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20 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
example, bacterial cells typically show preferential sugar use, with
glucose being the most preferred. In artificial media containing mixtures

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

30 microorganism so that it can utilize sucrose.

Recombinant bacteria that have been engineered to utilize sucrose
by incorporation of sucrose utilization genes have been reported. For
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(b) a nucl eot uenec o6 Ag I éqcﬂ aving, fructoki nase
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conf or m wi t h a8 capéblR.of brédicing §Ree(d! Requdlyeerehdesrivast pieaiuetst ushpyl i cat i ons
Cont ai ni ng Nucl eoti de Sgguences and/ or Am no Acid Sequence Discl osures -

t he Sequence Sﬁﬁfoé‘?'ﬁs SHECBSHHEI St ent with World Intell ectual Property
Or gani zatjon (WPO Standard ST.25 (1998) and the sequence listing

requi rements of the EPO and PCT (Rules 5.2 and 49.5(a bis), and Section 208
and Annex C of the Adni ni st rw symbol s and for mat
e o Bhe R R B BPIRRE) e SRRSO BB o e L 5
Nunmber s Gene bacterium comprising in its genome or on at least one recombinant
construct:
15 (a) one or more nucleotide sequences encoding a polypeptide or a
polypeptide complex having sucrose transporter activity;
(b) a nucleotide sequence encoding a polypeptide having
fructokinase activity; and
(c) a nucleotide sequence encoding a polypeptide having sucrose
20 hydrolase activity;
wherein (a), (b) and (c) are each operably linked to the same or a
different promoter, further wherein said recombinant bacterium is capable
of metabolizing sucrose to produce a product selected from the group
consisting of glycerol, 1,3-propanediol and 3-hydroxypropionic acid.
25 In a second embodiment, the invention provides a process for
making glycerol, 1,3-propanediol and/or 3-hydroxypropionic acid from
sucrose comprising:
a) culturing the recombinant bacterium disclosed herein in the
presence of sucrose; and
30 b) optionally, recovering the glycerol, 1,3-propanediol and/or 3-

hydroxypropionic acid produced.



Codi ng Sequence SEQ I D NO Encoded Protein SEQ I D NO GPD1 from
Saccharonyces cerevisiae 1 2 GPD2 from Saccharonyces cerevisiae 3 4 GPP1
from Sacomeromyses3cer evi siae 5 6 GPP2 from Sacchar onyc@sTaSe@wiosssae 7 8
dhaBl from Kl ebsi el | a pneunoni ae 9

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

5  consistent with World Intellectual Property Organization (WIPO) Standard
ST.25 (1998) 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.

10 §1.822.



10 dhaB2 from Kl ebsi el |l a pneunoni ae 11 12 dhaB3 from Kl ebsi el | a pneunoni ae
13 14 al dB from Escherichia colt 15 16 al dA from Escherichia coli 17 18

al dH frorwB=etierwd@shi a colt 19 20 gal P from Escheri chi a ecrtus2d1022883%5cB from
Escherichia coli EC3132 23 24 cscB from Escherichia colt ATCC13281

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
cscB from Escherichia coli EC3132 23 24
cscB from Escherichia coli ATCC13281 25 26
cscB from Bifidobacterium lactis 27 28
susT1 from Streptococcus pneumoniae 29 30
strain TIGR4
susT2 from Streptococcus pneumoniae 31 32
strain TIGR4
susX from Streptococcus pneumoniae 33 34
strain TIGR4
malE from Streptococcus mutans 35 36
malF from Streptococcus mutans 37 38
malG from Streptococcus mutans 39 40
malK from Streptococcus mutans 41 42
scrK from Agrobacterium tumefaciens 43 44
scrK from Streptococcus mutans 45 46
scrK From Escherichia coli 84 85
scrK from Klebsiella pneumoniae 86 87
cscK from Escherichia coli 47 48
cscK from Enterococcus faecalis 49 50
HXK1 from Saccharomyces cerevisiae 51 52
HXK2 from Saccharomyces cerevisiae 53 54
¢scA from Escherichia coli EC3132 55 56
¢scA from Escherichia coli ATCC13281 57 58
bfrA from Bifidobacterium lactis strain DSM 59 60
101407
SUCZ2 from Saccharomyces cerevisiae 61 62
scrB from Corynebacterium glutamicum 63 64
sucrose phosphorylase gene from 65 66
Leuconostoc mesenteroides DSM 20193
sucP Bifidobacterium adolescentis DSM 67 68
20083
dhaT from Klebsiella pneumoniae 69 70




25 26 cscB from Bifidobacteriumlactis 27 28 susTl from Streptococcus
pneunoni ae strain TIGR4 29 30 sus T2 from Streptococcus pneunoni ae strain

TI GR4 31 WO 28u8K9d380m St r ept ococcus pneunoni ae strai n TPGRUS2A0BE8anl E from
Streptococcus nutans 35 36 nmal F from Streptococcus nutans 37 38 mal G from

Streptococcus nut %EQ?TB l\il8:71 is the nucleotide sequence of the coding region of
the dhaX gene from Klebsiella pneumoniae.
SEQ ID NO:72 is the nucleotide sequence of plasmid pSYCO101.
SEQ ID NO:73 is the nucleotide sequence of plasmid pSYCO103.
5 SEQ ID NO:74 is the nucleotide sequence of plasmid pSYCO106.
SEQ ID NO:75 is the nucleotide sequence of plasmid pSYCO109.
SEQ ID NO:76 is the nucleotide sequence of plasmid
pSYCO400/AGRO.
SEQ ID NO:77 is the nucleotide sequence of plasmid pScr1
10  described in Example 1 herein.
SEQ ID NO:78 is the nucleotide sequence of plasmid pBHRcscBKA
described in Example 1 herein.
SEQ ID NO:79 is the nucleotide sequence of plasmid
pBHRcscBKAmMutB described in Example 1 herein.
15 SEQ ID NOs:80-83 are the nucleotide sequences of primers used
to construct strain TTab described in Examples 2-4 herein.

DETAILED DESCRIPTION
The disclosure of each reference set forth herein is hereby

20 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.
25 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”.
30 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 such as 1,3-



mal K from Streptococcus nutans 41 42 scrK from Agrobacterium tunefaci ens 43
44 scrK from Streptococcus nmutans 45 46 scrK From Escherichia colt 84 85
scr K fromwvalzetigieedsdBa pneunoni ae 86 87 cscK from Escheri ehiraiseaonsss32 48 cscK
from Enterococcus faecalis 49 50 HXK1L from Saccharonyces cerevisiae 51
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propanediol and 3-hydroxypropionic acid.

The term “polypeptide or polypeptide complex having sucrose
transporter activity” refers to a polypeptide or polypeptide complex that is
capable of mediating the transport of sucrose into microbial cells.
Examples of polypeptides having sucrose transporter activity include, but
are not limited to, sucrose:H+ symporters. Examples of polypeptide
complexes having sucrose transporter activity include, but are not limited
to, ABC-type transporters. Sucrose:H+ symporters are encoded by, for
example, the cscB gene found in E. coli strains such as EC3132 (Jahreis
et al., J. Bacteriol. 184:5307-5316, 2002) or ATCC13281 (Olson et al.,
Appl. Microbiol. Biotechnol. 74:1031-1040, 2007), and Bifidobacterium
lactis strain DSM 101407 (Ehrmann et al., Curr. Microbiol. 46(6):391-397,
2003). An example of an ABC-type transporter with activity towards
sucrose is the complex encoded by the genes susT1, susT2 and susXin
Streptococcus pneumoniae strain TIGR4 (lyer and Camilli, Molecular
Microbiology 66:1-13, 2007). Polypeptides or polypeptide complexes
having sucrose transporter activity may also have activity towards other
saccharides. An example is the maltose transporter complex of
Streptococcus mutans encoded by malEFGK (Kilic et al., FEMS Microbiol
Lett. 266:218, 2007).

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



52 HXK2 from Saccharomyces cerevisiae 53 54 cscA from Escherichia colt
EC3132 55 56 cscA from Escherichia colt ATCC13281 57 58 bfrA from

Bi f i dobacwerzhumeb@ati s strain DSM 101401 59 60 SUC2 fr omrCRasSehanssspres
cerevisiae 61 62 scrB from Cotynebacteri um gl utam cum 63 64 sucrose
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produce glucose and fructose. Such polypeptides are often referred to
as “invertases” or “B-fructofuranosidases”. Typical of these enzymes is
EC 3.2.1.26. Examples of genes encoding polypeptides having sucrose

5 hydrolase activity are the cscA gene found in E. coli strains EC3132
(Jahreis et al. supra) or ATCC13281 (Olson et al., supra), the bfrA gene
from Bifidobacterium lactis strain DSM 101407, and the SUC2 gene from
Saccharomyces cerevisiae (Carlson and Botstein, Cell 28:145, 1982). A
polypeptide having sucrose hydrolase activity may also have sucrose

10  phosphate hydrolase activity. An example of such a peptide is encoded
by scrB in Corynebacterium glutamicum (Engels et al., FEMS Microbiol
Lett. 289:80-89, 2008). A polypeptide having sucrose hydrolase activity
may also have sucrose phosphorylase activity. Typical of such an
enzyme is EC 2.4.1.7. Examples of genes encoding sucrose

15 phosphorylases having sucrose hydrolase activity are found in
Leuconostoc mesenteroides DSM 20193 (Goed| et al., Journal of
Biotechnology 129:77-86, 2007) and Bifidobacterium adolescentis DSM
20083 (van den Broek et al., Appl. Microbiol. Biotechnol. 65:219-227,
2004), among others.

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

25 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

30 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



67 68 dhaT from Kl ebsi el l a pneunoni ae 69 70 SEQID NO 71 is the
nucl eoti de sequence of the coding region of the dhaX gene fromKlebsiella
pneunoni a0 2B8HP6HPMBINO 72 i s the nucl eoti de sequence of pCaarsedopBEEO101.
SEQ ID NO 73 is the nucl eotide sequence of plasm d pSYC0103. 5 SEQ ID
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terms andpabbrevi gtHeogmar QIyéét%‘IiB-JH&pﬁﬁfé QuhRFogehadt tdneng 3P EHPr ovi ded.
refer to a polypeptide responsible for an enzyme activity that catalyzes the
conversion of dihydroxyacetone phosphate (DHAP) to glycerol 3-
phosphate (G3P). In vivo G3PDH may be NAD- or NADP-dependent.
When specifically referring to a cofactor specific glycerol-3-phosphate
15 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-
dependent and NADP-dependent glycerol-3-phosphate dehydrogenases
are able to use NAD and NADP interchangeably (for example by the
20  enzyme encoded by gpsA), the terms NAD-dependent and NADP-
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
25 sequence set forth in SEQ ID NO:2), or GPDZ2 (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”,
30  “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
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cscK gene in certain Escherichia coli strai The term "pol ypeptide having
sucrose hydr exas®l@ddaniek §t'alr (FENVIS Mizrobiol. Rev 22, 553 (1999)) and Toraya

and Mori (J. Biol. Chem. 274, 3372 (1999)). Genes encoding the large or
20  “o” (alpha) subunit of glycerol dehydratase include dhaB1 (coding

sequence set forth in SEQ ID NO:9, encoded protein sequence set forth in

SEQ ID NO:10), gldA and dhaB; genes encoding the medium or “B” (beta)

subunit include dhaB2 (coding sequence set forth in SEQ ID NO:11,
encoded protein sequence set forth in SEQ ID NO:12), gldB, and dhaC,;

25 genes encoding the small or “y” (gamma) subunit include dhaB3 (coding

sequence set forth in SEQ ID NO:13, encoded protein sequence set forth
in SEQ ID NO:14), gldC, and dhaE. Other genes encoding the large or

“a” subunit of diol dehydratase include pduC and pddA; other genes
encoding the medium or “B” subunit include pduD and pddB; and other

30  genes encoding the small or “y” subunit include pduE and pddC.



a polypeptide that has the ability to catal yze the hydrolysis of sucrose to
produce gl ucose and fructose. Such pol ypeptides are often referred to as
"i nvert aswe20aro6%433- f r uct of ur anosi dases". Typi cal of these/useapmess3t s EC
3.2.1.26. Exanples of genes encodi ng pol ypepti des havi ng sucrose 5hydrol ase

e oS T AEe BB Bl IRk R R RRrges = o o
Bi fi dobact er IsumldJ@ﬁialcﬁvéﬂdrﬁbWPIQSMol@ihé%Bm@tﬁmeTr RebSickiesqpanid epal.,
Saccharonyces_cerevj si ae son and Botstein, Cell 28:145, 1982) A

pol ypept i de WENSdVisRhiels Bemy e v 6 999)). vITe teray ‘dehygratase sucr ose
10phosphat e '?(X% LiRlaB56 1aGh| ’VrHéfs t@%o%?ﬁ%k&n@fe%%glb&@%kcr glgﬁgencoded by

scrB in Cory acteriumg am cum Lett
289: 80- 895 2@I@6)jehy5dna¢d$ep@rm\mtgie'Ihe\:terrgsSdeiwdwtabgdead:ta&ang@tctlvntyy may al so

have sucrose Ias activity. T |, of such an enzyme is EC
2.4.1.7. Exarr& % r‘é’ﬁé@@?ﬁ@(@w\éﬁ@é‘g i}]edses havi ng sucr ose
hydrol ase actjgy Hb‘at & Et@lh&d FOLSEY HRERBEAGc B % h@SM 20193 ( Goedl
et al., Jour naely %o?ech Poggj/ 129:77- % §e203%) |dobact erium

adol escenti s pIDSmeaﬁ af\canveringBr detkydratasie. notmptablel\tbfcnammiyﬂs of Bi ot echnol .
65 219- 227, 20 .. anon 20The t rivative" and

ol yoer of - el PSR RAURCeaPatis B GARSTRER BrnatBEE e PEPRORRES ef or to a
conmpound bhafofllrﬂwlt§|ﬂﬁ$*ﬂ‘?é|né%ﬂvéﬁc9f@1gé Méﬁ*dﬂaté%fe (br”ché ghehbwnhodnhet | ncl udes
gl ycerol. Exa such products include 3-hydroxypropionic acid,

met hyl gl yoxaIeXteDdan)thﬁp@ﬁﬁfui kalf-lifgraf the ervﬂf@éﬁ!ﬁ@ﬁ@lmeW@Ot de " mi cr obi al

R T AT

produced by trbgctViatibndagen({sed ed., UIS: PatehoNbge ii1Smomand efessmeescal |y
engi neered to produce the product. The terns "phosphoenol p¥r uvate sugar

phosphot r ansfergds %"%'y@taénﬁUP’@TQr%@@ﬂworaﬂdB"qﬁT@”e@r e/t
i nter chaqgea& g@zgﬁaq—(ﬂ}ﬂ %f&r itg ngtep,gps,%m%mm?w%@égt esﬂggrendent sugar

upt ake syste osphoéarrl er protei "refer to
t he phosphoeacodieg cpreotbfelhe motemtiﬁncmwepfaréxampﬁe «mﬁZ,i dhaBx gideA s

"phosph I t t h f "Ptsl" refer to th
phosphot ansPHHENS g4 Seiel SReRaBaLiEBrehraP!IHF B0 BEIPNSThe ter s
" gl ucose- speghdjige ltb %?%n%%( 2BAdad/ B hauiehsd gbs.enzynmes 5Sdesi gnated as
EC 2.7.1.69, enl(J:odedAEy o in e g0 1 s Ptsl, and Crr conprise the

PTS system Thiedetros 11 ,SRIBPpAN adio! oxidbradsictases, i Epupragedidm t hat does
oorr?%ﬁas | n which

oL SO, BeTHEBLE Al e e Bl Rl AR B AR B 1
to the polypeptide(s) having an enzymatic activity that is capable of
catalyzing the interconversion of 3-HPA and 1,3-propanediol provided
the gene(s) encoding such activity is found to be physically or
transcriptionally linked to a dehydratase enzyme in its natural (i.e., wild

25 type) setting; for example, the gene is found within a dha regulon as is
the case with dhaT from Klebsiella pneumoniae. Genes encoding a
1,3-propanediol oxidoreductase include, but are not limited to, dhaT
from Klebsiella pneumoniae, Citrobacter freundii, and Clostridium
pasteurianum. Each of these genes encode a polypeptide belonging to

30  the family of type Ill alcohol dehydrogenases, which exhibits a

conserved iron-binding motif, and has a preference for the NAD*/NADH
linked interconversion of 3-HPA and 1,3-propanediol (Johnson and Lin,

10



10The terns "gl ycerol - 3- phosphat e dehydrogenase” and "G3PDH' refer to a
pol ypepti de responsi ble for an enzyne activity that catal yzes the
conver si omoab1idiehodr oxyacet one phosphate (DHAP) to gl ycecolus3eiopbsssphat e
(G3P). In vivo G3PDH may be NAD- or NADP-dependent. When specifically

o100, AR Tt Ao L L BB 57 coenase, e

NADP-dependq‘mgg@)I yaeeursephoSRRWSaViebyidl. eeenase 33w (1ogrg). used. As it is
generally the case that NADdependent and NADP- dep endent

gl ycer ol - 3- plZyMASVde Rijtlas RENESasProPertias f@%%b%b'sﬂlﬁiﬁ@ﬁ@mADP

i nt er changeapl v, the terns
NAD- dependen'?‘ a%té@ﬁa%/iﬂs em;e)l% n?*%#@%%ﬁ%ﬁ{]@%e?nﬁ%@d %g?y%rplé'sgénnase will be
used i nt eschaugesabAppl. TE&V/N#D-IWepmndeﬁB 2005/(9KC 1.1.1.8) is encoded, for

exanpl e, by sever enes ncl udi ng also referred to herein as DARL
(codi ng sequence ?@@%ﬁm‘t 93&@' r@%@@aﬁ QD @80¢RK%i n 25 sequence set

forth in SEngﬁ/Hﬂg&ﬁldeQbrgﬁ ré&ﬁiﬁprfﬁbn%é‘&éﬁé&ﬁni?blfg%bﬁ@eé Ha\ﬁﬁg I'D NG 3;

encoded pr ot sequence set ftort
NADP- dependervarleusbuﬂogléﬂ activities 9hcludingebatotdimifent toex depydratdsg gpsA. The

t | t hpsph "
30" D, L- g1 ycortviDh o IpRBI DN s radtih s ObA B P ERSUa8E pol ypept i de
havi ng anoenmymtalny a8@hd MduYort Bé%ph§e§ﬁ‘lé3@b@1 ffadirdy fbdesHhdR®pRNVer si on

of glycerol 3-phosphate and water to gl ycerol and I norgani c phosphate. G3P

phosphat ase i¥adneddea!W.othasdadprs?2, BhaBPranq eddiasglessqbeddeUset forth in
SEQ I D NO 5; sequence set forth in SEQ ID NG 6), or GPP2
i SR80 £37 o

(coding sequ I'h SEQ I D NO 7; encoded protein sequence set

forth l n SEQ I D N@h3)terrndhgldenyde dGhy@@g@ha%W a!u@%femtb a dehydrat ase
enzyne" refers to a pol ypeptide having enzyne activity that is capabl e of

catal yzi ng tp® mﬁ@véeéh@rpmlyae%t%@werw@n@éaneaké@h Opft eRbeKylic

3- hyd t
3,y orr OBRShERYSE o ydoBkaBSX e PRGSOk, B S8R Vet on
alnd a d: ol gMdPaFAE)EO((IjECIQ ZI'yBlc}al Gﬁgldb?ydmgelpycdrbgenmbaehﬁtrlaz .83 of

have been T ddNATHIEETdRTG): s 1 T3 A slRpgB08a: Forhecors MRabhai 1
d ostri di um %@bﬁaéhgwﬁaﬂz @gn;eLer /depBhEL{ U KlARS0R A gxpoca, . and

15Lact obaci | | reut anong ot n eac case e dehydratase is
conposed of tdepesdsnitaldenyde dekydraggrass is"AUBGRMID NQ:HE),rerdodad iy " 0"

b d h b Th ibed in, f
axampl ¢, “Danihs B0 0o etk Rl Bk pencates 1937 8B I8l TBE (" Tor ayn and
Mr T (3 B Ol oPRAD 3aedaiTRdhy BRI RGeS idigd MgR o 20°a’

(al pha) subunit cerol dehydratasé include dhaBl (codi ng sequence set
5o

forth in SEQ(SECN@ ¢80k encaded by éhe s egligroe a5 (gasting seaus® $¢) NO 10) ,
dhag2” (codi nguR AT SR REROTE) ER8 ABELSRRIRAG20) SHicBled B BbE e quance
set forth ingshe d/EHNEbdiRY seqLdice aetdfodhaﬁlSEQ ID NO:19).
25 The terms “glucokinase” and “Glk” are used interchangeably
herein and refer to a protein that catalyzes the conversion of D-glucose
+ ATP to glucose 6-phosphate + ADP. Typical of glucokinase is EC
2.7.1.2. Glucokinase is encoded by glk in E. coli.
The terms “phosphoenolpyruvate carboxylase” and “Ppc” are
30  used interchangeably herein and refer to a protein that catalyzes the
conversion of phosphoenolpyruvate + H,O + CO2 to phosphate +
oxaloacetic acid. Typical of phosphoenolpyruvate carboxylase is EC
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25 genes encoding the small or "y" (ganma) subunit include dhaB3 (coding
sequence set forth in SEQ ID NO 13, encoded protein sequence set forth in
SEQ | D Nwoy1/ghes€, and dhaE. Ot her genes encodi ng t hePCanugeo10/058832 a"
subunit of diol dehydratase include pduC and pddA; other genes encoding the

the smatt or 3 SobheestePRBS it BB a0litecd ¥hoBbO8 by and g of

dehydr at ases gafje subj ect to nmechani sm based suicide inactivation by
gl ycerol and sone_other substrates (Daniel et al FEMS M crobiol. Rev. 22,
553 (1999)). The tl@erferms hgeereiahydeatPhosrhaia debyeagenageeard t o t hose

priot et T esPesphblE, (954 BRhbKALINY iR HBAALZ B AGhIViG ade ter T

dehydrat ase reactiva reactivatin ase

activity" 5an®n2ye@eoarcav|tngapbame demﬁdalgmageh@cbnwersph @fr e used

i nt erchangeably a efer to the pheponengn o Qnvertin ehydr at ase not
%%éﬂﬂgﬁ PHOSIE

capabl e of c& ¥ie 3-rhosenasnt PHOBRRAE &) g E%%%Ss of a
reaction or gﬂ@g 41 hi t4.on of a

dehydr at ase the grrenon xtlgndlkv bleEOft%Ze%‘rgﬁ%%gP? life of the
dehydr at ase @thwyp’eaherdehyviooge‘haseps &Gl s Hﬁv@lbeemldeﬂwder:’. peds@wmtéei ng

i nvol ved as t Eaquédrat ase r%qaqgtlvatlgn f ctf)r (see, e.g., U S Patent No.
6,013, 494 andT¥FEASENEES T AkY by\gapain supra; Toraya and Mori, J.
Biol . Cham 274, 3hedekh§X98%bic RRGIrdMGH BBHt pﬁ*bte% andJ ‘ArBACHRS LiSéd 181,

