalyzing t h?ycergl e{n?clleog %osphgteyf?)nosphatlee-tCNA% tgfit;r)]ﬁospprh%dBCt
glyceroyl-phosphate + NADH + H*. Typical of glyceraldehyde-3-
phosphate dehydrogenase is EC 1.2.1.12. Glyceraldehyde-3-phosphate
20  dehydrogenase is encoded by gapA in E. coli.
The terms “aerobic respiration control protein” and “ArcA” are used
interchangeably herein and refer to a global regulatory protein. The
aerobic respiration control protein is encoded by arcA in E. coli.
The terms “methylglyoxal synthase” and “MgsA” are used
25  interchangeably herein and refer to a protein having an enzymatic activity
capable of catalyzing the conversion of dihydroxyacetone phosphate to
methylglyoxal + phosphate. Typical of methylglyoxal synthase is EC
4.2.3.3. Methylglyoxal synthase is encoded by mgsA in E. coli.
The terms “phosphogluconate dehydratase” and “Edd” are used
30  interchangeably herein and refer to a protein having an enzymatic
activity capable of catalyzing the conversion of 6-phospho-gluconate to
2-keto-3-deoxy-6-phospho-gluconate + H,O. Typical of

10



20 3- hydr oxypr opi onal dehyde (3-HPA). For the purposes of the present
i nvention the dehydratase enzynes include a glycerol dehydratase (E G
4.2.1. 30)wendi2zz7881el dehydratase (E. G 4. 2.1.28) havi ngPprafSesimnacn23s
substrates of glycerol and 1, 2-propanediol, respectively. Genes for

cey O e s SRR LB BRI L BRI o

Kl ebsiella omhgg.a;tagél@ drisgidedasyi éddim Fegh/er i, anong others. In each case,
t he dehydr at ase is conposed of three subunits: the large or "a" subunit,

t he nedium or "0" TS@HEANLY Cindetens ta amutatie erzymg piepded Enl‘léfﬂﬁenes are al so

(109)) “and 1412} s DRIy £oallel oTyR ind GenPetbaTng Ry el 22 °°°
encodi ng she ddengsyltranéfe't‘as(ealh@aoohsubun| t of glycerol dehydratase include
dhaBl (coding sequence set forth SEQ oded protein sequence
set forth in SEQ I el\tl@’rTOYOb(@laIﬁ&”'Q e(q}q)§gtra@g%§s% fﬁf?ﬁ%agr?é‘zm um or
(bet a) gngB!etoﬂt%sw&ﬁn Qhaﬁ/l % &n%rpft&fﬁéﬂrédgcéé(? | D

NG 11, encod protein sequeﬂce set ort D NG 12 B, and dhaC;
5 genes encodomindithe Typmhl obmob(;)ala@garada)wosyltransfemswstﬂé 2051&5:7 (codi ng

sequence set hin S | D NO. encoded n _sequ forth in
SEQ 1 b No 14 0ot 3adansutsos fiasts Ricosht Buthg oERe - PaFgd dr

subuni t qf dicel, ‘CeprdrialSRonBes UiMdHG2BHd PESHD” mt/h@éucgﬁ;msencodl ng the
medi um or "f3" subunit include pduD and pddB; and other 10 genes encodi ng

the smal | or deytrifeansit incl ude pduE and pddC. d ycerol and diol

dehydr at ases are .de~_nac 'v tion by

gl ycerol and sone gh%%éu@%'??@?%@ ?@nﬁiﬁg%r?ép %‘”8 E'E[%%Me ioI Rev. 22,
553 (1999)) . iftefcHapigenbyeiardincdrab eeféccd pratindiaViig baehzyebet actiatyt hose
prot eins responsi ble for reactivating 15the dehydratase activit The terns

"dehydr at ase capable; Qfatraﬂ@qgﬂg V@ pygar and a proton from the periplasm to the
15  cytoplasm. D-glucose is a preferred substrate for GalP. Galactose-proton

symporter is encoded by galP in Escherichia coli (coding sequence set
forth in SEQ ID NO:21, encoded protein sequence set forth in SEQ ID
NO:22).
The term “non-specific catalytic activity” refers to the

20  polypeptide(s) having an enzymatic activity capable of catalyzing the
interconversion of 3-HPA and 1,3-propanediol and specifically excludes
1,3-propanediol oxidoreductase(s). Typically these enzymes are alcohol
dehydrogenases. Such enzymes may utilize cofactors other than

NAD*/NADH, including but not limited to flavins such as FAD or FMN. A
25  gene for a non-specific alcohol dehydrogenase (yghD) is found, for
example, to be endogenously encoded and functionally expressed within
E. coli K-12 strains.
The terms “1.6 long Gl promoter”, “1.20 short/long Gl Promoter”,
and “1.5 long Gl promoter” refer to polynucleotides or fragments
30  containing a promoter from the Streptomyces lividans glucose isomerase
gene as described in U.S. Patent No. 7,132,527. These promoter
fragments include a mutation which decreases their activities as compared

11



"reactivating the dehydratase activity" and "regenerating the dehydratase
activity" are used interchangeably and refer to the phenonenon of

converti nyoaotkaligiin at ase not capabl e of catal ysis of a PeaaiSz@n/os@3dne
capabl e of catalysis of a reaction or to the phenonenon 20of inhibiting the

o 111 of e wiR U, SlBR el v G K B e e e R et
identified as bei Myelteuns VioRcBoN 1R Gglzyaieafuastorefetisedt i on factor (see,
e.g., US Patent No. 6,013,494 and references therein; Daniel et al.,

supra; Tor ayahtgrhangeablynerginand gento the Latalgtioactiyity i@ engymertbi mat su et
., J. B i . e i : i
o e T SV 2

i ncl ude, for "exa nes “encodi ng t he
second of st hétstibeprgot@isusnedby trikeredction extaspineerstobthatrszh ,angdr B, pduH

and ddrB. The ternms "1, 3- propanedj ol, oxi doreductase”, "1, 3-propanediol 30
dehydrogenas@C%'é'Hﬁman‘)'y Qgr%%%@ni'ﬂteépﬂ é'Hab‘é(b?Eﬁ W@r@PHU%}‘)RP Béfer to the

pol ypent | de( nBrYidiolr SHEHIRE infan68 YL Mol la Ui b of catalyzing

t he i nterconversion of HPA and 1,°3- propanedi provi ded the gene(s)
encodi ng sucleoaditionsty is found to be physically or transcriptionally

| inked to a dehydratase enzyne in i,ts natural, (i.e., . wld type), setting;
for examml o, - the- JoaefoS adNRentia: anda Bratk ™ abpifac ibDabbBRbY o e i
dhaT fromyKl eleséigl | @ pneunoni ae. Cenes encoding a 1, 3- propanedi ol

oxi dor educt ase i ncl ude, bgt are not Iim teo‘l‘ to, dhaT f”r om Kl ebsiell a
pneunoni ae, G t r oddettermsrearkanisubatiatelianst cadionrsqpuee eareiug®dm Each of

Al conol’_ denyd EadpBeBBIRTER 4180 edR tetlivs Babate R bR ng ot i ¢
and has a pr ehetabokged By tHerecHABMAMMDE ctdrizkgidclionte heasimensi on of 3- HPA and
1, 3-propanedi ol (Johnson and Lin, J. Bacteriol. 169, 2050 (1987); Daniel et

al . J. Bact @ATIUary £ATGNEIO(TEEDSPMPARIG SifT@Set TRE CAMIAENEOWIR MM ol .
Lett. 15 33{’&?&&9&%&& %W‘Usﬁﬁcﬁérmgsaﬁis%%ﬁéﬁcﬁs,BTi@@ dchBfgd@ve been
m Lactobacillus Buc

i sol at edAi?ro Lactobacrillus brevis an a neri ei ga da
Dunha and Fosir@olysappharidesvi ron. M crobiol. 58, 2005 (1992)). The term "dha

regul on” refers tq a set qf assogiated | ynucl epti des or open reading
frames encoding p%l"_&?pt_@ﬂ”f‘?d@%se}t?&ﬁi Agd vré‘?ﬁgl?iét%l%‘i‘ _o%ﬂedéﬁedacti vities,
i ncl uding buﬁantg%haln'g%b@néégiing?rﬁﬁréfgﬂ R #BScteRaft tapdole Pf‘ré@eﬁﬁﬁ vation

activity, an 1,3 pro oxl doreduct ase. Typically a dha regul on

conpri ses t hdorgigmor kelerolggdusagescsianRcapalbl of éxangssing tkosergenesdhaBl,
dhaB2, dhaB3, and orfZz {’;IS descricg]ed in US. Patent No. 7,371,558. The terns
" al dehyde? delPEeAA8ENVEdENe RIPUG et or to a

The term “production microorganism” as used herein refers to a
microorganism, including, but not limited to, those that are recombinant,
used to make a specific product such as 1,3-propanediol, glycerol, 3-
hydroxypropionic acid, polyunsaturated fatty acids, and the like.

25 As used herein, “nucleic acid” means a polynucleotide and
includes a single or double-stranded polymer of deoxyribonucleotide or
ribonucleotide bases. Nucleic acids may also include fragments and
modified nucleotides. Thus, the terms “polynucleotide”, “nucleic acid
sequence”, “nucleotide sequence” or “nucleic acid fragment” are used

30 interchangeably herein and refer to a polymer of RNA or DNA that is
single- or double-stranded, optionally containing synthetic, non-natural
or altered nucleotide bases. Nucleotides (usually found in their 5'-

12



25pol ypeptide that catal yzes the conversion of an al dehyde to a carboxylic
aci d. Al dehyde dehydrogenases may use a redox cofactor such as NAD, NADP,
FAD, or PQQ2oiypszal of al dehyde dehydrogenases is EC 1P2TAIS2011/060235

(NAD- dependent); EC 1.2.1.4 (NADP-dependent); EC 1.2.99.3 (PQQdependent);

glrdsﬁyée2d22>@@°§@@3§53%n%§@3é% %?@%f%'rggﬁwﬁg agS@ﬁgﬁ@jggm I gene

al dB (codi ng felRsuenee feehdémyate cbrfde‘é&Qa r REAcIDRA, of - NAD- dependent
al dehyde dehydrogenases i nclude Al dA .18 encoded by the E

coli gene al dPSREBYEY “Sedorepdislytade oreephyqyﬁldzde@l "% augnyldROrAl dH ( SEQ
| D NO: 20) '&%B%ﬁ@@%t@e @fo?ﬁtawg?émﬁ%o‘?'a\eégiﬁk/ sfé“ CRyrset forth in

SEQ I D NO 19) l'uco ase" and usé i ot er changeabl y

S5herein and pefieesi(A or Gy, OYéﬁdnpyhaﬂdln%eﬂ:y)Ié's) WefonGroreTSI-brforvoDgl ucose +
ATP to glucose 6-phesphate + Al i cal of Iucok| nase Is EC 2.7.1. 2.

d ucoki nase i&° @ECQ %H'W'@‘PI@W%:'\E%EWY nuqﬂﬁ@ ¥@r s " phosphoenol pyruvat e
car boxyl ase" and ﬂ’h%' to a
protein that cat afAP gnt@igot‘{cgee@g%%eféﬁg %@gqﬁ?n'g/*g@?tu@?ﬁ@'i ﬂzo + C2
t o phosphat edeubiea‘s’mmr&d ¢hatcﬂp1|onﬁu:pcoaﬂa|nsfS}{mmmmenmaiwahmaaéel@air boxyl ase

Is EC 4.1.1. 31. hoenol pyr,uvate carbo ase i.s encoded ppc in E
col 1 The 1 erHiEioo)8 ERREr adh Rt &E Snfidh poiht AR sl sivaces’ BNaHSypa are
used i nt qjchayroghbsdtesRbrit @Pﬂo?@%é@mbﬂt@oﬁ%@ﬂﬁ' HehGicONAN s?ﬁ‘thléﬂ@t ic
activity capabl e of catalyzing the conversion of gl ycer al dehyde 3- phosphat e

+ phosphat e PMADY mixtareshbeiged- Dgl ycer oyl - phosphate + NADH + H. Typi cal of
o e s e 3 HBE IS AN R R e Bebir e e cort

protein, and which may refer to the coding region alone or may include
regulatory sequences preceding (5' non-coding sequences) and

15 following (3' non-coding sequences) the coding sequence. “Native
gene” refers to a gene as found in nature with its own regulatory
sequences. “Chimeric gene” refers to any gene that is not a native
gene, comprising regulatory and coding sequences that are not found
together in nature. Accordingly, a chimeric gene may comprise

20 regulatory sequences and coding sequences that are derived from
different sources, or regulatory sequences and coding sequences
derived from the same source, but arranged in a manner different than
that found in nature. “Endogenous gene” refers to a native gene in its
natural location in the genome of an organism. A “foreign” gene refers

25 to a gene that is introduced into the host organism by gene transfer.
Foreign genes can comprise genes inserted into a non-native organism,
genes introduced into a new location within the native host, or chimeric
genes.

The term “native nucleotide sequence” refers to a nucleotide
30  sequence that is normally found in the host microorganism.
The term “non-native nucleotide sequence” refers to a nucleotide

sequence that is not normally found in the host microorganism.
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The terns "aerobic respiration control protein" and "ArcA" are used

I nt erchangeably herein and refer to a gl obal regulatory protein. The

aer obi ¢ reeporzat7sIm control protein is encoded by arcA POTHES2€0/05023The
ternms "nmet hyl gl yoxal synthase” and "MgsA" are used 25i nterchangeably herein

the conversi on of EHyARoLoAr: PONEREIEE shE % B ebiaRBEIBUR +“Phosphar .
Typi cal of mewm in&Méhb@SmidrSO@@nﬂsrﬁ, 3.3. Methyl gl yoxal synthase is
encoded by ngsA in E. col/i. The ternms "phosphogl uconat e dehydratase" and

"Edd" are used 30ilMedeERangestiye pohwetidadraierde a polupeptisieinat ikaletng an

enzymati c actj.yi ?mg f | I he conversion of

6- phospho- gl wggﬂrqu%? 0 'b&g?@?%ﬁi@géét -[I)%{E'spho-gl uconate + H20. Typical of

phosphogl sconat e d¢leytdrrat dsecodind?@rd Zotlink? .ar@lisep hatghehamgatblydwrgir at ase

IS encoded by edd.in erm"Yci K' refers tp a putative
I

) I 1. h
enzymne encod@(ﬁ‘dﬂﬁfegfct?%@\,{%FQF}?Sﬁ?th@ﬁEIaaér¢q(§?13hﬁ%986ﬂ%|%%ch38'%?%ﬂ, t he gene
encodi ng Cob(tﬂa)éﬁhﬁmid?] 239 6aASIKtibA ANDLEESS SnidmiRo &Rl sequence, The term

"cob(l)alam n enosyltransterase” refers to an enzyne capabl e of
transferring a dedheddendsgdingsiegugnée’mefeks o aonudeotidedserpncerthatnoi d.

Typi cal of cobgl gzl am n_adenosyl trﬁnsf erase is EC 2.5.1.17. Cob(l)alamn
adenosyltran§P Pad¥ & sPeHEGA %90 }ﬁ?%‘&ﬁge" btuR" in E. 10 coli, "cobA" in

Sal nonel ;g t yphi mugiiaple 28§ulat?P Seqliéndie veRMBOAGCIdBHRHE sbhilEmts The
terns "gal actose-proton synporter” ‘and "Gal P" are used interchangeably
herei n and rd9cated opatreami(8 NOMEOMiNG safluengesmwitbinaer demngtreapabl e of

D ot veose 15 @ TERboRdSeBuBhEdRs i Selieddt AREuRe) BRLAREY B r T er i s
encoded by gatdistrptist; RNA Phocessig of stadiling of eanenrtion 2 thd assdtiatedSEQ I D

NG 21, encoded protein sequence set forth in SEQ |ID NGO 22). The term
"non- speci f i €o8Kga38aUENCEctRe/gU3tory eeqtances ngkinclude promoters,

15  enhancers, silencers, 5" untranslated leader sequence (e.g., between the
transcription start site and the translation initiation codon), introns,
polyadenylation recognition sequences, RNA processing sites, effector
binding sites and stem-loop structures.

The term “expression cassette” refers to a fragment of DNA

20  comprising the coding sequence of a selected gene and regulatory
sequences preceding (5' non-coding sequences) and following (3' non-
coding sequences) the coding sequence that are required for expression
of the selected gene product. Thus, an expression cassette is typically
composed of: 1) a promoter sequence; 2) a coding sequence (i.e., ORF)

25 and, 3) a 3' untranslated region (e.g., a terminator) that, in eukaryotes,
usually contains a polyadenylation site. The expression cassette(s) is
usually included within a vector, to facilitate cloning and transformation.
Different organisms, including bacteria, yeast, and fungi, can be
transformed with different expression cassettes as long as the correct

30  regulatory sequences are used for each host.

“Transformation” refers to the transfer of a nucleic acid molecule

into a host organism, resulting in genetically stable inheritance. The

14



20pol ypepti de(s) having an enzymatic activity capable of catalyzing the
I nt erconversion of 3-HPA and 1, 3-propanedi ol and specifically excludes
1, 3- propawedno7exiidor educt ase(s). Typically these enzymes/use@1abeshol
dehydr ogenases. Such enzynes may utilize cofactors other than NAD+/ NADH,

non specrt 1 ¢ st EabiahSyRal "y pR atreblictes APtosPafniRY For, e
endogenously e&@ﬁmct)ranmaytlimg'razaaﬂmtbyth@g@heﬁﬁae@lf mth@isﬂo@harﬁé?h.i Hest2

strains. The terns . 6 Ipn? G pronoter™, "1.20 short/long G
Pronoter”, afiganismsitiaiigiasmest witp e nuelsiccacid fragpefisiaretmieded (@ Asf r agnent s
30 cont ai ni ng el k t QIY.CESe L1 Wi | . | soner ase
gene as descrfeli)i”gﬁT tﬁ'ﬁl@ﬁd ér t@%@#ﬂ%@_&g?ﬁlg@éﬁ trjalhgl@g@%msgm gt?l%f ragments

I ncl ude asnut@nisformatiionhrefers eahe $ranséarrof achucleitiaekd fragmenpmted to the
wild type Streptonyces |ividans gl.ucose i sonerase gene pronpter. The
terms "funct iQ@HQ”%%.aQﬁ%WFS?P@Hgt'ri‘QJHa'nSr@tﬁ@Eﬂle@ﬁgaa&ﬁg ly herein and
refer to the geAbfadl résufiid W dehelicals@BRY helifbre! ah cBArbOL FaigGe@l whi Ch
a specific chiem cal reacti’on occurs thout 5itself being consuned by the

reaction. |t tianstordationodoefetsniatthe dimséer ada nudleip aced/fragmient into the eaction in
equi librium \/\/ne[?iJ t he ﬁ{@gduct Lon of ei ﬁher ghoduct or _substrate may be

acconpl i shed "WEAS SUPRLFANEEH PIenelertld PEFT9apisy fpt e

" prot ei n"jpar expradidmivRR6itaRERRMonh dO8abRI iRherdtapcker ms "carbon substrate”
and "carbon source" are used interchangeably herein and refer to a carbon

source capabl e of "Geday degeagreicy zeiersyiotthe nedgeribithageneliceeds a di scl osed
hereLn anc:  BRfh ook TELORTIAR R SeSORRES PR HFASR G P e "
ol i gosacchar izdkbsedquenieel of srcaitdedasolypditidee Tre SKisd agighh'is aedl " host
bacteriunt are used . o - ,
aware of the “codon-bias” exhibited by a specific host cell in usage of
15  nucleotide codons to specify a given amino acid. Therefore, when
synthesizing a gene for improved expression in a host cell, it is desirable
to design the gene such that its frequency of codon usage approaches the
frequency of preferred codon usage of the host cell.
The terms “subfragment that is functionally equivalent” and
20 “functionally equivalent subfragment” are used interchangeably herein.
These terms refer to a portion or subsequence of an isolated nucleic acid
fragment in which the ability to alter gene expression or produce a certain
phenotype is retained whether or not the fragment or subfragment
encodes an active enzyme. Chimeric genes can be designed for use in
25  suppression by linking a nucleic acid fragment or subfragment thereof,
whether or not it encodes an active enzyme, in the sense or antisense
orientation relative to a promoter sequence.
The term “conserved domain” or “motif” means a set of amino acids
conserved at specific positions along an aligned sequence of evolutionarily
30 related proteins. While amino acids at other positions can vary between
homologous proteins, amino acids that are highly conserved at specific
positions indicate amino acids that are essential in the structure, the
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i nt erchangeably herein and refer to a bacterium capable of receiving
foreign or heterol ogous genes and capabl e of expressing those genes to

20pr oducewanomot’sise gene product. The term " produeCirams2emios@ses gani sni
as used herein refers to a mcroorganism including, but not limted to,

those that ar ke a specific product such as

1, 3- propanedl gﬁg'ﬁ @ptgg(aﬁ%'vgyaﬁg(ﬁ)&@g?ﬁropi onic acid, polyunsaturated fatty
acids, and the |Ikl'ﬂhe t8MAS “slistaritel Isrmnammbe*b@rré@;bdhdmrmany are
polynucleotlde and includes a single or doubl e-stranded pol yner of

deoxyr i bonucIUééﬂl"ﬁF@rQﬂar\gﬁBBWJ@r@lﬂ i Heeyreiersto W'@la@'dafé@%eﬁ@ al so incl ude
fragments af‘gvHH?anfdr%%g'éE% 89% | H650 eTrm&:?eotFo*éeqés%rero QﬁoéfYéH‘ﬂ%éagbf Sggman Lo

"nucl ei ¢ aci d sequence nucleot i de sequence el c aci
are used 30i mﬁefﬁ@haclg@aéﬁld!fr’agrrmmt@mémaéegenboe@re@@mrer peddusid/a or  DNA t hat

is single- or double-strand tionally contai t heti non- nat ur al
or 2l tored nGENaN PRRIHERS | NRER IREE 12 176G I Mop ICGUALS PhTBHIE:

nvn0phosphat %ccPfrH%m@h 61&h8'in Qntt.ﬂv@rs{t|d¢§uéh % B8leioh @ ierfi6F bgBRE | ON as
a RNA or DNA,

follows: "A" ate or eoxya enyl at e
respecti veI y)or maze rfumieoiweisdlyaiadcenotsmmwyladmr meefurfct‘ﬂbnalq:rrogeraieyl ate or

deoxyguanyl at "y uridyl at " T for

Spur | noe. (A 6 g esulite BlogE R hradent Siaerp Sk X for A
or Cor Ty "lragh®dnt] mﬂ§'tﬁ'@ref&@%nd§rstf)@6 AMhd3edkaridi idehe art wil A

pol ynucl eot i de may be a polyner of RNA or DNA that is single- or

doubl e- st r an@d@reciaig: thaptihe nyeniios encampesseninese ian Wernspesifioral or al tered

nucl eotide b I e f . DNA may 10
be conpri Sed%%?ﬁ}ﬂl@ygs?eqﬁgﬂéé M‘?g%? #hlé WJ%@%@@{%@WJS@ heti c DNA,
or mxtures tsheseatially similar nGered adilaf%h&eh@esileﬁ@tﬂhﬁa%@ﬁb)dtﬁlg agnent t hat
expresses a specific protein, and wh refer to the codin reglon

al one or rmay MYRAtIGAETe &RA defined %ﬁ&l?érn%t@%tyﬁ@@d@ﬂij'ﬁg (usderpadetdelg

|
Do g L LRGP, (g, 108k SE8: McrsguengRgh dfReT g AssssTence,
sequences. " Chodiem @odmnybéulfa&é)srﬁ@ Q) witty theeses uemats iesempified heteweorgene

conpri sing regul ator codi n uences that are not fou t oget her in
e A AR oo o By B R ees HRcided HEPein'and Whichbre

functionally equivalent to any of the nucleic acid sequences disclosed
herein. Stringency conditions can be adjusted to screen for moderately

20  similar fragments, such as homologous sequences from distantly related
organisms, to highly similar fragments, such as genes that duplicate
functional enzymes from closely related organisms. Post-hybridization
washes determine stringency conditions.