4110 (1999)). Genes encodi ng one of the proteins include, for exanple,

orfZ, dhaB4, inferchangeatlydieteinoand refeniosa globatiregylataey preieind Toe t he t wo

175 pr apancdbioisPeriELRce TR blasindt R ALY A PAN BRI cgenacer and

"DhaT" are used i Mteriehasgeiiyglhexaisynander aherMgAL bee nséy pept i de(s)

havi ng an enzymatic activity that is capable of catalyzing the

i nt er conver S|"E)tﬁer\‘3n99F‘pi§‘m%fﬁtﬂ‘ qndsrqi%%@mt@un hAviNg aé&nlzhfé‘agéﬁ@t"é')y encodi ng
such actiyit edtoa
dehydr at aée )é:r‘:il?gbl O#%t% QZIHgtﬂE%]éﬁh\?(?r{SQH,&rdlllﬁsgﬁggféde?(}héjgﬁ{)%anhg%té or exanpl e,
the gene is fmethgllg\l'ydxhl # plhodplaatee giyipical @ methylglyozalssyntindde idisd from

el ude, | but et a hobetnsly Pl Sy iasa s erenied BRGIETA it Brddhon e ¢
G Lrobacter 11 cundie oA - (AOHogfligdRAge erbaRETanEaE fioobrel Asge genes

encode a pol ypepti de bel ongin 30t h type I'l'l al cohol
dehydr ogenas éterah@ingkrablyHiareinsare rﬁfars’@)ra/ptthindTBVHJﬁmanre@zyrmtatC and has a

preference faor_.t i nt er conversi gn - HPA

D B opaed Bt VIGRELR Chretalyals the Ctserahy of S RsBhosib e . pani e
et al., J. Bact&plny é-phokbh (gl@&ﬂat and,degiugictfofl -, FEMS M crobi ol .
Lett. 154 337 (1997eoyEnp;yn§sowt S|em r}gzr hggllccacl) properties have been

i sol at ed fromhpa@h@gia@wata ehyeiataseisdEC#b2 dbbdi Phosphmgliueanate ( Vei ga da
Dunha and SFoRt ek tARPls efddet WY odd f RPSG - 58 2005 (1992)).

The term “YciK” refers to a putative enzyme encoded by yciK
25 which is translationally coupled to btuR, the gene encoding Cob(l)alamin
adenosyltransferase in E. coli.

The term “cob(l)alamin adenosyltransferase” refers to an enzyme
capable of transferring a deoxyadenosyl moiety from ATP to the reduced
corrinoid. Typical of cob(l)alamin adenosyltransferase is EC 2.5.1.17.

30  Cob(l)alamin adenosyltransferase is encoded by the gene “bfuR” in E.
coli, “cobA” in Salmonella typhimurium, and “cobQO” in Pseudomonas

denitrificans.
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The term "dha regulon” refers to a set of associated pol ynucl eoti des or
open readi ng franmes encodi ng pol ypepti des havi ng vari ous bi ol ogi cal

activiti esp20naglegddng but not limted to a dehydratase &RCTiUs2a19/058832
reactivation activity, and a 1, 3-propanedi ol oxi doreductase. 10 Typically a

dha regul on conpri-$es « n I i [ d e ,X d orfX, orfWw
dhaBl, dhaB2, dhapde t&hﬁgoﬁ% tgg%ﬁb&g@;ﬁ {yg@ﬁﬁer Q@@ E%{ n‘?rer\‘lg’%g? 371, 558.
The terns a||ﬂ@Fdﬁ©g@QbW@lm%&ﬁref@ﬂ@a{é}cﬂelnrrﬁi\mﬁg bo eﬁzpﬁh'aﬁ@%l@tﬂn t hat
catal yzes the conversion of an al dehyde to a carboxylic 15 acid. dehyde

dehydr ogenas&8PABl AsEaBspastog @sHaat@d 3 EAoadramAte RAMPIasKAD ther PQQ

T | of I C
15 1% (oS SO HY LB 10 Bl Teinufniat i SEREEEPhag;
,(AI FQD dgpeadersstybnpogterwemmwdotby galgﬂﬁhmnmlemm/a(bdelhgéquehyelsegenase is
B (SEQ ID 1 t E. n , sequence
set f(()rtg in ‘ggb EEQJE{&?) gﬁx d@g F%P W@HI%'Z?%%& ﬂﬁdé%ﬂg i
dehydr ogenas iopgl ude Al dA (SEQ I D NG 18), encoded by the E. coli gene
§NO! 2@2

al dA (codi ng se nce set forth in SEQ ID NO 17); and AldH (SEQ I D NO 20),
encoded by the E T@eltbrrgénenapde{fi(:mbhlyt@ axetbyityhrﬁesd:b therth in SEQ ID

NG 19). 25The coki nase" ed i terch eably herein
Nt o er 1 o DoWpERTde ) NSO Enpdfidtis et thBebier etBeeiEa + ATp to
gl ucose aophq&@meﬁsumfspr%b 8- ;ﬁbbl&ﬁ%‘dlﬁlaéﬁﬁ sedifically extiudes

A ucokinase is encoded by glk in E. co/i. The terns "phosphoenol pyruvate
car boxyl ase" Tadrropgnediclcxiguedectase(Ser & ipitgbaileperenzymesaare aled® to a

Phosphat e & 8@&@ odEiRstac SRR HIETAE o BBRLRBEREIBUF R Car §8x§| ase is
EC 4.1.1.31y AP ACRKTNY BLenGOT AR BRI o aPASRATDY PRRIR E: oo i

The terns gI ycera ehyde hat e dehydrogenase ed
i nter changeatgeylerfer ammnaernbarfef@cohaﬂ dehydaigeinasagydmg) larfoﬁmm,zfpnat ic activity

capabl e of cat onversjon of glyceral dehyde 3- hosph
Phosphat o5+ RABITS 1§ Heradisnalpl dhdyed ArchRstarely WAYBi cal of
gl ycer al dehyge-3yi KRhospa#H<E dehydrogenase is EC 1.2.1.12.

d yceral dehyde- 3- phosphat e dehydrogenase is encoded by gapA in E. co/i.

10The ternms "aer olThe tegwpi”t £tloog Gamometterhr'dt24 sitorélang @f Promates’, used
Ot e changeatl b het Bof SoreE o o PR TRt RL B B oLy T
contalnlng a promoter from the Streptomyces lividans glucose isomerase
20  gene as described in U.S. Patent No. 7,132,527. These promoter
fragments include a mutation which decreases their activities as compared
to the wild type Streptomyces lividans glucose isomerase gene promoter.
The terms “function” and “enzyme function” are used
interchangeably herein and refer to the catalytic activity of an enzyme in
25  altering the rate at which a specific chemical reaction occurs without
itself being consumed by the reaction. It is understood that such an
activity may apply to a reaction in equilibrium where the production of
either product or substrate may be accomplished under suitable
conditions.
30 The terms “polypeptide” and “protein” are used interchangeably
herein.

The terms “carbon substrate” and “carbon source” are used
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The terns "nethyl gl yoxal synthase" and "MjsA" are used interchangeably
herein and refer to a protein having an enzymatic activity 15capabl e of
cat al yzi nyotzhat/iseesser si on of di hydr oxyacet one phosphat e pCo/usedlopbggdyoxal +
phosphat e. Typi cal of nethyl gl yoxal synthase is EC 4.2.3.3. Methyl gl yoxal

Genyar at ase TR TeRg oM RN Ear ik branaben SPRed EPRRR BT PRI % o%a T

protei n havi mgetabokAety o tHecred0atiinanttoactaadiceloséd eatéthwnidng t he conversion
of 6-phospho-gl uconate to 2-keto-3-deoxy-6-phospho-gl uconate + H20. Typi cal

of phosphog! REsHAM 1 ERIRANSAIYEES SorErising, fiuctose pRYGhHEsEy ddiragarbon

dehydr at i e L F A N6dKE
put at 1 ve. onzyOuRERERd e i Eoiel onobaBoliidRs; SRaCrha e BUh & 1 ur
t he gene encedisugréss)(Oijesasvhariddemsydlysauchbadese in E. co/i. The

term "cob(l)al am n_ adenosyl transferase” refers to an enzyne capabl e of
transferring a de&i}?&&@ﬂ%sms’[rﬁﬁﬁe??gf?%b@?ﬁrt%nt?f@ Ll‘%—?@tzjced corrinoi d.

Typi cal of c ! v"%ﬂ# ki Vi
Cob(1)al am nqgsg)nr%ls I@ta?l nsfgﬁ%{e& ffgiﬁﬁ?bggﬁteﬂé t e&agbZ%éf " Ctetljvllﬁé)i n E. coli,
"cobA" in Salfomigy dbaheétepdiogows gemesaand tapbdle of exprassiginoas gemesttoi fi cans.

The terns "gal act ose-proton s orter"” and "Gl P* are used interchangeably
herei n and r@(%‘?uqeoa%%ﬁﬁ\(ﬁ 8?%353%{%5 an enzymatic activity capabl e of

transportihng a sugdfe t@Rf “Bradiuetien nﬁibwargﬂsmerais%@arﬁér@intr@eerg% @pl asm
D-glucose is a preferred substrate for | P. Gal actose-proton 5 sym porter

i s encoded bynigeapgamisms dredudingi Rutawitlimiteddpniposedoetwre reeembiant i n SEQ |1 D

NO 21, d i . h_ i nSEQ | hg t

“ron- speci 11 Soeli it SRRy Bhet i ot P Ope el flrerd) Shavi ng an
enzymati c actriym'rcwlpﬁ@m@rhib%c@d, ohfLRIsyairated fagy Beidshbagaeayies.si on of 3- HPA
and 1, 3-propanedi ol and specifically excludes 1, 3-propanedi ol

oxi dor educt ase( s) ASTYEAAREEIN. { RedeiCatid fagany a PRlieiotiderRWt ogenases. Such

enzymes y out il i ﬂ{?% F d}{@% Jod i not
limted tqg fh@é}?é\gsseg& aépﬁiﬁﬁg:ﬁh\rﬂéa;bg ne( or ax)}rrl@g)bgglggﬁ(??g'al cohol
dehydr ogenaseibonpgolBptides bbeesidNutlzic 48ids angp) alsotinclbée dadowemtoanty encoded
and functionally_expressed within E. coli K-12 strajps. , The terns
"1.6 long & TGt Ewclﬁot-@e%olf_gu%rtﬁﬁt%rﬂ@s BOBSIRALES, TR0 308 | ong G
promoter ' 1 eighubfcd0tHiusdiRl delfionet” bF SURRIL ScRAPGSNNSréBegmot er from
the Streptonyces |1vidans glucose isonerase 20 gene as described in U S.

Pat ent No. 7,nBmrEngeablydwsseinrantbiater foragotymes af itNAde DNAthattis on whi ch
decreases their activities

de e P B SHES AR Cob it LR, 4 Bkpgy oS
or altered nucleotide bases. Nucleotides (usually found in their 5'-
monophosphate form) are referred to by their single letter designation as
follows: “A” for adenylate or deoxyadenylate (for RNA or DNA,
respectively), “C” for cytidylate or deoxycytidylate, “G” for guanylate or
25  deoxyguanylate, “U” for uridylate, “T” for deoxythymidylate, “R” for
purines (A or G), “Y” for pyrimidines (C or T), “K” for G or T, “H” for A or
Cor T, “I” for inosine, and “N” for any nucleotide.
A polynucleotide may be a polymer of RNA or DNA that is single- or
double-stranded, that optionally contains synthetic, non-natural or altered
30 nucleotide bases. A polynucleotide in the form of a polymer of DNA may
be comprised of one or more segments of cDNA, genomic DNA, synthetic
DNA, or mixtures thereof.

14



The terns "function” and "enzyne function"” are used interchangeably herein
and refer to the catalytic activity of an enzyne in 25altering the rate at
whi ch a swecnfiwashen cal reaction occurs w thout itsel PChaiSngoosssszned by
the reaction. It is understood that such an activity may apply to a

reaction in equilipr]j re th ro I ei.t her praodu substrate
may be acconpl i sheg'e[]gig}ee\ﬁ@rgtﬁstaaﬁﬁgg'goagcﬁ {‘rfagﬁge% %ﬁé(sfeesgﬁgda'%%%cepti de"
and " prot ei n'preteth, Whedvhioh ef enrsigerthyg dogirg) regiomalohergrenayg aichee substrat e”
and "carbon source" are used interchangeably herein and refer to a carbon

sour ce capablred¥ptaskSagUAREasHRNECeAINgHY  TOI-CPRIERSONEREED AT kri a di scl osed
herei n and, eyl arl v 1S ct nd gl ucose.
The. car bon’ s ofofhd SEqaNKE Ing SRR R oReh e 86

di sacchar sdegengliodfefsaid sgeneas;foond gosatlcchavithdesowmrequddtpsyacchari des. The

terns "host cell"” and "host bacteriunt are used interchangeably herein and
refer to a bé@géﬁmﬁﬁ-cggb{meé'ccﬂenﬁeé%fgﬁ RN 135S ARt 2F8lYRous genes and

capabl e of eHpBsEhifrtiaIEaRATS I AIARSEAMARthILaRanR BERTC. 10The

term "productlon m croorganisni’ as used herern refers to a m croorgani sm
i ncl udi ng, buogetber inimiatuesd Accortingde a drameacgenecoapicaanmriseused t o nake a

i fi duct h 1, 3- di ol I I - .h i oni
2000 pol yundesulpRrEdeRteds SRt BoNEH R b Bt ate Hea bR b Truc 6i o
acid" meaps imabHNssIress, steegididfisegLiedess and cbaing iqueauss e- st r anded

pol ynmer of deoxyribonucl eotide or ribonucleotide bases. Nucleic acids my
al so i ncl ude derixgedions thenseme gouread byl errepged s a mannrer differepeihan

hoclete aci di R Fhalfe RS RHATRERns, oS B eV BHENERS, °1
pol yner of RNAtgral lBbAtidh &t thesgetmhe of 8n opgarsiombl &«Btdigrugshe mgeisonal |y

containing synthetic, non-natural_ or altered nucl eotide bases. Nucl eotides
(usual |y four@aigenenidipt issntrogeerehing Hitabestiasgapisay by genetiagafero by t heir
single |etten S L - o A ; yN=N denyl ate
(for RNAqu’ 5@&%%%%%% \?Zﬁ%yrgn?rjlé,é():ﬁ@q%srﬁgﬁ{t?@yﬁgﬁgﬁ@fh té\géx? Idylate, "G
f or guanyl at genes 24dsceguntoyd ate, lotatiorf withinrthdylative hosT orfcbimeric

deoxyt hym dyl ate, "R"' for purines (Aor G, "Y' for pyrimdines (Cor T),
"K' for Gor 98 for Aor Cor T, "I" for inosine, and "N' for any

nucl eoti de. The term “native nucleotide sequence” refers to a nucleotide
sequence that is normally found in the host microorganism.
20 The term “non-native nucleotide sequence” refers to a nucleotide
sequence that is not normally found in the host microorganism.

The term “native polypeptide” refers to a polypeptide that is
normally found in the host microorganism.

The term “non-native polypeptide” refers to a polypeptide that is not

25 normally found in the host microorganism.

The terms “encoding” and “coding” are used interchangeably herein
and refer to the process by which a gene, through the mechanisms of
transcription and translation, produces an amino acid sequence.

The term “coding sequence” refers to a nucleotide sequence that

30  codes for a specific amino acid sequence.
“Suitable regulatory sequences” refer to nucleotide sequences

located upstream (5' non-coding sequences), within, or downstream
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A pol ynucl eotide may be a polyner of RNA or DNA that is single- or

doubl e- stranded, that optionally contains synthetic, non-natural or altered
30 nucl eovpae1lms®ss. A pol ynucl eotide in the form of a poryUsee10058SBNA may
be conprised of one or nore segnents of cDNA, genom c DNA, synthetic DNA,

1 xt t By . " " ! l.ej id f t that
oxpresses a {pdTadipe seapancs Y i et fafer 4hy iR FlftehGE MG on
al one or may t'ia'm@bnpl@r_r,m?r@éessﬁ@@@mamtyproemdbmm%f th® Bssoukhted
sequences) and follow ng (3 non-codi ng sequences) the codi ng sequence.

"Nat i ve 5gen&odingreqaengea Rpagwatasy seAHARNCER My (nckidg ReMmatersewn regul at ory
sequences. " (Chi i y er IS t j gene,
conpri si ng r%&?ﬁ%%r%yggén}geééﬁﬁ %Sﬁgbglggérgggﬁgﬁg%agér%den@?gf Bgtr\{v ot\égt her in
nat ure. Ascortinsgtiptiorastalti siterared eneamsitiaroimiiation coelgn), atteons, sequences and
codi ng sequences that are deriyved from 10 %err ent sources,_or regul atory

sequences and© eﬁé'%‘@ﬂlﬁ@mt'%??wqeﬁo Meracgseingcites ecfefier ar r anged
in a manner @iﬁ&iﬁ?%ﬁés%ﬁé%térﬁ- o;?@h'ﬂé’tu'réb._nature- "Endogenous gene" refers

to a native gene Tn its natural Tocation in the genone of an organism A
"forei gn" gene refldestetro “expressionl@ssete’| refersda@efdagment ofeNAost or gani sm

by gene transfer.. .15 Forejgn genes c o rise genes inserted into a
non-nat i ve ofGIIISING e liT soRNRIIeE DT PP eI TR [SHIRIPRI n t he nat i ve
host, or ;ghi BRHUENEEERCeding (5' NBE-cbaNg s"é%@eh\éés)!"éﬁd b geagance” refers
to a nucl eotide sequence that is normal’ly found in the host m croorgani sm
20The t er m " goding=36quensas) BetGaging sequense thekbare requised forieXresside sequence

nati ve pol yRubty aeiecieBiaihe BistEho i A eRHAI0N 2asiedn v9oRbna i n che

host mi croor g@ripg¥ed of: 1) a promoté@esdioniceN2)a katingescrpleypepite deRFef ers to
a pol ypeptide that is not 25normally found in the host mcroorganism The
terms "encodiang: 3had ubbaNslgtedaiesiarsend i AttereRalRjHAtyinRMkaryPteshd refer to
t he process i e i ; i:ption and
transl at i on, “avan.E2uBid fon 20c Agliol 3Re R HE UL e €. quonce:
refers to a muscbiyinclielesiegitein@evdadiat, (@ Gidele dloning ssyletcarigfornaationo aci d

sequence. "Suyj.table regul atory sequences" refer to _nucl eoti de sequences
ocat 6 upst 1UHERNEOrGRII BB MY L CERAERR) YEARAICUNGH CaBURSS r oam

transformed with different expression cassettes as long as the correct
regulatory sequences are used for each host.