The term "selectively hybridizes" includes reference to

25 hybridization, under stringent hybridization conditions, of a nucleic acid
sequence to a specified nucleic acid target sequence to a detectably
greater degree (e.g., at least 2-fold over background) than its hybridization
to non-target nucleic acid sequences and to the substantial exclusion of
non-target nucleic acids. Selectively hybridizing sequences are two

30  nucleotide sequences wherein the complement of one of the nucleotide
sequences typically has about at least 80% sequence identity, or 90%

sequence identity, up to and including 100% sequence identity (i.e., fully
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20 regul atory sequences and codi ng sequences that are derived from
different sources, or regul atory sequences and codi ng sequences derived
from t he warre1290831¢e, but arranged in a manner differenPCrhseomiioei23s ound i n
nat ure. "Endogenous gene" refers to a native gene in its natural |ocation

in the geno i "foreian’. gene refers 25to0 a gene that is

i ntroduced rﬁpﬁq'ﬁﬁeﬁ@gwt8ﬁﬁéﬁf@%@v?%@@& %Oéf%lfcgr Forei gn genes can
conpri se genes i nSetteemi"stridgannedhdiedns’orosgimgeanhylgfigsgionnt roduced into a
new | ocation within the native host, or chimeric genes The term

"native nucl &8nddieNsehGhisies refeserseta eonditions widerehidoacabamdll t hat i s
normal ly fou | 1.G i e ~native
nucl eoti de S%%béé:ﬁg%@%@ﬁé‘rzsequ{sggf%gég{%eegp%ela%e.sga%ﬁegr%caeﬁeﬁkgﬂ[caql’&gglﬂg normal | 'y
found i n the shastiedinticiaic geidisetuences whichTdre doenpreiraatarydo pod yipelpid de”

refers to a polypeptide that |s nor |y found in the host m croorgani sm
The-t or m  noRULETINE 565 B Opdaien o ofsples 81 MY glsaBla do I BECRE Hot
normal 'y foungid thJ gan} T ABaa. WpTal

eoding! ar 6 B e R e P o el Py STesTRERGIRAL 1900 i ch

a gene, t hr ougicleohideswt leangils roptiohally Ess dinamp 600 muatedtidears lesgiton, pr oduces
an am no acid sequence._ .. he term " cpdin uence' refers to a

el ot | de. sequend B RizationRethPas 556 Neldinet. R el foe BERTLARL

10" Sui tahhe rsaeidiabrs nivedusdsesonditRIRr whieh WE berhit decrpgsgaces | ocat ed
upstream (5" non-codi ng_sequences), W thin, or downstream (3' non-codi ng

sequences) ofhyaridigation dbipuevelres gaatagting the prahgemrdsamele iNdhecri ption, RNA

P et ors SRyt Bl 88 b oAb FRSRBURL Shiplgy sk
unt ransl at ed dneladeipes@ture o68difieng. Optiehamea chhtropisgent pldydie stded. site
and the translation initiation codon i ntrons, polyadenylation recognition

sequences, RM%'@@@@?W@U&E@@JS@F‘T&)@E&W 't'Q)iaNéfiﬁ ia583Y dernais e @Nop
structures. [Hegd ﬁ{d?t sﬁi’fé’dl@?ssfh%r%éfmgﬁ tag?ae)éﬁ)gﬁlra? N;Pdﬁrr]éW&néﬂt DNA 20

conprising the coding Sequence of a selec ene a edgulatory sequences

![o[]ecedijng (5'ofam%m?/mwdea)smidéufppbrtoﬂhegsdlﬂ'su;pxp{m;tdmﬁ ng seguences)
e CO Ing sequence are reqgulre r. eXpreS 1.on O e Sel ecte gene
e ot "9 o e Hea e o Le Soralelbe fled & i SHTEEe A eg 10 Siabes

pronoter seqyeaGs unfbefed 8RH CBMPRSIHERESY (d ofe pofidM of the sequence.
Stringent conditions are sequence-dependent and will be different
20  in different circumstances. By controlling the stringency of the
hybridization and/or washing conditions, target sequences can be
identified which are 100% complementary to the probe (homologous
probing). Alternatively, stringency conditions can be adjusted to allow
some mismatching in sequences so that lower degrees of similarity are
25  detected (heterologous probing).
Typically, stringent conditions will be those in which the salt
concentration is less than about 1.5 M Na ion, typically about 0.01 to 1.0 M
Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature
is at least about 30 °C for short probes (e.g., 10 to 50 nucleotides) and at
30 least about 60 °C for long probes (e.g., greater than 50 nucleotides).
Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. Exemplary low stringency
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25and, 3) a 3" untranslated region (e.g., atermnator) that, in
eukaryotes, usually contains a polyadenylation site. The expression
cassette(wP20/a18u1al |y i ncluded within a vector, to faciPCirtist@iobess ng and
transformation. Different organi snms, including bacteria, yeast, and fungi,

corroct 3or egtnarony ridudh NBASZST LG s SEAREHF a0 %0 2 (he

" Transf or mat lf@rmnamrafeeﬂa\/lthmctlh¢°/& S@@ﬁfs@duﬁfﬁ dadevylseifstedeit 470, e@dle i nto a
host organism resulti n%( genetl cally stable inheritance. The nucleic

aci d nol ecul &vadyinplel 2ORESC ept-P MANSCIR? BhBisedsny Citrade) @xanpl e,

or it my in n st organi snms
t ransf or med vt?‘n%?tha‘&fﬁeé nLEé’( e| c d@%ragJ %%ngnéféo'fr@ﬁer r eg]utog’loas

"reconbi nant hybr‘ldi'ZBtlelﬁl!B‘f 40 rn@d5°/<ofogmransds DM NaChnshSDharnt 87.°C, Shdld e
5transfornation” ref st transfe f leic acid fragnent into a
genorme of a HWGSH 'BrQ; ﬂ%égglq}cﬁa Qd)qg ﬁ%@ﬂﬁg@ryéﬂ@ 8V6‘£ﬁ8pgar genones,
resulting i ncaﬁa@.b g%dwdéhg@ﬂ.(ﬁzémﬂn'w Brmaf AR e, 1% apy st

transformation” ers transter o a nuclerc amdfragrrent Into the
nucl eus, or BYIAQcamdam miasy inOgx &89 at 60 ta6hS6t organi smresulting in gene

10expression with i.ntegratio r stable i.nherjtan Codon degener acy”
Fefors to the nat ghecibty ik Bipucly the BiftoR s BOSHTHE g ton Washes. e

hucl eoti dg S%ﬁlﬂéélcfﬁct\bké B@Mb tRE it 'sﬂﬁn%]t*hear?cméhﬁ’pé}ﬁhﬁe%ﬁ(ﬂh@ﬂﬁﬁ Wésh’m encoded
pol ypepti de. The skil artisan is well aware of the "codon-bias"

exhi bi ted by saltgpemﬁqr@msﬁ)NAémbrlﬁﬁ hedberragl mekingIpenti(de) eatbas to

specify a giv ynt hesi ne for

i mproved expraz@gﬁ%g?%oagbﬁ] tg?&%%‘%%g‘ I\Xg;ﬁléoetﬁ.eﬁ'glgr%\n%} %@%ﬁ t he gene such
that its freqgerzgr-284 ¢raBy): W§&9@1 8P oaetedod W) 4 omUﬁ/ﬂgm)ofo &1 eher r ed
codon usage of the host cell. The terns "subfragnment t IS functl onal |y

equi val ent " Ao 2P howhereaM i '§ thegy majaity mf W@éﬁjﬁ@ﬁmn%r%
h f
interc aqgeal’ﬂeycé}%gé B}‘ gggﬁisﬁ?é Eﬁmfog]ﬁ% Huaegt cF’é% ﬁﬂ' tﬁ@ m(lAsy%%qgnce or an

i sol ated nuclei c ac 0 alter gene
expressi on otheperhentage oiaformamlwentbteym&)rldszatlehadhﬂmrm/aedh_els toe not the

deat gned 1 or LN ) ey B G258 B by T1¢ ki g 0P @ o4 GeT T agent - or
R e s
sequence hybridizes to a perfectly matched probe. Ty, is reduced by
20  about 1 °C for each 1% of mismatching; thus, T, hybridization and/or
wash conditions can be adjusted to hybridize to sequences of the desired
identity. For example, if sequences with >90% identity are sought, the Tn,
can be decreased 10 °C. Generally, stringent conditions are selected to
be about 5 °C lower than Ty, for the specific sequence and its complement
25 at a defined ionic strength and pH. However, severely stringent conditions
can utilize a hybridization and/or wash at 1, 2, 3, or 4 °C lower than the Tp,;
moderately stringent conditions can utilize a hybridization and/or wash at
6,7,8,9,or 10 °C lower than the Tp,; low stringency conditions can utilize
a hybridization and/or wash at 11, 12, 13, 14, 15, or 20 °C lower than the
30 Tm. Using the equation, hybridization and wash compositions, and desired
Tm, those of ordinary skill will understand that variations in the stringency
of hybridization and/or wash solutions are inherently described. If the
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The term "conserved domain" or "notif" neans a set of am no acids conserved
at specific positions along an aligned sequence of evolutionarily 30

rel ated pwoteizgs3iwhi | e am no aci ds at ot her positions eam/vsary/obesseen
honol ogous proteins, anmno acids that are highly conserved at specific

Crabi |1 1y, orepted SEBIaH of ol his s Tn s B G billce,) 'y
simlar" andsohAioh¢spende Gorbsdraidel sUllition)alrie prsfedredribencrbasgasbBpher ei n.
They refer to nucleic acid fragnents wherein changes in one or nore

nucl eot i de b&oBserfeatin sca;haé@thlglﬁ@r tgpinarature cap Qeﬁég%o‘i\'éiee,(t%w@ f ragnent
to mediate gl‘ﬁﬂl cai&nt(r)ns 0?6 z%'hoﬂ Hﬁfelc,aa&géﬁsa*oﬁnmﬁ Lea-qi')nﬁ‘t‘?%er ms al so

refer to nodi nucl eérc aci I agment
i nventi onssudfecaquelsen mmcmﬂ/smyenmmueowaoBmlogyﬂldy@rld)mﬂmmmes t hat do

not substanti r. the function , ertjes the re uIt| ng nucl ei c
acid fragnent Aﬂf%%’ﬁ?\“(fipf@%% atly f:l% pteru%p 'V iC¥G0 1@1‘?%@%%9?
therefore U”gﬁ/bﬁ&l%ﬁon %ﬁd%l‘?@%ﬁ‘raﬁé@k'df%d LB ;%Be‘@s%b é‘pﬁ'@(x‘/ﬁé}‘t ﬂewt hat the

i nvention en asses nore than S ec Ic exenp ary sequences. Moreover,
the skilled éffdrk$13993)eanqrﬁwwtﬂrratocsl,sbstl\dolecanarﬁ/@ogy,l(ahapteclz,el c acid

o hybr i di 76 AR St Bads eppenedtab Rt Snd iRy Bl SSEnge. NeWelerksc |
(standar dosoqiggs)ci H@/Bh@&atlé}n &b RPN dshosindmdtRdetbe 5? plied fF at féhst) Wi th

t he sequences exe herein, or to any portion of the nucleotide
sequences di &, 89e 0Iﬁ0e1|2@ and4GimioHtes: e f uncti onal | y equival ent to any of

2 usted 1o sor eon U A LEEIg ™ EootRl e SR a8 Ad ool ogous

sequences fr @ilyPeptianiseyuentss Riertgant sisleid acitiiaiRey osiamiha@acild agnent s,
such as genes that du&lll cate functional enzynes fromclosely related

or gani sns. P68$IAHOH N Q&WW%éh@tsarGéh@rsﬁm%WQ?PﬁH@@%i}fordﬁﬁ@mqrﬁns The
term "sel gctl \Sﬁjgg Qﬁ(@ér\é@&%g é;%:éﬁ%eﬁorrr]%ﬁé Gfhddv. 25hybri di zati on, under
rl 9 con %

stringent hyb tron I'ons a nuclelc aci'd sequence to a
speci fi ed nucl ei dhas| pareergaye o gaquerce ueatlkyét@‘etsaﬂai thegrabag er degree

(e.g., at Ieas 2-fol d over background nlts bridization to
ot aroet | modterfined by SfterRoc o malv o RNP&F O¥STER usi on of

non-target nug a%s%ﬁ'vﬂﬁdo@e%ﬁ@f;élﬂ%é’ BMBh'd?'tﬁégaév?\%gl‘é%ﬂeé%rare two 30

nucl eoti de sequences wherein the conp enment t he nucl eoti de
sequences t ypotyplepjidasequence inathel mparw%\s@downney icoepriseyaddiior@0 %
sequence | denfioutiod (1.8, 338s) 85 LETpAb ML SEMENSS sbqbdide trfidr &+ Tully
does not comprise additions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the number of
positions at which the identical nucleic acid base or amino acid residue
occurs in both sequences to yield the number of matched positions,
25  dividing the number of matched positions by the total number of positions
in the window of comparison and multiplying the results by 100 to yield the
percentage of sequence identity. Useful examples of percent sequence
identities include, but are not limited to, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, or 95%, or any integer percentage from 50% to 100%.
30  These identities can be determined using any of the programs described
herein.

Sequence alignments and percent identity or similarity calculations
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conplenmentary) to the other nucl eotide sequence. The term "stri ngent

condi tions" or "stringent hybridization conditions" includes reference to
condi t i onsountbar783li ch a probe will selectively hybridi PeTiUS2011961235 get
sequence. Probes are typically single 5stranded nucleic acid sequences

E‘:LEQ{‘;J?E@# PR bRiubey bSPadt Vel of Sl HiciReb o 8RR e eu

CGe , i . £ i ™

Oplt” :eéamf 'y is’%@ﬁg@%@é@%@ﬁ%ﬁ%?%@@hgﬁfﬁ%&wﬁ%o%:fﬁ% 'g%@’#@?ﬂgqs_ are
mi ch \(/a\,i : lrlep.prr%grprr::lﬁdheye_ll aEiR.ﬂE.h)(bri d?f?gmiafgﬁ e%rﬁ]:pgtl??lﬁgl v,('D ?’(‘\)Sr;ljtaag?t: ;Igotnf]e
probe and saﬁ’bq’-eMaﬁ'stoﬁ‘e\/glr)egl\é' B Qﬁc‘a'ﬁte?(h%r@%?%m@?t'ﬁ'? &é’i’]‘ﬁi’esalt under the
proper CO@CeanglgFéth?d i v&r?é?@%!éghﬁgﬁer I‘églﬁlg'sk' tvarON LSERfdnarlydigot ropi ¢

agent may be added. Nucl el c aci ation 1s adaptable to a variety of
assay f or mat $hatGhe résultsf oftthe amabtsiswilltlebbasédson ke Sdafduit whluassaftheor nat . A

i t of i ch-t i S lid t. Jh lid
R
nucl ei ¢ aci d vafyee wilhaeansarinéatkg varl eanst M%'e%ﬂh@ﬁ&iéi@al%@a@%ilﬁ 82 of

t he sequence. Stringent conditions are sequence-dependent and wl
di f ferent 20ithe gpftwarewhenifirginbiabzases. By control ling the stringency of

dent 1 11 i whi ch T8 cooue oo m Bad B AN BT oS Bhads BB Bty obi ng)
Al ternativel ynethbdilagsed ClestadV {desibedrbyliggthsiateShafp, alABIDS oNe
m smat ching in uences so that | ower degrees of simlarity are 25detected

(het er ol ogousd-F b5AE]959); Higging,d Galatdl-, GommenpPlc Biasct.iEIBIWN | be those
in which th tratjon,s,| th bout 1 iLon, typicall

about 0,01 ¢4 190) AREoHIh TebROURSALGT Spegnsehie LAREREENE DL 7 87t o 5. 3
and the tenpgjigihdirRaties 8bmpBas§ sar?@gDN;A%mwc.:smatsoﬂr V\E‘F.SF()?- g., 10 to 50

nucl eotides) and at 30l east about 60 C for long probes (e.g., greater than
50 nucl eobi demyltiplstaligngwemnts,dbe diefauihealues catrespdng tacGABVRENAILITHY =t10e

addi t1 on Of 5% GRK! [ ENBHABERALTVAD. H5ef:0l B S EIS BLRNKe ' O
alignments and calculation of percent identity of protein sequences using
the Clustal V method are KTUPLE=1, GAP PENALTY=3, WINDOW=5 and
DIAGONALS SAVED=5. For nucleic acids these parameters are

20 KTUPLE=2, GAP PENALTY=5, WINDOW=4 and DIAGONALS SAVED=4.
After alignment of the sequences using the Clustal V program, it is
possible to obtain a “percent identity” by viewing the “sequence distances”
table in the same program.