20 “Transformation” refers to the transfer of a nucleic acid molecule
into a host organism, resulting in genetically stable inheritance. The
nucleic acid molecule may be a plasmid that replicates autonomously, for
example, or it may integrate into the genome of the host organism. Host
organisms transformed with the nucleic acid fragments are referred to as

25 “recombinant” or “transformed” organisms or “transformants”. “Stable
transformation” refers to the transfer of a nucleic acid fragment into a
genome of a host organism, including both nuclear and organellar
genomes, resulting in genetically stable inheritance. In contrast, “transient
transformation” refers to the transfer of a nucleic acid fragment into the

30 nucleus, or DNA-containing organelle, of a host organism resulting in gene

expression without integration or stable inheritance.
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(3" non-codi ng sequences) of a coding sequence, and which influence the
transcription, RNA processing or stability, or translation of the

associ at edocodimegoisequence. Regul at ory sequences nay i neCUAS2@00M83BEr S,
enhancers, silencers, 5 untranslated | eader sequence (e.g., betmeen t he

ool yadeny! at o' Z@éaﬁﬁ pRaRhGelEred Buf b LB EE f ol ™

bi ndi ng si te?eamdtuﬁg earidtnPostheutide®isle sequencd Mthoat BiféEHY BeSdiraino
cassette" ers to a fragrrent of DNA conprising the codi ng sequence of a

sel ect ed gen@cihsequayeeaf W&M@Qdﬁwt'ﬁﬁec@ﬂ syllqdbartisan 1T v@ling
tSﬁquences) ang dr 'o?% A doR- blggnexrﬁﬁfe}]dqgg ‘é%ﬁ' Host Egl?lnclggé b equence
at are requlired for expression gene hus,

expr essi on cm@oﬁdmwdbymtaabémfngpm@nmbacld Ehprejmetwhes]equence 2) a
codi ng sequence (i unt r ansl

i,e., ORF) and, 3) a 3 ted regi
t er m nat or) tSH%h(eSizt‘PgaﬁIQ&P)?cf%EnprPgﬁg FEPISPSEBN A ﬁgstaceaoq a%%@% on site.
The expr essi @5 JeaRHahE @lehb duEhU4AELd Hehlﬁ@r# p o‘ﬁ‘ohméé 6&'5h

facilitate cloning and~transformation rent orga , I nc u |ng
bacteri a, yedsgueanyof pr&jerredandbreusagasfd”rarmlstweﬂlh di ffer ent expression

cassettes as long.as the gorrect ences sed for each
host. 20" Transfor rﬁ\etSHer%VgF@m%nettg[H@FFqHﬁ%tfoé%ﬂ}ﬂﬁqH'Vﬁtﬁﬂ e?'&gaci d nol ecul e
into a hqst GfL&%ﬂbﬁéﬂy écﬁﬁwléhwbﬁag@\%}ﬂt healisad Fiéehangehsy hepslae. The
nucl ei ¢ acid nol ecul e | asm d that replicates autononously, for

exanpl e, or ilthesgyjeinms é@%ét@a pﬁft@nt dresusegrencs of ae ispdeted diugiaie ead Host

257 oconbi naqeererl I HRifY 3 s Gehe skoBRTERT PhiEEa iy .

t ransf or mat i @henbsiperis rétirdiewhéethes behobiheXragmesti o Ubftighieignent into a
genone of a host organism including both nuclear and organell ar genones,

resul ting i nSHEALES @HIEICPVgteQEV@er frEmearisrganes|Gancmeesigned ferrugesinent
i o1 T8t | SUpRf LRIl e oA ASEeL Pl adnBHEbE dtladriagme! | nto the

30nucl eus, ni ng” or ganel | 0S Ismresulting in
gene expr esswﬂ"retmrtdnmdt if enexglestaroactive extzbies in tesetsenoreantisedsdon

degener acy” refe Eﬁh qature in the genetic code permtting variation
of the nucl eS¥'€8 t@é‘dﬁ %atFPfBUiOt%W N¢§-t he amino acid sequence of an

encoded pol ypepti dfe tdhf - édfrhéé ?’? Bbhiahbr- ?nd’M?i r‘neé?’m‘@%esé?fof%mﬂﬁno gefgn- bi as”

exhi bited by a specific host I'n usage of 5nucl eotide codons to specify
a given am n@oaserd'ed'ﬂ’i@pebtﬂceposmwa algng aesiighed sequene dicevalutmmavied
expression in Its

fr equency’of rglggé]ﬂ%%?gejﬁél X}é@'ﬁ%ﬁ’@”&gg@agb Pgﬁg@%?? |og$ c%Bg\@gy Bgﬁé:%ﬂotnhﬁtsage
ngt he host ¢Rhholodd\®s pRIEMs, S0 208% Matldha@hidHly tomnsdrieaat sye@fisi val ent”
positions indicate amino acids that are essential in the structure, the
stability, or the activity of a protein.
The terms “substantially similar” and “corresponds substantially” are
25 used interchangeably herein. They refer to nucleic acid fragments
wherein changes in one or more nucleotide bases do not affect the ability
of the nucleic acid fragment to mediate gene expression or produce a
certain phenotype. These terms also refer to modifications of the nucleic
acid fragments of the instant invention such as deletion or insertion of one
30 or more nucleotides that do not substantially alter the functional properties
of the resulting nucleic acid fragment relative to the initial, unmodified

fragment. It is therefore understood, as those skilled in the art will
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10"functional |y equival ent subfragnent” are used interchangeably herein.
These terns refer to a portion or subsequence of an isolated nucleic acid
fragnent wo 2etwesho3she ability to alter gene expressi on ®CTSo@OOE88a2 certain
phenotype is retai ned whether or not the fragment or subfragnment encodes an

i nii g a pucPer s, ARG CBeBFPagRenr PR Il Saics or mot ¢
encodes an a@xéﬁ@l@ymenc&tmrmetr@s@m Stisae r@dfdgﬁ—‘ﬂi@ﬂh@ﬂ relative to
a pronoter sequence he term "conserved domain"” or "notif" nmeans a

set of ami noSa@st@@tlatb\hgmwaé@uatel%@e.aqqelea@%s enmpaﬁﬂsﬂgbsam%ngned
sequence of %Y\Fédﬁbh ra'léd’d%ﬁ?{eﬂ@}&%upéaﬁt 3% bWthg § §|yat ot her
positions can vary 0 aci ds are highly

ous el n

conser vedsat sﬂpq;arift ICOn@|¢Jen$|@gs Q. 51)&1!88!(1 ¢standiavd saclivha ditrate), 0. e%esssm ial in
the structur

tability, or_ t at|V|t of a protein. The t
"subst anti al I(§°(§aJ %FfeCyLl ldj¥at%b,5,09 %P%%?mpéf'%d Q@[?s”éoor
i nt er changealy, )énp‘?io‘ﬁ'ldh ofrtlﬂ%ﬁwd cfgfdetééd&‘é@héé Bls%%s%dfﬁeﬁ‘glrﬁeéﬁcﬁw

changes in one of ‘nore nucleoti bas not affect the a y of t he
nucl ei ¢ aci d fimcpmaiy egoivaksht & engehéweemmlemsamﬂwequmcmmsclaserérta| n
he n ic acid

h t . Th t t dif i f
P amnre of Merging RfBadh et QRS aolBHLE Sdtn PrmBiSiai o one
300r nor qonNUGiARPAA BRfmENBL sGéh QQhoﬁ’Hﬂk&écﬁﬁéé&ide‘rﬁcéH@h HRearftyneldiemal

properties of the resulting nucleic acid fragnent relative to the initial,
unnodi fi ed foagaiams, ia higblytsielar agmentsesyclo 68, 9eanestthelsduplicald ed in the

oxempl ary coquirione! eqb Ber IPf LRSTHRREOLAIERS PolBh ey '

substanti al | W@h@slo@temﬁé@tm@m@ omqu_l@nges enconpassed by this invention
are al so deflned by their ability to bridi ze (under noderately 5stringent

condi ti ons di‘estﬁrr8869|@§§"éﬁmm/§r'§'6ﬁ$ uiRCEIdep seterence oy, SDS (sodi um
dodecyl %&B}ldlzgﬁoplﬁ@etrgtﬁrg%ces ﬁ&‘lﬁ ﬁor? Gmlibhd & o g‘?uvﬁzle’acf&f to any

portion o nucl eot’i sequ |sc ose herein an ch are
functional | y sequeneg &né specifieyl noftleidaciduatget sequencesteqa eptazsaldly scl osed

herein. Strin enc condl i ons, can ed to s en npderately
Tosi i ar { r SOER! SEOEElF G ShERD) SUUS e HAEKURTI BN SRURIZA DB a oc
organi sms, Qg iFﬁbiél be@e’i'nﬁbie‘?"é a{lﬂ%ﬁﬁ@hées gHG o e Q%lﬁénﬂé‘%&cl%gin' grate

functional enzymes fromclosely related organi sns. Post-hybridization
washes deter mmdasgeﬂm@t&mgclden(ﬁde@iwely MrEridizingrsegeéress areltwohybri di zes"

i ncl udes _referenpc bridjzatian, under stringent bridi zgtion
cond! 1 ord. . ovoRoNde Retietes oA f b PR B ¥ ALelolBry L ar ger
sequence t 0 aedabREEARDICAY PAEboUEH! RAst 80% seqient8adéntiy f&H gbogver
background) than its hybrldlzatlon to non-target nucleic acid sequences and

to the subst &egUanceidentit, o tofanddnciugdinget0Gio Seguene identitysieedtiivel y
hybridi zi ng %%ﬂ’rb%‘rﬁgﬁta?'y) 1o th8 other nucleotide sequence.

The term "stringent conditions" or “stringent hybridization
25  conditions” includes reference to conditions under which a probe will
selectively hybridize to its target sequence. Probes are typically single
stranded nucleic acid sequences which are complementary to the nucleic
acid sequences to be detected. Probes are “hybridizable” to the nucleic
acid sequence to be detected. Generally, a probe is less than about 1000
30  nucleotides in length, optionally less than 500 nucleotides in length.
Hybridization methods are well defined. Typically the probe and

sample are mixed under conditions which will permit nucleic acid
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20 nucl eoti de sequences wherein the conpl enent of one of the nucleotide
sequences typically has about at |east 80% sequence identity, or 90%
sequence woentt/a69933up to and i ncl udi ng 100% sequence i deamiusgoifiosss32 ful ly
conpl enmentary) to the other nucleotide sequence. The term "stri ngent

condi t1 ons_ unuBrOGATGR Thisael G EBMeBMagRiC B BT pat B 1ORF. < arger.
sequence. Pr @heserfefoftainerydnic 6 Beaicsala0aesk theqirepér esricéngagognces whi ch
are conplenmentary to the nucleic acid sequences to be detected. Probes are

"hybri di zabl @ndifempesatyir Feneitiars. d%@ﬁﬂ@'ﬁt@ chgotherigagent ey kpadded. |y, a
b I [ 1 th
R e b

Typi cal | yst hef fheobmsapditszens thexgandwistedssandormatnai grinary cgmpdnesit! | per m t
nucleic acid hybr|d| ation. This inyolves contacting the robe and sanpl e

in the preseft& NdyHch- ay 1pA 'Sasr#‘ipgoﬁtal ihe sl sunpe

concentratio éoe@g §n5g hﬁﬁ@d R t ent may
be added. Nu dglﬁféb acl pgra%“ di zat | l}r?ll S a apta elltl%ogn%?@ee{cg/}p%@b%gsay
formats. One tBatd$ unlréaeimtandnotrmilﬁreenisarytueosapdvhmmfatheasysqﬂemmt A primary
conponent of a sa W ch-t assa solid su S upport
has adsor bed o | SUNSHAPELERS He sEnlatceoPpSiiE A A R el 6 aci o
probe thap isn Hﬂfe@@rﬂ'cﬁr‘éu?r@aﬁéé@'&”@@ﬁt%lungﬁ @h@@lﬁn@@ﬁéy enthef the sequence.
Stringent conditions are sequence-depende and wll be different 10in

di fferent cifybridizakierandiy \maﬁlwrrg)c¢nd1@orn31éa@@t Bﬂ@@ﬁgﬁscﬁartb% hybri di zati on

b Sl R
sequegcesyso%t Foﬁg?@g‘g rges Igs g@m?ja?lltwg?gbﬁgg!et ect edalmterol ogous

pr obi ng) . somerwraauchmg I8tSEOHEBRES £0 P UAE IoTERS 96 SIREATAY BFE whi ch t ho

salt congentr [ t 1.5 MNa ion, typically about 0.01 to
1.0 M Naq?ond%téér\(ggcr]\t@%[%ﬁé (%or ot "salts) at pH7.0 to 8.3 and the

tenperature is at ﬂw&mﬂlyaﬁuuger&&cﬁdﬁtmswmm tpos@&swhe:hgheshﬂl to 50

nucl eotides) and at 20l east about 6 l.on r r than
56 nucl cot | HEACeRIACR IS Btk A7k ik Naido IyBcabhaeodslny @ Ak
addi tion of @Péb%tﬁddcéhﬂgtuﬁfggﬁ&héﬁl%t %tEPF 7‘@%%‘33 aﬁ?%ﬁ@'tél«h eteiife

stringency conditions In hybrid n wth fer so ution of 30 to
35% f or mam dés atllegsNal@yt 30 ¢ fDr&lDSrKrsrobeatﬁe@Qd‘ébtjd 5&0UCIaobdesatar@i78tC and a

25 h i | X o X SSC =, 3.
25 1oo0s b | oast ot Bl G aPhIonag bRy do b, Bl tarhed MHERBUER by | o oat fon
"1 40 10 450cianga dingibrrhaChioled hnSRR i e BagA f vash T 05X (o

| x SSC at 55 to Exenpl arx stringency conditions include
hybri di zat i oflestaliing agemisisye! a:sﬁvrmamlde 1bx@pslagy 1@ sgingencynd a wash in

02 oc: 24 BrbaRS.uce nyar RBRH b St BB e Lonor
and tenper at doenarhidehe MiNeC!, Wwexs8DS (sodium dodecyl sulfate) at 37 °C, and a
25 wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate) at
50 to 55 °C. Exemplary moderate stringency conditions include
hybridization in 40 to 45% formamide, 1 M NaCl, 1% SDS at 37 °C, and a
wash in 0.5X to 1X SSC at 55 to 60 °C. Exemplary high stringency
conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at
30 37 °C, and a wash in 0.1X SSC at 60 to 65 °C.
Specificity is typically the function of post-hybridization washes, the
critical factors being the ionic strength and temperature of the final wash
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solution. For DNA-DNA hybrids, the thermal nelting point (Tm can be
approxi mated fromthe equati on of Meinkoth et al., Anal. Biochem

138: 267- 280 201984033 Tm = 81.5 C + 16.6 (log M + 0.41 (¥EOUS20006388626 f or m
- 500/L; where Mis the nolarity of nonoval ent cations, %C is the

5per cent age f nQsi t 0sine | i . 1n t ')/ 0 formis
The per cont ag@ BT SRENATNAHREUR R fipTe SRTobhATtaim Gibe | o ¢ he

| engt h of th%plpy@nm@tedwfrbmsmem'quaﬂonBﬂmérﬁmta dtae, neapdieshere. (under
defined ionic strength an whi ch 50% of a corrpl ementary target

sequence hybrlidg§iZess 3%(&9%r3_ect$l/5n§ttﬁéeﬁ (eahb.+ FriTi Soebdu (% 10about
1 C for each J'rrﬁb)(e05 /L,ﬁvﬁ%?e% Iglhlh'ﬂ%? Irﬁﬁ‘éﬁy o?%o%férﬂ'c%ﬂéhf%@gﬁj {Qheash

condi ti ons can t'0 sequences red
identity. 5F0rpmageofg®ammml@and$ywsmre hgﬂ%ilmmlthg XA, %Qﬁogmus the Tm
can be decreased 10 C. Ge ra I stri nt ndi ti ons ar sel ected to be
about 5 Clo ?pﬁﬁﬁ'?tqgﬁ‘f) P”inﬁ@?/ %&ihﬁ'}%@w@ﬁeé%ﬁm £8 éo'ﬁﬁh%ment 15 at
a defined iof Vv ndi ti ons can
utilize a hyg(%rfg ?tz()zflm%ﬁ and/ or Mbﬁ\’? Fhe T%qggﬁé% éfnéé%tq}g\e/\(gbdﬁan the Tm
rmder at el y stdeifingé minic strangincarsd pHmanhlohzfﬁ)% dﬁyabcordplemermmryatalyemr wash at

6, 8, 10 C th the T d t
ut i I i ze a hy%?equ?Q%ec bgﬁeédﬁ% %’pa\ﬁﬁgﬁcﬁ& ”?2\%% 1"%'8(:@ UE%(%l 828 (C::alnower

than the 130TmpolsH R foReaERY84 bf)ﬁusrﬁé{t*éhlr@ Fadd, an, ﬁ?Srld\ﬁét“brﬁﬁﬁ@/@N tions, and
desired Tm those of ordinary skill wll understand that variations in the

stringency ofwashheanglitiansi ean b@ldﬂbﬁt%@ﬁ%ldﬁq t@ns;ewe@cem@ét@wdwreﬂescn bed.

(aqueous sol (LY B S bRkl EathRely ifori &ls sf BB T nor ease
the SSC 25coreenig @éédreased®10at @ehe@hg sttie r@ndttbn@aaielseletﬁ@cﬂto An
extensive guide to the hybridization of nucleic acids is found in Tijssen,

Labor atory TE&emRuies’G lowardear dindor {heasrealin rauencesdns isgGemplgniei zat i on
wth Nucl iC i t of

hybr i O 28t ok 3 %f{ﬁﬁgt@@?;?%éét | and BEP SbweverNeleR S OhaB SIS O\
30 York (199%pn wifide @hybmdizdﬂontam%mash M)i £2, 8, ar 4Bi®lovgpr, th&hépa &y,; 2,
Ausubel et al Eds., G eene Puhli | n{ ersci ence, New York
(1995} b MdSTaleh SERaRD Rt LB P GER U Rr UG PEshE | cast

10, 30, 60, ¥07 828,010 Eég?\ﬁbf‘ﬂhtaﬁsthe T | wsﬁg@%ﬁeff%ohé‘lﬁaﬁékéin Bilize

"identity" in’the contex nucl ei c aC| | ypept1 de sequences refers
to the nucl eﬂ:h)&hﬂddﬂf@@@déor wasmet ati t2,resildudsd, om2@ {0 Iewqu’ér&mdbet hat are

t he sane wheq. al i for g rres ond nce ove i,fi.ed
Compar sl v TracuEng thé By et PyBrgizatah R Brvesh emBeSTialea LA B < (o
the val ue detwgyr 'fﬂdb@i’oﬁb/rdﬁ%fﬁ@%llwnU%e&@éhd@a&)&aﬁéﬂlcﬂfﬁﬁ thEGHHYePeyover a

conpari son wi ndow, wherein the portion o nucl eoti de or poI ypepti de

sequence in tofﬁéybﬂdﬂﬁaid@rsaﬁdwmWl%rﬁfﬁl@@r@déy deserdoerolf threl et i ons
(121 (93PS s, EOTRRKEL! Bidhch BESENe A FuaTE WOy dorsy gl coompr i se

addi tions or or “optl wo sequences.” The

percent age | somioﬁylbatsgdcb(fordﬁrﬁrdm sulmtg)rt)htasrmu@fe&redab ipgrebseé GRsSSC whi ch
the identical nucleic acid base or am no acid residue occurs in both

sequencesSt o Wﬁ@@@ﬁr@t!@ PR HA P Hgheriermaratyse can hesusets i eyiengMehe nunber
of matched pg;gj'lc}é btrIBEtartIBFl%‘f n[] %cﬁ%bsg]%%hﬁ'lﬁ aé%}htﬂﬁ)o‘/’ét‘& w of

conparison a he resu I el e percentage of
sequence i derﬁechyuqu@sem lﬂ/o@mmptr,esmdfMplecalanB/cﬂegyaeH fridigeiidn witks 1 ncl ude,

05% “or any IHUHEATEPEAAERTT b GHAEIRIA SOUSY SCPAIRES Clent i 1 o6 can be
det er mi ned ugjREdBAY¥oRENERe BI-ABSHBY iRRSAE hBRDrBBE @sBays”, Elsevier, New
30 York (1993); and Current Protocols in Molecular Biology, Chapter 2,
Ausubel et al., Eds., Greene Publishing and Wiley-Interscience, New York
(1995). Hybridization and/or wash conditions can be applied for at least
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Sequence alignnents and percent identity or simlarity cal culations may be
determ ned using a variety of conparison nethods designed to detect

honol ogowso=equsmsas i ncl udi ng, but not limted to, thePWEgARIIGOIISBLS
program of the LASERGENE bi oi nformatics conputing suite (DNASTAR Inc.

Madi son, h s application it will be under st ood
t hat Wnere séc?vghcéﬁl é}d;e@ @Fégbtrﬁlgp rg| s used for analysis, that the
results of the angesiencaiiddntidg drasrmtiof it trea c&ﬂéﬁiud)ﬁnt)tﬂ?élu%%ld &f the

pr ogram ref er enced unl ess otherw se specified. As used herein "default
30val ues" wi IPO Wﬁdgtwqg@@(’%ﬁ rﬁ%ﬂsdééhéﬂuﬁﬁﬂ%ﬁ@ﬂ%eﬁI%ta”&iﬂ@@iCWaI ly | oad

wth the sof tuatecufiend Lealoldiihal Leatle ST wELiSs Bhd uishiom of

al i gnnent™ corresponds nment abe

(descri bed bwohm'omdermmb&@rmedﬁm @npéné@iwﬁﬁ:{bw 1989); Higgins, D.G et
al ., Conmput. Bi psci. 8:189-191 99 and found in the I\/EgAI i gnT™M
program of the LE@E@CE@EC‘B“@Q%P ?ﬁﬁ‘t“?"g,%e deRHYt refgrssia the VeeSTAR | nc.