The “Clustal W method of alignment” corresponds to the alignment

25  method labeled Clustal W (described by Higgins and Sharp, supra;

Higgins, D.G. et al., supra) and found in the MegAlign™ v6.1 program of
the LASERGENE bioinformatics computing suite (DNASTAR Inc.,
Madison, WI). Default parameters for multiple alignment correspond to
GAP PENALTY=10, GAP LENGTH PENALTY=0.2, Delay Divergen

30 Seqs(%)=30, DNA Transition Weight=0.5, Protein Weight Matrix=Gonnet
Series, DNA Weight Matrix=IUB. After alignment of the sequences using
the Clustal W program, it is possible to obtain a “percent identity” by
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conditions include hybridization wwth a buffer solution of 30 to 35%
formami de, 1 MNaCl, 1°)/0 SDS (sodi um dodecyl sulfate) at 37 C, and a wash
in|x to\@28078A0X SSC = 3.0 M NaCl /0.3 Mtrisodi um ciPCTAISR)11460239D to 55
C. Exenplary noderate stringency conditions include 5hybridization in 40 to

45% f or mami d 1. C L0, t, hin 0.5X to | x SSC at
55 to 60 C EJ%’W‘B%{% %ﬁogﬂ#né?rq'ﬁé%ﬁ%/ tg%lﬁgpttﬁgggﬁeﬁﬁg@énhybri di zation in

50% formam de, 1 MBUMITN HethBSonbligimént” s bn algeiiimi prolided by36eat 60 to 65
C. Specifici ;\th'l S tépl cally the function of post-hybridization washes, the

y_ ! .
10critical faational beniay fehBioteshinolagy lsfymationd & 69MPar®f t he fi nal
wash sol uti on, : - il nmelting point (Tm can be
appr oxi mat edQ‘#F()e%[hfjEgég%%ﬁélhg%%mnﬁ%%%%eﬁgg'. , Anal . Bi ochem
138: 267- 284 ( 1984t isTwelFuritderstoGd-byldne skilled) invthetarOthlt nfadsdeveB.adl () /0

form - 500/L; where Mis the | ari, of monoval ent cations, %C is the
15per cent age S@ﬂ“@ﬂ%ﬁ]@énﬁg’ s 't"d@i"iﬁét%deg@é‘&p@%g?% TFHBOBEL (:)/0 form

i's the percenf,ag spgyhé%iﬁéntﬁgoiypebh&%émmé e g4rherorsphid MRctigHgr L Ts the
| ength of the hybrid in base pai'rs. The Tmis the tenperature (under
defi ned i oni @civitengsefuhadamplesanf pancertt id@6tes iacludepb@reratat Yimitadget

T8 For earh 0 56: 5% POTR G rt %t fo. ok Gty 0T 8F OB Bh8N:  vash
condi tiong cameber paicentRE frémBO% it61D8%. OIngieal ea%E htédertdifindesdid ed

identity. For exanple, if sequences wth >90%identi té are sought, the Tm
can be decr eddeity om S@%rierd10% Mmayt be nget incdesnridinghthespreseel ect ed to be

about 5 C | ower_than . th i eque oANgd, t onpLement 25 at

a defined i o\rﬁ\?\éenilpﬁeﬁgﬁggéa /%ﬁﬁﬁbe%@eg?%sggéggﬁﬁsﬁ @hégﬁ“t’ %gg?efdi tions can

utilize a hylposliee] 62%2885016498566%! 68%, 87%3.68%, 80%, VOYEI716harpkhe Tm

noderately stri ng;ant conditions can utili h%]?’l di zation and/ or wash at
e

ze a
6, 7, 8, 9, dB%0/4| 696r TBharl hel Oty 79w iGIgerRs e BRI StdnSTan
utilize hy byziodi [ agdbor, t , 3 0 o2 | ower

t han the%OT%%/d@%’ ?%bé)’ggﬁt%%’%?b?%’géﬁ’o%%’n \Rbéﬁhég%géﬁ)ons, and
desired Tm ton@9&s.0Alsa, of imaenesslsi iy fudlHéngth depatridal ccormEiemeat ofthisons i n t he

stringency of bridi zatj on and/ or wash solutions are inherently described.
If the desi r‘%ggtt?gd“fuéieqweﬁf%%thi ng results in a Tmof less than 45 C

(aqueous sol ut i ofh Qr thddin rétﬁd?’(@ﬁé’ﬂ hﬁa@:@s%b@%ahtthé%p@%ﬁE%&bﬁfbl:ﬁg I ncrease

the SSC concentration so t a higher tenperature can be used.

ext ensi ve guindeleotidelseqbgbeesidisalosed hefeinudosiexamygilelsaliesatiansnid the Ti j ssen,
Laboratory 5 Techni ques in.E?iNE)Fglhe 'str%/ and NbIFt%uI ar i

Bi ol ogy- Py biSeHF AAUSACENYCTNRIEE HeAlsqFnsT aped! e ganefic celg g 2

"Overvi ew of gahidieplateRs ARohi B Wil xabANn #slaftheatsdiferbfehs Afa Qéﬁé eic acid
probe assays", Elsevier, New York (1993); and Current Protocols in

Mol ecul ar Bi athigy resaidpitiee produstioniséia eheraically exigivaleat agio @eiglatehi ng and
Wley-Inter S%ii\?e'?lcﬁte, 'B%deq{olf affect the functional properties of the encoded
protein are common. Substitutions are defined for the discussion herein
25  as exchanges within one of the following five groups:
1. Small aliphatic, nonpolar or slightly polar residues: Ala,
Ser, Thr (Pro, Gly);
2. Polar, negatively charged residues and their amides: Asp,
Asn, Glu, Gln;
30 3. Polar, positively charged residues: His, Arg, Lys;
Large aliphatic, nonpolar residues: Met, Leu, lle, Val (Cys);
and
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10(1995). Hybridi zati on and/ or wash conditions can be applied for at |east
10, 30, 60, 90, 120, or 240 m nutes. "Sequence identity" or "identity"
i n the combexrt2/o83mmucl ei c acid or pol ypepti de sequences PCEfUS2GI1060285He

nucl eic acid bases or amno acid residues in twd sequences that are the

same when aligned for I corre n C&- OV a specified comparison
w ndow. Thus, g’r ggﬁ{gde groggr?atgc &3@%% ‘fﬁg% i -ﬁl’pr efers to the val ue

det er m ned byrh@@”ﬁ@bdbl f@Mt@e@ﬁin@Bédud/aaimrgaﬂ%dhmapmc%nw@racm @eagpari son
wi ndow, wherein the portion of the polynucl eotide or polypepti de sequence

in the conparqeﬁﬂbswtﬁ%\ﬂyr?awmmﬁéngaéﬂﬂhﬁéI%SSMOFH&Q@@ reHdugi . e., gaps)
as conpared itions or
del eti ons) nguéH“ ngcﬁ{qs%?%n@ﬁfé’ 39@'\'%33%@8% s@@s?@ éng%ﬂ‘?age is
cal cul ated by)rmknlanmmel) r@rmrlraelyndm]gesaﬁ/h|pb$e$wlbrmsswstmhmroftdrre i denti cal
nucl eic acid base or am no, acid resi occurs in both sequences to yield

t he nunber ofneﬂa{'\éﬂ %E&QC{ re§ ef?SéPQﬁ:tﬁ f(zqu%s ABAATEF a&quﬁ’é @ﬁ@'ﬁ“(‘posr tions
by ‘the Lot al FuiyRiondlpduiely ORdgbll reliBuBIBIAMBAL: (AR IF8Re 38

mul ti plying the results by 10 yre per cent age of “sequence
identity. Usefrginine)aapladso bé erxpectedttosaeqdmmefwmtéronaﬂy equivalEintide, but are

not limted to %, 55‘V 60% 65% 70% 75% 8 85% . 909 r 95% or any
integer per c&RPH L{fg #'?Hrﬁ ASES TH@E&’ %?)% YV @ HP?V%&“ %I%a @1 &t er mi ned
usi ng anyjof thAR-RIPHAEIASIEMHIRSIAIEHRS aftrée@@férﬁ%@éw@wm@amd per cent
identity or simlarity calculations may be determ ned using a variety of

compari son nﬁ%bﬂ@x@@ﬁe@r\t@cﬁ%@ﬂmeeﬁ@f(t\tltymfr’ib@@g@iam sequences including, but

Comuting sui té (SRETAT RRoroReibaoalale Surdriinae SoRE ST | 7

application itte wttl bs edetermidgivatoiegtehtion oMbRleyisaidtinE ofithdl ¢rsdasiegof t war e
|s used for anal ysis, that the results of the anal ysrs W Il be based on the

"defaul t val (RERUUGS. MasepyeryihaskiladAdisandecediizes h@ttﬁépﬁrﬁas‘ﬁa'ﬁ/pem fied. As

used her s " rs that
ori gi nal qu I ogﬁ ﬂ%uﬁﬁé&%%ﬁ%k}%sﬁﬁy?ﬂ%srrf\fe}nﬁrlf}b al%gid&fn e)?ﬂ%ﬁrﬁst al Vv
net hod of al iapility td hytmrnzespdeldstrmgemtrrmrmﬂrtlcgrsrrastderfmedinadot/abeI ed Clustal V
descri bed by Hi ns an 151-1 1989 ., D.G et
o ot aph{ SPileed suboieBelbosmia fé@yylﬁlcamggeﬁmﬁnt%o{ﬁ@gﬁégw.gnTM
progr am of ¢ ligdriSRAENOL Al ObRIJE r@gn@%@%bgsnﬁgrebﬁ DNATIAERS NnC.

Madi son, W). For 15multiple alignnent the d val ues correspond to
GAP PENALTY=H0e ahtaSAPOVENSTHC P ENMET Muojeotrdbsaqmnqeamfemetrmd;alct acidpai rwi se

e R A T e WL A v
SAVED=5. For Iéﬁ&'%'%? idtHtieal fohBe fuRRIOARBISRHEeAEE of the nucleic acid
fragments reported herein. Most preferred are nucleic acid fragments that
are at least 95% identical to the nucleotide sequence of the nucleic acid
fragments reported herein.
25 A “substantial portion” of an amino acid or nucleotide sequence is
that portion comprising enough of the amino acid sequence of a
polypeptide or the nucleotide sequence of a gene to putatively identify that
polypeptide or gene, either by manual evaluation of the sequence by one
skilled in the art, or by computer-automated sequence comparison and
30  identification using algorithms such as BLAST (Basic Local Alignment
Search Tool; Altschul, S. F., et al., J. Mol. Biol., 215:403-410 (1993)). In
general, a sequence of ten or more contiguous amino acids or thirty or
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20 KTUPLE=2, GAP PENALTY=5, W NDOAM:4 and DI AGONALS SAVED=4. After alignment
of the sequences using the Clustal V program it is possible to obtain a
"per cent woentzarg31iby viewi ng the "sequence di stances" wPrablus201n/064285 sane
program The "Clustal Wnethod of alignnent” corresponds to the

supra: i gai neorecg el elEhihy W ARRF I Rtk A P AR R ©
program of thﬂnbé@ﬁ%ﬂ%d@h@hﬁé@émﬁdé?@w@ kngwAproeit BNGSTAR | nc.
Madi son, W). Default parameters for nmultiple alignnent correspond to GAP

PENALTY=10, d&jgrep iihreqpesttemueleqtisiesequeneeg denessrasdlifs () / 0) =30, DNA
Transition I = ; ' L g T X= i I ght
Mat ri x=I UB. nggﬁug?&édné;éﬁb%g;b Oﬁﬁ%@é}ﬁe%ggr?pe%’”@pﬁggt”ﬁgfe&ﬂg‘é?Wﬂ;r ogr am
ijt i s possi blugleddtn ebtq%émr:@dépmdmmmétded*‘s iof gén@jdemiifiea\ﬂiogg&d.g.]? " isequence

| stances" t In the same program . "BLASTN net hod of aljgnpent” is
an al gorithm Ay bpidizagan @‘gbﬁ%ﬁ’t'%@rg}r n 6#“%!3@55@%% 869313@%8 mat i on
(NCB!') to co H [ i - : it is
bel 1 Under ot oob T 9rBAHIPIARHRRES), N R Sbh, OEATEEDiGes o ce
identity are 12s&5 bhséhnmiayare used ag apydlifipaton demers indACEBt ihardspieci es,

wher ei n such l.ype t'.dels have. the sane or simlar function or activity.
Usef Ul exanpiOBBR RRITERL NHGEIR 76 2SIt GAEPTISHG BESTERE™S i mi ted to, 50%
55% 60%;(65%ccéRihgly o8¢ s dktantRh YortRiiof @ nih86tider sexfiienéBidohqdRiesper cent age

from50%to 100% |ndeed, any integer amno acid identity from50%to 100%

may be usef ulenongbeséhe peaenaedompesiically itleatty and/osisolates MiclgicHRiE 53%
4% 55%  S6%0,r{eht BRiBristiy the'se it ! e iRSthht Sde8ification teaches the
complete amino acid and nucleotide sequence encoding particular
proteins. The skilled artisan, having the benefit of the sequences as
15 reported herein, may now use all or a substantial portion of the disclosed
sequences for purposes known to those skilled in this art.

The term “complementary” describes the relationship between two
sequences of nucleotide bases that are capable of Watson-Crick base-
pairing when aligned in an anti-parallel orientation. For example, with

20  respect to DNA, adenosine is capable of base-pairing with thymine and
cytosine is capable of base-pairing with guanine. Accordingly, the instant
invention may make use of isolated nucleic acid molecules that are
complementary to the complete sequences as reported in the
accompanying Sequence Listing and the specification as well as those

25  substantially similar nucleic acid sequences.

The term “isolated” refers to a polypeptide or nucleotide sequence
that is removed from at least one component with which it is naturally
associated.

“‘Promoter” refers to a DNA sequence capable of controlling the

30  expression of a coding sequence or functional RNA. The promoter
sequence consists of proximal and more distal upstream elements, the

latter elements often referred to as enhancers. Accordingly, an “enhancer”
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is a DNA sequence that can stimulate promoter activity, and may be an
innate element of the promoter or a heterologous element inserted to
enhance the level or tissue-specificity of a promoter. Promoters may be
derived in their entirety from a native gene, or be composed of different
elements derived from different promoters found in nature, or even
comprise synthetic DNA segments. It is understood by those skilled in the
art that different promoters may direct the expression of a gene in different
tissues or cell types, or at different stages of development, or in response
to different environmental conditions. It is further recognized that since in
most cases the exact boundaries of regulatory sequences have not been
completely defined, DNA fragments of some variation may have identical
promoter activity. Promoters that cause a gene to be expressed in most
cell types at most times are commonly referred to as “constitutive
promoters”.

“3’ non-coding sequences”, “transcription terminator” and
“termination sequences” are used interchangeably herein and refer to
DNA sequences located downstream of a coding sequence, including
polyadenylation recognition sequences and other sequences encoding
regulatory signals capable of affecting mRNA processing or gene
expression. The polyadenylation signal is usually characterized by
affecting the addition of polyadenylic acid tracts to the 3" end of the mRNA
precursor.

The term “operably linked” refers to the association of nucleic acid
sequences on a single nucleic acid fragment so that the function of one is
affected by the other. For example, a promoter is operably linked with a
coding sequence when it is capable of affecting the expression of that
coding sequence (i.e., the coding sequence is under the transcriptional
control of the promoter). Coding sequences can be operably linked to
regulatory sequences in a sense or antisense orientation. In another
example, the complementary RNA regions of the invention can be
operably linked, either directly or indirectly, 5’ to the target mRNA, or 3’ to
the target mRNA, or within the target mRNA, or a first complementary

24
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68% 81% 94% 69% 82% 95% 70% 83% 96% 71% 84% 97% 72% 85% 98%
or 99% Also, of interest is any full-length or partial conplenent of this
i sol at ed wocheat7sxe fragnent. Thus, the invention eQTAISPAIBERIFOr e
than the specific exenplary nucl eotide sequences di scl osed herein. For

exanple, alt tioNs, | ne, . ence lL.chotefl ect the degeneracy
of the genet i?éa'égdg%a%@d ﬁgﬁpﬁﬁﬁ%ﬁ?ﬁhg%ﬂfgﬂ]e Ha}r"@étﬁm known in the art
that alterations iStasd@renecymbiiant ENA tindndlBEulBF BidKg eehaiquas wledi cal |y
equi valent amno acid at a given site, but do not affect the functional

properties ofer$ig aspldNQWLINENR i 8ne arfBRscringssmPtatully i Sambraeki ned for
o oSS G T Re s SigaNae MALEIB AR A RSobpb oA e
Thr (Pro, s@ Y)ald Spring Harbor Laboratory: Cold Spring Harbor, NY (1989).

Transformation methods are well known to those skilled in the art and are

described infra.

“‘PCR” or “polymerase chain reaction” is a technique for the
synthesis of large quantities of specific DNA segments and consists of a

10  series of repetitive cycles (Perkin Elmer Cetus Instruments, Norwalk, CT).
Typically, the double-stranded DNA is heat denatured, the two primers
complementary to the 3’ boundaries of the target segment are annealed at
low temperature and then extended at an intermediate temperature. One
set of these three consecutive steps is referred to as a “cycle”.

15 A “plasmid” or “vector” is an extra chromosomal element often
carrying genes that are not part of the central metabolism of the cell, and
usually in the form of circular double-stranded DNA fragments. Such
elements may be autonomously replicating sequences, genome
integrating sequences, phage or nucleotide sequences, linear or circular,

20  of a single- or double-stranded DNA or RNA, derived from any source, in
which a number of nucleotide sequences have been joined or recombined
into a unique construction which is capable of introducing an expression
cassette(s) into a cell.

The term “genetically altered” refers to the process of changing

25 hereditary material by genetic engineering, transformation and/or
mutation.

The term “recombinant” refers to an artificial combination of two
otherwise separated segments of sequence, e.g., by chemical synthesis or
by the manipulation of isolated segments of nucleic acids by genetic

30  engineering techniques. "Recombinant” also includes reference to a cell or
vector, that has been modified by the introduction of a heterologous

nucleic acid or a cell derived from a cell so modified, but does not

25



2. Pol ar, negatively charged residues and their am des: Asp, Asn, Gu, dn;
303. Pol ar, positively charged residues: H's, Arg, Lys; 4. Large aliphatic,
nonpol ar we=htwesitiMet, Leu, Ile, Val (Cys); and 5. LaPge/iseamnsi2ss
resi dues: Phe, Tyr, Trp. Thus, a codon for the am no acid al anine, a

yclrophobi o AOCPAIRES e ARGy i poLD Yecklr By ORPRIABEREPEPRRE Couch
as vali ne, |Géel.?i.,f‘@)on@fedL_%Qhatatibﬁ,ehatufélfﬂdr@'fdr’;’nat@h@ﬁ@&ﬁ'a%r@dubﬂéwt in
substitution of one negatively chartﬂed resi due for another (such as

aspartic aci dafyal GrugRAGItonRaGUEN asrthese opewingwetiput Helibriate Bdmane f or

anot her (sucﬁhtgﬁlén;{i?hne for arginine) can al so be expected to produce a
functional |y equivalent product. In many cases, nucl eotide changes which
result insalteratiThe tefm4Otdeeniinatroonstruet’d'efptessivnednsbraict’ ons of t he

protein nol egul.e would al sQ pnot be expected to alter the activity of the
prot ei n. gh'Eb?(fW Qﬂ”s?rHEt preopsk et n%lﬂc P 6\%‘% E’é\‘%@ﬁ‘swcﬁhiﬁ t he
routine skill ckR i i t £ i i i ol ogi cal
activity of tu}?keaaenﬁ]t%gc egrggrag urﬁcet?gﬁﬁwkt;rrg%%ybﬁlt’mg&ns tﬂcﬁ&%ﬂhﬁ‘i&@%gﬁ recogni zes
t hat subst antarifidigl cobsinaticar obrupieincex Fagoepts ©cgl, Bgudtdsy amd eadingn ar e

e e

fragment sof ré&ﬂnbiﬁ%hﬁ&énétﬂ)&'ﬁrﬁé}pébrﬁg)ﬁsé RatBHES & fertes Gnid" @iyt s whose
nucl eoti de sequences are at | east 70% i dentical” to the nucl eoti de sequence

of the nucl eiseqdencethat pegyaenved frepodifferent epeiaes, ebraguiatener red nucl ei ¢

i ei ¢ act d Spedied o BB nBSRaERCs Gea iR inE i o dReo B S et
fragments thatramgedat al reasheSdiffeiate tiarcedat fouridie muglecasicteasensenee of the
nucl eic acid fragments reported herein. 25A "substantial portigon" of an

amino aci d ofm# e &isef dpy i gy Pg Usgdtin ﬁ@ﬂjﬂﬁéﬁp%wﬁﬂra ¥¢Ger-elidugh of the
am no acid S%Hgigﬁfp%d,tatHBH'tHé’ﬁﬁéibQ%fgéctb'P% &%&érﬁ%ﬁﬂﬂggﬁ?ﬂé’ﬂ{&ﬁo@f a gene

to putatively i at polypeptide or gene, et by manua
eval uati on ofthatheill dequsstcte thensioren Bbsi ¢atid asnistwedl lardwn o thoge skilled in

a1 gor' £ e sdEhats PR RSBt BRSUA VSR GatdiR Used. Tie skiea artisat is

well aware of the genetic elements that must be present on the vector in
order to successfully transform, select and propagate host cells

20  comprising any of the isolated nucleic acid fragments of the invention.
The skilled artisan will also recognize that different independent
transformation events may result in different levels and patterns of
expression (Jones et al., EMBO J. 4:2411-2418 (1985); De Almeida et al.,
Mol. Gen. Genetics 218:78-86 (1989)), and thus that multiple events may

25  need be screened in order to obtain lines displaying the desired
expression level and pattern. Such screening may be accomplished by
Southern analysis of DNA, Northern analysis of mMRNA expression,
immunoblotting analysis of protein expression, or phenotypic analysis,
among others.