Madi'son, i B Bl o o R ok BB 508 ¢ espond to

GAP PENALTY-lO an GAP” LE ar aneters for pairw se
al i gnnent s amonyarisohatindowpWwhpesic &me podientafttiye pblymuokeetide ®equences usi ng
the Custal V meth are KTUPLE=1, GAP PENALTY=3, W NDOWS5 and,..DI AGONALS
SAVED=5. For pl‘?LVcHeQ € SEOHENES ESHE LAMPRNSONWINAQWIHaK-FOBIRESS aq8MONSENAL TY=5,

W NDOW£4 1gnd o‘P'dé@ﬂ?Ws% <§A§'59§)43$ &Br‘n@éréﬂ {0HNBBBlerBhcd 56q e tes@ffich usi ng the

d ustal V program it possi ble to obtain a "percent identity" by view ng
the sequencéﬂOQBS’lOéﬁ@wrlseﬁd@thm arrieletions) ierantiamal alignment of thenlwvo' CI ust al

Qustal w (aceoPPREE o FEPEERRIEE S GRS PR R inbPE
supra) and f @asiions dt ehide el ideniiddl voiclei®aoidtz¥edr etmmola%&EFé?ﬁNFe
bi oi nformatics conputing suite (DNASTAR Inc., Madison, W). Default

par anet er s f(ﬂCCHﬁI 'f‘lt?tﬂ”éséﬂii@?ﬁﬁasﬁp YieJetae pepber ©f creciechnosiien®, GAP LENGTH

PENALTY= 5,
Protein i ght @prt%%&nnet &aﬁ?@%& WQ%%J@?EM(%?%BM@OJ%M i gnnment
of the squemﬁm wiidogy oh@orﬁbamoﬂ anl mwmlwng thé rewlhsd:;si%ﬂ;&y%eldoﬂﬁbm n a
"percent identit i ew ce |stanc s" table in the sane
e am o eridhtagy Rlrat e oBH ol Sl Ies BT PaIcEBE FeRANS oyl dad by
the 25Nat | ongdefiiBL fclfi98, LIt E FBNMINAGY 18 NS0 1B59,0B0NERY, T@CPImAr €

nucl eoti de sequences using default paraneters. I'l " under st ood
by one skil | &9%.B85%e9@¥ or Rabe, mﬁrwlyllmgespelfcemmgmﬁWm SQ%r’ioHOQ"/ar e usef ul

in |dent|fy| al. tides, from othe ecies,  wherein sugch | ypepti des
have t he 2Lamd TEECLIFRIED PR PSR BINSS0LEET ony o tiR Bragrdu diseibedt per cont
identities imghaigde, but are not limted
Sequence alignments and percent identity or similarity calculations
may be determined using a variety of comparison methods designed to

detect homologous sequences including, but not limited to, the MegAlign™
25 program of the LASERGENE bioinformatics computing suite (DNASTAR

Inc., Madison, WI). Within the context of this application it will be

understood that where sequence analysis software is used for analysis,

that the results of the analysis will be based on the “default values” of the

program referenced, unless otherwise specified. As used herein “default
30  values” will mean any set of values or parameters that originally load with

the software when first initialized.

The “Clustal V method of alignment” corresponds to the alignment
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to, 50% 55% 60% 65% 70% 75% 80% 85% 90% or 95% or any integer
percentage from50%to 100% |ndeed, any integer amno acid identity from
50% t o 108@2nmyoehe3usef ul in describing the present inveomiuse)10968882 as 51%
52% 53% 54% 55% 56% 57% 58% 59% 5 60% 73% 86% 61% 74% 87%

62% 75% 88% R3%NadSel B F1dRsHibB R gohand Earp CABRIY
5:151-153 (1989); Higgins, D.G. et al., Comput. Appl. Biosci. 8:189-191

(1992)) and found in the MegAlign™ program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison, WI). For

5 multiple alignments, the default values correspond to GAP PENALTY=10
and GAP LENGTH PENALTY=10. Default parameters for pairwise
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

10 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
15 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

20  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
viewing the “sequence distances” table in the same program.

“‘BLASTN method of alignment” is an algorithm provided by the

25 National Center for Biotechnology Information (NCBI) to compare
nucleotide sequences using default parameters.

It is well understood by one skilled in the art that many levels of
sequence identity are useful in identifying polypeptides, from other
species, wherein such polypeptides have the same or similar function or

30 activity. Useful examples of percent 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%. Indeed, any integer amino acid
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79% 92% 67% 80% 93% 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 cwopbamemid3of this isolated nucl eotide fragnent PCT/US20i0058832 he

i nvention enconpasses nore than the specific exenplary nucleotide sequences

el eot the diyiiedy 537 B Dosk il B WERD W et SEnh  BRIFesE M oo 1T (s
wel | known i mnidrtioAl suéhas 5abs,e284 | 58%, 5m%a55%1€56%|57%r 88%, 69%1 t he
production of a cheni cal | )égeqw val ent ani no [ ven _si but do

not affect tBO%.UnthiBha. Ogiosd, %4056?/%574?1@%@05%@8?@?/% [ETLS 7c?o/rﬁnrrt)n
Subst UL oNgaH CrAlRl YEGATE0L 10p ERCHER, 800019 RGN BN LN 1
5  86%, 87% 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 99%. Also, of interest is any full-length or partial complement of this
isolated nucleotide fragment.
Thus, the invention encompasses more than the specific exemplary
nucleotide sequences disclosed herein. For example, alterations in the
10  gene sequence which reflect the degeneracy of the genetic code are
contemplated. Also, it is well known in the art that alterations in a gene
which result in the production of a chemically equivalent amino acid at a
given site, but do not affect the functional properties of the encoded
protein are common. Substitutions are defined for the discussion herein
15 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;
20 3. Polar, positively charged residues: His, Arg, Lys;
Large aliphatic, nonpolar residues: Met, Leu, lle, Val (Cys);
and
5. Large aromatic residues: Phe, Tyr, Trp.
Thus, a codon for the amino acid alanine, a hydrophobic amino acid, may
25  be substituted by a codon encoding another less hydrophobic residue
(such as glycine) or a more hydrophobic residue (such as valine, leucine,
or isoleucine). Similarly, changes which result in substitution of one
negatively charged residue for another (such as aspartic acid for glutamic
acid) or one positively charged residue for another (such as lysine for
30 arginine) can also be expected to produce a functionally equivalent
product. In many cases, nucleotide changes which result in alteration of
the N-terminal and C-terminal portions of the protein molecule would also
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1. Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr
(Pro, dy); 2. Polar, negatively charged residues and their am des: Asp,
Asn, QG u,wGi2n11/@083 Pol ar, positivel y charged resi dues: PHTAIS200005888Ys; 4.
Large ali phatl c, nonpol ar residues: Leu, Ile, Val (Cys); and 5. Large

oo s B e t%@%%s%@&f%%ﬁﬁ%%"é codon encodi ng ant her

| ess hydrophobi c ERghdifehé prsoseel rabiigicaeonPis We|rrwrt|emhmérr@@th®smn fresi due
(such as valine, leucine, or isoleucine). Sinmla chan?es whi ch result

in substitut itemags aﬁﬂ%dﬁt@gﬁm%@n@f(ﬁt&ﬁﬂgﬂOfggql(w.lﬁalfaﬁt'vﬁh@ Herencoged as
aspartic aci g)r&?lﬂcitgl i \9era%ad§k|9éd an aH%b%c_{;ﬁ’%%th%}?%g&?ndglﬁ) due for
can af so be expected ro

anot her (suc S|ne ni ne produce a
functionakly s&quarvsdopurehces eduompa*sSedTbmhlsmtlomméemd defirsuamngteinhi ch

result in alt ratlo Ntermnal and Cterm rtions of the
protein nole VW)GYQT dé;%gndﬁr&trlgge@t)&%}ldﬂtmst ésgﬁ?@? d@REVGct i vi ty of t he

protein. Eaclbré?érréﬁ'%uBét%Hﬂ%@ﬂsquﬁlg'rBh&l%?d aﬁI &t oW?eh D ogl cal

routine skill in the art, as Is termnation of retention
activity of timeentioocuedhpsedudets. adim)fregmnts wheses InUbIIeeddarseqeamcesecogm zes

t hat subst anti al ences assed is i entl on are
o6 doft naa a5 at leadt 7 Rerbcd SRS R RSE0R Raa e of DeiuiclRif b e
def i ned ahoveragments refredcEhémeh. SMIRPE @Féfbﬁbﬂ)hu%lé’% heid fratfrhemts =6 il
fragments of the instant invention are those nucleic acid fragnments whose

nucl eot i de sdepmiRO8s idanticak toltbanuctEDlite seatpaes of thet mecleio@cikbt | de sequence

aci d fr agnent ot EraReTREsTy | GRS A B0 2o bRl o FaBh B I o e
nucl ei ¢ aci d ar¢ ag et 95%cidenties toefiehnclebbigd spgedmig ethamricieic beidc aci d
fragments that are at |east 95%identical to the nucleotide sequence of the

nucl ei ¢ aci d fragmpRtarerqrigshhereiN -her ei n. 15A "substanti al portion" of an
am no ac!lg or nucleqd | P@Farﬁu%ﬁy&%ﬁ QPaﬁBﬂim@%H Lfcﬁ’%ﬁgfdesé epRaygh of the

am no aci d sequence of a pol ypepti de or the nuc sequence of a gene
to putati vel yhatdmortior xcotriparslrgoénmgmmfdbe(amgemmd seduacelnf amanual

| t f b killed th
comput b Onut SRR ae st drs aolsAnide SSare et Dobaen o plileB idgatighat
| th i hul , S.
al gor i t hirs swyp%@t@é/éﬁgeh@aémerttg%bn | SRR orSRE ReToehée ) ren

F., et al. Bi ol 215:403-410
skilled in the art, or by computer-automated sequence comparison and

20  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
more nucleotides is necessary in order to putatively identify a polypeptide
or nucleic acid sequence as homologous to a known protein or gene.

25 Moreover, with respect to nucleotide sequences, gene-specific
oligonucleotide probes comprising 20-30 contiguous nucleotides may be
used in sequence-dependent methods of gene identification (e.g.,
Southern hybridization) and isolation (e.g., in situ hybridization of bacterial
colonies or bacteriophage plaques). In addition, short oligonucleotides of

30  12-15 bases may be used as amplification primers in PCR in order to
obtain a particular nucleic acid fragment comprising the primers.
Accordingly, a “substantial portion” of a nucleotide sequence comprises
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general, a sequence of ten or nore contiguous amno acids or thirty or nore
nucl eotides is necessary in order to putatively identify a pol ypeptide or
nucl ei c awoosIggIEBAce as honol ogous to a known protei n @CTESAe0/028B8br eover,
with respect to nucleotide sequences, gene-specific oligonucleotide probes

et hods. of oeEosanie bedia T oRHe R eohy 58P BRI ERARRECT 201 on

(e.g., in sititaghydnticdnisisimgtref sdiaeheei dhetinb@nt gﬁe@fcéi@ﬁ@fatl@@ﬁ@e

pl aques). In addition, short oligonucleotides of 3012-15 bases may be used
as anplifi catqomplﬁtﬁ&mm 3qid pasknUglegtidersegyener Qnﬁoﬁnﬁ&aﬁ'%{ﬁ"ar nucl ei ¢

aci d fr agrenty, SO | BA0GIAF SRIICHaynATRebEhBMar g seatiBRtan 2l porti on’

of a nucl eoti"de 'sequence cO seq u nce to specifically
i dentify andireportedhatein ama;mbw wseasl dr érsagemntlabmrponmf the tiseloseduence.

The instant specificajion teaches the conpl ete am no acid and nucl eoti de
sequence encS&AHEN R rwr%qseéqmoa @t%@ggsgﬁlpﬂu@gﬁ@aﬁ san, having the

benefit of the se ‘
THRNEAR é‘ém?refr‘ﬁoseﬁﬁ deRCRbEs tHEibélélRiHngJ:‘béMeeﬁm%

substantial porti the d sequences for purposes known to those
skilled in tlIseguantes of nucledtice hases thebard mﬁmﬂaopwmmﬁr@kﬂaasbe

rel ati onshi p bet vveea tvxﬁ s%@uences of nquil e.otgg es that arghcapabl e of
wat son- Cr i ck FGIEEL WAPT @@ Ehar enlmagalsh OSFNIGHON. S SXPE1PIe, Wi tation. For
exanpl e, yi t hedfB@ 36 ENA 2dANineAd BB bR t%s%%&ﬂhh%\/\% tASfhePahdi ng Wi th
thym ne and cytosine is capable of base-pairin uani ne. Accordi ngly,

t he instant ioyiasmg srcapaplaekeassspaiongivg @unﬁum@o@l@mvdhﬁnm%tant es that

Sequence L1 stretghdned bdSTRe S0 BB RICRR b BRM B e ancialty)
simlar nucl gotnpeingntryteiesompleee t8quendessitepdrteei eies t 0 a pol ypeptide
or nucl eotide sequence that is renoved from at | east one corrponent wth

which it is r@&@gmanymséweétc@dlstmmmSD%ﬁf@t@nte@ welbrathesfuence
capabl e qf cg%g&l kil Slm%r%gc@@% Ueﬂéesa codi ng sequence or functional

RNA. The pro er sequence consi sts o pI‘OXI mal and nore di stal upstream
el errent s, the | at tlére telrarfsolatedT tedersriofaepolppeptaea®r anblentiee seqédemnae di ngl vy,

an "enhancer’ is a DNA uence that can Stl ropoter, activity, and
may be an .M@%Sé@@%ﬁﬁ ToIm Prab oo Eamogneat Wit st Br OB G Sabrdient | nsert ed
to 25enhance jsh§c or tissue-specificity of a pronoter. Pronoters may

be derived in tﬁelr entirety froma native gene, or be conposed of
di fferent el enent sSPaenotecdefersro di PNArsaguepcecapable dfmontrollingriheur e, or

even conprise_synt het DNA segnent s i S un db se skilled in
Che art Char CAPHSIEN! 2 PGB SEaCHRGe af futofReRbRL Ble PAraBTa Gene fn

di fferent 3%ebUéﬁG@§o@§|st%Qif|prbYﬁ%$ an@méve dlsfal apséarptad@peng tievel opnent,
or in response to different environmental conditions. It is further

recogni zed t htterslementsofiaisielesed o apenbrAcershAGe@sdingly, an “eriaNceor y
sequences haY?artﬂ\lA%%ﬁ[]ence that can stimulate promoter activity, and may be an

innate element of the promoter or a heterologous element inserted to

25  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

30 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
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conpletely defined, DNA fragnents of sone variation may have identi cal
pronoter activity. Pronoters that cause a gene to be expressed in nost cell
types at WO11G6pe3 ar e commnl y referred to as "consti P(Itrmseommmz ers".
5"3" non-codi ng sequences”, "transcription termnator” and "term nation

Feauences kBTSS! BB Yal 50l RERHEeS

recogni tion @t&%&:tuam PtdIROteRS iR RGBS NI todbd egireabed Yh fiognal s
capabl e of affectin processi ng or gene 10expression. The

pol yadeny! at i%6H t?éQQj?n%ttl mpst ttm%arejcerwmq&y esfered PsaFeRYttig t he addition
of pol yadenylplr(gmgi: rg tracts to the 3' end of the nRNA precursor. The
term "operabl’y Ti'nked" refers to the association of nucleic acid sequences
on a singbke nucl ey aon@oﬂmggmmermes’t Hiadnddriptibonetmmioatort ande i s 15affect ed

by the other. For exa onoter, is operably |inked wt codin
sequence whent qrmlq%ﬁlogg%&ypgc%g%’pfwl iRfpre Yekerieghang r?‘%&?" codi ng
sequence (i . NATs%Euéﬁé’éé‘l%céfé&tﬂ“dWﬁstL nH"&‘F'%rcloﬁ% & Bl Pid control of

the pronoter). I'ng sequences can oper ably ed to regul tory
sequences i np@lysaetleﬂglamonaecogrehmeseqwmtarmhoth&nsaqmrtms émzoebrmrpl e, the

conpl enent ar regl ons_ of the !f ﬁ ti on be o erablg‘/%t i nked, either
directly or ﬁ%ﬁ' CRAGIR QT ALPEHLY PEC etarget nMRNA, or
within the tap xgﬂéssreﬂ\lﬁrrh@bo@/aabh lat é@%@n%mr\ts%rawyrcﬂgréatemz%&b and its

conpl ement is t ar get t andar d reconbi nant DNA and nol ecul ar

cl oni ng t echrifiggirg ttseeadczghrepépalyad@nm aci trewts torthe e ead tof eI MRNA

descri bed m)rﬁé g&y in Sanbrook, J., Fritsch, E.F. and Maniatis, T.
Mol ecul ar O & LB’ A Laboratory I\/anual Col d Spri ng Harbor Laboratory: Cold

Spring Harbor, NYThEI8f “‘oféansf aTkeat ra@rmﬂh@%s@b@tmmdf nkBlewhadia t hose
skilled |n the art and are described infra. 30"PCR' pol ynerase chain

reaction" isSRAHERPRTH QuE Tivgle eIy ACHLEIGMent Scla‘i*‘@éthﬁufk’ﬁﬂ'@” 8508¢ ispecific
DNA El
Ont s Pt i PIERElE St RoPEiqfBIel fiERBler S SRefatly kTR T s

heat denaturendlrtgmectuwcprwhmﬂt;|s:mnﬂb$emﬁaﬁe(;tlrtgdhetce<p3ésslmunﬂmtes of the
target segnent are anneal ed a% ow t enperature ac&gt hen exte ded at an

i nt er medi at e CPQlﬂge?e&l{?rnée (e thegORg tsggg%nqqﬂsetgw r‘i@%gﬁf‘?qéo 9Ngbs i s
referred 10 g@nfol &B’tﬁb‘?)rom%r PaRiAfsedqle ncé@‘étagrbe Ser@BlySiHkea tghr onosomal

el enent often carryi ng genes hat are not part e central netabolism of
the cel |, andegdatdry gequendes iha sende o antisease doiehtadiont rlaraah@the])NA

fragrrents Such eI e nts e, au icatin uences, genomne
|t g at he SeTHIEES BRIGIMGRRY Eorreland of fbEEN QI RaEPECr “Cit crar.

10 of a si ng'o%eréﬁlyﬂﬁk’ét! &ithier andesly NAdrecti\A tolgvd targbtirnRNARBY 3SRr ce, in
whi ch a nunber of nucl eoti de sequences have been joi ned or reconbi ned into

a uni que condfe targpbm RO Wighia dpekareebM RN ey tish gorplempni@ssi on
cassette(s) Eé@rﬁ%g %hd its complemgntelstsﬁwthegﬁ?&t'rﬁﬁll\lﬁy altered” refers to

the process o
Standard recombinant DNA and molecular cloning techniques used

25  herein are well known in the art and are described more fully in Sambrook,
J., Fritsch, E.F. and Maniatis, T. Molecular Cloning: A Laboratory Manual;
Cold Spring Harbor Laboratory: Cold Spring Harbor, NY (1989).
Transformation methods are well known to those skilled in the art and are
described infra.

30 “PCR” or “polymerase chain reaction” is a technique for the
synthesis of large quantities of specific DNA segments and consists of a
series of repetitive cycles (Perkin Elmer Cetus Instruments, Norwalk, CT).
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15hereditary material by genetic engineering, transformation and/or
mut ati on. The term "reconbinant” refers to an artificial conbination
of two otwerwiigssepar at ed segnents of sequence, e.g., PETAISRMO58832
synthesis or by the mani pul ati on of isolated segnents of nucleic acids by

2%el | “or veduBiceny e GO B Rara, BRS R st tenaRirBf rRahis e, oo O
het er ol ogous caufdi@nenaey tb tHe 8 rirdadies iof &tk farget segredht e afpdafddest, but

does not enconpass the alteration of the cell or vector by naturally
occurring evédw demeegaturesphinenediended at an interpediata temraratse médneon,

natural tran i g it @Se occurring
wi t hout del i %grgt @%ﬁﬁéﬁ%%ﬁ%%\%@l ?onsg%gé@ﬂ%@g%?eﬁxggéﬁant construct",
"expressi en const AU dsmide br ecter” ioais extra tchrorhosoratl eletient aftdn™ r econbi nant

DNA construct”, are used interchangeaply herein. reconbj nant construct
conpri ses an “85¥NG 9¢n§SIhat BN RATHAT bE qgjrgqaéfr@tglaqﬂ@rrf Bg@?e?ﬁ”s?na. g.,

regul atory ang,a0fiHeBAHIReREUIEPAbUBESPIICHIINA #RFRLMST duennat ure. For

exanpl e, a reconbli nant construct may conprise regul atory sequences and
codi ng sequehereentshaay decaulendomeds!y rephiaditing segnenses)geeemenr regul at ory
sequences and_.codi.ng sequences derived frﬁﬁefﬁe& sane source ut,_arranged

b
ina manner diFPEERSEINERCEHRNIIG NI YGE UegGEs INCCo R LI EYe may be

used by ihseldf adingiBY oP8olutsieStidndea MHNAG IFINIAWIEM e Y&hty- sdurc@ iR vector
is used, then the choice of vector is dependent upon the method that wll

be used to tvdHeEm amunpestofrwiciestide sesugares Ravmheed jained or ssgamigedn t he

e o ¢ no bR RatkRab RS 8FiI0 Bl b bl L e
t o successf uldagsétieygpintd Bncefiel ect and propagate host cells 10conprising any

of the isolated nucleic acid fragnents of the invention. The skilled
artisan will al so Thedsgni‘genetically diltered saters HuEsopr@sass of af@idngat i on

o TR ST R e g o, e
218:78-86 (198%pjionand thus that nmultiple events may 15need be screened in
BRI s R e LR T
o ohanstypi CTAMELESS R s qARLies i fod o4 By B oy oot o
herei n, refehy the marpplatidoof isotated segments of nucleic acids by genetic
20  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
encompass the alteration of the cell or vector by naturally occurring events
(e.g., spontaneous mutation, natural transformation, natural transduction,
25  natural transposition) such as those occurring without deliberate human
intervention.
The terms “recombinant construct”, “expression construct”,
“chimeric construct”, “construct”, and “recombinant DNA construct”, are
used interchangeably herein. A recombinant construct comprises an
30  artificial combination of nucleic acid fragments, e.g., regulatory and coding
sequences that are not found together in nature. For example, a

recombinant construct may comprise regulatory sequences and coding
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functional end-product (e.g., an nRNA or a protein [either precursor or
mature]). The term "introduced" neans providing a nucleic acid (e.g.,

expr essi omocongepasdt) or protein into a cell. |ntroduce@#Cirnshbudassssef erence
25t o0 the incorporation of a nucleic acid into a eukaryotic or prokaryotic

el 1, "and 1 nePaRESes fef Bl aded Rk NFERERE SboisesubLiegt™PSl nuctei ¢ aci d
or protein teeyhencsd hnd bodin m@@ncwbuﬂ\e@ frefrethersend sosicabbet or
tranS|ent transformati on nethods, as well as sexually crossing. Thus,

“introduced" a8@ngedre adpARBRt diferanidaan ihay feundioinatereachuch a&gRBIKCY 6. 9., a
recombi nant 5%&'15%[96 Hfseeﬁ%lrc?ﬂ%f%%tsbp% )cohwh?tu&w ffth!a vOBENSIt 2

transfectlon Pransf or rans FOnT TR T ACl udés ref erence
to the i acownpotortis osedfthan Ithe:blemce@tﬁwdcibrmgdméndemltupeneluldxmatbd)dc or
prokaryotic cell QCC nucleic acid frag be | ncor ted into
the genone ofihq tH’é'Ym@@I yseCetogransignm ReshrRl's a5 '§é’}‘ﬁlhkn%ﬂ’%gq V‘G’SS d@hondrl al
DNA) , conver & aHntIg)r%&a?r%I@@B%‘é?mﬂ%@bﬂo?%ﬁn Uyu%éoanﬁh@gkl|| d 8rRERSsed
(e.g., 5 transfect term ogous ers to proteins
or pol ypepti ol afareoofitbe gemetluelememtgz tati pust beé prewntrohalne geactarytic

function. The invention [.ncl cteri r odu honpl ogous pr ot ei ns
via reconbi né’ﬁ‘fle"tt@(ﬁ#WS?%%HNy k@ﬁf@@oggﬁch@ip % Ba%tn%”ﬁant bacteria
conprising i RohiiRisingd8MPBEtHRS isOIBted nu@é&tadit!‘ﬁagﬁ@h@bﬂﬁ@tm\?&ﬂﬂnr uct: one or
mor e nucl eoti de sequences encodi ng a eptide or a pol ypepti de conpl ex

havi ng sucr oddetskilpshatisan \Aald:@ismrepograzwaﬂtebfn‘er@et E@@Q@ﬂd@ntencodl ng a

Loencodi ng.a Ry RaRt e SRR RE 2RtV L ireRPE I Gl S POl Sece
nucl eoti de segp ng.bﬁeg@(tlal OEM&@IJyMzmMezM&UmS) PeERlraeica etidif er ent
pronoter. These reco bacteria are capabl e of netabolizing sucrose to

produce gl ycé‘f’@fl Gend Gsyelry a8 d18-e(1980). mngdhes shatupultinle avents Biaypanedi ol
and 3- hyqiox i gqeogérgeﬁ@dg}?t%%?ttgbbﬁ ﬁé@H@ﬁWeedégl regOPr oduci ng

gl ycer ol and ycero ved products are hi'gily engi neered strains, as
descri bed herexpreds@rolevel and pattennt sdlich $arseningahay be dogomptished biyhe

ot 111 ted (OIYRATEHE P DN SLLIE SEabRe PORRAN eXPiEstBBoccus,
Agr obact er i ugnRBafoldttiSg analysis of protein expression, or phenotypic analysis,
among others.