30 The term “expression”, as used herein, refers to the production of a
functional end-product (e.g., an mRNA or a protein [either precursor or

mature]).
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Search Tool; Altschul, S. F., et al., J. MIl. Biol., 215:403-410 (1993)).
In general, a sequence of ten or nore contiguous am no acids or thirty or
nor e nuclwotnt#ssils necessary in order to putatively i deaTiusgola/opBypepti de
or nucl eic acid sequence as honol ogous to a known protein or gene.

ol gonuci eot | de. prisbaeHolCELERY 8828 HEIRG A AEOREREITbEs may be sused
in sequence- GxprIIRIT cmthmmrommto@%al|l finFatiical (neludies rofstehes n
hybri di zation) and isolation : in situ hybridization of bacterial

col oni es or Bgéh%mcemgﬁorppéa@@%elc peiddateia %'ﬁarygh@Pf PeRkagticctediot i des of
12-15 bases Wer??hé‘ﬁﬁglegs?cﬁggﬁné{]?g?ﬁdo?ﬂor%'iéﬁ‘iitH@ggr%%nb'bf%éjgéllto obtain

a particul ar nuclei ¢ aci r1sSIin Accordingly, a

"subst ant kal amdrmclodésoéfeaermedb&bént@asmﬂpmaonmfrpm%cemw@h of the
sequence to SpEleI C ent i nd/ or ate a nucl eic aci d fragnent
conpr 11 ng ¢ REDEHsERe SR aToskdesncuBes P REsteo R TEBERIARE onp! ot ¢
amno acid ap hq'ﬁ e f P &f | afh Y 8 he
skilled arti s%ﬁgﬂﬁgﬁlﬁ ggn%cﬁle %f%%tgx{e}gs)ggtggﬁc S aslj%rISIr g%’g??ee% her ei n,
may now use ah the)coratexun‘snsemngla melcmlobﬁagmend(esgl agedombinaices for
pur poses known those skilled ihl s _ar | ement ary”

e bes 1 nieopsfuct S Eession eoabiitl (e a 2l mbats cF M eF T it bacey ¢ hat

are capahhe ofraN¥bEABLEA" STk irBASGuARdN BRE |N‘él§d'e@féf6|%‘ée't6 tRg anti-parallel
orientation. For exanple, with 20respect to DNA, adenosine is capable of

base- pai ri ng iNgQrRORAPRiGT@ ruRlieisyaciskragmest inkp atsukaniotiss drpkanydhig wi t h

Dhalele act o e 1d PReREs G0 ae iR e g Mo B fif Ind SEAGHER cos as
reported in tdﬂﬂw@@@lb(m?nwhnﬂn@wmen@asmu@tpla@da@tdnttdaawmial DiNggt i on as wel |
as t hose 25subst anti al simlar nucleic acid sequences. The term

"i sol at ed" r@P@V@rt@@'rﬁo 96| 3HIRPeNAES 62P!iFae) @btraa%ea@qaé%ése%@ gi:s renoved
from at Ilgasttra%gecqmﬂs_ with which it is naturally associ at ed.

The term “homologous” refers to proteins or polypeptides of
common evolutionary origin with similar catalytic function. The invention
may include bacteria producing homologous proteins via recombinant
technology.

20 Disclosed herein are recombinant bacteria that have been
engineered to utilize sucrose using new sucrose utilization genes from
Pseudomonas fluorescens (P. fluorescens). Specifically, the recombinant
bacteria disclosed herein comprise in their genome or on at least one
recombinant construct: a nucleotide sequence encoding a polypeptide

25  having sucrose transporter activity, the polypeptide having at least 95%
sequence identity, based on a Clustal V method of alignment, when
compared to an amino acid sequence as set forth in SEQ ID NO:24; and a
nucleotide sequence encoding a polypeptide having sucrose hydrolase
activity, the polypeptide having at least 95% sequence identity, based on a

30 Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:26. The nucleotide sequences are
each operably linked to the same or a different promoter. In some
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"Pronmoter” refers to a DNA sequence capable of controlling the 30
expression of a coding sequence or functional RNA. The pronpter sequence
consi st s wO 2pr2ow83ml and nore di stal upstream el ement s, PCiiASk@tien23el ement s
often referred to as enhancers. Accordingly, an "enhancer” is a DNA
sequence t hat

of o pr oot TR E e Fr BB & eihie i colie BB N ovel or

ti ssue-speci fsuerdse tofpradicegRterol aRt@Te\esolnderived sedusted in their
entirety froma native gene, or be conposed of different 5el enents derived
fromdifferent pr oiebleshey agteria f%tut‘é?ér,‘ the 9@@@%@@&@.’[@@@%@@% DNA
segments. |t yadtNARESHOOY nRieih A s lf8 bt f lorb Bk drfgg et
pronoters nmay ditec e expression df a géne in difterént tissues or cell
types, orsat gankfarfEsthesthige StreptatecelsipAgpobacteriunm Bagdjpense to di fferent
in 10 nost

environmental condjtions. |t is further recognized that singe |
Cases the ex &t vBRRRRRsEs. BFtopeg e OPs BllcRLEonREIERo L R Forp! ot ol y
def i ned, " DNA A @Baicy. RloLSRITS, XBFLBI MBIy D8 G ol Slbiofdlla pr oot er

activity. Pronoters that cause a gene to pressed in nost cell types at
nost tines arrapiompods, anef Bsewtbrmonas "constitutive pronoters”. 15"3'

non- codi ng sequencges”, "transcription rmnator” and “"term nation
cequences” are-uedd onrehisinenhihs et Brfelfia s selities et ae s
locat ed dewngtgcpanptmib, RIcHREIRICHRASBERNSS ant MErbBAdigr.pol yadenyl ation
recogni ti on sequences and ot her sequences encoding regul atory signals

capabl e of af f ect ilm@NARAIGA eprasivenh ghe hogkbrcteaenps &seherichiateel.

B e On sof e ot R AR BaR PP RIS Bt et 1 o
t erm " oper ablembdditests, e pOSt harteémemas TS @i @indfs mativeaitsteaor hagequences
on a single nucleic acid fragnent so that the function of one is 25affected

by the ot her bergpdeseshipl e, miaustbievobrinactivaien fheyP TS gres agi 4escabeddi ng
sequence 1?’”6%eilc§ is capable of affecting the expression of that coding
sequence (i.e., V{/'he codi ng sequence is under the transcriptional control of
t he pronoter). Codn pgpodistjormeiesoarganibmsojies abingtimeskassirabler egunliakor y
sequences in_a sense or _antisense orientation, |n another exanpl e, the
conpl rent ar JENATSET Gh UG SETS PRHSH S ICSEHOBRO BYRHAR (PP RIEd o ¢ her

i ne  SPSSORSAor S he LB SRy & o the Larget TR or
The term “down-regulated” refers to reduction in, or abolishment of,

20  the activity of active protein(s), as compared to the activity of the wildtype
protein(s). The PTS may be inactivated (resulting in a “PTS minus”
organism) by down-regulating expression of one or more of the
endogenous genes encoding the proteins required in this type of transport.
Down-regulation typically occurs when one or more of these genes has a

25 “disruption”, referring to an insertion, deletion, or targeted mutation within
a portion of that gene, that results in either a complete gene knockout
such that the gene is deleted from the genome and no protein is translated
or a protein has been translated such that it has an insertion, deletion,
amino acid substitution or other targeted mutation. The location of the

30 disruption in the protein may be, for example, within the N-terminal portion
of the protein or within the C-terminal portion of the protein. The disrupted
protein will have impaired activity with respect to the protein that was not

28



region is 5 and its conplenent is 3' to the target nRNA St andard
reconbi nant DNA and nol ecul ar cloning techni ques used herein are well known
in the arwoant/@syaidescri bed nore fully in Sanbrook, J. PCErist&ialos028s F. and
Mani atis, T. Ml ecular Coning: A Laboratory Manual; 5Cold Spring Harbor

cnoan-t o+ noSTURRR} B8 ciate o ngaRa ook IRou BT e ST Riyr ¢ !
"pol ymerase @hdddk aa@réssion bt proeini enid bi¥o fdsalt sininaepativg thar ge

gquantities of specific DNA s;g_rrents, and consists of a 10series of
repetitive cyegdstqrpseruentasmiiangetiption #d franeatien fagerseand/ocgnalty pi cal |y,

he doubl e- : ' : '
the 3 bounddBaoaion painpielE Sbr BFN%R BF Cohed LB e B oL R TR L 7E ana

t hen extende@dtat an internmedi ate tenperature. One set of these three
consecutive steps is referred &o "vector" is

as a "cycle". 15A "plasm d" or
an extra chrono_sorﬁérlcr%ee%'ﬂ?p% Qré)r??%oﬁﬁt'g\éﬁ&rﬁgﬁ QePH‘g?S aﬁ?)Pafb%\t?l? of the
central net a?glcriﬁéd%t‘ﬂigr fhféetré’r%go’rt ﬁcﬁéﬁ#@kdrﬁi&oﬁ) cEM. "5 0Eroskr cul ar

doubl e-stran DNA fragments. S nts nmay be aut ononously
replicating denspades|yppptides arenkegwatin tie sigioe ezesipleptiegése nucl eot i de
sequences, linear ar _circul ar,. of a,si FPyels ubl e- str ed DNA or
R, der  ved PORGIRFAHG T e ol widiibe o2 leet e B SFRE M equences
have been,j oiNG®89red@eiebtiynd dseByeheiotliigy sejiiehtd&et iR SIBQI D capabl e
of introduci ng an expressi on cassette(s) into a cell. The term

"geneti cal | y ND©2d).«ap desaridesl hyoJahieispetdd els/s Betterioaridiep 05631 & HAA02)y

Form  reconbigiee ! En e Boghl PR AP PRA BB hervi se
separ at ed seqosdlhg sefuseesisacierthan SEQ iy NDES) eatosesn pesjpeptite et he
mani pul ati on of isolated se ucl ei ¢ acids by genetic 30engi neering

echhi ques. (@ ShBFRu NCAPAbahis 4ittaddeaical &nine kot ESFhertiaselor . t hat
128, Do o RSP SRR Bl ST RRRRKR R 81 2 0 o1 2
known activity demonstrated for this polypeptide.
In one embodiment, the nucleotide sequence encoding a
polypeptide having sucrose transporter activity has at least 95% sequence
identity, based on BLASTN method of alignment, when compared to a
20  nucleotide sequence as set forth in SEQ ID NO:23.
In another embodiment, the nucleotide sequence encoding a
polypeptide having sucrose transporter activity has the nucleotide
sequence set forth in SEQ ID NO:23.
In one embodiment, the polypeptide having sucrose transporter
25  activity has at least 95% sequence identity, based on a Clustal V method
of alignment, when compared to an amino acid sequence as set forth in
SEQ ID NO:24.
In another embodiment, the polypeptide having sucrose transporter
activity has the amino acid sequence set forth in SEQ ID NO:24.
30 Polypeptides having sucrose hydrolase activity have the ability to
catalyze the hydrolysis of sucrose to produce fructose and glucose.
Polypeptides having sucrose hydrolase activity are known, and include,
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enconpass the alteration of the cell or vector by naturally occurring
events (e.g., spontaneous nutation, natural transformation, natural

t ransductwonpizasimal transposition) such as those occuPCITA2610b2eS
del i berate human intervention. 5The terns "reconbi nant construct”,

"expression t te, “chineric et StT, " \reconbi nant

DNA constr uct%'?stéih{r(gﬁ] 'e%)l'i %Qﬁ&ﬁaﬂ@g’iw&?&%‘%ﬁ 'be%%%Pn@@?SO(QOnst ruct

conprises an encbiéd ol YenesziAn@blipg squenek gecfort il SEQIMENDR29)eay .-

regul atory and caodi ng seqguences are not found together in nature. For
W

t hat f
exanpl e, & 10e56RRAbONAANIIDALE: bdiBaRG ohdh P07 8]6 2087) Terseibes and
coding_ Sequenges |8l BolET o ol OB ESIRA SWNAGES: ((Bbirge01! oL oY

sequences and codi sequences deriv rom the sane sour ut arranged
in a manner dieblienentet foeth ih ISEQ IDWNO:25) engddeea polypeptide ¢esttforthtin may be
| f a. 15vector

d by i | f d i I [ ith tor.
s Used, t norsERAD IS it S el enbcadn Ra o ISR AAH ST Ahat i ||
be used (0t RSy MgSS GBI SATR EbeHEONEOS HBRSBUTALAG TN, the

art. For exanple, asm d vector can be used. The s l'ed artisan is well
awar e of t he dpemwtstrated Gorghispalyrsptidest be present on the vector in order

t fully t f | ect d t e host |.l.s 20 i Si
of the isolated nioPBPERRIEMERLdREAUSRoROR REAIRUSRENNGRE sk lled =~

arti san vl | gehaeptios dIesidide ﬁl'yams@;éctivn QBERA Rt 959N 56 QRIS ON

events may result in different |evels and patterns of expression (Jones et
al ., EMBO J. idertidy,basedspn BbASTN methadchef algnstend] whemsompased taanet i cs

218:78-86 (1 . ti y 25need be screened in
order to obt i\%ﬁ?ﬁ)‘%*'ﬂgggapgﬁf%ép%t% 'h&f@géeﬂéggéggsi on | evel and pattern.
Such screeni ng nmayn beotre @mMdddimedt, ive Haulcbade sagasiysd sneddibdla, Nor t hern

anal ysis of nRNA expression, imrunoblotting analysis of protein expression,

or phenot ypi POHPEPYde HavigoHsreseBydrol ivitg hags tag prelestiea” . as used
her ei n, rl?fers%gb?n&é‘@etpfoﬂﬂqﬁtéétﬂlﬂm Jsunctional end-product (e.g., an nMRNA
[

or a protein her “precursor or nafure]). The term "introduced”
means provi di ng almookancbadimen(,ehg . polypeptids siavimgesucsdsalbydrotasepr ot ei n i nt o
a cell. Introdyced inc|udes ference to the incorporation of a nuycleic
Sehd i nto s GoRngBEs 8t Pshoblbarince dda A et dibn Rdkral ¥ mednny be

el ons" o B8, 9800 Byl b 58l LASE o SLEIRER 1O L
SEQ ID NO:26.
20 In another embodiment, the polypeptide having sucrose hydrolase
activity has the amino acid sequence set forth in SEQ ID NO:26.

The recombinant bacteria disclosed herein may further comprise in
their genome or on at least one recombinant construct, a nucleotide
sequence encoding a polypeptide having fructokinase activity to enable

25  the bacteria to utilize the fructose produced by the hydrolysis of sucrose.
Polypeptides having fructokinase activity include fructokinases
(designated EC 2.7.1.4) and various hexose kinases having fructose
phosphorylating activity (EC 2.7.1.3 and EC 2.7.1.1). Fructose
phosphorylating activity may be exhibited by hexokinases and

30 ketohexokinases. Representative genes encoding polypeptides from a
variety of microorganisms, which may be used to construct the

recombinant bacteria disclosed herein, are listed in Table 1. One skilled in
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protein to the cell. Introduced includes reference to stable or transient

transformati on net hods, as well as sexually crossing. Thus, "introduced" in
t he cont ewO 20f2/47838@¢rti ng a nucl ei c acid fragnment (e. g., PETnEa(uﬂtoiS(nastt
construct/expression construct) into a cell, neans transfecti on" or

L0t o b Bl ASE AT T BB DB BT e o

cel | vvhere tf\‘rﬁwrm@ &616 tephdsplicrgnia frudiseeucnas cpedast e dyithng 9ehb§ genone of

t he cell g chronmosone, plasmd, pI astid or mtochondria
converted in '§feéﬂn'nérrﬁ%6hﬁl?§’ &'%?)p?dtﬁ@ -or transiently expressed (e g., 15
transfected nmRNA). The term "honol ogous"” refers to proteins or

pol ypepti des of conmon evol utionary origin with simlar catalytic function.
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have been engi neer 884eN¢ SNEYAESWIL P RIGIORAS&8EIVY, | j zat i on genes
from Pseudononas fl uorescens (P fI uorescens) . Specr f'l\ﬁJ%iédfrdet 8 otein

reconmbi nant bacteria disclosed herein conprise in thei rSE%”@”eS‘ErQﬂﬂ at

| east one rgrnant construct a. N eot i de QAHERS

pol ypept i de—=25 ‘ avi ng
at | east 95% sequence |dent| ty, based on a d ustal Vv rret hod of alignnent,
when conpar 84rekACKIHR no aci d sequence as set forth in SEQ ID N8224; and a
nucl eoti de &#QefeaEEsencodi ng Sscrdffypeinase) have2gl 4ucr ose hydrol ase
activity, tBéeptdopoepsi de havi ng at | east 95% sequence i d3ntity, 3based on a
30 Custal ¥wutethod of ali gnneorK, (frebkinesepar ed. Ab4an ami no aci d sequence
as set fort Esthe/fHX cbliNO 26. sdhe(frustdiemdsele sequerdces aBg each @perably
linked to tRkppepie or a different pronoter. In some enbggi mentsggthe

reconbi nant Pé&rtn a% are capagj;,(K fucistigld 1 zi pg pycrose to produce
gl ycerol an deri v, Yi t abl gghost bggteria for

use in the E (,CJO %I h I8, rg%Ma% )bacéerr di sclqsed heagr n

i ncl ude, F?)gé? C# Sf?ﬁ? & (teSC rgani s genera: Escherichia,
St rept ococcuys, /1A robacterium Bacillus, Corynebacterium éact obagr | 1 us,
Cl ostridi urr%a@(: BAYGESt er, Gitrobacter, Enterobacter, KPabsiell

Aer obact er , CREVSADbact er, SATXEAdNexokinaselpt odycbd, and Pseudononas.

In one enmbo@aseharomyseshost bacteriumis sel ected fromtH#E gener46 10
Escheri chi acetdvédiag el | a, Ci t rid¥&2t(eexokimabeder oBactdr. 1 n anot her

enbodi ment, the host bacteriumis Escherichia coli.

X! a¥s a
v

In one embodiment, the polypeptide having fructokinase activity has
at least 95% sequence identity, based on the Clustal V method of

10 alignment, to an amino acid sequence as set forth in SEQ ID NO:32, SEQ
ID NO:34, SEQ ID NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID NO:42,
SEQ ID NO:44, or SEQ ID NO:46.

In another embodiment, the polypeptide having fructokinase activity
has the amino acid sequence set forth in SEQ ID NO:40.

15 The coding sequence of the genes encoding polypeptides having
sucrose transporter activity and polypeptides having sucrose hydrolase
activity may be used to isolate nucleotide sequences encoding
homologous polypeptides from the same or other microbial species. For
example, homologs of the genes may be identified using sequence

20  analysis software, such as BLASTN, to search publically available nucleic
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In sonme enbodi nents, the host bacteriumis PTS mnus. In these enbodi nents,
the host bacteriumis PTS mnus in its native state, or nmay be rendered PTS
m nus t hrwoghizorsati vati on of a PTS gene as descri bed 1Fbe@husaniiionn23s
production mcroorganisns, it is sonmetines desirable to unlink the

ohseoner 1 o BB 58 eUSEHLCHTE G3 el Rl o

refers to redigig saydighcedepipaensprddol9is wedDkhewaah ithvd bit. Exapnileye
protein(s), as conpared to the activity of the V\nldt%/pe protein(s). The PTS

may be inact Né?%ewesgﬁp@miﬁﬁt|Qﬁ0tQCO|IST@C|H¢ﬂL@Ut BEGWAIBWEAHY, MEiRdSegul at i ng
expressi on of f?l[]@leﬂf a&BT}ﬁlpﬂBlz%HSn Heffods gﬁﬂﬁﬁ ﬁﬂfAnng)ﬁﬁ ot €i ns

required in hi's ty ransport. wn-Tegulatio ypl cal 'y occurs when
one or nose @%éﬂmﬂlﬂgdmsvdrmsws%ﬁ ‘afinsicleic aad ample‘foetlom hgcHnolagies nserti on,

del etion, or tar ed mutation wthi ortjon of that gene, that results
in either a é%ﬂp tyén%j’@ﬁ% CEﬁB‘d’I@@GFO%aDﬁRS r"?ﬁéaLeHégP Bi¥Ped from t he
genone and N, GIPbebNidaSe!dAPeHtEn LCR)PTAIG! 8. BASI hege Abagssat ed such

that it has an I nsertion, deletlon, amn aci d’ substi’tution or other
targeted nut 43AB2, TﬁMItﬁﬁ); ornstcﬂnctdlsp@@emwlt aptplifioation (SI2Ap\Vdalken nay be,

for exanple, r,m.nal t tein or within the
C-term nal p(?\r/tmta, ‘0 Weﬁ g&f"n ‘%"fg &@pt(i'g&@b)o?g FrAnpPle: th&e i npai r ed
activity yit fhu'bﬁe%ﬁ@étsebgehé@eﬁééﬂlﬁg hé b@FyFé@ﬁdé@Heséﬂb%ﬁUéﬁcﬁ/é majpdecan be
non-functional. Down-regul ation that results in |ow or |ack of expression

of the proteiempleyed as &l Rybridizaiion probe fierrthpidentifiegtiemef hegelagsor y

pathuays. or by ued OEGRRE ST LRE aRn! BRhREdaBa el eRagdg "ot o
Sucrose transiesd polypeptitEantodesd fod gbby pewicedesay Higb b eseepipahbe of
nmedi ati ng the transport of sucrose into mcrobial cells. Sucrose transport

pol ypept i des r@@@nmﬁ‘@ﬂhbﬁﬁet"ﬁ@'%(?seq Rprely afgidiEonally, eaEations dBet i de from E.

I | d=t d d by th
ggclB \émengs()éE@F?g&@%&gﬁgé&gse%ﬁﬁdrléﬁEﬁ&npgggéﬁ@%@n%g)%ggéegcr|% eg byy ©
Jahrei s et alaffetting Bm:amnricoiamdh&@uéﬁﬁgoﬁﬂﬁenmﬂ)polﬂﬂi@th&dﬂ@me from

Pseudononas flaorescens Pf5 A &C(d;énBAA-ﬂ é (%dl n uence set forth in
SEQ I D NO 23)°0 RE 698G 351 9Pe ELFNINe&ACIS BylpgHity OR®C%4) that is 41%
| dent i cal 10 ddafiohgane frealies beicdiflially Lhitdrdia: S HEIRRR jhr anspor t
protein, CscB. However, there is no activity denonstrated for this
pol ypept i de. the encoded proteln

20 The nucleotide sequences encoding the polypeptides having

sucrose transporter activity and polypeptides having sucrose hydrolase
activity may be isolated using PCR (see, e.g., U.S. Patent
No. 4,683,202) and primers designed to bound the desired sequence,
for example as described in Example 1 herein. Other methods of gene
25  isolation are well known to one skilled in the art such as by using
degenerate primers or heterologous probe hybridization. The nucleotide
sequences can also be chemically synthesized or purchased from
vendors such as DNA2.0 Inc. (Menlo Park, CA).
Expression of the polypeptides may be effected using one of
30 many methods known to one skilled in the art. For example, the
nucleotide sequences encoding the polypeptides described above may
be introduced into the bacterium on at least one multicopy plasmid, or by
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I n one enbodi ment, the nucl eotide sequence encodi ng a pol ypeptide having
sucrose transporter activity has at |east 95% sequence identity, based on
BLASTN newbeadi2of7s&ali gnnent, when conpared to a 20nucl eoPCaass@goense as set
forth in SEQ I D NG 23. I n anot her enbodi nent, the nucl eoti de sequence

it cot 1 do SUybaBce bl BSERHS it RRTRS ey Kl s i "1 e
pol ypept i de havbng. STIee AEEIebLiOO SPQUéRtes érfcoattd tHet Yolssptries|rhap be95%

sequence identity, based on a Custal V nmethod of alignnent, en conpared
to an am no drefusegueincieedoss bactesivmseparataty (onanBeparate | n anot her

enbodi nment , : t i j 0 - L\ as the
anino o d' s SrafiBey BER e odMinataR P EERE 5 5MeP RS HEtibel™
sucrose hydr oh #seEaamplasthyerbimje the ability to catal yze the hydrol ysis of
sucrose to produce fructose and gl ucose. Pal ypepti des havi ng, sucrose

hydrol ase acti vi tﬁvhe?r'atrRa%ﬁfc%gg iregicpadhat %g(,eﬂhﬂ gﬂlag?lagr@?q(s),\pq d-type
strain EC313 } i scA (coding
sequence set gfff%erﬁﬁﬁ%gndé\)f‘%gﬁgpggS?@J@Qﬁgg&}%}%ﬁgﬁgb Jlgl%?@l/és et al. (J.
Bacteri ol . 1®fomd@Er- FSlidiegradr) codihg regiol mepneittierdra iRroddoedaas f | uor escens

Pf5 ATCC(r) BAA-477 (.codin sequence set faorth i.n SEQ I.D NO..25) encodes
= ol ypept | S FYREHCUENGRS TS RE0HS PORer ST AFusY GeRIeCEo8o ¢ he
known Esgher isgiicené® b rﬁggmyuaeti%ﬂo?ﬁotéwmaﬁ@eh@r@géﬂcmeto thé @enohianever ,
there is no known activity denonstrated for this pol ypeptide. In one

ermbodi nent, tofiéN ANNYRIY EXEECSSEd pPeten.ehutiablagpramobgrslingege.i kid aiaviohg sucr ose

hydr ol ase act.iwvity h |, eas % j d i BLASTN

nmet hod of al it“HH{r?(gn %W%ﬁp?ﬁiﬁ@ﬁgﬁﬁ%&’?@g Eé’&l%ﬂ@gggzﬂset forth in
SEQ 1 D NG 25.ADC1, TRPH, 8FRANLIEENIEMONENG /ad, Bea, Mot lteniPdaPgequenre encodi ng
a pol ypeptide having sucrose hydrol ase activity has the nucl eotide 15
sequence set andrith(usef BEY éXpréissi@b.in Escheridha cok) aswelliasene anmihe

pol ypepti de havi has at |east 95% sequence

Pent Ly Sbadlh B HOBCESAMA ARG HIOpASTH e e SRR L o an
"ol ypept CHLTHEE 0 BEndBt iy RO O ESny 284 i Beodgod ot
isomerase promoter or a variant thereof, described by Payne et al. (U.S.
Patent No. 7,132,527).
In one embodiment, the recombinant bacteria disclosed herein
20  are capable of producing glycerol. Biological processes for the
preparation of glycerol using carbohydrates or sugars are known in
yeasts and in some bacteria, other fungi, and algae. Both bacteria and
yeasts produce glycerol by converting glucose or other carbohydrates
through the fructose-1,6-bisphosphate pathway in glycolysis. In the
25 method of producing glycerol disclosed herein, host bacteria may be
used that naturally produce glycerol. In addition, bacteria may be
engineered for production of glycerol and glycerol derivatives. The
capacity for glycerol production from a variety of substrates may be
provided through the expression of the enzyme activities glycerol-3-
30 phosphate dehydrogenase (G3PDH) and/or glycerol-3-phosphatase as
described in U.S. Patent No. 7,005,291. Genes encoding these proteins

that may be used for expressing the enzyme activities in a host
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activity has the am no acid sequence set forth in SEQ ID NO 26. The

reconbi nant bacteria disclosed herein may further conprise in their genone
or on at weast2/sda1r econbi nant construct, a nucl eoti de PequsaCie/06e028Hdi ng a
pol ypepti de having fructokinase activity to enable 25the bacteria to

tilize the fruct o) e VAT Pol ypepti des
havi ne f ot GECTALET 2 AR ERS 08 PRI BeB 2ot isuRia cq LD 7' 1 4)
and various hsys b &0 olypbptdePHAAERG ghdetdiNphesiiate t EC
2.7.1.3 and EC gﬁf;el 1). Fr_u.ct_ods“gg Ehgg ﬁoryslpax i,ﬁggact | Vi tg ?r%i/ be gxfﬂ bited
by hexoki nas&€hyApasorREe GFEYIBKINGHISIEs bukaisr Raidinitad %Gdjéﬂég'oghcodi ng

| tid . P . ) . ¢
Ponetrnet -t e dEafiiesiereliia EHGRGIRRERE, stlidh HNEQRIINGY L rapi e 1.
One skill ed iemcbbed prétein $equemee selhfdrtipinc EQND NDe2) aice GRBfrant i al | y

oo by R o Rgo B g R e B e S CIBATHER T o 1
T o L e SRR R D sl oL 02, oL
(fruct oki nasexamplds daf Gnespenaubng peyReptdesinasng §lyceralel-oki nase) 2. 7. 1. 4
Escherichia el SRitsl HEHP IR BuT ark AstIRSited to, GPP1 from
10  Saccharomyces cerevisiae (coding sequence set forth in SEQ ID NO:5,
encoded protein sequence set forth in SEQ ID NO:6) and GPP2 from
Saccharomyces cerevisiae (coding sequence set forth in SEQ ID NO:7,
encoded protein sequence set forth in SEQ ID NO:8).
Increased production of glycerol may be attained through reducing
15  expression of target endogenous genes. Down-regulation of endogenous
genes encoding glycerol kinase and glycerol dehydrogenase activities
further enhance glycerol production as described in U.S. Patent No.
7,005,291. Increased channeling of carbon to glycerol may be
accomplished by reducing the expression of the endogenous gene
20  encoding glyceraldehyde 3-phosphate dehydrogenase, as described in
U.S. Patent No. 7,371,558. Down-regulation may be accomplished by
using any method known in the art, for example, the methods described
above for down-regulation of genes of the PTS system.
Glycerol provides a substrate for microbial production of useful
25  products. Examples of such products, i.e., glycerol derivatives include, but
are not limited to, 3-hydroxypropionic acid, methylglyoxal, 1,2-propanediol,
and 1,3-propanediol.
In another embodiment, the recombinant bacteria disclosed herein
are capable of producing 1,3-propanediol. The glycerol derivative
30 1,3-propanediol is a monomer having potential utility in the production of
polyester fibers and the manufacture of polyurethanes and cyclic
compounds. 1,3-Propanediol can be produced by a single microorganism
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Kl ebsi el | a3738 pneunoni aescr K (fructoki nase2.7.1.4 Escherichia colicscK
(fructokinase)?2.7.1.43940 Enterococcus faecalis cscK

(fruct okiwa=e)2278311. 44142 Saccharonyces4344 cer evi si aeHRKIT/US2011/060235
(hexokinase)2.7.1.1 Saccharonmyces4546 cerevisiaeHXK2 (hexokinase)2.7.1.1

| cast 9% seduaneeo Vsl of BBEERE IR AIE b HEhAN RERRTL o Yo ari gnrent
to an am no awhydirs e, 28 deieribed imULS. BEent RoNSL63B,274EQn thisNO. 34, SEQ
| D NO. 36, SEQ ID 38, SEQ ID NO 40, SEQ ID NO 42, SEQ I D NO 44, or SEQ ID

NO. 46. bieposversien. avssal 'ﬁﬂﬁ@dUQ%fr%ItiﬂS&@fb%S ra4g, @9 uct oki nase
activity has doigiael ABofs! REAUSEESN Bed B R b SEQARINC 40. 15The

codi ng sequence o ene 1 ng avli Nng sucrose
transport er atgfdromypyomombldehweaby lact@yldeartasg ealymeswhitymm bse activity may

be used to isol ate nuc| eoti de se uences encodin mol ogo ol ypepti des

fromthe san®ngPdsd It?érth?rﬁé’?btl?ﬁ%t? NEMRSY bq:gytro@%gﬁgprgo t'ﬁ%rﬂ\?ﬁ&@% of the

genes may be s anahsﬁ (TR LI BAHAEE BaR QRN UsibPasrdraice (ESUCh as BLASTN
bl e "nuc

to search pub I ca avail a el c aci equence dat abases.
Addi tionally4.2. I1e’SO)s@lbhderwdrafaslac(Euﬂ)o@dmszg)aoreanyjeiheg eseygmeratde tiependent

tocol s i k th t.. | f - nd
Dot ocol s | nePrze Bl Sanrih. i bintemle BEo e RS Snaeied e o
hybri di zapi ongl tadp 2t “PNRyamiid aRBb @i offd @béﬂiﬂd@@?dr%l‘@é@' ified by

vari ous uses oPﬁnuchgl c acid anplification techno ogi es . g. pol ynerase
chai n reacti dtclygEsRut ke Npt hméedécp dhaB1 gcowag @ﬂﬂumce aeia‘gshzoﬁEQd@ase

1035); or st A drigAReRing Ssfinc?ises PR SERTD NEF kL R PGB Opr

Natl. Acad. $eodings8ghencdfet IBRR.in SERIDINOFHAGS), respasthvely, titven Klobuigilzeot i de

sequence encodi ng the pol ypepti des descri bed above may be enpl oyed as a
hybri di zat i orpnﬁr"’m’a%rmﬁ@mhﬁ?rﬁqnﬁ/?@d@” eh3dwd F@W@r%@naldehyde thé 3of

or ot 5 Erothdd @ odthloype8Ael 3ol R BRAT GGG beoe
reconbi nant bat.t 2029 odiosiudredemhdi elebydrogbddses.oAaduitablevexaraplieaisa i n t he
gene encoding a 1,3-propanediol dehydrogenase is dhaT from Klebsiella
pneumoniae (coding sequence set forth in SEQ ID NO:47, encoded
protein sequence set forth in SEQ ID NO:48).

20 Bacteria can be recombinantly engineered to provide more efficient
production of glycerol and the glycerol derivative 1,3-propanediol. For
example, U.S. Patent No. 7,005,291 discloses transformed
microorganisms and a method for production of glycerol and 1,3-
propanediol with advantages derived from expressing exogenous activities

25  of one or both of glycerol-3-phosphate dehydrogenase and glycerol-3-
phosphate phosphatase while disrupting one or both of endogenous
activities glycerol kinase and glycerol dehydrogenase.

U.S. Patent No. 6,013,494 describes a process for the production of
1,3-propanediol using a single microorganism comprising exogenous

30  glycerol-3-phosphate dehydrogenase, glycerol-3-phosphate phosphatase,
dehydratase, and 1,3-propanediol oxidoreductase (e.g., dhaT). U.S.
Patent No. 6,136,576 discloses a method for the production of 1,3-
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15nucl eoti de sequences encodi ng the pol ypepti des may be nmade w t hout
affecting the am no acid sequence of the encoded pol ypepti de due to codon
degener acyQ 2aredh7831at ami no aci d substitutions, del eti ongComsaddiosizohs t hat
produce a substantially simlar protein nmay be included in the encoded

protein. 20T C t i h i 1avi ng

Clcr ose. t r andba Bl oo Ry eI B R i g bR T Bt LB s e
activity may deeytienhsd aad peoteth ROBtdrsaentifoddas béing.a Rehrithtdde. 4, 683, 202)
and primers designed to bound the desired sequence, for exanple as

descri bed i nrexeiivgtien fagier eeplided her net hods of gene 25i sol ation are wel |
known to one skill { I J imers or

het er ol ogous probéfﬁyE?F%ﬁ§%'ﬁ%%ﬁﬁigé%ﬁagﬁg%f%@g“@@%%@ﬁﬁgé§g§% al so be
chemi cal | y synbdtess wieereta siguifichasadrdasgnmiti rams pedduwst peiklArPisl nc.  (Menl o
Park, CA). Exwdr)essi n of tﬁ]g pol ypept | des IE15’rfélﬁ‘lmmbe.e;m;‘te ted usi r}pl one of
30many et ho@DURABHEY (T4sE! 3 RPITSBECI Galvs ACiviy(CEHRAHISBSE e nuc eot i de
sequences e“qoﬁ'-:gﬂg@é i AxYRPEY) §§e€ﬁé8&lfd38g1_o§99)érﬁ> g@rY\{etPPB-' ntroduced into

the bacterium'o east one multicopy plas ntegrating one or
nore copi es dfydtdwypoapiomajdskydetoc€S-pnopanediol. hadditigealonitl STRatemidNceot i de

' h I id be, i nt dinto th t
bact or | um Sogal i 87 Oekpes G BB sheid) PE S RroaReilbab var i on
(e.g., onpa Prowdedibiasm d, as described 5in the Exanples herein).

The introduced coding regions that are either on a plasmd(s) or in the
genone nmay be expreereased perdustion &dd: 3-orapaneginl ynaycbe aehisveedydurthen

genenavi ng. et eRed A s B Ry bR e B B el o B ¢
hi ghly acti veopieotpgetrgdritatandusnegaanng exppeddicn OEROVRE targei Geved)iaghl y
expressed operon. Suitable pronpters_include, but are not limted to, CYCL

, HIS3, GaL fesepadin WP ateridNoprgs 1. aakporer Wilieationrpiglucre®as @euz, ENO,
and | ac, .ara, rpg ' t Lexpressi on
in Escherllgchicghgéﬂ Is<§ur§esa |r\}\E|LF|°TSaEﬁp ng-ﬁgﬁti’/,%Sipﬁ%gg)ar(,Sfc%%?agrﬁ%grreo%%p/sﬁand vari ous
phage pronot enay bediareagext. expression in Bacillus. The pronoter may al so be

t he Streptomyces lid\é% dan? Iuco%e isonerasde rprom)ter %r a var.iant thereof,

descri bed by Paynédgtionel ggupsswhege dnfrepped of yesegyialed XPreRioBnbodi ment ,

L he r ecombi nareh8ed ¢ grolanlier BrbdLlish AR GefePaRsifg: Pr oduci ng

gl ycerol. Biological processes tor the preparation of glyCerol using

carbohydrates os ghgapsoenapynoate carbgrylases tymichllyrchaonstetized es E4; ot her

fungi, and al gae. thgzhbact eria and yeasts produce glycerol by converting
a

gl ucose 8P other & Wdr at es
e cob(l)alamin adenosyltransferase, typically characterized as
EC 25117

e non-specific catalytic activity that is sufficient to catalyze the
interconversion of 3-HPA and 1,3-propanediol, and specifically
25 excludes 1,3-propanediol oxidoreductase(s), typically these
enzymes are alcohol dehydrogenases
Genes whose reduced or down-regulated expression increases 1,3-
propanediol production include genes encoding:
e aerobic respiration control protein
30 e methylglyoxal synthase
e acetate kinase

e phosphotransacetylase
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t hrough the fructose-1, 6-bi sphosphate pathway in glycolysis. In the

25met hod of producing glycerol disclosed herein, host bacteria may be used
t hat nat uweal2biz/q8nduce gl ycerol. I n addition, bacteria may/useoiengi2ater ed
for production of glycerol and glycerol derivatives. The capacity for

gl ycerol production frag variety of substrates may be provided through
t he expression of the @%ﬁ‘geﬁ%yéf‘?qeé?SSI'{‘/cerol -3- 30 phosphate

dehydr ogenase ( G3PDH) a@e“ eH F(gie- wBlpsphat ase as described in U S
Pat ent No. 7,005, 291. ne@ﬁencogi ng these proteins that may be used for

expressing the enzyne addésephosphaiensamieesde bacteri um are described in U S
Patent No. 7,005, 291. Suitable exanples of genes encodi ng pol ypepti des
havi ng gl ycer ol - 3- phts phgsehegHgenaigsiehyeraiese vi ty i ncl ude, but are not

| SEQ | DINOL 1, 5 "BANBHES SR e ESraREnt BRI (RERSERAREM) " ana

GPD2 from Sacrdenpapleast p?@di@olhgiCﬁﬁydm?ﬁn‘w)i@ﬂq!aeidcei-ﬁlfytlrcf)@btcbpibrmicSEQ I D
NO 3, encoded protein sequence set forth in SEQ ID NO 4). Suitable exanpl es
of genes enc@§ithapsliNig o sReck I WNHES Podcan-be cyHesisAdPase activity

| ncl ude, but c%ﬁﬁn@&‘iall}yi)ir-tptﬁﬁ?rqf @%ﬁ%&@ %mﬁ?&ﬁ*ﬁ%@yﬁ&ﬁic‘éﬁe‘” si ae

(codi ng sequence set encoded protein sequence set
forth i n SEQindusig, 8)g.aacHyl@B2idfbyodeSairaticr, onglopix awdd byiosidatioacodi ng

sequence set forth in S ID NO 7, encode r ot ei seguence S forth in
e T NP S) st By TRaia0 ceadlonar il SICaPB: Y e AHSREEH By o

reducing 15 expi&@pil Ob‘lj-ﬁ/ﬁrd@b&%io%%ﬁ%‘}%&ﬁ%%ce@%%g@eiégw b of
endogenous genes encodi ng gl'ycerol kinase and gl ycer ol hydr ogenase
activities fldemnhentablercatben goyroerky a singlikioticroorganistosas dbecribad 0. S. Pat ent

No. 7,005,291, |nc! h | i bon.t I |

acconpl i shed cgyeﬁ@hg%Srﬁgccfrﬂ@%gfypé\&gg&ghggé’afe}%éA%Rgg%}gq%glﬂg. g@ﬁéggw ‘encodi ng
gl yceral dehyqlﬁroaepepl%@@ataeivéqimvrm@tmhmﬁ, gdeapsdrpsubstiatdlisS. Patent No.
7,371,558. Down-regul ati on nmay be acconplished by using any net hod known in

the art, por CORMAMEE o Brydrtypreriogeldenydr Rssdratsibedrab®yarior ¥§ul at i on of

genes of the P y st _ P &l : i crobi al
production o r%-%%e %)I% @?% o uagr{e;alola@&?@?dﬁq@é@é@@%%esg i.e., glycerol
derivatives iconlkeded tdBthyarexypedpibhia doidiby @n Bddéiyytieoastpydrpgenase. aci d,

met hyl gl yoxal , 1, 2-propanedi ol , and 1, 3- propanedi ol . I n anot her
embodi nent, thitapleexasnalgsof pidahyde denysiaasnagendidide. Ut acapabl e of
produci ng 1, 3- nedy VGAr i Y 1, 3s ol is a
Tonomer hav! oS B (S8, HOHE; hodfed BEHAE. clachd BB, °and
t he manufact sequehceetlyiortatin @l B0 ciyxg] AldAc@HQUDdO:18) 3erioaledrimdi ol can

be produced sipgle m organi sm by bi gconver sj L, carbon

aubst rat e ot % & hal dgs b fosiapaguerse sdodna Sk ENF i EEah u s
Patent No. 5,686.@FEQ ID NG:DD$ dHcBaeavgtEE 1 cofl gureMHiSodrgduced from the
carbon substrate, as described above. "3 ycerol is converted to the

i nt er medi at e sBquenesy dseatyprtop SEA) HeNWE9py a dehydratase enzynme, which can

be Many of the modifications described above to improve 1,3-

25  propanediol production by a recombinant bacterium can also be made to
improve 3-hydroxypropionic acid production. For example, the elimination
of glycerol kinase prevents glycerol, formed from G3P by the action of
G3P phosphatase, from being re-converted to G3P at the expense of ATP.
Also, the elimination of glycerol dehydrogenase (for example, gldA)