20 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]).

The term “introduced” means providing a nucleic acid (e.g.,
expression construct) or protein into a cell. Introduced includes reference

25  to the incorporation of a nucleic acid into a eukaryotic or prokaryotic cell
where the nucleic acid may be incorporated into the genome of the cell,
and includes reference to the transient provision of a nucleic acid or
protein to the cell. Introduced includes reference to stable or transient
transformation methods, as well as sexually crossing. Thus, “introduced”

30 in the context of inserting a nucleic acid fragment (e.g., a recombinant
construct/expression construct) into a cell, means “transfection” or

“transformation” or “transduction” and includes reference to the
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25Cor ynebacterium Lactobacillus, dostridium d uconobacter, Ctrobacter,
Ent erobacter, Klebsiella, Aerobacter, Methylobacter, Sal nonella,

St r ept ompop11aBYI3Pseudononas. I n one enbodi nent Phe/UseEH/08832 eri um
is selected fromthe genera: Escherichia, Kl ebsiella, Ctrobacter, and

co - TaedtaRBrbHs A L ek b B e TR E B o T These
enbodi ment s, ceheviEpsthdaatield adii frdighent Maybe liftorpSratéd int@ tiss gésomer nay
be rendered PTS m nus through inactivation of a PTS qene as_descri bed

bel ow. I n pr&dthe Foh(edccbsmpasraasplasmid, Plagiceen miechdrighPNA) o unl i nk
h - f
the transpor tcoﬂ(/eﬁéjé’frﬁ(é a@l:%bé&l?&nﬂﬁg r ncBHf’gg{r?@@thﬁV éyﬁfr%%ﬁeeé E%E?h or

5phosphoryl at1Ton 0o rs berng trans
"down- r egsl attedisfeotéa@neRKIA).r eduction in, or abolishnent of, the activity of

active protein(s),_as, conpared to the activity of the wl dtype protein(s).
The PTS ry b | habht ETb R TEREe TGS PrOs oS A RELOa SRR by

down-regul at icaenrﬁaﬁre%ﬂneﬁa@fewﬁ wit, ST r Qﬁta]Ele@ AR TENO S e HBEIES

encodi ng the proteins requi s type of transport. Down-regul ation
typi cal | y ocooaysinchesie actera pradusingf homekxgoge mpestefresvia réddrabinani on”
referring to,an insertion, deletion, or targeted nutation within a portion
of that gene,te? OPesults in either a conpl ete gene knockout such that the

gene is dgl eted fMsIbsl BERMBrefetobiRgRticleri cormphnsingtiethdibor a protein
has been transl ated such that it has an insertion, deletion, amno acid
substi t ut i on g&NOBIEhRT O &F Peskanengcaminantreenstwetitansoronoteueestidgt i on in

or ot 01 n or  webHR e St ERTR sk BB R0 DheS IR REnRRRHAR o ot oo
protein w || shaxssel trardipoetdr activity; byhuwlddtidessReehce @ncbeingradt ei n t hat was

not 20di srupted, and can,  be non-functional. Down-regulation that results in
| ow or | ack @P')@@@F'@@ﬁaéﬁ‘goffuqtﬁ@n%%?éi'\ﬁ’fyi @pdanygleefiqaseguengea

mani pul at,i.ng ; arg%q. LRLI ; sl ation
factors alrsld/ gﬁq%ggg]ﬁ%lb@&%étﬁ{ﬁ?@ﬁﬁ%gt(:%&m%y o{)llag%/ agg\é@gﬁ@ée%é;e, anti sense
or RNA techmuictegyide eslequel&Siareosach operaply lirdseddolty@epiredasa diffepeity pept i de

conpl exes are pol ypeptides or pol ti de conpl exes that are capabl e of
medl at i ng ¢ hOOBIETp oEsETeSomPRAEt PAEIS A PORPAD e TetabaliEhdes ¢ r anspor t

pol ypept i des s@e%s}é%@gga%@_yeefmlaﬁw egwc%rdﬂwmedap%oe@é@réufeﬁdasap@ve-

Exanpl es of pol ypepti I'ng sucrosé transporter activity include, but
are not |im tpeopdtrdQI alstd hiydmxypromanic agid. dBagtptalsstrains cao3l8 df(set forth

N S 1 SRS A S5 B DROP R e bl S50 L0
strains, as described herein below.

Suitable host bacteria for use in the construction of the recombinant
bacteria disclosed herein include, but are not limited to organisms of the
genera: Escherichia, Streptococcus, Agrobacterium, Bacillus,

25 Corynebacterium, Lactobacillus, Clostridium, Gluconobacter, Citrobacter,
Enterobacter, Klebsiella, Aerobacter, Methylobacter, Salmonella,
Streptomyces, and Pseudomonas.

In one embodiment the host bacterium is selected from the genera:
Escherichia, Klebsiella, Citrobacter, and Aerobacter.

30 In another embodiment, the host bacterium is Escherichia coli.

In some embodiments, the host bacterium is PTS minus. In these
embodiments, the host bacterium is PTS minus in its native state, or may
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gene cscB (codi ng sequence set forth in SEQ I D NGO 25); and CscB from

Bi fi dobacteriumlactis (set forth in SEQ ID NO 28), encoded by gene cscB
(codi ng swquenawwsaet forth in SEQ I D NO 27). Exanpl es ofPCpalSgpepsssdr

conpl exes having sucrose transporter activity include, but are not limted

oneuroni e sEFACAOEH: T CaprE T g oibaEABb T be s e BB SR ot i n
SEQ | D NGs: 3®el®®, and 34, encoded by genes susT1l (codi ng sequence set

forth in SEQ ID NGO 29), susT2 (coding guence set forth in SEQ | D NGO 31),
and susX (coding é@amogéﬂlcrwgﬁmsmss s ppmEtimesesirablediednRE mal t ose

Subun ts set e MeRtedt B GRSRAGR LS DSEAIBAYBIRBRIEHIEPPINPER. (T ¢
(codi ng sequep:hoepba@létbntdfth@sﬁﬁ@sltﬂélh@tr&ﬁ}spomF (codi ng sequence set
and al K (codi ng. SEGENECO08T Tegnlsath TEIPeRey sdsctiendn or isadientehy.
I'n one e”b‘)d'tlﬁ‘@%t’lww l«é%‘?@ﬁe rﬂasle%gvdﬁr%ﬁéeztﬁ%ﬁeé t@\ﬂ@%rtﬁégvn@lﬁdev' ty has

at | east 95% sequence ntlt on t usta Vet al i gnnment ,
to an am no qnmotelrx(e):]uﬁmm:E’T&magtbef|oacﬂn/ated BE@JItiDgN@ﬁZETSSE(DuSD NG 26, or

SEQ I D NG 28. 20l.n_anot her enbodi nent, the tlde | ex havin
sucrose tran?ﬁ%?'?'ﬁm?gé(t RVilla Eﬁ%@%ﬁﬁ gYess{op %?Qﬁgﬁ Qfﬁﬁ%l ng at | egst 95%
sequence 1bde'étn'db§en&§’§§én@§‘eﬁcéalh'$ort Mt@ﬂ%h@@u@éd i thQsﬂt’VBétof thgpogonpar ed

to an am no aci d sequence as set in SEQ NG 30; "a second subunit
havi ng at |eé;mwr%e@lé@fmrety@ecallm¢pumwh@mea Ocﬁnin@re@fdbe%e gemes/hagehod of

No S2; and a SRR aartion T pRhaR Pl dyeE R RSB Rl FhRy2cc on

a Custal V ngp cbmdn@frtmit;@h@emat red 913 i @ihar atohtpléte @nmmmbdtsequence as
set forth in SEQ ID NO 3 I n anot her enbodi nent, the Etlde conpl ex
1

havi ng sucro§é'cb(§fﬁ@téh§;§l§ln?é$ dgteted fropn @@rﬁﬁn%%anarnwrﬁe@lm anslatedyi ng at
| t 95% t, wh
R R

subunit havi ragniad dc&hsmbétﬁ%wemmheetargetedlmytatlbase'l'cﬂmedncatlcﬁd usﬂhel V met hod

of alignnent, whe ared to an am _no acid se S set h in SEQ
’D NO 93 TGS R ORISR Hpybe 11aaeroB SORTbiIeiaawoRt §oiBased on

Custal V metage ?Foté‘ih'&%‘ﬁﬂﬁ théﬂfo;et@rmmapgb%nt&tﬁa &&mmwa&u%&aeence as
set forth in SEQ ID NGO 40; and a fourth Subunit having at |east 95%

sequence i dermrolem whlasavd iompadred agtiviy withrespect tofthaprejaimnethet wal et conpar ed

i f h SEO I D ) 42, h
enbodi mertb. CHECBERy BECPEOHATHIRLERbROTPAREYEIPE Mags s gy "
corr esponds %#bé?ékaéfté@ré%lé@oifﬂ% SO, @sid i8R SisMianipUldtihd theSEQ | D

NO 26. Pol y& ptides having fructokinase activity include
f ruct oki nasesegakirysaaeences, rapsariptioraaint ranslatien frotorseand/aasigialhavi ng

EEBEESB‘EOPC?; “%8“%@” Oy ully et seate ByREnsronlial ppoiddti' o°°

25 Sucrose transporter polypeptides or polypeptide complexes are
polypeptides or polypeptide complexes that are capable of mediating the
transport of sucrose into microbial cells. Sucrose transport polypeptides
and polypeptide complexes are known, as described above. Examples of
polypeptides having sucrose transporter activity include, but are not limited

30 to, CscB from E. coli wild-type strain EC3132 (set forth in SEQ ID NO:24),
encoded by gene cscB (coding sequence set forth in SEQ ID NO:23);
CscB from E. coli ATCC13281 (set forth in SEQ ID NO:26), encoded by
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ket ohexoki nases. Representative genes encodi ng pol ypeptides froma variety
of m croorganisns, which nmay be used to construct the reconbi nant bacteria
di scl osedwbensim9o3are |isted in Table 1. One skilled i npPCinasarm/os4s82 know
that proteins that are substantially simlar to a protein 20 which is able

Lo, Phosohor Ve A abBaa e B8 BT RO SH QBN BRI o0 © 1)
44 2.7.1.4 BifidoBdetérium Jadtis (set forth in SEQ ID NO:28), encoded by gene cscB

(coding sequence set forth in SEQ ID NO:27). Examples of polypeptide

complexes having sucrose transporter activity include, but are not limited

5  to, the sucrose ABC-type transporter complex from Streptococcus

pneumoniae strain TIGR4 comprising three polypeptide subunits set forth

in SEQ ID NOs:30, 32, and 34, encoded by genes susT1 (coding

sequence set forth in SEQ ID NO:29), susT2 (coding sequence set forth in

SEQ ID NO:31), and susX (coding sequence set forth in SEQ ID NO: 33);

10  and the maltose transporter complex of Streptococcus mutans comprising
four polypeptide subunits set forth in SEQ ID NOs:36, 38, 40, and 42,
encoded by genes malE (coding sequence set forth in SEQ ID NO:35),
malF (coding sequence set forth in SEQ ID NO:37), malG (coding
sequence set forth in SEQ ID NO:39), and malK (coding sequence set

15 forth in SEQ ID NO:41), respectively.

In one embodiment, the polypeptide having sucrose transporter
activity has at least 95% sequence identity, based on the Clustal V method
of alignment, to an amino acid sequence as set forth in SEQ ID NO:24,
SEQ ID NO:26, or SEQ ID NO:28.

20 In another embodiment, the polypeptide complex having sucrose
transporter activity comprises: a first subunit 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:30; a
second subunit having at least 95% sequence identity, based on a Clustal

25V method of alignment, when compared to an amino acid sequence as set
forth in SEQ ID NO:32; and a third subunit 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:34.

In another embodiment, the polypeptide complex having sucrose

30 transporter activity comprises: a first subunit 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:36; a

31



2.7.1.4 84 85 86 87 2.7.1.4 2.7.1.4 47 48 2.7.1.4 49 50 51 52 2.7.1.1

WO 2011/069033 PCT/US2010/058832

second subunit 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:38; a third subunit having at least 95% sequence
identity, based on a Clustal V method of alignment, when compared to an
5 amino acid sequence as set forth in SEQ ID NO:40; and a fourth subunit
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:42.
In another embodiment, the polypeptide having sucrose transporter
10  activity corresponds substantially to the amino acid sequence set forth in
SEQ ID NO:26.

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

15 phosphorylating activity may be exhibited by hexokinases and
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
the art will know that proteins that are substantially similar to a protein

20 which is able to phosphorylate fructose (such as encoded by the genes

listed in Table 1) may also be used.
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5354 2.7.1.1 I n one enbodi nent, the polypeptide having fructoki nase
activity has 5at | east 95% sequence identity, based on the Clustal V nethod
of al i gnmeoRp11te9@a ami no aci d sequence as set forth inPEEQSkDoMNSES4zt, SEQ

I D NO 46, SEQ ID NO 48, SEQ ID NO 50, SEQ ID NO 52, SEQ ID NO 54, SEQ ID
NO 85, or SEQ ID NO 87. In anot her emm, t he pol ypepti de havi ng
fruct oki nase activity 10corresponds ntially to the sequence set forth
in SEQ ID NO 48  SequéEltetPEptodieg Bhayimeg Wit FRsgokiiskdAas@tyact i vity have
the ability to catalyze the hydrolysis of sucrose to produce fructose and
gl ucose. Pol ypepti des havi ng sucrose hydrol ase acti vi Npcigasidendiiateins
descri bed above, and include, but are not limted to CSEQIPomSEQ #9| |
wild-type sSparce 15 EC3132 (set Ganet Hame SEQEHMNNOES) , M@coded NY: gene
cscA (codi ng sequence set forth in SEQ ID NGO 55), CscA fromE. coli
ATCC13821 (g pogégjtéﬂhmn SEQ I D NO 58), encoded by gene cggA (coding

sequence sej, gfab}@ Sn SEQ ID é\EP hcto‘ﬁfrfa‘éegrOWQ?nL'ggggag;reg'Gﬁ? LEEX ?Codl ng
5

strain DSM ?ﬁ forth in SEQ ID NG
sequence seg%g&or in SEQ é‘g g 4Sacchar onyces cerevi si ae
(set forth 62) H (codi jg sequegge set
forth in SE? ’%f? Sch PEie ter éluta %um(segforth in
SEQ | D NO: 6 é’oded by gene sch od| ng sequence set ®Porth i 7SEQ I D
NO: 63) ; sucPG@@”@ﬁ@@phoryl as e SEFoiUCRIenRAREst ocZrfebént er oi des DSM 5 20193
(set forth ERCBEGHDCRD: 66), @S (yctakinasede oP.7ehdodi ng4dene sedt8forth in
SEQ I D NO. GEntemdomrfeeealmomwﬂrfmalcmasec)m BR2f7i. ldbact e#Pum adobBscenti s
DSM 20083 (set forth in SEQ I D NO:68), encoded by gene sucP (coding
sequence seatonddmyteSEQ | D NO: 67). In one enbodi nent, ®he pol ypepti de

havi ng sucr ggeviysls ol ase 10agyxKifieXiidnade)l eagty P3% sequence identity,
based on t he cbpsbal ycgsmet hod of alignment, to an am no agi d seqggnce as

set forth i NO: 56, S QI 460, SEQ ID NO:62, SEQID
NO: 64, SEQ Pﬁ%%g%ép or SEQ I %(Kg(%%%ag Er?\gnot her enbodi ment, the
pol ypepti de havi ng sucrose hydrol ase 15activity corresponds substantlally
to the am no aci d|segeenisodietent,ahé PpolypePte INavINg: fafstokinase activity has

5 atleast 95% sequence identity, based on the Clustal V method of

alignment, to an amino acid sequence as set forth in SEQ ID NO:44, SEQ
ID NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:52, SEQ ID NO:54,
SEQ ID NO:85, or SEQ ID NO:87.
In another embodiment, the polypeptide having fructokinase activity
10  corresponds substantially to the sequence set forth in SEQ ID NO:48
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, as described
above, and include, but are not limited to CscA from E. coli wild-type strain
15 EC3132 (set forth in SEQ ID NO:56), encoded by gene ¢scA (coding
sequence set forth in SEQ ID NO:55), CscA from E. coli ATCC13821 (set
forth in SEQ ID NO:58), encoded by gene cscA (coding sequence set forth
in SEQ ID NO:57); BfrA from Bifidobacterium lactis strain DSM 101407
(set forth in SEQ ID NO:60), encoded by gene bfrA (coding sequence set
20  forth in SEQ ID NO:59); Suc2p from Saccharomyces cerevisiae (set forth
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The codi ng sequence of genes encodi ng pol ypepti des or pol ypepti de conpl exes
havi ng sucrose transporter activity, polypeptides having fructokinase
activity,wanrdipebospept i des havi ng sucrose hydrol ase 20aetCiraistyronssssbe used
to isolate nucl eoti de sequences encodi ng honol ogous pol ypepti des fromthe

sanme or other_ @ inah.~speci es,. For a h | o f_t nes may be
i dentified udl ?ﬂ@%@@é%ﬁ@@?ﬂﬁ&ﬁ%ﬁ@ gagﬁ%a%&%fﬁg%ﬁg?{ogﬁs@ar ch
publical 'y agEdhablNdomBiIg] 86B RemdCsaveackeridat goaseumA@et foronial $FQ t he

i sol ati on of honol ogous genes 25 using sequence-dependent protocols is well

known i n t he IBNO:6&) sgpaasieddty geng seER(codpeniravenseSEb XN BEQUEL, but are
t linmted ARt ' ' i di zat | , f DNA

L o oo o ST R95e0 b i les @i PBEAAR! heRppRpd RN, ©

anpl i fi casi or201106{sel foghds SEQ ¢D NOIBBIEEaRLitg cbqiendecsicdricodingR§ie sélil | i s et

|., U.S. Patent No_ 304 683,202: i haj tion (LCR) . Tabor, S. et
b e S Sl B ek S e S °
anpl i ficat| 0%06%@/é)snti§’\ﬁi§1\ﬁr2toﬁg§ (@ét-ff)rtﬁrirﬁ)ggdzs\‘g% 'No.%@%dencégbd oy gerfd - 89:

392, (1992)). For exanple, nucl eot i uence’encodi ng 't
pol ypept i des sdefdrothad ssigoercerapt foethamBEQ 4 NO:6@)hybri di zati on probe for
t he identificatiogiﬁof hono f  ordi nai% n the art wll

appreciate that g 889&%%@&%“{%89&°H31658§SW859 3 Siﬁk {ﬁérpiqﬁ% ot her

sources mpy cHfitPRas aeRakNosRescyRmeENdERM, haehesd tedtrRelpSLHhelRIEL N.
Additionally, variations in the nucleotide sequences encoding the

pol ypept i des of@ligmaenade aniamiogtacid sequenns ahsetdorthdn SHQ 1B MNISBce of the

Subst 1 ut i on SR IHP R SEG TR ISR BT N0 B SE i FELPE BB, o1 i1 a
protein may INOiGBCbHSED I N®BBe encoded protein. The nucl eoti de sequences

encodi ng pol ypepti des or pol ypepti de conpl exes havi ng sucrose transporter
activity, polypeptlh@gsethesenmipdingst dre RYBEREEe hipving isaossoNYFelRSEdes

0s. "Pat ot KGR CELES BRIl Y 10 e AR B0k SEL DS SRt B B
sequence, if SEQIDMNOQESBIce is known. O her nethods of gene isolation are

wel | known to one_skilled in the art such as by using degenerate priners or
het er ol ogous. pr obd NyERdIA SERVENES SAETRSEROIPAYBRRIME O an al So be

cheri cal Iy syihRasias oo AR sLEREL\RRAPbRPHER §5pBNBEofudnc. (Menl o

20Par k, CA). onally, the entire csc operon may b romthe
genom ¢ DNA dfaving feudtokisasaiantAlyCEhd 2®1ypemtidde darvingeslicroselrydriolasen Exanpl e

Lt el g TR 5 e BB RLLRERA BER el o vt na ore o
homologous polypeptides from the same or other microbial species. For
example, homologs of the genes may be identified using sequence
analysis software, such as BLASTN, to search publically available nucleic
acid sequence databases. Additionally, the isolation of homologous genes

25  using sequence-dependent protocols is well known in the art. Examples
of sequence-dependent protocols include, but are not limited to, methods
of nucleic acid hybridization, and methods of DNA and RNA amplification
as exemplified by various uses of nucleic acid amplification technologies
(e.g. polymerase chain reaction (PCR), Mullis et al., U.S. Patent No.

30 4,683,202; ligase chain reaction (LCR), Tabor, S. et al., Proc. Acad. Sci.
USA 82, 1074, 1985); or strand displacement amplification (SDA), Walker,
et al., Proc. Natl. Acad. Sci. U.S.A., 89: 392, (1992)). For example, the

34



25nucl eoti de sequences encodi ng the pol ypepti des descri bed above may be
introduced into the bacteriumon at | east one nulticopy plasmd, or by
i nt egr at iwQ 20né69033nor e copi es of the codi ng sequences POTAS2IIO/058332
genone. The nucl eoti de sequences encodi ng the pol ypepti des may be

30pl asi ds) GPUSPaRebaaRnarresT 3 BoRbEb o oG8 ARRE M4l bBescr i bed
in the Exanplegsplbgs®as)a hybridiZziongsbbdsertteiigentiieation 68 hemaests. encodi ng one
of the polynucleotides, then only the renmining nucleotide sequences need

to be introduced IQR®Ot prelinaiy skiliinshe perwikerpigciateithat grnasoeicasting erium
contains a mﬂﬁésee%blgﬁe ce5R & &ﬂe?a@ﬁ’ﬂc}ég‘?ﬁ%{ gl%o% 'd%!inw gt oki nase
activity, only a nuchéotlde séquence enco avi g sucrose
transporter aed:ombmnabdcterlalchsmseoblleer'éseqﬂédnoenalncwdnagor&s lpdhgpept i de

havi ng sucrose rol ase activity need to be | r oduced e bacterium
to enabl e su%%ggﬁlsleﬂﬂﬁf‘?%en NG & BalyeeRt mﬁé%ee@?aﬁé"" M are

ef ther on a RfEHAS) afind Bobieqdsnass: MyeRREMIGRSATGAB & | east one

highly active prondbter. An integrated coding regi elt
i ntroduced a$odopaiegeoérea:ycanmhlﬂatcamlﬁgam balvstitgtiornss de{ahlopsmmt er or it

ma belnter ent, to a hi lLy.,.active pronoter that endo enous
(o he ponomadiitn harRuES a bsBing Spik SRR b o8 mel ude,
but are ngt IkhaehegdddéPprdidirl, H S3, GAL 1, GAL 10, ADHI, PGK, PHO5, GAPDH,

ADC, TRP1l, URA3, LEUZ, ENO and lac, ara, tet, trp, IPb IPR T7, tac, and
trc 15(useful for T@egiuaiestsie senuenchs encadiagdqsiynepisessr popepkide amy. apr,

aci 11 us. neofMsRlhatilg SUPESeRR ERbRES i bab oo RN Lcose
| somer ase pr ¢ietcKingge @ctmylamdpblggégndes H@ﬁﬁa};]lsbcud)sbwawage%ttuaty (U.S.
Patent No. 7,132,527). 20ln one e econbi nant bacteri a

di scl osed here@hba isolatgda15ing BER(S68u 8ichgUgh-yoatent Nogt §83¢i0241aner ocesses
f th | k
or the ep?rﬁér?'ﬂg% n%IdWB%o%nﬁgrﬁé?J%sﬁéa %Q%gﬁ%‘?ﬁth sftﬂﬂ%c@ jgre known in

yeast s an SonB bact &t a, ot ungr, cteria and
yeast s produkeowiny dether nisthocdsoegéna sotdtioncse vogll kidven tcandgkiyidd ét es

25throughth fructose 6- bi sphosphat e pat hway olysis. In the
ot hod of b JatieN IG5y BHNG SO RIS BT Of et DIgErS a6y be used
that natural 'rﬁbﬂ{j&gﬂéﬁ Q‘h)é(?ﬁfcgotldb%e%@@héé%an BRGLSE LReMRRGIPE €ngi neered

for productio gl ycerol gl ycerol derivatives. The capacity for
gl ycerol pro@uotheslzefdrm‘mwclvwedeftﬂymm‘erwolmSlueh es DNA{Z BdnGCX]MeJ\}oded t hr ough

th f { h ehyd
(Capony ahar Siergr Ghbr ARBEYRRE Sh hlis S oRiBh Thavibe FOAEEATR 56 N 200"
7,005, 291. Cepesnhid ONA BQE BERSrEh R BC0$3281, as described in detail in

Example 1 herein.

Expression of the polypeptides may be effected using one of

many methods known to one skilled in the art. For example, the

25  nucleotide sequences encoding the polypeptides described above may
be introduced into the bacterium on at least one multicopy plasmid, or by
integrating one or more copies of the coding sequences into the host
genome. The nucleotide sequences encoding the polypeptides may be
introduced into the host bacterium separately (e.g., on separate

30  plasmids) or in any combination (e.g., on a single plasmid, as described
in the Examples herein). If the host bacterium contains a gene encoding
one of the polynucleotides, then only the remaining nucleotide
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that may be used for expressing the enzyne activities in a host bacterium
are described in U S Patent No. 7,005,291. Suitable exanples of genes
encodi ng Wwol2ypepwbiddes havi ng gl ycerol - 3- phosphat e dehydPogArsasie/ 058382 vi t 'y

i nclude, but are not limted to, GPD1 from5 Saccharomyces cerevisiae

forth n Sto taoRese et bbationiceellonne SRS BTN OF Bt BB 3R
sequence set Hogt bActeuSESdtENBA [ucledidrisshurreaintosifye porpeptidéorth in
SEQ I D NO 4). Suitable exanples of genes encodi ng pol ypepti des having

. : S, : poly
gl ycerol - 3- T@ytssipuiekisasaestivin pnivne nueleotige seavencioentadiig 8d to, GPPL
encoted. pr ot SORERURERBY N gt e QBN R R P SlPRss rom
orotorn Sbauonce Sot Torthoi SO D NG B 18 ncr sased produdtion of
gl ycerol may ”l?@datf’t. iHHHdWﬁ%lﬁ‘;ﬁ%%B%?ﬁ@R@? : 6‘r‘lcr8§etug|46%pnendogenous
genes. Down- reguhabl8edPtodn 9?@29?‘%&%6%%%%9'arkﬂiaQrInYd?@I8r'in“tgéase and

gl ycerol dehydrogenase activrlt urther enhance glycerol production as
descri bed i ngenBmePaniagrie ékpre3saDBood:. ledstorealsigilycdddineglromgtest Arvar bon to
gl ycerol may.be 2 cC | i shed by reducing the expression of .the
antiogenous. sdnBoaed GPRBROLEr mRY epakCe TrslErd B ABAYH siiadic as
descri bedgi n gddn@-haRERS oG- prémdidr, 55ﬁ-m5¥’h5@irﬁt@9#8té@ lb@hceRYtdPg acconpl i shed
by using any method known in the art, for exan‘g e, the methods described
above for doWighlggative prmeer fiaids epdogenoustts thg gespmearanyeckigbly provi des a

substrate for ncrohial o] j f. cts. ml of such
e L L S L S

3- hydr oxypr ol YOI CHFE3, GANELBAL 90 YARAI1, PGR-RHOBAGKRDH, ABCY, TRP1,

1, 3-propanediol. In_another enbodi nent, the reconbi hant bacteria discl osed
her ei n 30ar e WapdnlUds EN b @i lag araatelr pdfed(far. TAHBC.ARRLEE ol deri vati ve
1, 3- di ol i havi potential utili inth ducti f
pol yest e 1 1 KireUEioR RIS FSTUPECHR Gl FoMRIATRE AR WelPe
compounds.  1.ooioR3aAdivaiot3HhABeRTMEd Utk 161 BglresgbATpor gani sm by

i oconversion of a carbon substrate other than glycerol or

di hydr oxyacetBavglusasl hgegronaiedmay alssbe Hae Sittepi@ny cesBadaToglucase hi s

Sasor bed avEereee arerd LU Al bR By R 4. (78,

hydr oxypr opi grasseyde 18z 527¢ehydrat ase enzynme, which can be encoded by the
host bacteriumor can be introduced into the host by reconbination. The
dehydr at 88e can bén gng@snkndigneni,dhareeembpipagt bacteria digjosegl kgrettehy dr at ase
(EEG 4.2.1. Y, r bl - I(’ln conversion. A
sui tabl e exa%g%ggé?ageor];g);rg@%o@éwgg{cﬂé Bff%lbakcéf)gtﬁ)%%ggé%fptr Ft.')%t a), and "y"

(gamma) subumpirésaratioa of glyeera lusthghyatbehypdratdsned sudgars bod kagwnmot [imted to
dhaBl (coding se%uenc_e set forth in SEQ ID NO 9), dhaB2 (coding sequence
set forth inYSBESIFNNG SOIye barigrignasr fdi and slege AN Laciersy and i n SEQ 1D

NG 13), respeehiiebbdule kG @nvrting glucose or other carbohydrates
25  through the fructose-1,6-bisphosphate pathway in glycolysis. In the

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

30  provided through the expression of the enzyme activities glycerol-3-
phosphate dehydrogenase (G3PDH) and/or glycerol-3-phosphatase as
described in U.S. Patent No. 7,005,291. Genes encoding these proteins
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15 pneunoni ae. The further conversion of 3-hydroxypropi onal dehyde to 1, 3-
propandei ol can be catalyzed by 1, 3- propanedi ol dehydrogenase (E. G

1.1. 1. 202yoaent1atshess al cohol dehydrogenases. A suitabl e exargsk@omsssaz gene
encodi ng a 1, 3- propanedi ol dehydrogenase is dhaT from Kl ebsi el | a pneunoni ae

(codi ng sequ e forth in I i ne 20pr.ot ei n sequence set
forth in SEQ%F% rﬂéf%)g)qseggfe[ 83“?%%'&5 tﬁge?%X%‘%b?ﬁ%&ﬁ@wR%r{bqsﬁeered to provide
nore ef fici emfacirieivetd aeserfoedl idesoPasrt Nd&7,00y, 201 olSutebievat i ve

1, 3-propanediol . For exanple, U. Patent No. 7,005,291 discl oses

S. 0
transformed @XeMpegyahoennd anPanGeehBartess pavaasicerlot-riesrRatel and 1, 3-
25pr opanedi oIdﬁ\ﬁg?%ﬁﬁéggéﬁgg@pﬂgygﬁgﬁg{ é%@ﬁ%@fon%@%ﬁﬂpus activities

of one or bot ogenase and glycerol - 3-
plhosphalt eiphmaam;l/m darledfgmﬁ(gbdilmg sByRiente lget fgr?ﬁin@ﬁmgmg%azgzvi ties
gl ycerol kinase an ycerol dehydr nas . _Paten : :
describes a me@%@p?ﬁm%%e@@ﬁ?%ﬁw @ffi@gpsg&gﬁé@ﬁ2%ﬂhg a single
m croor gani s i "o i nase,

gl ycerol - 3- p%@%ﬁg{dﬁ%ﬁsﬁg?’ggﬂ%gglﬁgﬁq@age,e Baﬁg)?l, BS?Dr _op?ne I,le

oxi dor educt asecpded protemadgquedcs.set Rathemt SBQ. IDENC34). SFG@tatilecl oses a net hod
for the production of 1, 3- propanedi ol c risi.n re i nant

mi cr oor gani sPUIGRPT SR ARG PalRs e aev R ahselen X (1 at er
identifiqd aphdspRstade GRAVIE) RCRRIR, baRstd Natllindited RC(GPPPABRI de) . 5U. S.

Pat ent No. 6,514,733 describes an inprovenent to the process where a

si gni fi cant iISROcEasENyees gareyisiagr(@adingraegiuenceset fartnen)SEQ 1IBPNQimed by

virtue of a - if.i | yii [ Vi (i SiN. i

1. 3 propancd SPoRe Biteh SR Eothist Rkl SHRLE NOLOIT EFPArem

hydr oxypr opi GlclehyacdsccekedisRicqranivgi Wquenddiskt fored inYSEQ.IB.NBat,ent  No.
107,132,527 di scloses vectors and plasm ds_useful for the production of
1, 3- propanedingpded protein sgrqueasedehiaHutr PR IBNO: &) pr opanedi ol may be
achi eved Ry furth Lo i k i Ralo®
down-regu1 ating eﬁ@?@ég‘?(ﬁ,h@dcﬁﬁe&@% geg? %%ﬁggtagtﬁwgt?ptp ?@&W%@%{S‘g
expressi on ofexptdssior af igejetgamiogenass gébesle Ponnseguiatiod. &.endagenbudo.

7,371,558. For utili za.ti on of glucose as. a ca\Bg?]n source in, a PTS nnus
host, expresSCHRS SNCYPINISKYGRIEKIRRSE 8Ne PINReyP YAEQISRGS8 aCHMEPEi onal genes

whose i ncr eagggh& e%‘n&@%@r@l@br‘%ﬂ%&ﬁh@Geﬁé‘f%é’oaﬁ%.sl.’FBaT@r'it% nedi ol

production include genes “encodi ng: osphoenol pyruvat e carboxyl ase
typi cal | y chah@@4,291 zébtregsdaecdanineling bf cadi(n oaglgeeno! endyrimsyl t r ansf er ase,

%glt C?L' éﬂ? P ?a{g?éh%fi%rieecgg? g?cﬁ@?g ﬁ‘éel'e%gresglgﬂ'o?%weec ie%ggecn‘f’lotu‘f?lsI g}/etriec activity
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.

25 Glycerol provides a substrate for microbial production of useful
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

30 are capable of producing 1,3-propanediol. The glycerol derivative
1,3-propanediol is a monomer having potential utility in the production of

polyester fibers and the manufacture of polyurethanes and cyclic
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25i nterconversi on of 3-H PA and 1, 3-propanediol, and specifically excludes
1, 3- propanedi ol oxi doreductase(s), typically these enzynes are al cohol
dehydr ogewa=es/06903&enes whose reduced or down-regul at ed PEX[ISRGINI068832

i ncreases 1, 3- propanedi ol production include genes encoding: 30 aerobic

phosphat r ansSoBingd’ Y ElnpA o B8 Bl b 5 sk Bt B nace o
tri osephosphajyebibssveirgisr of apizrEeh egbstesta Btieerdthy lricasieor I n anot her
enbodi nent, the reconbi nant bacteria disclosed herein are capabl e of

bl
produci ng 3- ISBRY¥RCESHEHiaS dascHbed iR dxgienbPooRiG86a21& Wakisutility for

specialty synt ' - ' | rtant

i nt er medi at es%ﬁ%t&%kﬁgﬁmﬁqaﬁ )?&D’lrﬁﬁfs ﬁ)ggeéﬁ%ér%e @g%%f%%@f%@ﬂfét?té,@é’am ylic acid
by dehydrati mscﬂbéd)aboveic(}ﬂydeyoldsicdavem%d tolamfge'nterdgbed@eepi fication
reactions with al cohols, and 1, 3-propanedi o reducti on.

3- Hydr oxypr o y@mwéf_eﬂ'anﬂa?hwie By @df?g‘é@r%?%‘? @6%/15%?.?} W%fc‘!hoqﬁrhm erment abl e
carbon sour CenKagd by foSi BAABFGANIEn BEiRRELLAsHolfe RBBEBR(I ng and

commonly owned U.S. Patent Application No. 61/187476. 151 n one
r epr esent at i vecdrnbiatioheflhe desitydvatase aao detgipcarobdemyatretase (Edbverted to

3- hyd ' h: : f i duct i ¢
L5 b opaned ot | e fRBalRRdb Criaerg e S eBRr BreRe e S
3- hydr oxypr oRlagdl £ & Boiderdibnal Alshivsife @RBNHIOBEHaSES ebbdiRplif exanpl es of

al dehyde dehydrogenases include, but are not 20lTmted to, AldB (SEQ ID
NO 16), encoda@hby), “Bhéoeta), @oni‘yg@anmpBulp ity ofp ggawhcehydiatassrth i n SEQ

sequence. set QY% 19 el ks SSFAERR (O30 bl SeauefiRorBP55, T kR ilea by
the E coli ¢eD®)adrHBE (dimpssqupivrcsetdosein SBQ ID NO:$EQahl daB®P) . 25Many

of the nodifications described above to inprove 1, 3- propanedi ol production
by a reconbi hePAINGgefdenemseldrrthlin oESe | 130 regpeetive!\s S Ks8s% i oni c

aci d prodyctipny, fia&* A8 GrthdrtortbtdR M8t ¥ droxypropionaldehyde to 1,3-
propandeiol can be catalyzed by 1,3-propanediol dehydrogenase (E.C.
1.1.1.202) or other alcohol dehydrogenases. A suitable example of a
gene encoding a 1,3-propanediol dehydrogenase is dhaT from Klebsiella
pneumoniae (coding sequence set forth in SEQ ID NO:69, encoded

20  protein sequence set forth in SEQ ID NO:70).

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-

25  propanediol with advantages derived from expressing exogenous activities
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

30  1,3-propanediol using a single microorganism comprising exogenous
glycerol-3-phosphate dehydrogenase, glycerol-3-phosphate phosphatase,
dehydratase, and 1,3-propanediol oxidoreductase (e.g., dhaT). U.S.
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of glycerol kinase prevents glycerol, forned from G3P by the action of &GP
phosphat ase, from being re-converted to G3P at the expense of ATP. 30Al so,
t he el i mwetoomead3zgl ycerol dehydrogenase (for exanpl e, Pgirdipolposssant s

gl ycerol, fornmed from DHAP by the action of NAD dependent

g: %;Si gi(yace!t?:p @ﬁgﬁqﬂﬁ‘tgg%ﬁﬁ%ﬁ%&ﬁgﬁd% rrng%bgg f@%opggguét{o?héfohﬁal gene so as

to inpair or propdraioltdeen@Eing birgcerhbmane AasrdaEdahisatiuihéycampising e
directed toward a regul atory gene, including pronoter regions and ribosone

bi ndi ng si t eslehy@raiase anerpeeiFE: & (loker idamiift a%henne@qiefaﬁr ral@ssenzymat i c
activity. ?%Ctyéh\é\ﬁ %JﬁsF Pg&@% down-regul ation may be achieved by a

variety of ne nown to those skilled in the art. It is well
under st ood t hat up).BefatettiNm 60514imﬁdleegmﬂ>eﬁamlrmplfovengﬁmeothé ers to an

alteration in the level of activity presen (gace |s derived from
the protein PORERSSIKLLTSA BI9ALTICERRECT S&t'ﬂ\;@ert F%{né@ﬁ@(ﬂl&t geé\)@r) Bf activity,
for exanpl e, dRyaihBe bjGhrud bia AontdiRclict: gt.cgaemﬁgd(dteﬁn giifo Pondi ng

(or non- altere£ type gene. I C génes | In an enzyne

pat hway may lie34ppepaargamllcatoe<wdredwwteseaeeodetebaoﬁaﬂ tcyc«nﬁvetrh& r encoded
function(s).

i ntroduced i &yﬁrﬁgﬁ(@gﬁa'gshﬂ%w mpﬁc’eaﬂg fdgﬂ(f“ﬁgn%fyt ﬁpﬁgsﬁ%ﬂﬁ@ Such

genes mayoal y013B5PNHRGHR dckirg atnbl%lﬁé‘rhm ot e Rl emsn af ¢,3-
regul atory sequences that result in increased activity of their encoded

functions. THEOR2N&M®l. genes may be nodified so as to be under the control

of non- 20 native Qr t

oromoters can be- A EPsHt prodlyBhisy e RRidnkGid LT Enehi By 0RHE:
substitution mod|f|cat|oNstt©ranr&?ést\b%ﬂcierlum ineluding dseh-végliatingdusessionalfi m nat e
the expression of certain genes relative to a given activi t%/gl evel . Met hods

of down- regu|samq1t§rgengﬁr@§tan¢gyp@ewéetleg EXRRRYSION Bf PheE target aRMes. asn t he
art. 25Dqun- regH; de"'UCS""Paﬂ AtNo DY 394! 584 Abr (S ShidH gf‘%luﬁ{asé‘laé%r ation of

codi ng regions an or regul a ory (pronbter) regions.
regul ati ons maybdresalbtaimad Ty mausihostrmketessrorﬁmﬂgjloa@dn@e sctivétgni ng or

sel ection, or, ere t he gene sequence is known, by direct intervention by
mol ecul ar bi SVGHE RABBIRT known to those skilled in the art. A particularly
30useful , but not seymidisi eneewhgee i1 eséd @6t uBRuGaIERRHERIbSgORS to al ter
pronot er strength. Furthe nore, down-regulatio gene expressmn may be
used to increases 1,3-propanediol production include genes encoding:
20 e phosphoenolpyruvate carboxylase typically characterized as EC
4.1.1.31
e cob(l)alamin adenosyltransferase, typically characterized as
EC 25117

e non-specific catalytic activity that is sufficient to catalyze the
25 interconversion of 3-HPA and 1,3-propanediol, and specifically
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:
30 e aerobic respiration control protein
e methylglyoxal synthase

e Qacetate kinase
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ei ther prevent expression of the protein of interest or result in the
expression of a protein that is non-functional. This may be acconpli shed
for exanpwe,20ty062033del eti ng codi ng regi ons and/ or regul COMB2¢1P068802 er )
regions, 2) inserting exogenous nucleic acid sequences into coding regions
5and/regul atory (pronoter) regions, . and 3) altering coding regions and/or
regul atory (pronoter} W%ﬁ%Bﬁ% ?$%P33@§#%Ie, by maki ng DNA base pair

changes). Specific dlsralngﬂﬁgsdéfﬁﬂr&ﬁar%qu\ ned by random nutation followed
by screening or selection, “or, in cases where the gene sequences in known,

speci fic di srupti onse mayddigdetahiydeagdnasdiB ect i nterventi on using
10nol ecul ar bi ol ogy nethods know to those skilled in the art. A
particul arly useful MetHeRPANOSPRRICHEPBEIZI® of significant anounts of coding

regions agd/or regul at %Séﬁéﬁﬂ%%tér%mbﬁgg?%ose SkI\/let hods of altering

reconbi nant protein expres are illed in the art, and
are di scussed in paeahotherBamnmydmetyrthe régombinatbbditetie disttdsed(H&8B) 10: 411;

R , t | ., J. Bact iol. (199 80: 5375: .d . t [.,. J.
Bactor ol - ( o06RPan Ol pTetudiie) LBy d RV RERHITR 8t Ce e FRPIOMO%Eng. (2002)
80: 762; Swar tagid k3 [tilitPRbrspdiafyesmhdsid9hd cdd p&nen@ddB. et al ., J.