30  prevents glycerol, formed from DHAP by the action of NAD-dependent
glycerol-3-phosphate dehydrogenase, from being converted to
dihydroxyacetone. Mutations can be directed toward a structural gene so
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encoded by the host bacteriumor can be introduced into the host by

reconbi nati on. The dehydratase can be gl ycerol dehydratase (E. G 4.2.1.30),
di ol dehywparesgsiiE. G 4.2. 1.28) or any other enzyne ablPeTius2eianei2zgze t his
conversion. A suitable exanple of genes encoding the "a" 10(al pha), "n"

beta), and "y" ( . uni of.. r.ol .at ase | ude, but are
ot 11 ted £ GHIBAT Ok RERI LR D BLER BoRymen A e s 65 Ghas2
(coding sequm@eteﬁetbmfa@dtahegnla&;ﬁséqdae, clddinp(? premeferBdgibaedndg sequence set
forth in SEQID NGO 13), respectively, fromKIlebsiella pneunoni ae. The
further convéioosemeddingdingysitesx§pas P HirslUiriByae express®n lesphfRhdei ol can be
catal yzed by ng%liieré%ﬂﬁ j ol dehydrogenase (E. G 1.1.1.202) or other

al cohol dehydr ogenases. ‘suitabl e exanpl e of a gene encoding a

1, 3- pr opasedi ]9I dwmglg@timsar&@wmineg’uléﬁ@mﬂﬁyemiaehibae@bwnmriawog codihng
sequence set forth in SEQ ID NO 47, encoded protein sequence set forth in
se% I D NO 48)”.13@9%%&%9%1 5 hIPWR IQ @@éﬁtﬁ?(ﬂlﬁgt'ﬁy}h%ﬁ& Hb'ég'é%iﬂt'reﬂ%ﬁﬂﬂdde mor e
efficient pr i i } ; i i ian i

T, 3- pr opancdral ESPUICH SEREG BOlalaIT 0P HeREEisES o A dlitBation o

t ransf or ned riheteyel ghactssty eserd imatdedidhébis deriveéddtanotheprajéimcer ol and 1, 3-

bt Do or _botCBRea Ly dadticng it Brta . TR i oh AUt Brgroedte 0. | %°
phosphat g phasd BatiaseoMhe Ipfot@irSeneidettbP e &rrdxpiondfig (l%iﬁ%ﬁ%f@r'éd ctivities

gl ycerol kinase and gl ycerol dehydrogenase. U S. Patent No. 6,013, 494
descri bes a pyigclype geve. t he production of 1, 3-propanediol using a single

gl yeerof - 3- phospharE LI RaTat0A3vey IroRetPHg salnREY P DS ufio o 2=
oxi dor educt aseglated to idb@hse the Sctiitt @theiNencoddd furieliond)sHopses a net hod
for the production of 1,3- propanediol conprising a reconbi nant

mi cr oor gani srﬂxﬁmﬁ'%eﬁddéw iggplﬁg A SGERRA aeR_EMAYPHINFOSUREKINte dher
I dentifi 9722103%&90& iSRSt I3§ﬁ1icfseﬁféd %@pﬁgégﬁ?‘“éwh é’é\iﬁs‘ rqgg'aléﬁ S. Patent

No. 6, 514, escCribes an 'I'nprovene process ere st gni ficant
i ncrease in toetiategratednstothedincdmpsomiel with appropoibtearagethtosy vi rtue of a
non-specific catal yti ctivity (distinguished from 1,3-propanedi ol

ox! dor educt aSEaURRERHaD JE T e GeRem FENDAS! ol PORIUGRINGRaNSehy de to

L, 8- propaneditgle iadkligenBathsy be thouifiE#s6 s 1Bpe Undetdne 28ndorei s vectors
and pl asm ds use or the production of 1,3- 10propanedi ol .

| ncreased pr odtive ippomofersg o8 afiergsamatiecqpromofetse Erdageneds ipyoioataraer
nodi fications tq a E%st .bacteriu i nc

sone targdt §ERKE alified T Vg ',O”ebgféi‘gﬂi %’ﬁgyg’f gﬁgﬁh&ﬁéﬁggg?p;gi;?nagf
LSESthon sou e (TS EILepHTeREL BRR Greatt b amnpets o e o
be i ncr eased.of certain genes relative to a gii/en aFc):tivity level. Metﬁods of down- Y y
regulating (disrupting) genes are known to those of skill in the art.
Down-regulation can occur by deletion, insertion, or alteration of
25  coding regions and/or regulatory (promoter) regions. Specific down
regulations may be obtained by random mutation followed by screening or
selection, or, where the gene sequence is known, by direct intervention by
molecular biology methods known to those skilled in the art. A particularly
useful, but not exclusive, method to effect down-regulation is to alter
30  promoter strength.
Furthermore, down-regulation of gene expression may be used to

either prevent expression of the protein of interest or result in the
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Addi ti onal genes whose increased or up-regul ated expression increases

1, 3-propanedi ol production include genes encoding: phosphoenol pyruvate
car boxyl 280 201201784l y characteri zed as EC 204.1.1. 31 cebtiysadianms023s
adenosyl transferase, typically characterized as EC 2.5.1.17 non-specific

ot bonver s exhrassidl8f o pRardl hatlsTn b ACEBAA i MIS he ppcomplishedey e udes

1, 3- pr opanedifed exahpler By mzﬁéﬁaenhg)oodmépﬂegaddsyarﬁdr@smg@rmm@r@mgt@ h cohol
dehydr ogenases Genes ose reduc or down-regul at ed expression

i ncreases 1, 3e9ipNBpANBERENYHXOABBLHDAUFIRE AUS SgaHRCASHBIYFPRHNT ra@iPBsi ¢

respiration t g ase
phosphot rans%@@? glse@é& %@ﬁg%sd%ﬁBG gls%yﬁé %ﬁﬁgh@g%ﬁ% %ydg&ggenase B
tri osephosphaé@ulatmyn(:pr@sr&)tephegpheqmmamme otghmdkmgasNA&baseqmmt her

enmbodi nent , Wge reco ﬁnt bacterl a discl osed herein are ca abl e of

produci ng 3- 8F‘8§§/)p Ridisryp} "?J”S @‘aW?ﬁ'%%@ YORANAoR MR utility for
speci al ty symg &b&‘ﬁ@re%%ﬂwd’@r Q"m{e%%é geh@'@@ﬁ&

I nt er medi at es art 1'n t em car1 ust ry, acry c aC| d by
dehydrati on, mrhhowncsrmnlfmb ﬁlyruptlodatmambe obtalned by direct intervention using
molecular biology methods know to those skilled in the art. A particularly

10  useful method is the deletion of significant amounts of coding regions
and/or regulatory (promoter) regions.

Methods of altering recombinant protein expression are known to
those skilled in the art, and are discussed in part in Baneyx, Curr. Opin.
Biotechnol. (1999) 10:411; Ross, et al., J. Bacteriol. (1998) 180:5375;

15 deHaseth, et al., J. Bacteriol. (1998) 180:3019; Smolke and Keasling,
Biotechnol. Bioeng. (2002) 80:762; Swartz, Curr. Opin. Biotech. (2001)
12:195; and Ma, et al., J. Bacteriol. (2002) 184:5733.

Recombinant bacteria containing the necessary changes in gene
expression for metabolizing sucrose in the production of microbial

20 products including glycerol and glycerol derivatives, as described above,
may be constructed using techniques well known in the art, some of which
are exemplified in the Examples herein.

The construction of the recombinant bacteria disclosed herein may
be accomplished using a variety of vectors and transformation and

25  expression cassettes suitable for the cloning, transformation and
expression of coding regions that confer the ability to utilize sucrose in the
production of glycerol and its derivatives in a suitable host microorganism.
Suitable vectors are those which are compatible with the bacterium
employed. Suitable vectors can be derived, for example, from a

30  bacterium, a virus (such as bacteriophage T7 or a M-13 derived phage), a
cosmid, a yeast or a plant. Protocols for obtaining and using such vectors
are known to those skilled in the art (Sambrook et al., supra).
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10esters by esterification reactions with al cohols, and 1, 3-propanedi ol by
reduction. 3-Hydroxypropionic acid may be produced biologically froma

f er ment abWwe 20evdigs11source by a single mcroorgani sm asPdeaseeiec23h
copendi ng and conmmonly owned U.S. Patent Application No. 12/815461. In one

representative bigsyntheti way, rate .S, A5 verted to
3- hydr oxypr opi onaﬁ@'ﬁﬁ@%@,&b@@gg%%b%@prg’g@(gg&f’ Wqﬁgﬁepﬁ%%ﬂlcﬂ%l %ﬁ’%of
1, 3- pr opanediekpreskith of dtii@reqloRPicnae deftattanientdnient edsired host
3- hydr oxypropi oni ¢ acid by an al dehyde dehydrogenase. Suitabl e exanpl es of

al dehyde” dehy@CHjiages Nnumereiseant iAmiiretnibose skilleddn the am ofytyalQ |1 D

NO 16) , i L : h i
SEG 1D Nor 197 ATAReRE el o BiiRss RS Al BHLR REA Foly " '
(codi ng sequexampietarfyosfttheipnoi@biers Diste@ dotve rmay bal uldd( SEQ | D NO 20) ,

encoded by the E. coli gene al dH (coding sequence asset forth in SEQ ID
NO 19). Many of tHier%?ﬂqﬂ”cfé’ﬂt%&e%%%%mgadeﬁis%ES\p@“tVSgﬁ‘rr%‘? §@eoYs 3-

25pr opanedi ol 14 5RRant 61 & WAk i eto

i mprove 3- hygre@%gtéglg?gﬁﬁ?%%ﬂ%ﬁ%?ggﬁﬂgt :t?)% Foly’ éexarrpﬁée't,léﬂ ﬁlgee |yﬁati on of
gl ycerol ki naswepessary; sowevyereit 8 mosbprederréd dimcBéedy t he action of G3P

h hat , f i . e- ted to G3P at th f.ATP. Al so,
P ol 1m nat i on_ of % IS/BENG SHuRSGPOGUIas &3 PAMRAIFES. BRI pr event s
gl ycerol ,of oisgadehcsyeiddRihdind ggly@épt)tiid@% & IINRBd Gpeasle rough

ed

gl ycerol - 3-phosphat e dehydrogenasé, from being converted to
di hydr oxyacetiitietionpedansoess exgresssreepntwlaegions sueidhair al gene so as

to i ; . iy . . > b
direcrod t ondr AL HS T L ntma i Re A Pk s RE e il REAG 1 bosome
bi nding sites, so Rasti¢Wanpdsémal erd the \expsre 8O 8YepSVYCIDIENZY Mat i ¢

activity. 5Up-regul ation or down-regul ati on may be achi eved by a variety of
Tot hods whi CIPEORABRNG BSYRES KEsraRed I Ui Fatent No. 7746156, aRdler st ood

t hat up-r.egul @y EoH- i r o] ation in
t he | evell§of pg:\{(?d\?id'g?/mpr eséﬁ? Qélrfjinb?%cf @gﬂ I%f tpﬁé(%ﬂir}\go'dﬁ??{i/’ggbf r-@r% %steeﬁgrg%t ein
encoded by t ledemgetseofitieésd vectotoare aerivieddtorh eveldhafregaibnvsdlgtedffoomexanpl e,

by 10the actiyity of the protein encoded by the correspondin or
o nTol tor oy Kiphdiel paoiahaie ant oG Saiato RS cry AR Peh YBClen 2y e

et on(s) . B R B B R ot e
i ntroduced i sequenee $6hfosth it SHQ bl NI14S; eopgded pelypeptidris@quangeBrR322. Such
genes may, al $94 in SEQ ID NO:50), orfX, DARY, and GPP2 arranged in three
separate operons. The nucleotide sequences of pSYCO101, pSYCO103,
pSYCO106, pSYCO109, and pSYCO400/AGRO are set forth in SEQ ID
NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID
NO:55, respectively. The differences between the vectors are illustrated in
25  the chart below [the prefix “p-“ indicates a promoter; the open reading
frames contained within each “( )" represent the composition of an
operon]:
pSYCO101 (SEQ ID NO:51):
p-trc (Dar1_GPP2) in opposite orientation compared to the other 2
30 pathway operons,
p-1.6 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and

p-1.6 long Gl (orfY_orfX_orfW).
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be integrated into the chronosone with appropriate regul atory sequences
that result in increased activity of their encoded functions. The target
genes maywbeormdsiiied so as to be under the control of ROWAISP@LLI0EE3S
pronoters or altered native pronoters. Endogenous pronoters 20can be

altered in vi o tion, and/or substitution.

Al ternativel y@%&é@iggqugﬁﬁo reduce or elimnate the expression of
certain genes rel iry¢Dho_GRPYESHME OrightatiohophparbBtibassotler 2
down-regul ating (disrupting) genes are known to those of skill in the art.

Down- r egul ati on c&H¥UPPBPNGel etion, insertion, or alteration of 25coding

regi ons and/ or re%gﬁ)_%tl% gl%ﬂggﬁ(ﬁ%%\%f .h%%% dﬁB%?'Jrioc down regul ati ons nmay

be obtained by ra m i‘on d-by screenf’ng or selection, or,
wher e thesgene segutndeng SIKod¥WnorfllyodiM)ect intervention by nol ecul ar

bi ol ogy net ho t ho illed in the art. A particularly useful,
but not excl @&3@8%&{%@9 Hh:bﬁ@g >t down-regul ation is to alter 30pronoter
strength. FW@?@@@L ?nPlf)‘%)‘%t‘irﬁé%Hbﬁfdti%H @mEHBE 164 Sfheron May be used

to either prevent exp e protein of interest or result in the
expressi on of a ppatievay opetonss non-functional. This nay be acconplished

for exanple, by 1) | eti ding, reglions d/og,.regul atory (pronoter)
regions, 2) i nserﬂ'ﬂ% '8&%3@4@8@%%@%@%@8&@@ into coding regions
and/ reguligt ory (proietighg G1g8HeNerxapawB) al tering coding regions and/or

S5regul atory (pronoter) regions (for exanple, by maki ng DNA base pair
changes). Sp&SYGQ109<PER INO:pdy be obt ai ned by random nutation fol | owed

Speci T e di or upt ] GHLE NS bt LB B i Bh e B IE AT AR ol cout ar

bi ol ogy nethods kpeihway bb@ms_,ski lled in the art. A particularly 10useful

method is the deletign of si 8rr]n If3|1 cant_anpunts of codi ng regi ons and/ or
a

regul atory (pronmotetP IPegi@d _dhaBzdheds3_ghax)taid ng r ecombi nant

protein pression,_ e skilled in the art, and are discussed
in part ﬁ)rél Baneyxfb g?ﬁ?@gﬁ?RWBPﬁchhnol. (1999) 10:411; Ross, et al., J.

Bacteriol . (18J0O480/AGRO;(SEREbiN@EH): et al ., J. Bacteriol. (1998)

180: 3019; Snol ke and Keas| i , :
p-trc l(%am Cﬂ:gPZ) same orientation compared to the other 2

pathway operons,
p-1.6 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and
20 p-1.6 long Gl (orfY_orfX).
p-1.20 short/long Gl (scrK) opposite orientation compared to the
pathway operons.
Once suitable expression cassettes are constructed, they are used
to transform appropriate host bacteria. Introduction of the cassette
25  containing the coding regions into the host bacterium may be
accomplished by known procedures such as by transformation (e.g., using
calcium-permeabilized cells, or electroporation) or by transfection using a
recombinant phage virus (Sambrook et al., supra). Expression cassettes
may be maintained on a stable plasmid in a host cell. In addition,
30  expression cassettes may be integrated into the genome of the host
bacterium through homologous or random recombination using vectors

and methods well known to those skilled in the art. Site-specific
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Bi ot echnol . Bi oeng. (2002) 80:762; Swartz, Curr. Opin. Biotech. (2001)
12:195; and Ma, et al., J. Bacteriol. (2002) 184:5733. Reconbi nant
bact eri a worrbey/a1831g t he necessary changes i n gene expr e®€Eirars2610/06023s

met abol i zi ng sucrose in the production of m crobial 20products including

057 ng. technt doRLRRLBOR SYLERs KN 214F pe TREfOEFe AR B R T e i
t he Exanpl es elxprégslibn cassetteEhe construction of the reconbi nant bacteria

di scl osed herein may be acconplished using a variety of vectors and
transformati on andn eeeﬁlpnéeéh%ﬁe&gmp@fge% @?H%Bﬁé‘nQ&mSﬂﬁé’rmlﬂPﬁ)'ﬁg,

transfornmati abllltyto
utilize sucr g“h;uetglﬂﬁn?ﬁgé&ﬁ%é&@rqé%&rﬁ%?fo%yiaﬁ%ﬁﬂé ﬁMCt%ﬁgfﬁlIgtl vels in a
sui t abl gl hostpr?]tuwa;]tem@Mng @iyc‘émltaiiajV@r |tee@émremgles endyhalse befusedbamﬁlls "
conpatible with the bacterju jta evetorscn e derive
for exanpl e, HeGARa 'XG‘"@&E@&?‘% ‘%ﬁd\ﬁt‘?a‘s'n%%ﬂ PAQ Lﬂfétﬁ’?é?q WAKHEL'T7 or a

M 13 derived yphag@lnit Sightie tdcatébdlﬁﬁ%pt‘e%s%lh%ﬁ?ge RUEEE R Svdi@lin&dy ai ni ng

and using such vectors are nown to those s in the art (Sanbrook et
al ., supra). phenotypid défidiendiess contr ol reg| ons, or pronoters, V\/mch are

useful to drive expr.ession of .codin i ons for the ipstant vention in
Uhe desi red oot - MHETER Bhefari i ihaRalaebaeh difwel kb Akbd B Pteq s n
the art. j¥irtdghmnha bf@bﬁh@qhemoeene t&septed Il ViIPRXRI REST B71i5585ui tabl e
for use herein. For exanpl e, any of the pronoters |isted above may be

used. ﬁﬂetﬁfhia[rleth@d@dﬂlt er@atlneg"mdﬁ@t&mngar%aw geehemical agentdar i ous

Cnecessar y: TONSIGSERISTES T ERHP o8, i Pehine  ThEheS SR8 Bt e °°
expressi on ofBu@tleehhaePgnm PextppeR of tirfustizl dlieibisiegy Begonderdition encodi ng
the polypeptides are Iinked operably through initiation codons to sel ected

expressi on céhP8Y Sipageonssagirtest gt siesast oMA- e@uPeshRanden Mukyingat i on of

the approprigte eful are the vectors
pSYCI)lOl%) Syd)égé}s%‘?%% g%@(%%%gg%'scri bed in U S. Patent No.
7,371,558, and 15¢!Sté®®ﬁm@gm hde oxcutred, linutamt§hal?ialgdhe dsgired, 524, 660. The

essenti al el errent of thes ect s are. derived fro dha regul on
oot ed 11 OHPRNCREBITEY Of SRR BY SyATety Ghneletr BHGes SEeie  ne. Each

vector cont a'l%‘ﬁ]ds*ﬂ@oﬁﬂ?ﬁdh WREF e hlBERR z?&a@ls é?@%%%ct@ﬁ‘ﬂﬁ?the abay chOd' ng

sequence set forth in SEQ I D NO 49; encoded pol ypepti de sequence set
forth in SEQpr@uG M)desuleﬂ)prodmmgr mheuneam aAtarmpsiselyn selectiee separ ate

oper ons. The cIeot uen es SY, SYCO SYC0106,
pSYC0109,2and® 03 ”tqr&%d%) °§‘E‘89 H%%TP ®dEQ I D NO 52,
SEQ I D N 53 poga@t.bp m&éet.@meamvhem| PesisEAPESIoNIE oan JBvRIh.f T er ences
bet ween the vectors are illustrated in 25the chart below [the prefix "p-"

i ndi cates a plethede of mutentsisiectiosarrerdughly developed and well known in the
art of industrial microbiology. See, for example, Brock, Supra; DeMancilha

et al., Food Chem. 14, 313 (1984).

25 Fermentation media in the present invention comprise sucrose as a
carbon substrate. Other carbon substrates such as glucose and fructose
may also be present.