Bacteriol. (2002) 184:5733." Reconbi nant bacteria containing the necessary
changes i n gessmemiglydsyodant mtermuecidliesibyi kipveuart as éha enerhicapr oduct i on of

m crobi al,_products incl udin lycergl and glycerol derivatjves, as
descr i bed abdis e beryi€ePataFhisf ot Sl K e RhRidatBin T'n the art,
some of whi clystdre by eIlifidatior reactidie vitaaRbAsIshang1NB3-pldisareeisityyuct i on of

t he reconbi nant bacteria di scl osed herein may 25be acconplished using a

variety of véedestionantHyAENYPERRIANICAFIGREBYDGHPOSSCOA bidlegiealE0RIA t abl e for
the cl oning, férrn:'f'ﬁ}ft%Blre@atrbSWsgﬂl%eﬁaﬁ{)%]gﬁ@%@&g@opwéﬁﬂgéggbg%édﬁt conf er

the ability to I'Ze'sucr 0se 1 ycerol and its

derivatives icopengingtar eorhosnlydwnedgdnPatent Bipiptiedtioh Mec6r18747@. t hose
whi ch are conpatible with the bacterium 30enpl oyed. Suitable vectors can be
derived, for lRRARFERIESENEANVE e dhetimhathway  aSafRAcsHRelraR& er i ophage T7
or a M 13 derd ) L t i ¢ ols for

obt ai ning an nglgrrﬁ(g@gghhy\qg%t rgblgg?lgeﬁgﬁévmasﬁ%eﬁ@gg%bI?iVFIf@fj@}%n the art

( Sanbr ook et pabdyctonpfd),3-propanediali thre 3-bwdcoxypragiomaddeloyds isor pr onot er s,

whi ch f ul J i on of di i f t he i nstant
vent fon | n cohketRLfd BSRERBEaR0RR At BY enrrne R e P aR s 1 o ¢ hose
skilled in thgj@ble eMrhplaldr Gy seRicRierBBaM @A, Biltiavé RBt expr essi on

is suitable for use herein. For éxanplé, any of the pronoters |isted above
may be uged. limited toTAlMR (BtQJR NOrta)oeneasts theay. edlsgenscaldé (codigf r om

var s, BenesohBh e pb ot M I B SRR BN Y g on =T
the E. coli gene aldA (coding sequence set forth in SEQ ID NO:17); and
AldH (SEQ ID NO:20), encoded by the E. coli gene aldH (coding
sequence asset forth in SEQ ID NO:19).

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

30  Also, the elimination of glycerol dehydrogenase (for example, gldA)
prevents glycerol, formed from DHAP by the action of NAD-dependent

glycerol-3-phosphate dehydrogenase, from being converted to
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10For effective expression of the instant pol ypeptides, nucl eotide

sequences encodi ng the pol ypeptides are |inked operably through initiation
codons t oweebaae@d3expr essi on control regi ons such that PEXrSe®9i068332 esul t s
in the formation of the appropriate nmessenger RNA. Particularly useful in

t he present ipve et o] \ CI)106 and
DSYC0100.  deSY A eeflfe MBAERS Yd bleid @%‘f%é%wa%ﬁ%%%ﬁﬁ

descri bed i ndd t&.imBatrertimbrove/the24ktiohP of Ah@enepmarit iaativie) &nesH Be of these
vectors are derived fromthe dha regulon isolated fromKlebsiella

pneunoni ae aftreFiaShioBAES RAFEHALRY aebiEe\1CH{HR] PERBATE) E@IBNS @BAt ai ns the open
reading 20 fr %%3@%@&&9%?2 Qﬁgg@%o&hﬁé éﬁ%%%ﬂ%sﬁﬁqlg%lcc?f aft forthin

SEQ I D NO 71), "orf and arrange ree separate operons. The
nucl eoti de senzemads activipSYC0101, pSY(DlOB pSYC0106, pSY(I)109 and
pSYC0400/ AGRO are set forth in SEQ ID NQO 72, SEQ ID NO, 73, SEQ.|ID_ NG 74,
SEQ ID NO 75, and @E Lﬁ?tm Fedowiregyation Jianoe Frueyed Lérae\‘ﬁf Y8t ween t he

vectors are 'nHétHéHéW bRt %Mﬁt@fﬁos@@kﬂ g[lﬁ*ﬂﬁ%ﬁl‘tefl!éw&rund&@i&ﬂt €s a

pronoter; the open reading franmes contal ne In each "( )" represent the
conposi t i on ot ateurp-cageratiin orp@EX a0 tedulaBEQOf ﬁ)gH@eTEjers to an alteratlmlnr c

(5L ) R S R ST B b
(orfY_orfix_ olghbeed I%§Yﬁ@t dl%'fé?iv'e[?ohﬁﬂrﬁ}ol I&él@aéﬁiﬂfyli@%&%}n@é”@

orientation conpared’to the other 2 pathway operons, p-1.5 |ong
(dhaBl_dhaB?2 tmasmnw)tpe Papi€irbeRanded oy theor(esponding mr@pﬂwlter@d;)vooloa
(SEQ I D NO 74 i t?/ g o} gDarl_GDPZ) same orientation conpared to the other 2
pat hway oper 9 B P fong A (dhaBl_dhaB2_dhaB3_dhaX), and 10p-1.6 |ong

G (orfY_orfX orf \goechtYNERIN(SHEE IPamN@nZome pathwgthtie_GBPZ) sane
orientation ?ggmg{e%dtotlﬁcrtegge%g ggtl\%typ(%‘ttﬂé\?%ncgded function(s). For

15 example, additional copies of selected genes may be introduced into the
host cell on multicopy plasmids such as pBR322. Such genes may also
be integrated into the chromosome with appropriate regulatory
sequences that result in increased activity of their encoded functions.

The target genes may be modified so as to be under the control of non-

20  native promoters or altered native promoters. Endogenous promoters

can be altered in vivo by mutation, deletion, and/or substitution.
Alternatively, it may be useful to reduce or eliminate the expression

of certain genes relative to a given activity level. Methods of down-

regulating (disrupting) genes are known to those of skill in the art.

25 Down-regulation can occur by deletion, insertion, or alteration of
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

30  useful, but not exclusive, method to effect down-regulation is to alter
promoter strength.

Furthermore, down-regulation of gene expression may be used to
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p-1.6 long G (dhaBl_dhaB2_dhaB3_dhaX), and 15p-1.6 long G (orfY_orfX).
pSYC0400/ AGRO (SEQ ID NO. 76): p-trc (Darl GPP2) sane orientation conpared
to the otwerof/pai3Bway operons, p-1.6 long G (dhaBl_dhaB2/ush@Bd®ssshnx), and
20p-1.6 long G (orfY_ orfX). p-1.20 short/long A (scrkK) opposite

caseet fes ar SEBRBEEh etPesRR) ite BRERRRY RS TR Ak Mot e hoot
bacteria. | nigxpeiidrods ®brdtbim assatidrefudctoniliai THis endyhse secimglighedl ons into
t he host bacterium nmay be acconplished by known procedures such as by

transfor mat i d0F @xAgPIE, B 1hgetedingicomingiagians anctlearqgéqlatgry Bromoter)
I t t
e ectropora 'raglppg,;@gﬁgI%ﬁ.ﬂ@iépx%géhB&s HgLBg .&e g‘égggh%bgs”.h%o?%ﬁ%g%@gﬁs .

( Sanbr ook et réssion casse
st abl e pl asmandiregalataryt(prehbter) reganhsi, thdi3) aBBrieg podingiregictesel/ores may be

integrated into the enorre st bacteriumthro honol agous or
r andom r econbEHARIBN WQW@esé@g@P§Q§r’i&Xﬁ€ipﬁl%o@’ WeKINg k[:i@ 4% RHbse skill ed
in the art. %h%ﬁ?éﬁ?gpfebﬁuc oﬁﬁﬁ?ﬁ&ﬁ@ﬁfa‘ SHirfEL @t th §|cﬁ1;ed for

genom ¢ i ntegrat expresslion cassettes. In addition tot cells
exenplified, folwed bpscregngighat selectionylor) iplcmseatvsettererlis;e gpeeisthoeantes
desi gned to enhance the &a&ducu on of cts ncI udi ng

5
ol ycor ol and/re)?nwve S P kioRs Ray B ShEREd hy WREF B Enlils 1ol S
di vert a jgar bedlet@ae bRIRFKMeHRIsAbWiPTeSE iskReBah @ ¥e, AO{)al‘étlbaFarl xhi bi t

significant catabolite repression nay be nutated to avoid these phenotypic
defi ci enci es Uskhd nerfBod s letien alisignifisanl @meonismet codingmsidionsnown in t he

art. 10 A su resented in U S. Patent No.
7,371,558, S %F%H%{l)ﬂgd?q;ﬂ&g@rrjgg 09}?9 mut ants usi ng radiation or
chenical agents angetwetis oflgeerreNtcRGMbinArteratdin ete@ssioprareX@aswreto Thomas D.
Brock in Biotechnol ioﬁfi/ A Text book of Industrial M crobiol ogy Second

Edi tion (1988)0s8 sllRd indbesst andsare|dizcussed iaeartdn Banmux, Cuf: Bedhpande,
h/gl;uggcaryed BA@rrtll%t an@I Wnﬁﬂéﬁl reaﬁ’qﬁe%h%cjﬁlg)%lgﬁa%?%i\égg)pgg?teggg;e? >
vari ety of nmelehzdeth, Ramtlooh Bactegol (1P98) 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
20  expression for metabolizing sucrose in the production of microbial
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
25  be accomplished using a variety of vectors and transformation and
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
30 employed. Suitable vectors can be derived, for example, from a
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
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is nost comon where the nutagenized cells are selected for the ability to
produce the desired product or internediate. Alternatively, selective 20
i sol ati orwof2orumeans8s can be perfornmed by growi ng a nut agemiusedopsysat at i on
on sel ective nedia where only resistant col onies can devel op. Methods of

nut ant sel ectjon _are .hi vel oped |  kno in the art of
Tt ol A BoBhf 40 e R B G el IR B i anci Tha et al .
Food Chem 14, 313ni(ié&ﬁ4bont2&ﬁegme,t@ﬁb@mmtﬁ,wﬁicth bReuggtasedriienvent i on
conpri se sucrose as a carbon substrate. Oher carbon substrates such as

gl ucose and FEXREASSEN HeGOUNG EPARNDIEIapINstant inventipndadne dekired "Rk car bon
substrate, asud i gg% ﬁﬁfﬁ%ﬂ%ﬁ# ?r?@fé?ﬁﬂgpggtﬁgr%%cmgd ih Ye F‘t.ar\'}?tltl?e\}\lh/su' tabl e

mnerals, salts, C ors, ers an nponents, Kno to those
skilled in tlamygromosen dagdzabie dodrivihg egp@stionds sultableubt useserin. poonot i on

of the enzymatic pat hway pecessary for production of glycerol and its
derivati ves, eP‘@ani%aﬁﬂYIétB,e@f%WQ A daied aboviegnay Og Uelai t ention is given to

00(11) salts and/ i ! ; i tion of
(11) qf(?rmlﬁa‘—i‘@nrbo%%%l %%&?%gfg@%i b%%rﬁ@&l fdin RRAGYS

1, 3- propanedi ol . Adenosyl - cobal a I'S an inportant cofactor
for dehydr at gsaeaciative ty theSgretferead bosts. doptionatiy, Biernisatieusite may be
prokaryotes, 5 sone of which are ablg t? s¥ntfheaiée t he conmpound de novo,
for exanpl e, YBDEREFTAN: OWE RN LS Mastp&eed TdBEUded: i trobacter speci es,
and d ostypi di um s R itfactiVhibkSre85IBAICT thE thbait YRRtk ahudlégwdd ons. E.
coli, for exanple, cannot fabricate the corrin ring structure, but is able

to catal yze tSeguenerReeRtasinGthapolypeptiidrs are lnwediapsrablutrosdh i ntroduce t he

é‘r’i;;?iﬁﬁ,yaﬁﬁﬂﬂgtién Qs o' TelSerely ubless BN by LGRS bubllas ernentati ons.
- B12 , , : i h
cloﬁlg'[n azt r at émg;é?{(g‘éﬁdggm?gh coi ngitlggb\?\}rﬁhampggtﬁeing'ﬁ ig%nmeg}mg’gisl atmgs, or

may be added in sifRjfieuiaiy Hegiul [ tBegyesentisRMion aygdhe Xeetdbtigh vit ani n B12
i s added ko f i r'n}a?% NG, ALLAA - | at ed
t hat ot heltr5 bact e(??i??’c%%gg é%gf ngcrgﬁg&ve!t mﬁégﬁggbpgé%ﬁnq%hog@msg\%pll al so
be suitabl e Hatehnicklo.on3E¢)958, and pSYEC @QHO0MAGROpHesariteea in UIBS2 Paterithese

Co 40 Cin alNGssobBbas & TRERsa AGHEAAIT S Bh5 SBE0 ERE BPREBROBLI | abi o
Puri e Bor tani " OB B9 eh. LG BRI B AIEREIEY et e um
(YM broth. (Sawhamycm@’cbafevism Headhcveptomedntaindithe opgnakgdinge used, and
the 20 frames dhaB1, dhaB2, dhaB3, dhaX (coding sequence set forth in SEQ ID
NO:71), orfX, DAR1, and GPPZ2 arranged in three separate operons. The
nucleotide sequences of pSYCO101, pSYCO103, pSYCO106,
pSYCO109, and pSYCO400/AGRO are set forth in SEQ ID NO:72, SEQ
ID NO:73, SEQ ID NO:74, SEQ ID NO:75, and SEQ ID NO:76,
25  respectively. The differences between the vectors are illustrated in 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:72):
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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25appropriate nediumfor gromh of the particular bacteriumw |l be known
by soneone skilled in the art of m crobiology or fernentation science. The
use of ageotelkegess t o nodul ate catabolite repressi on diPCEASkY10058832
indirectly, e.g., cyclic adenosine 2':3'-nmonophosphate, may al so be

i ncor por at ed | Cid bedia. Simlarly, the use of agents known
30t o rodul at &% @9?\@?@%@ @E%?E)s (e.g., nethyl viologen) that lead to
enhancenent of 1, 3}711%@Daﬂed}mzma?deeheﬁmtuammompare@cﬂoIthna@@mrl:_vnctlon wi th
or as an alternati ve to genetic mani pul ations with 1, 3-propanedi ol

producti on strai nPathway op&@nsab| e pH ranges for the fernentation are

between pH 5.0 topoﬁ5q09 Cﬂ}gaﬁ %hgxgsaﬁd/p' cal as the initial

condi tion. 5Reactions n& orme -un er —aero anoxi c, or anaerobic
condi tions dependlmgwonglﬁ(oﬂlﬁuoﬁxmm‘/\s) of the reconbi nant bacterium

carbon subst PREOTPRISER G RExBEL . Batch fermantation s a commonty used
rethod. d assical dogt a0 g apiAé opniztion hissday ieptither e the

conposition of th umis set at t eginning of the fernentation and
i s not subject topathwéy opetonslterations during the fernentation. Thus, at

t he begi nni ng of th fer s inoculated with the
desired bacterium a n@ﬁﬁé?ﬁ@ndh%%%%h ?(bﬁr %ldéur addi ng nothing to
t he systam 15Typ|pceI6I|Mn mvBMeT orfXbatrph), fermentation is batch with
respect to the addition of carbon source, and attenpts are often nmade at

control ling P&f@@308(SbQ PA:&P oxygen concentration. In batch systemns,

to the time t he T oreaoats S o Stbh SaanuhitRr b0 B BERL 2 el T 0™
noder at e t hrough @aﬂﬁw@y @pé;@@sphase to a high growth | og phase and finally
to a stationary phas ere is dimnished or halted. If

untreated, cells iMm? @H@ngﬁit(gﬁﬁﬁﬂWﬁﬂ%@hﬂaa_déﬁe%tw ly die. Cells in log

phase generally are t he bul k of production of end product
or |nter2§d|ate 5k%3gﬁgﬁ$#§ﬁ?oéﬂk e standard batch systemis the

Fed- Bat ch sy@S0OFE0/ABRONSER nmmtcavs()m processes are also suitable for
use herein and conpri batch systemw th th exception that the
cubstrate o added i (Bace SERE Esarss oRan PR HABE (PGPt ds  Fed. Bat ch

systens are usefulyg {5{ ,q}p,gllte repression is apt to inhi b|t t he

nmet abol i sm of 30t e cell1s and where it is desirable to have linmted anmounts
of substrate in tlpel ﬁﬁdn@.GlMﬁhaBﬂedimBZ_gd‘hqﬂﬁe_daef(Maanclsubst rate _
g(r)]n;:ﬁgt [)?%tg: gno:c n Fe;ﬁﬁg%g%ls(g%egﬁxys difficult and is therefore esti mated

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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t he changes of neasurable factors such as pH, dissolved oxygen and the
partial pressure of waste gases such as 002. Batch and Fed-Batch

f er ment atwonstiawgo3dsommon and wel | known in the art and exanskes/ossy2 be
found in Brock, supra. 5Continuous fernmentation is an open system where a

e e TR RAT B U BSI b B el

processi ng. @thég@,@ﬂ@aés@tt@gnt ation general I y mai ntains the cultures at a
constant high density where cells are primarily in |og hasmromh
10Cont i nuous fer mi'htaﬂtjlt@ﬁ taﬂ*n%@s”s @xemﬁ@fl%@ellﬁhamg@ﬂngﬁﬁ@r tiRle or any

nunber of fa t t ration. For
exanpl e, One%ﬁg?ﬂo%&ﬁ?@féﬁ&nqea%ﬂﬂeaog{o r{bln?:re tﬁ@ rr(iii)éétﬁggguogﬁlﬁlgs Ie car bon
sogr ce or sni tplr@%saﬂs Iwmhﬂ|ngglya:efol>aﬂdi/asra]'gse?ammnaéi; %wialbowehﬂedoamelhmst er sbt o
noderate. 1n other st ens r of factors a ng 15growt h can be
al tered contl?@mﬁﬁ{'mw%f?ﬁéh'lf E'o?ﬁ%@ﬁtnrt%ﬂpﬁlpro gQ@& @?yﬁﬁg
turbidity of el shirantEAEnEABTEAREsIOTAIHY BY éta%é/ﬂcﬁ‘?@oléttrﬁééée to

mai ntain steady state condi t1ons e ce ss due to
medi um bei ng piheaotypof defmisncibe bal anced agai nst the cell growth rate in the

fernmentation. dul .atin rlents and 20 factors for
conti nuous fer nenM&ﬁBas Bfgie@é@@é“ ﬁare %%“E”&@rﬂ{%wm@%‘awnﬁ% §I ng the
rate of pyoducEumhAidRiof 98marMetids i& PRadeNtéd . Qrpat@ﬁt NBdp3t7H '558 )

m crobi ol ogy and a variety of methods are detailed by Brock, supra. It is

cont enpl at ed Sresificmethadsdenereaiing mutentsnging sadiatien Peekemisahggemshat ch,

S G T R S e T S

i mobi 1§ zed @iotechubisyyaleTasbvblbeimristidt Miatobid/sg R 8econa] Bdities t o
fermentation conditions for production of glycerol and gI ycerol

derivatives, (3989 SigagenApseniaigedingt. SussienapdeMénbdrdPaem Mlﬂ%’é‘ﬁjs for
meki ng gl gcer\pIA ﬁ %‘%W@gfe(yhnoﬁw 92731%§r oXypr opi on| c acid from
sucrose i s proV| process conptise steps of culturing a

reconbi nant bact erAftemmutagdeesnslhlae(d)ccabedemutants hevmgdbemieelretﬂ sucrose, and
optionally recoverin cer and/ or

Py ar oxybr oBHDYPRINEY BESARGE biraVaridl G ey RABOVEReNId ng

met hods knowrg hg%s*t BSmAhdn whefe ﬁ?éar’i‘iﬂoaf?en%d CBHsTERY s‘éf‘eéf’té‘cﬁ%ﬁﬁe bty fd“e

fermentation um by centrifugati filtration ecant ati1 on, t he
li ke. Then, thedygaithectesined treduciaranietmedate.t Hﬁefrtatwel’yt aeleohvemadl um whi ch

e Db ol IR 8k ARy BRI R st hods suen e
Exxgx:—gg 10_56%@1@&% sé|BuRR ineBid Whérd dh§resisfanhediohiest dh d&ldig ng
Methods of mutant selection are highly 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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It should be understood that these Exanples, while indicating preferred
enbodi nents of the invention, are given by way of illustration only. From
t he abovewoOi2zstissi3dn and t hese Exanpl es, one skill ed i nPChaISa010/068802
ascertain the essential characteristics of this invention, and w thout

modi 1 cat i ond ATedAEaRallar s P EGgnh BelE Bhoek el Ba B e SRR S ona
GENERAL NETH%eoﬁﬁ?@‘éaﬁeﬁiér?SP@i-%p%n%&f@l.and nol ecul ar cl oni ng techni ques
no

20 described in the anples are we wn in the art and are described by
Sanbr ook, J., Fri tsstEmosid-cdbalamah (deenayme,B4h) id/ahémpbetanClcofdaabgy: foA
Laboratory Manual; Cold Spring Harbor Laboratory Press: Cold Spring Harbor,
(1989) ( Mani alehyyiradage Botivity. Syrdhésiaey coanzyime BapriafQurghiol prokanyo@squi st |
Experiments with Gene Fusions, Cold Spring Harbor Laboratory, 25 Cold
Spring HaPboSOME & whichgue ablitansyniiesise e eomppued dg|novociar@xamae.ot ocol s
in Ml ecul ar B : ; ishi ;

Wl ey-Inter S&%‘gﬁ%@@ﬁ{l%ﬁ@%@,We@:@@&?;&?&;f%,sé@ggg%éf%ggcs:leg{]%dabl e for the

mai nt enance &idstgviawt Bpetiebashits others vhih peeorraartis|rbastiomsn k.rcd/ihéorart .