In addition to the carbon substrate, a suitable fermentation medium
contains, for example, suitable minerals, salts, cofactors, buffers and other

30  components, known to those skilled in the art, suitable for the growth of
the cultures and promotion of the enzymatic pathway necessary for
production of glycerol and its derivatives, for example 1,3-propanediol.
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frames contained within each "( )" represent the conposition of an operon]:
pSYC0101 (SEQ I D NO 51): p-trc (Darl GPP2) in opposite

ori ent at iwo 20eP831ed to the ot her 2 30pat hway operons, RpPCI/US2010/006026%
(dhaBl1_dhaB2_dhaB3_dhaX), and p-1.6 long G (orfY_ orfX orfW. pSYCO0103

(SEQ ID NO 5 P ar e ot her 2
pat hway oper?r%t@%g'rg%érﬁg’ g%ﬁiﬁ? @%Q%&E%%ﬁ@é&qaﬁﬁ 12acﬁ&)r§8u%8§ |l ong A
(orfY_orfX orf a?ﬁ §F@ ?ﬁ&) p-trc (Darl_GPP2) sane
orientation corrpared to ot her pa way operons, p-1.6 long G
(dhaB1_dhaB2_dhaBidimaxy|-cavalarhbpicbefizyroedB (3) ig anfirviportant @ofadfor pEYC0109
(SEQ ID NO 54): p-trc (Darl _GPP2) sane orientation conpared to the other 2
pat hway oper cebydgatasesacionity. (Syl’(fhﬁ?ﬁiBDf GWWBBQ iglfieux)d ingrrakaryptes, 6 | ong
G (orfY_orfX). pSYC0400/ AGRO (SEQ ID NGO 55): p-trc (Darl GPP2) sane
orientatién @é’ﬁ‘i:?a@fe‘dhlcﬁ arpablg F%Wrﬁh%{'fﬁ%c‘émgf’é% de novo, for example,

Escherichia blattae, Klebsiella species, Citrobacter species, and
Clostridium species, while others can perform partial reactions. E. coli, for
example, cannot fabricate the corrin ring structure, but is able to catalyze
the conversion of cobinamide to corrinoid and can introduce the

10  5'-deoxyadenosyl group. Thus, it is known in the art that a coenzyme B4
precursor, such as vitamin B42, needs be provided in E. coli
fermentations. Vitamin B42 may be added continuously to E. coli

fermentations at a constant rate or staged as to coincide with the
generation of cell mass, or may be added in single or multiple bolus
15  additions.
Although vitamin Bq2 is added to the transformed E. coli described

herein, it is contemplated that other bacteria, capable of de novo vitamin
B12 biosynthesis will also be suitable production cells and the addition of

vitamin B12 to these bacteria will be unnecessary.

20 Typically bacterial cells are grown at 25 to 40 °C in an appropriate
medium containing sucrose. Examples of suitable growth media for use
herein are common commercially prepared media such as Luria Bertani
(LB) broth, Sabouraud Dextrose (SD) broth or Yeast medium (YM) broth.
Other defined or synthetic growth media may also be used, and the

25  appropriate medium for growth of the particular bacterium will be known by
someone skilled in the art of microbiology or fermentation science. The
use of agents known to modulate catabolite repression directly or
indirectly, e.g., cyclic adenosine 2":3'-monophosphate, may also be
incorporated into the reaction media. Similarly, the use of agents known

30 to modulate enzymatic activities (e.g., methyl viologen) that lead to

enhancement of 1,3-propanediol production may be used in conjunction
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p-1.6 long G (dhaBl_dhaB2_dhaB3_dhaX), and 20p-1.6 long G (orfY_orfX).
p-1.20 short/long G (scrk) opposite orientation conpared to the pathway
oper ons. vonee121I8ilabl e expressi on cassettes are construeCedlS2e4ihey23as e used
to transform appropriate host bacteria. Introduction of the cassette

by Known pr oduae e el AR EH e oheic MaiBRid s iith 1 EpRparitticiccorp! f shee

cal ci um per ﬁmuatmcbtﬂg@;hé s, or electroporation) or by transf ection using a
reconbi nant phage virus (Sanbrook et al., supra). Expression cassettes may
be maintai ned on ®WeklA eHgpages forithe &m}tat&n are befwegairH 8/ to30

eXpressi on C33P8YS GhATBYPE ) BIAIEY EybiBhcad e HRAPERAHh Ne hoS!

bacteri um t hrou ous o rando I eéco I'On"usi ng vectors and
met hods wel | knommeamtlbhgsmyske beefdrmed Underatrobf, aeoxjog or Eihgerobonbi nat i on

systens may al so. be used for genom c jntegratjon of expr essi on cassettes.
I n addition FQ”PW@”E&@P@”@B@&F% hﬁréﬂu'r%@le s aﬁpﬁscgmﬁﬁwa@?gacm'pm pl e

mut at | ons. SpeRklbseh i ROPERS TRt feR, R diafigli 2l 5

products inclu ycero]la and/o |ts derivatives may al So be used. Cells
t hat nor nal | ;cacboresmbsirata,rlhmmed eeexegssck i nto non- productlve pat hways, or

t hat exhi bit signi t catabol.ite repression m ated to avoid

t hese phenotypic ﬁ@r‘&hf‘%ﬁﬁ” 'Onl\}ﬁtan%ERW Yopeed VWZPQF&Q%% PB aCBmon and
vel | knowp i Refrhéntatién isl® cldsel SyBiam Whep® e 8&MPRBSISoN Df ieRRAiAA id n U. S.
Patent No. 7,371,558. Specific methods for creating nutants using radiation

or chenical &géat thedeginring of Jue fasmestation anthisaiat subiast ta artifigiehnpl e, Thomas

D. Brock in o] d | ogy, Second
Edition (198%@%%?93& ﬁﬁés@%i@ﬁ%&%ﬁ& tl_héﬁn%éb%g%gm% 8]b(§'|% Deshpande,
Mikund 15V., fépméntafidrpahemediuotistmosliatedvit?thé dest@d)bactérieh amdt agenesi s
has occurred, nmutants having the desired phenotype nay be selected by a

variety of ndemRIEAtion SRAAYERSEnPagHN adiRg PokdithisnhaHYSEEMhe nut ageni zed
cel I's arg selgpiefy M 5wl Atk férh8ntation is batch with respect to the

addition of carbon source, and attempts are often made at controlling
factors such as pH and oxygen concentration. In batch systems, the
metabolite and biomass compositions of the system change constantly
up to the time the fermentation is stopped. Within batch cultures, cells

20  moderate through a static lag phase to a high growth log phase and
finally to a stationary phase where growth rate is diminished or halted. If
untreated, cells in the stationary phase will eventually die. Cells in log
phase generally are responsible for the bulk of production of end product
or intermediate.

25 A variation on the standard batch system is the Fed-Batch system.
Fed-Batch fermentation processes are also suitable for use herein and
comprise a typical batch system with the exception that the substrate is
added in increments as the fermentation progresses. Fed-Batch systems
are useful when catabolite repression is apt to inhibit the metabolism of

30 the cells and where it is desirable to have limited amounts of substrate in
the media. Measurement of the actual substrate concentration in
Fed-Batch systems is difficult and is therefore estimated on the basis of
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produce the desired product or internediate. Alternatively, selective 20

isolation of nutants can be perforned by growi ng a mutageni zed popul ati on
on sel ectwoeoradBaiwhere only resistant col oni es can dewveraps201vo6i208ls of

mut ant sel ection are highly devel oped and well known in the art of

Food Chem 141 81468y S8 Surablt R A RuEn A, Sinst e RS0 Wl on

conpri se SUCWI@e%@@Uﬂ%sW@éééﬁ@h&w >.CBhtvpNaralPed-BRiters such as
gl ucose and fructose nmay al so be present In addition to the carbon

substrate, a fenumerabllcmé erensorhatoncandwell knowarih dhenart analrexexapips enaysui t abl e
m neral s, sal ts]d .ag}ors buffers and ot her 30conponents, known to those
skilled in t&QHpC QCbISUPFDr the growth of the cultures and promotion

of the enzymatic Q%rﬁ%%u@?&%ﬁéﬁ(orf %rarpbﬁéih’@?éteﬁw \%eﬂi YeRfiRkgand its
derivatives, for exanple 1,3-propanediol Particular attention is given to

00(11) salts fenmmséraiatm fredivm e 2dded poetxmmmmly;tot a@meactonapd @hegquabn of

L

prokaryotes, Cfbrﬁih@@u@ﬁ’emrﬁﬁtlcﬁ e@@aﬂ%ﬁ'ﬁhlﬁﬁéﬂishm%lciﬁtu%@atc@%ﬁst@ﬁt de novo,
for exanple, Escherichia blattae, Klebsiella species, Ctrobacter species,

and O ost ri dinigh dersityeshergrgalls ase mamardwm IQGrﬁftﬂS@lﬁﬁ’QMh al reactions. E.

col i, T on exampl e aanngls ahid 6l LAS,ERTE dati] HESHE Bty | s abl e

to catal yze the conver rr| nol can 1ntroduce the

105' - deoxy ademgsUmiggrasfiactbraithat ffetiscdingrowtth or the pasdudttehcenteaorzyne B12
precursor, such as vitamn Bl2, needs be provided in E. coli fernentations.

Vitamn B2 S0 ssamalRianeriiidhslisngintan  Ieing nutrierdsyshi@@tens at a
constant rat %a%or?éé\?rgg o‘?‘?’]ltf'(fqeqpl'e()&l'ﬁea f“kéﬁl}ré&@%nﬂ%ﬂ%ﬁ% 8@9,?“ cel| mass, or

may be added in sin or bol us ditions ough vitamn BlZ
is added to ujaaeamemnsft@mmidarﬁe dnlath@“mterbecb hemdien of fdctors affectiegpl at ed

A R - AR e R = SRR
bacteria w | lpyhfie YMMRAEESSAAY medium, is kept constant. Continuous systems
strive to maintain steady state growth conditions, and thus the cell loss
due to medium being drawn off must be balanced against the cell growth
rate in the fermentation. Methods of modulating nutrients and growth
20  factors for continuous fermentation processes as well as techniques for
maximizing the rate of product formation are well known in the art of
industrial microbiology and a variety of methods are detailed by Brock,
supra.
It is contemplated that the present invention may be practiced using
25  batch, fed-batch or continuous processes and that any known mode of
fermentation would be suitable. Additionally, it is contemplated that cells
may be immobilized on a substrate as whole cell catalysts and subjected
to fermentation conditions for production of glycerol and glycerol
derivatives, such as 1,3-propanediol.
30 In one embodiment, a process for making glycerol, 1,3-propanediol,
and/or 3-hydroxypropionic acid from sucrose is provided. The process
comprises the steps of culturing a recombinant bacterium, as described
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20Typically bacterial cells are growmn at 25 to 40 Cin an appropriate

medi um cont ai ni ng sucrose. Exanples of suitable growh nedia for use herein
are commowocomgsiilal | y prepared nmedia such as Luria BePCaniS2¢iiLiBs02b3 ot h,
Sabour aud Dextrose (SD) broth or Yeast nmedium (YM broth. O her defined or

ot owch of Cheipuptalr & o el DR ProBtichelly APRBHESELRPREL T The
art of m crobi ®pegyar@didl candot 3tHyelfodpremienic Adi¢ prsducel. auRprddkeown to
nodul ate catabolite repression directly or indirectly, , cyclic

adenosi ne 2' MAY RBAOPMUEERHHEEY MElOASIHOME iﬁﬂb@laﬁbr@re@(e&-”?ﬁ'@, $QlEsr eact i on
dia. Sinl _ | te. ¥HES
notivities (3)berdRRYRE iRk BRERIMeRRIN Rl PyTBY HeRl R GEH Hitfafion

1, 3- pr opasedidelcaptatidncon e likey Thenyseslproduco njayried isofategvfrom the as an
alternative to genetic manipulations with 1, 3-propanedi ol production
strains. fermegptatioy g‘edf'k”}f)‘aw 8 hasy b?%”?@%ﬁtéﬁ"dﬁ Sé’r“@gﬁét ween pH 5.0

to pH 9.0, WRRLE i j i hhidtitcgliqg condi ti on.
5React i ons may Eré@égaergg)g\(éd&m%ee?n%%r%%@cj&@gﬁgﬁ?@?ﬁg?agnlﬁ#%bi c conditions
dependi ng on extracti@ywrmeembtanebasdbseparatibinnant bact eri um Fed- batch
fermentations nay be perfornmed with carbon feed, for exanple, carbon
substrate, limted or excess. Batch fernentation is a conmonly used net hod.
Cl assi caljgbatch 10 fernentation is ExXAQPEgESYstem where the conposition of
the mediumis set at the beginning of the Ternmentation and is not subject
to artificial altdigpresenidoventpn isdurtbengefingd ivrihe follpwingExaRwlesgi nni ng

and 1 or ment adh g1 14 opafieFend Mo 3nblr EX R WbR ndCedR RSy
15Typi cal |y, dnttywsigients' bthehrivdrtioneateagiven byswdabtilugtration esipeFrotno t he
addi tion of carbon source, and attenpts are often _nade at controlling

fact ors such the apervedisCeRSigB RNEdhesa Examries. ane Ydtashindhe @enean t he

net abolite a IO AREs ; ; a - antly up to
the tine't herégg?}rtréﬁﬁg SsRont s??‘gg%%%’?gtkﬁkﬁitﬁ'}%@gﬂ%ﬁ@u?ﬁﬁr‘“@@%gel I's 20
noder at e t hr deghrtangsfrarni the Ispiit @ndsseope theteofcayr maké vadgupbhaegesd final |y
to a stationary phase where growth rate is dimnished or halted. If

it reat o canbaRpTERNEIS o e Hava R aciint I R anounsRes ARG, Cel I in I og
phase gener allygfibBs! €sponsi bl e for the bul k of production of end product
or internediate. 25A variation on the standard batch systemis the

Fed- Bat ch sy$$ENRERAL METHODS

20 Standard recombinant DNA and molecular cloning techniques

described in the Examples are well known in the art and are described by
Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press: Cold Spring
Harbor, (1989) (Maniatis) and by T. J. Silhavy, M. L. Bennan, and L. W.
25  Enquist, Experiments with Gene Fusions, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y. (1984) and by Ausubel, F. M. et al., Current
Protocols in Molecular Biology, pub. by Greene Publishing Assoc. and
Wiley-Interscience (1987).
The meaning of abbreviations is as follows: “sec” means
30  second(s), “min” means minute(s), “h” means hour(s), “nm” means
nanometers, “uL” means microliter(s), “mL” means milliliter(s), “L” means

liter(s), “mM” means millimolar, “M” means molar, “g” means gram(s), “ug”
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Fed-Bat ch fernentati on processes are also suitable for use herein and
conprise a typical batch systemw th the exception that the substrate is
added i n woeneesils as the fernmentati on progresses. FedPBatushoizpsizehs are
useful when catabolite repression is apt to inhibit the netabolism of 30the
cells and wh it irahle,to e Limted. n of . trate in the
medi a. Nbasu?é%%dﬁ mb(%og'%zh(égt b§| H@&@%b&?&%@ﬁte@ﬁéi@ M)soég Bat ch
systems is digaifgytr Frrandeaﬁs tevelLRiont et phin RS, EATOC” hearipAhtrieln the
changes of neasurable factors such as pH, dissolved oxygen and the parti al

pressure of vaPeL\YhgeLaligstion,dVpnassasaVéh and Fed-Batch fernentations are
common and éd|5 %Wbulfhryteor?d'lﬁor%nd exanpl es may be found in Brock, supra.
5Cont i nuous i}el'rrre%?rm system where a defined fernmentation
medi um i ssadded cMmtenakstmdoymbmcmsbswtaem:tomth@rrdalratenaqwtandrgnomth off
condi tioned nediumis renoved e'il mul taneﬂuls?lrré _{_or rocessjn Cont i nuous

] UNE# ks

ferment ati on b@@F?élaéFP@“rﬁﬁ%?é{Y Knoye Queshelitabie fargisedBnsi ty
where cells grgid) Eb4rr gbé Ry @@%%n@ra%"@éi ou%ﬂ%hBPQPﬁleﬁﬁfdm}; ation

allows for the nodul ation one factor or any number of factors that
af fect cell dsewral Bactendlogydﬂhttltppcﬁadmdrﬁ|C61rE MaorragxRaiphed). one net hod

w |l maintai n,_sourc nitrogen
level at a flrt;@(ﬁllorv&t% gﬁ%?n\g{ t%{l’ wg'ﬂ@%/v Saﬁg l?:'? KEi8g ﬁﬂaégaféréggﬁ n ot her
systens, 1@ NEHIR scédsf)aﬁﬁr@héa@féo%rétywm%tﬂ% yCAashthqidh ened(1mmaly nuously
while the cell concentratlon nmeasured by the urb| dity of the nedium is

kept const antor byckiares Ds Begelt enBiosalinelogyo Adiextbaok oftrdusfrialt at e gr owt h

bal anced agarerliRokerC IRy RoN SR h AR e eas R R s °°
nodul ati ng nyte8@ENtAl radeatn nedtrietorf astyanss had m@t@harstumnbed f@that i on
processes as well as techniques for maxi m zing the rate of product

formation ar @rowin a%mﬁrmtieﬁaﬂ%oﬁbﬁc’féf'% fl‘fﬁi'tﬁsff‘@)’ afF W@P@@Tr&%@iﬂr%d a
var ety qf mehaeaRl BINE AL P BERne SR Aot (SSaARTIAIPLALSd tha

the present inventron may be pra S1 ng
cont i nuous prT@cbaeI@@|esr1(dedkaHIeald&))kNemEngidadcﬁlolfabs iBaverty, dhA )youl d be

sui tabl e. tlon i s con | a hat cel]s nmay be iympbilized on
2 subst rate. SwAGRertice] Comparyab Ui A0) diits pberdmrsheson
condi tions f _Or pr @.@Jﬁ_h'n@rBéﬁarﬁ bﬁ%@ﬁ% cBRthird ﬁb‘HS\Vvﬁ{ %Ilté@éf Mediunpuch as
1, 3-propanedi ol . 30l h one enbodi nent, a process maki ng gl ycerol,
1, 3- pr opanediB#cto-tryptone (10 g), Bacto- yeast extract (5 g), and NaCl (10 g).
20  Supplements were added as described in the Examples below. All
additions were pre-sterilized before they were added to the medium.

Molecular Biology Techniques:

Restriction enzyme digestions, ligations, transformations, and
methods for agarose gel electrophoresis were performed as described in
25  Sambrook, J., et al., Molecular Cloning: A Laboratory Manual, Second
Edition, Cold Spring Harbor Laboratory Press (1989). Polymerase Chain
Reactions (PCR) techniques were found in White, B., PCR Protocols:
Current Methods and Applications, Volume 15 (1993), Humana Press Inc.,
New York. NY.
30 EXAMPLE 1
Recombinant E. coli Containing Putative Sucrose Metabolism Genes

The purpose of this Example was to construct a recombinant E. coli
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and/ or 3-hydroxypropionic acid fromsucrose is provided. The process
conprises the steps of culturing a reconbi nant bacterium as described
above, i nwoOheiznexaence of sucrose, and optionally recovecirng2ahecgBycer ol ,
1, 3- propanedi ol , and/or 3-hydroxypropionic acid produced. The product may

be recovered in tho no i ds y be
Pemmven. 1 omsRl SRS By, Ebeeilfe BEblis erES iR BeelBp{thal
Sdecant at i on fluereddemsIRE ¢ATTCIO® BAAAT7 D), @dd(ﬁavlfﬁg’thlé%bllﬁwwbﬁddddeoﬂm he
fermentati on nediu whi ch has been treated to renpve solids as descri bed

above, usi ng PieRARMEOIREIO)fsomisscresaat i on, i quid-1iquid ext ract| on or
menbr ane- based sepsr.

further defined i ?tf%yfﬁepomg%(fygSEQtIBDﬁOD?%S%{eH un@ ood that

bre g von by v o Luss r@giﬁdgﬁt Oy Tt om the. Sbove fslf:‘w;?am"nmgﬂfj' Lhese
Bl o, onE Bienpdacy Harh bk R PeIR SCar RO REgSS RN TRy

char act ef i st fbras SnL AP Fn PIfhalichsy, E6RSS Fifndy G8haiG i i

and scope th can e vari ous cations of the
i nventi on tofeldnﬂnglcbndMOmaTQ&)ﬁ@/h@m éSﬂcbyclmdbft%o?GH SEENERAC/METHODS

20St andard reconbi nant, and | ec r.cloning techniqu scribed in

Che. Exanpl es SEP0TRTP kASAICPIhLRrAZ 13 Belsias GENButE BRAERE ook o

Fritsch, & R fRdfeddensatises émphbemd e ;ﬂn@éﬁsw fcﬁftr‘rmeE@tIWy Manual ;

Col d Spring Harbor Laboratory Press: Cold pr| ng Harbor, (1989) (Mani at| S)

and by T. J. N§p19@aand SEQ ID N8shhan, and L. 25 Enqui st Experi rrents with

e Sy oL AR et P%f‘.)ﬁ\@é%?dﬁ%‘?%?ﬁ% ey Y

Bi ol ogy, pub.3068 t@eenzepﬂadbbtwhhrr@qﬁaﬂ er@écfok/\flbﬁfmﬂalt?@r‘{cllfhée (1987)
The neani ng of abbreviations is. as nmeans_30second(s), "mn"

means ni nut e®GR pregdugiyassciaged g9 pBﬁrPﬂQﬁ’s@@s('%ﬁﬁQﬂﬁl &rayisbag, CAreans
mcroliter(s I means
i1 o gr( ),fmovmr% tﬁ'@ﬁoﬂrﬁo%l édgbhé(‘%g?l)ie vehgoﬁeﬁff'ér t}éﬁs‘?&gﬁastlorrﬁ(gﬁr\% ran(s)
"bp" I nmeans bas# sprair {OP10 (Ihbpfrogmarth(sdalebM'qumarmms')l||,n r’ésmtﬁgoclmﬁans

revol utions p ' s Anerican T pe Cu ection,
Venassas. vAPARBODNEavas so el A RaiTPorce Siatarvencd BN et nods sui t abl e
for the maini/gnnas sy INdAGLANERCOBNBRSICTOM P@ém.arﬁém@aepmti LTdpeyn in the
art. Techni ques sui for use In ow ng Exanples may be found as
set out in MidfaascB&ANRDOhOWRS framsf@emed mtoBéaIOé!rstr@hrogyabPhl | I'i pp Gerhardt,

E %I Eg 2%:; g?@g%éﬁo% genera e s'lira% Bf)d/gz”es ec:rohtr\é\f’pll.a!s,rsrndA' Veod, Noel
without inserted DNA, named “pBAD-TOPO ctl 3-8, was also
transformed into E. coli strain TTab pSYCO400/AGRO to generate
strain PD0O2242.

E. coli strain TTab pSYCO400/AGRO, a PTS minus strain, was

25  constructed as follows. Strain TTab was generated by deletion of the aldB
gene from strain TT aldA, described in U.S. Patent No. 7,371,558
(Example 17). Briefly, an aldB deletion was made by first replacing 1.5
kbp of the coding region of aldB in E. coli strain MG1655 with the FRT-
CmR-FRT cassette of the pKD3 plasmid (Datsenko and Wanner, Proc.

30  Natl. Acad. Sci. USA 97:6640-6645, 2000). A replacement cassette was
amplified with the primer pair SEQ ID NO:58 and SEQ ID NO:59 using
pKD3 as the template. The primer SEQ ID NO:58 contains 80 bp of
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10Phi I I'i ps, eds), American Society for M crobiol ogy, Washi ngton, DC.
(1994)) or by Thomas D. Brock in Biotechnol ogy: A Textbook of Industrial
M cr obi olwoys12888aamd Edi ti on, Sinauer Associ ates, |nc., Peundertiianct3s VA
(1989). Al reagents, restriction enzynes and materials described for the

T5cnent cal s (RIGEOKEL! & N 440 sEla] bP Ry bBRACG Aodikes Rl f "
Technol ogi es JEOBRWNO!59 cd@msm/b;ﬁogh@mdlo@yqbahé 3( Bey of bde M 200D SI grra
Chem cal Conpany (St. unl ess ot herw se specified.

Lo
(Luri a Bert amomaieay tmpléaﬁt a h@se’%ﬁ Proauals welie 9¢ltrarifige angldi um
Bact o-t t 20
Sﬁgpfen{axfsov%ger&er]oggggtgd g%}%?g}g)ﬁ%é ?ﬁ@%&éﬁ%ﬂ%@é 'ow.teri«tlllqO gzjdl tions

were pre-ster 3712,558)36R9cmbimey|t pienies adsle delaxtédeniBiplates With @8 ar Bi ol ogy
Techni ques: tr| ction

transf or mat i oA/l Oir?g GEIRO&8!IO n‘?%%gp%g@%%:tﬁ%%&é 9%@%5@4‘9@&%“:'{7&9?@ BYer f or med
as describedp R tﬁg’ﬂ@é gollﬁgréalr SEQab-NOMY &5 sEQ B NtH-BY: %ﬁaﬁ@?r atory

Manual , Secon pri ng Harbor Laboratory Press
Pol yner ase ChgiestReiagaverss 1 (OFKR) PCEE proidyotwhike the femnmbmant\MraJregaBe PCR

Prot ocol s: Current Mt s, and licatjo Vol ume 15 (1993) na Press
s hew VoA RAct SN RCRRpctRi TR WSatiied Besraterting Bar i ve
Sucr ose gt al?@'rﬁcﬁ)@ fHRNRStatidh %o BYE PISAIRGHEMH ® BYATRE & TV‘QEABQIO‘B)@W uct a

reconbi nant E. coli strain containing putative sucrose netabol I sm genes
f r om Pseudonstras. f AwbiaraoghenRobrésisianCriBad-wes/gheckrd QysyaenogniciRCRbi ity to

roduce 1, 3- opanedi ol r Qs scens Pf5 genes
Paov(Seq | b MEMBR HeLed ESERHD MO BHErSESECR NHE] BT dhat $8nes, an
the pronoter y@gtion wasiresam. ofhd chidi8RPHeARS NBiRarEs AdiRsr Wis PCR
anplification using a high fidelity pol ynerase, Phusion TM FI ash (Finnzynes

Oy, Espoo, Firamengy usiigigetfid regonninase dorisenkeoand Wannw), $ap&d0 30 cycl es

N R e Al
forth i N SEQ(4&2 fdkh 36 SEQ IBRD68), N@s’é?bed musAEnat@deN@svrﬁzmsn eotide ("A")
was added to the 3' ends of the 3063 roduct with Taq pol ymer ase for

10 min at 72 (Example Boto pesaiate stald ET%@@?Y HPHBRRFOPOO (I nvi t rogen,

Carl sbad, CA) As described in the cited references, strain TTab is a derivative of
E. coli strain FM5 (ATCC® No. 53911) containing the following
20  modifications:
deletion of glpK, gldA, ptsHI, crr, edd, arcA, mgsA, qor, ackA, pta,
aldA and aldB genes;
upregulation of galP, glk, btuR, ppc, and yqghD genes; and
downregulation of gapA gene.
25 Plasmid pSYCO400/AGRO contains genes encoding a glycerol production
pathway (DAR1 and GPPZ2) and genes encoding a glycerol dehydratase
and associated reactivating factor (dhaB123, dhaX, orfX, orfY), as well as

a gene encoding a fructokinase (scrK).

30 EXAMPLE 2

Production of 1,3-Propanediol from Sucrose

The purpose of this Example was to demonstrate that an E. coli
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15fol l owi ng the protocol supplied by the vendor. After transformation of E.
coli strain TOP10 (Invitrogen) with selection for anpicillin resistance,

pl asm d DM 202#078380] at ed. The presence of the inserted PR#vVUsasi19e235i ed by
DNA sequence anal ysis. One plasmd, named "pBAD- TOPO Pf5 cscB&A 3-5", was

transforned i_nto i in.T 0] t enerate strain
PD02241. A céﬁr? %&@ﬁﬁ%HSSE%P%W%%HE%%D%%XQF‘%& {P?)r%AD TOPO ctl 3-8",
was al so trafﬂde@lwﬁd)na@tf@o’fesmlslPfst(AE[UG@B@b\ nmé@%mao to generate
strain PD02242. E. coli strain TTab pSYC0400/ AGRO nus strain, was

25 const r uct &aetaboliza suskese gpd preduceab. %ﬂ@pg@ﬁ@ph(%aownaals&qr@n of the
aldB gene {rom st 2l T ol 853 DRSIH MoSye LR i WBiapfpig 1 558

(Exampl e 17). Brlely, an a l'et1T on was aci'ng 1.5 kbp
of the codi ngveregrownaiveahight inrL- BrotbpMuIIes”eroduﬂMi]cﬁB(Sl' eMnbhat Helf FRTCrrR FRT

cassette of the D3 pl nner, . Proc, Acad.
Sci. USA 97: M%MBA%BQI? Ffl@ %ﬁ géﬁﬁw sReqtingMyedn aﬂ%% ied with the
primer pair %E%d?nﬂ@llﬁﬁa%@ %‘o Qggggwtﬁ%s%é@uﬁﬁ% iASclibR & ate. The

prinmer SEQ I 58 cont ai ns onology to the 5 -end of aldB and
20 bp of homilkeky at en pkiDGal danisitgiof SEY UMitNOesSuaath Sisn@0n BAOBS honol ogy

to the 3' end_.of IdB and op ts were
el - pur 1 od TR BEURBhGTeknala AR Mis68y e Rd rmerten waaIts " (LS
Patent Nqo 5§/B4ékcor8) VilBeGamMiNgas aélbéé't@%é’\ﬁfe@wﬁﬁ't@%&%ﬁc@ﬁtrbﬁbrﬁ" ates with
12.5 ng/ L of "chl oranphenicol. The deletion of the al dB gene was confirned

by PCR usi n@fOnkemerl. ﬁhewitur@@nmnn@@@d@i&mtbsh@km (22Re wi | d-type

char act ort st 18 T PoROTEREP Ut e Baé PO B anEoed and sed 10 to
nove the nut gfiyceoltand NS-prbpahedios(FEONIM dieftrbth Whee ddtedinthdtaby@B: : Cm
strain. A chl orarrphenl col -resi stant clone was checked by genomic PCR with

the priner pdigh eedPIANGS B gBroseEeiogrsANs: 61 to ensure that the nutation

was presept. The ﬁr%@}g r usi ng the
FLP rpeco i nase (gi sen Eh&%ie r?g?ﬁ&ts\&g?%) eré’bﬁé’si@%’ﬁ Z‘?ﬁn%g Strgi n TTab
was then tramifX8TEdcolutn (BEXE240 BleAHRES (GA) MtbmhsbaaﬁE@]dbDeNQ 55), ]
described in 7,524, 660 e t enerate strain TTa
o400 ACRENaSE Of AIgKleu i AR hWAIET ) 8 T BRI/ 0k BildOa 588 ot 1 Toab 10 o
derivative Ofcoﬁ:mﬁ?érhpér?hﬁ‘e’bfwoc% AEE@Qd'@S (ﬁ%@%éMé?@%hﬂﬁé@S&he fol I owi ng

20nodi fi cations tion ptsH, crr ar cA, ngsA,
gor, ackA, ptrafraqi\@And@ddataﬂﬂogw’ésreferpnegm atstandarfl ayavePpreplaked bt uR, ppc,

and yghD genes; and downre t A 25 Pl rri d pSYC0400/ AGRO
cont 2ins endome AEBHHE Py B atBh oS PRt crp2) and
genes encodi rgnaettiish M@Pﬂjﬂhﬂilmﬁﬁr’r@%rﬁsMé@t‘icﬁﬂhr‘h@@%ér&at' ng factor
(dhaB123, dhaX, orK orfY), as well as a gene encoding a fructokinase
(scrK). sucrose at 12.2 min, 1,3-propanediol at 17.9 min, and glycerol at 23.6

min.

E. coli strain PDO2241 with the putative sucrose metabolism
25 genes from P. fluorescens Pf5 metabolized all the sucrose in the

medium (0 g/L remaining) and produced 2.55 g/L PDO and 2.83 g/L

glycerol. The control strain PDO2242 was unable to metabolize sucrose

(10.7 g/L remaining) and produced only negligible PDO (0.06 g/L) and

glycerol (0.01 g/L) under these conditions.
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30EXAMPLE 2 Production of 1, 3-Propanediol from Sucrose The purpose of
this Exanple was to denonstrate that an E. coli strain conprising the

put ati ve wWoenrggsiret abol i sm genes from Pseudononas f | uoPesasesi 186@33 ATCC(r)
BAA-477) was able to netabolize sucrose and produce 1, 3-propanedi ol (PDO

and glycerol. E coli strains PDOZZ@EQQB! E%ZMZ, described in Exanple 1,
5were grown overnight in L-Broth, dification (Teknova, Half Mon

Bay, CA) suppl eRedyrainght B. d60CoBldinifg Fuitatn@BatraseMetdBligra/Gerfagpi cil 1in
at 33 C. These cultures were used to I nocul ate shake flasks at an opti cal
density of 0.01 udifesPurease PehiaExamplewasio vepsirysta reomkieanik-( Teknova,

Hal T Moon Ba}boli%}aiﬁléBma?ﬁriﬁ tc?&}e‘@ %Jbr&s’le ﬁ%&?ﬁ&ﬁgyééﬁ%fmm ;;,an‘i n Bl2 was

added to the mediumto a concentrati oh o e cultures were
i ncubat edsat fBbré3censtiPiShaki ng (225 rpn) for 24 hours, after which tine the

wer o dot or m nad. byl RASls BBRFAFGET PRLFELA hatstpcapg in cxample '~ *'

1oChr ommat ogr anfg t@ﬁ%rﬁﬁbgﬁtow@.sc@%wmﬁg@gg@gﬁm )3 geR¥rdiéP col um

(Bi 0- Rad, Hercules, an 1socratic ase’o
di still ed- deistaicBDQZ25&: Acoatrdl @asmat witbdutdnsentdd DINA, AR TEHIPOmM

tenperature Q C. El uted conpounds r uantified by refractive index
ot bt ton vi O FBWps Al Fan<ioURed G5 & Car AR bR BoeRbra B i mmer ci ai 1y
pur chasedpumrgeogpounds di ssol ved to known concentrations in MOPS m ni mal

medium Retention tinmes were sucrose at _12.2 min, 1,3-propanediol at 17.9
m n, and gl ycerol Eatcofistging RDO2356@nNd BPOZ3R0Pmeregrowni avernigbt ifut at i ve

ucrose im0 (ke BETEeCh Bebnia SRR P eSS 3} {€R00 ana 2. 83
g/ L gl ycer ol ThEhtext@al tlesetdutlresiVeR dikitv@d :300mblLEB nicdiomtcupedining sucr ose

(10.7 g/L remaining) and produced onla¥ nq&l igible PDO (0.06 g/L) and
gl ycerol (0. d9P0gia/mbameicilimase ocemaiat Béns. fo’d hatkanwdhese 109BB8%Hi nant E.

col i Cont,ai nidg,, FAAL VIS | OR) i%ﬁ@?\?&ég%ﬁcﬁi’a@&eeﬁ@ ptepose of this

Exanpl e was to construct a reconbi nan
(instrument and plates purchased from Growth Curves USA, Piscataway

NJ) with MOPS minimal medium (Teknova, Half Moon Bay, CA)
containing 10 g/L sucrose. The cultures were grown at 37 °C in triplicate

with continuous shaking. Optical density was monitored. At 20 hours
20  after inoculation, the optical density of the PDO2355 culture was 0.584
+/- 0.004, while the optical density of the PDO2350 culture was 0.065 +/-
0.004. These results demonstrate that the control strain was unable to
grow with sucrose as sole carbon source, while the strain expressing P.
fluorescens Pf5 lacY and scrB was able to grow with sucrose as sole

25  carbon source.
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coli strain containing cloned sucrose netabolismgenes fromP. 5
fluorescens Pf5. The plasm d pBAD- TOPO Pf5 cscB&A 3-5, described in
Exanpl e woasiza7ssisf ormed into E. coli strain FVb (ATCCPCI/UB3@105028H
generate strain PD02355. A control plasmd without inserted DNA, pBAD TOPO
ctl 3-8, was also transforned into E.%Strain FMb to generate strain 10
PD02350. E. coli strains PD02355 and 0 were grown overnight in LB
(Luria Bertanwhatiedamegdst ai ning 100 pg/ nmL anpicillin at 37 C. The next
day, these cultures were diluted 1:50 in LB medi um containing 100 pg/nL
anpicillin and grown at 37 C for 4 hours. These | o0og-phase 15cul tures were

diluted 1:100 in the I een- C. Fe (] ates
purchased from G (;vak‘l%drrﬁ/%ﬁégU@&tglﬁg@a@v\éﬁ/ﬂll\gw'\}é FE%@%@ ﬁnnfgﬂng?gﬂnedi um
(Teknova, 5HaloheMeoomBinant CAhstcwett ai ni ng 10 g/ L sucrose. The cultures were

grown at 37 Cin triplicate with continuous shaking. Optical density was
noni tored. At 20 N@hr@%ﬁ%ﬁtﬂsrsqqa»@eam% ',ngtamraolasg%@t% N@MAG BHGASE” t he

PD02355 cul ture was Oy384psrdradivit?Laidbbl fBtineddt |SeiYsby of the
PD02350 cul ture was 0.%6§p9' -180.%/02’. a‘l"%@sﬁre}ggﬁ?ts Icrll]grmnstrate t hat the
control strain was unaeteence igeoitywbadedacroSkisted \smiethahobaignementce, whil e

t he strai [ p. fl Pf5 /acY, and B t
W th suerose. as sol o BHeRHAPEBAME &N SRR AR RS Y sevan; O

1. A recqgbi nant bact gHQID dHYPYUE §hddg in its genome or on at |east 5one
reconbi nant construct: (a) a nucl eoti de sequence encodi ng a pol ypepti de
havi ng sucrose tr dbkporucieotigs sequencesaicadingl § pelypeptidehaving saicrassast 95%

identity, b st al. t f ali taro d
o o ho. el ¢ sequbids ke i fig bolVphte Rayhg AIgEangtlon SomPare
nucl eoti de sequence esegekérte identlyybasdd de ahaNist) \Suetfsttothylfneherie

activity, said pol ypeptide havi ng at | east 95% sequence identity, based on
a Clustal V nethod of WAENfmERAreOURER HBNPALE Seguenrams pet fRENdNsequence as
set forth.in 15SEQ ID r rein (a) and (b) are each operably Iinked
to the sgrsre or a di ffgf%lﬁﬁyr%t er, further wherein said reconbi nant
bact erium i s wiagrainl (@) ahd (e} ateodéacti ogerablyrloked t8@2e sdime orex differevaint
bacteriumof claim 1 wherein the n&lcl eot i de o

promoter, further wherein said recombinant bacterium is capable of

metabolizing sucrose.

20 2. The recombinant bacterium of claim 1 wherein the nucleotide
sequence encoding the polypeptide having sucrose transporter activity
has at least 95% sequence identity, based on BLASTN method of
alignment, when compared to a nucleotide sequence as set forth in SEQ
ID NO:23.

25

3. The recombinant bacterium of claim 1 wherein the nucleotide
sequence encoding the polypeptide having sucrose hydrolase activity has
at least 95% sequence identity, based on BLASTN method of alignment,
when compared to a nucleotide sequence as set forth in SEQ ID NO:25.

30

4. The recombinant bacterium of claim 1 further comprising in its
genome or on at least one recombinant construct, a nucleotide sequence

encoding a polypeptide having fructokinase activity.
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sequence encodi ng the pol ypepti de having sucrose transporter activity has

at | east 95% sequence identity, based on BLASTN net hod of alignnment, when
conpar ed wo 2a1z7m1831@ot i de sequence as set forth in SEQ | PCHQS2B.1/02835

3. The reconbi nant bacteriumof claim1l wherein the nucl eoti de sequence
encodi ng the pol ypepti de having sucrose hydrol ase activity has at |east 95%
sequence identity, based on BLASTN nmethod of alignment, when conpared to a

nucl eoti de sequenge Hse Ffonfisinamt batt&iin P cin2b . widdtein the polybeptide
reconbi nant bacteriumof claim1 further CO%;ZI‘I sing inits genonme or on at

| east one r e&@mgnfél#ﬁtok:'ﬁﬁ% eghyity kasaldeast 9 S@&q‘ﬁ@ﬁ%@%ﬁ‘&)@ gd@n

pol ypepti de r

bact eri um of '? a| m %.l \Vmée)[bgﬁﬁ?gh@ﬁ%e& ttgapladrrélnﬁa\;;lldngng% {spnase actl vVity
has at | east |r95%@®m6€ SE@IDND 3baSEQ NGB, BESE @ ND:3&t$oa 1Df

al i gnnent, an_no ence as set forth 5 in SEQ ID NO 32, SEQ ID
NO. 34, SEQ |%‘<§|603 E%E%NQ)@O%%@ C% % ﬁ@ IDMO:4% NO 42, SEQ ID

NG 44, or SEQ I D NO 46. 6. The reconbl nant bacterium of claim 4,

wherein the pol ypeptide having fructokinase activity has an am no acid
sequence as set fd&.tThe recoint3eant hadidiwa.of claim 4, Wherémetheepmm:ép’liaiet

bacterium of cl ai ] acteri.umis, selected f e group
cons: sting ofaig bsiekEeSedchaly i ah SRt erl S RReE A Rl Mo
Aerobact gp. BEQ ID NO:4Y). The reconbi nant bacteriumof claim?7 wherei n sai d

bacteriumis Escherichia co/i. 9. The reconbi nant bacteri um of
claim1 wherein the reconbi nant 20bacterium produces 1, 3- propanedi ol ,

gl ycerol, and/or c.acid. . . A _prpcess. .far. maki ng
glycerol, 1,3-pr oéa erlﬁr %%%R%&%Ct%ﬂﬁ&)?ﬁmp} Whgﬁe'gégﬁ?%%'%ﬁd? ose
conpri sing: %5&90t§d1frbhf ﬂh@ggrbbﬁ cbﬁgl@ﬂbg BaHe @Q\iér@l’ Els@h@fclﬁé H/gbSiells t he
presence of sucrose; b) optionally, recovering t' he gl ycerol

, 3- propanedl@VO’a@‘QfP()ran@—AW)@@ﬁé;@jipropl oni ¢ acid produced. 30
15

8. The recombinant bacterium of claim 7 wherein said bacterium is

Escherichia coli.

9. The recombinant bacterium of claim 1 wherein the recombinant
20  bacterium produces 1,3-propanediol, glycerol, and/or 3-hydroxypropionic

acid.

10. A process for making glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid from sucrose comprising:
25 a) culturing the recombinant bacterium of claim 9 in the presence
of sucrose; and
b) optionally, recovering the glycerol, 1,3-propanediol and/or 3-

hydroxypropionic acid produced.

30
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