Techni ques sui tabl e for in 30 the foll owi ng EX | e be found as
sot out in MSHAEIPIGCANIOhRRSICRS NGRREFR NG RULSHITS) Bilyis @BIF 19 F3BVESr har d |

R G E. Mrrgy coRiibnbt dgpitdrhid¥io Eeaditid Whdestiffrod\¥d tHes A Wood, Noel
R Krieg and G Briggs Phillips, eds), American Society tor M crobiology,
Washi ngt an, BEdeoA@BivnosyrgroypTHdwes it kBpwe kn the Bit thatcheedreyyne BqFext book
of Industrial M crobiology, Second Edition, Sinauer Associates, Inc.,
Sunder| and, MEegUreggsUChES it 19, Nneeds PEdrpvAedm esliand materi al s

described for. the 5 growth and mai nt enance of bacterial cel]s may be
obt ai ned frorﬁ?ﬁﬁﬂ‘%ﬁtﬁE‘P{%Ch\\z&?'@ﬁl 12 M3YaBe RIS RPNty gbﬁog@){c Syst ens

(Sparks, MD), Life Technol ogies (Rockvil|le, K MD), New En nd Bi ol abs
(Bover 1y,  waferalginace 8hEant Gl Sl rcie 3 e RCog e roani ng of
abbr evi at i ongengratfonf 6¥ delWhass, or MBRDE adieea M 6mgle dOmiitible BBRZS N nut e(s),
"h" means hour(s), "nnf nmeans nanoneters, "pL" means mcroliter(s), "nL"
means mi |16 | iadgitios’s, "L" means liter(s), "nM neans nillinolar, "M neans

Tl ar. "9 Teans el BTBA0SIBLATOMATh bl E TBANRCRASE Pa (<)

"kbp" means kil obase “pdir neans revolutrons pér m nu ATCC'

nmeans Amer | C"h%rré-iﬁ E%émbwﬁe@%ét%ﬁépﬁact?ﬁég,s > e Mfu%;}ngg QitafRNS

distilled water. Construction o eron pression Pl asm ds
Thi s Exanpl e B4 bissyrahesistwik atsonse suitable praduatioo agiisreod tbe mddgminast 20
pl asm ds pBHRcscBKA and pBHRcscBKAmut B. Genomi ¢ DNA was isolated from

E. coli straivitamicB24e thesaibactgea il bgiunmesessAryand BanHl . Fragnent s
approximately 4 kbhp in Iength were isolated by Tris-Borate- EDTA agarose gel

el ect rophR8resi s ardPIGa%0agiakial Rels AE9@WeRt ot 1040 { ik 88 qAREPTEBIEI and

Bi ol abs, BevepdyiumMntaining 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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25t hat had al so been digested with EcoRI and BanH . The resulting plasm ds
were used to transformE. coli strain DH5al pha (Invitrogen, Carlsbad, CA),
and transwornarieso3sont ai ni ng the genes required for sucPoTaSeei0/osssat i on

were identified by growth on MacCon key sucrose agar (MacConkey agar base

wes | sol at ed WG 20 EPURD AR RBat R gt Sheusids BRI s ool iz
sucrose, and grbgudlonsstidind desi gnated pScrl; set forth in SEQ ID NO 77) was

sequenced to identify the region of DNA necessary for sucrose utilization.
The insert was 4140ifple ﬁHIr@ﬂ@@%f%ﬁﬁe Imentatian pig betwegs e teeadi ng

csokand osek P PanheraBIE BB drys Pty ST Pehlial 6B 9055 7 e
csc operos was sulResgtions nyaybe edribrmed asdedaeitiR] ahbkiz, deangedobic

Goet ti ngen, n usi ng. the foll own rocedure. Scrl was
di gest ed thORE%P%éﬁ&p?P g metrﬁqmr% %?fegﬁéﬁﬁom rgﬁnéga 4Rt ends,

foll owed by qigesiits @@@g W Fith agjf?;(ta t ai ni ng
the csc genes wasé |bs at erﬁ y grgla puri |cate%d(;nI %égoc%fg{egsm g&% was

di gested wi t lcasymi Slaabﬂiratla,dlmit%dr ekeessesul ting 5142 bp fragrrent was

i solated by gel p i atlon The two gel puri ie fra nt s t hen
ligated, and the ¢li &AL @ 9%@919@8}3 &[%%é'ca&ae ﬁst rain
DH5al pha 10 T 3ESSH ERERON & %Fo%eé%'y@férﬁ‘%h‘é)’e ﬂf@&émp@@t.bhlrdfm@mebmm id LB) agar
contai ning 50 pg /nL kanamycin. "Plasm d was isolated fromthe

t r ansf or mant $et ahinetbrginrigg e dee fﬁrrrtewéatmramﬁ t$ Weisupiadt {9 edificihe pl asni d

v st 002t o PRESAS et 9ol R R, 0 oo o

pBHRcs c BKA usémgeﬁta@orstthem@ﬁum .wmewm theQfeidiredDacesried addt agenesi s
Kit (Stratagene, La Jolla, he thym ne base at position 4263 was

repl aced wit ﬁer@a@ﬂamm@ p%rmjtt@%@ peeul] Qqqﬂ'cﬂ priadid ¥ ReSY§EIMgnat ed
pBHRCs ¢ BRAM rreTE(tD{C%%/ ﬁ rI "hapse bePHQ'ﬂa?l b |SE M}P?éép%kit h)ot'ﬁer esulted in

t he repl ace am ne residue w dine 1n e pol ypepti de
encoded by csdBjtion m‘hmnlgm shurcke, and aﬂérrmh@ateadfterm nedecat admérollingnspor t

capabilities of the honol pgous protein fr 0 tra 132 (Jahreis
Cp b i o oDl BIoe DLt el LG, ObLRILAEGE32 Jarel

Conpri sing t '?ﬁet%@ht@%‘?foo&oma%g cORfssiterR Bt the gYét‘eH?EﬁéHq‘e é&?st&r’%’tﬂﬁt ruction

of reconbinant E. coll stralns that were transformed w [ asm’i ds
conpri si ng t hp todbe dipwa the. feﬂ'mentablnslmthp@ndof\Néluwrbﬁ@ aulwr‘ehecqﬂsoductl on of

h d d 1, 3; nedi ol ( PDO f b h
" cconbi na dedarate eo BB IEAG Buebirsoto Aol P Tho prESE IS0 100 T O

SStrain TTab finagy aaetRiondrPphass fhefd gdwthtateis dimafsteed 6ORAIREd. alf N
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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TT al dA, described in U S. Patent No. 7,371,558 (Exanple 17). Briefly, an
al dB del etion was made by first replacing 1.5 kbp of the coding region of
al dB i n ByvOocolwoesisai n MGL655 (avail able from The Ameri eam/USgpe/0§ksB2 ur e

Col I ection as ATCC No: 700926) with the FRT-CnrR-FRT cassette of the 10 pKD3

pl asm d ( Dat , 0L, tl . . L, USA 97 6640-6645,
2000). A repﬁﬁ‘ggﬁ%ﬁ@&céﬁ@g?%%rﬁes%gﬁ%?isfjf’@%sﬁqﬂ’hdg'%oé"%qsf’ﬁ&e’bgﬁ‘&th§EQ I D
NO 80 and SEQaktial Needslire of Meis @sslidreas ©W).aBatchTdrRl PedBitctSEQ | D NO: 80
contains 80 bp of honmology to the 5 - end of al dB and 20 bp of honology to
pKD3. Pri nmer f&E@NAtBIMGE 8 ddnoontaidweB@nbwnanh the adlamglyexamples n3ay end of

al dB and 20 bp homgl.o to pKD3. The PCR products were gel-purified and

el ectroporat%@‘?’HH@ 'W%{%@%/SHR@G conpetent cells (U S. Patent No.

7,371, 558). Recomfidiamliont iahintiifisSi 8668 dySBri-Rnbledh diefiMbgh 12.5 no/L
of chl oroanpheni col. The deletion of the al dB gene was confirnmed by PCR, 20

usi ng t he prifemnergaiion SEQiurD iNadged andtirBEQSDIANDb&Seadthe and [a-equse st rai n

1.5 kbp PCR prodyct while th mbi nant  str ai .
char act er | st ("M GREENBERNGT Gasrle BN G4 Pl el ol BtPcRig G ed 1o
move the nut @drifubas ﬁ‘é}%éﬁfaﬁérdgeﬁérraﬂ}/ Pndintairy tetditturds al al60adtdht - Cm

strain. A chl oranphenicol -resi stant clone was checked by genom c PCR 25
with the prigh gensitysptenerseleae pameriED oo Meserevwtensure that the

mut at i on S pres T i j - noved
usi ng thelY)\?LP reco qt'ﬁgggsg%fés@%%ﬁg% %@%ﬁ@?%%ﬁéﬁ{’ﬁg@% Lé%?%rfcgrt rain
TTab. Strai nahVatunieer dftiectots thas befeoeck|vgrolvttn BieAd @Podsaticoheemtration. SEQ | D
NO 75), described in U S Patent No. 7,371,558, to 30 generate strain TTab
pSYC0109. For example, Qnep@gthad wilenaintain & lEpidpg feddent sUchias theab is a
derivative of [ I 1 | Qi the foll ow ng
nodi fi cati Onchﬁoor?%urg%}déﬁltgbrgz%flegép% %@A@%%éﬁlaﬁlgg}maggﬂgggar CA, ngsA,
gor, ackA, ptaraaktbis dmhaded@egdnadher systems, a npmbguloafactorscffeging, gl k,

bt uR, ppc, and hD genes; apd 5downr equl atjon of gapA gene. Plasm.d
pSYCD106 1o GEPHE GIRBS LRESLEON OGP Y dEh B G R CERT R PSS BARL and
GPP2) and gefﬂgsthéfﬂl‘}%iﬂ@ofath@rﬂé‘cﬁlﬁﬁ’l‘ iRt HoALRHE._ @RpiASSQS bpdtBfhst €acti vating
factor (dhaBl123, dhaX, "orK orfY). Strain TTab/pSYC0109 was  transforned with

each of the tsiivectoonabtaipstendystetegiovds cooditiphasanditusBhiRest BSS and
pBHRcscBKAnmut B, .descr.i hed .in amplee 1., Transforgants re Lect.ed by

b ont h on 1bdisdP TREALETRe R 8RB mls: 0¢ BARRRd Aoems TG caboBiiey of
kananyci n. | ngievihdHafere@dgii®s NRtfodY 6kaddaatng howendy andiggbitat 34 C with
shaking (250 rpm) in LB broth with the sane antibiotics. The control strain

15 TTab/ pSyChagiorsigs cgpuwpusiiganentibinninraresesds Welhas Weenigurs Wxcept i on of
t he kananyci P i r i i TM3 nedi um
containing 1 .%’"E?FL'”%Eﬁcbfﬁag%%i(§F®n&gﬁ?rﬁ?§f°“aa§§ﬁ';ﬁ’o&%%@guén%ﬁ nmeasur ed at
550 nm TM iirsdustralmhicedbiotedy wmdcovardatpiofignctBods grd détdR&Dby Brob, g/ L citric
acid 20di hydrate, 2 g/L magnesi um sul fate heptahydrate, 0.33 g/L ferric
ammoni um ci t IS4¥PE- 0.5 g/ L yeast extract, 3 g/L ammoniumsulfate, 0.2 g/L

g

CaCl2. 2H20, 0.03 g;: : A g/ L,
Cociz. 6120, 1 my 1t SRROEIRpl S R v R ik myealBi ey e e W
ng/ L NaMa64. i, ded-batdhf orccaminubtéd Orbdessps avniddbabarfy kiadwi2 brodeodf 6. 8.
Vitam n B12 s added to e nmediumto, a.concentration of 1 [L. The
cul tur es. vier doTnatstenwould Ba SetelE Aldliar Ry (Dt ReRed wetRIR
AT quots ver enaepBYiRthailiZed oh a 8ubdttateldd whdle it citalysd l?oi'é’étbér
i nocul ation, and the concentrations of sucrose, glycérol and 1, 3-

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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propanedi ol (PDO in the broth were determ ned by high performance 30li quid
chr omat ogr aphy. Chr omat ogr aphi ¢ separati on was achi eved usi ng an
Am nex HRX82P11owbasan ( Bi o- Rad, Hercul es, CA) with an i secratseeoosdss? e phase
of dH20 at a flowrate of 0.5 ml/min and a colum tenperature of 60 C.

reference | o SBOSp Al &"etine §ruboded Bt BRI IR e BReBleh hur e
conmpounds  di sis®ovéshricelid NavdoE 8 mxﬁroﬁbﬁlde{bld beodUdednerthelprodaBet ent i on
times were sucrose at 12.2 nmn, propanedi ol at 17.9 mn, and glycerol

at 23.6 min. maybe rwwr@@éswgﬂeﬁwéﬁnpwwmtham %rﬁﬂaé@o'@ sliglsa)

resulted in I HSA g | while
t he parent cﬁ%f&g %@g&gQ@l fr?Eignpl éﬁgﬁta%gﬁpqggglpl ve?k\?\g@%ﬁgﬂnéh%{%%égt abol i ze
10 sucrose ordepantation, 6iD0edikeg| Hreey, the protierct hizgsee sotuded ronstHesee Tabl es 2-
4) . The data poi nts |ven in the tabl es r&gresents t he ayerage of

measur enent s T GBI WRNNasPesT Esated g rempvef0dds agse consurrpt i on
Sucrose (g/ L)degbﬁﬁee& B%O\@(W n‘%thé&@ﬁfr@éé YR, AhuistiiRiid Exanpl e

+pBHRcscBKA Exa 4 +pBHRcscBKArrut
extractlon or membrane-based separatlon

EXAMPLES

10 The present invention is further defined in the following Examples.
It should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From
the above discussion and these Examples, one skilled in the art can
ascertain the essential characteristics of this invention, and without

15 departing from the spirit and scope thereof, can make various changes
and modifications of the invention to adapt it to various uses and
conditions.
GENERAL METHODS

Standard recombinant DNA and molecular cloning techniques

20  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.
Enquist, Experiments with Gene Fusions, Cold Spring Harbor Laboratory,

25  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).

Materials and methods suitable for the maintenance and growth of
bacterial cultures are well known in the art. Techniques suitable for use in

30 the following Examples may be found as set out in Manual of Methods for
General Bacteriology (Phillipp Gerhardt, R. G. E. Murray, Ralph N.
Costilow, Eugene W. Nester, Willis A. Wood, Noel R. Krieg and G. Briggs
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Phillips, eds), American Society for Microbiology, Washington, DC. (1994))
or by Thomas D. Brock in Biotechnology: A Textbook of Industrial
Microbiology, Second Edition, Sinauer Associates, Inc., Sunderland, MA
(1989). All reagents, restriction enzymes and materials described for the
5 growth and maintenance of bacterial cells may be obtained from Aldrich
Chemicals (Milwaukee, WI), BD Diagnostic Systems (Sparks, MD), Life
Technologies (Rockville, MD), New England Biolabs (Beverly, MA), or
Sigma Chemical Company (St. Louis, MO).
The meaning of abbreviations is as follows: “s” means second(s),
10 “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” means
microgram(s), “bp” means base pair(s), “kbp” means kilobase pair(s),
“rom” means revolutions per minute, “ATCC” means American Type

15 Culture Collection, Manassas, VA, “dH,O” means distilled water.

EXAMPLE 1

Construction of csc Operon Expression Plasmids

This Example illustrates the construction of csc operon expression
20  plasmids pBHRcscBKA and pBHRcscBKAmutB.

Genomic DNA was isolated from E. coli strain ATCC13281 and
digested with EcoRI and BamHI. Fragments approximately 4 kbp in length
were isolated by Tris-Borate-EDTA agarose gel electrophoresis and
ligated with plasmid vector pLitmus28 (New England Biolabs, Beverly, MA)

25  that had also been digested with EcoRIl and BamHI. The resulting
plasmids were used to transform E. coli strain DHSalpha (Invitrogen,
Carlsbad, CA), and transformants containing the genes required for
sucrose utilization were identified by growth on MacConkey sucrose agar
(MacConkey agar base from Difco, Sparks, MD) containing 100 ug/mL

30  ampicillin. Plasmid DNA was isolated from a colony that had acquired the
ability to metabolize sucrose, and the plasmid (designated pScr1; set forth

in SEQ ID NO:77) was sequenced to identify the region of DNA necessary
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for sucrose utilization. The insert was 4140 bp in length and contained
putatitve open reading frames homologous to the known E. coli sucrose
utilization genes cscB, cscK, and cscA (Jahreis et al., J. Bacteriol.
184:5307-5316, 2002).

5 The csc operon was subsequently moved to plasmid pBHR1
(MobiTec GmbH, Goettingen, Germany) using the following procedure.
Plasmid pScr1 was digested with Xhol and treated with Klenow fragment
to yield blunt ends, followed by digestion with Agel. The resulting 4175 bp
fragment containing the csc genes was isolated by gel purification. The

10  plasmid pBHR1 was digested with Agel and Nael, and the resulting 5142
bp fragment was isolated by gel purification. The two gel purified
fragments were then ligated, and the resulting plasmid was used to
transform E. coli strain DH5alpha. Transformants were selected by growth
on Luria Bertani (LB) agar containing 50 ug /mL kanamycin. Plasmid DNA

15  was isolated from the transformants, and the sequence of the plasmid was
verified. The plasmid was designated pBHRcscBKA (set forth in SEQ 1D
NO:78).

Another expression plasmid was generated by making a single
base pair substitution in pPBHRcscBKA using the Stratagene QuikChange®

20  Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA). The thymine
base at position 4263 was replaced with guanosine, and the resulting
plasmid was designated pBHRcscBKAmMutB (set forth in SEQ ID NO:79).
This substitution resulted in the replacement of a glutamine residue with
histidine in the polypeptide encoded by c¢scB, a change which was

25  reported to alter the transport capabilities of the homologous protein from
E. coli strain EC3132 (Jahreis et al., supra).

EXAMPLES 2-4

Construction of Recombinant E. coli Strains Comprising the csc Operon

30 These Examples illustrate the construction of recombinant E. coli
strains that were transformed with plasmids comprising the c¢sc operon.
The consumption of sucrose and the production of the end products 1,3-
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propanediol (PDO) and glycerol from sucrose by these recombinant

strains were demonstrated.

E. coli strain TTab pSYCO109

5 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 (available from The American Type Culture
Collection as ATCC No: 700926) with the FRT-CmR-FRT cassette of the
10 pKD3 plasmid (Datsenko and Wanner, Proc. Natl. Acad. Sci. USA
97:6640-6645, 2000). A replacement cassette was amplified with the
primer pair SEQ ID NO:80 and SEQ ID NO:81 using pKD3 as the
template. The primer SEQ ID NO:80 contains 80 bp of homology to the 5'-
end of aldB and 20 bp of homology to pKD3. Primer SEQ ID NO:81
15  contains 80 bp of homology to the 3’ end of aldB and 20 bp homology to
pKD3. The PCR products were gel-purified and electroporated into
MG1655/pKD46 competent cells (U.S. Patent No. 7,371,558).
Recombinant strains were selected on LB plates with 12.5 mg/L of
chloroamphenicol. The deletion of the aldB gene was confirmed by PCR,
20  using the primer pair SEQ ID NO:82 and SEQ ID NO:83. The wild-type
strain gave a 1.5 kbp PCR product while the recombinant strain gave a
characteristic 1.1 kbp PCR product. A P1 lysate was prepared and used
to move the mutation to the TT aldA strain to form the TT aldAAaldB::Cm
strain. A chloramphenicol-resistant clone was checked by genomic PCR
25 with the primer pair SEQ ID NO:82 and SEQ ID NO:83 to ensure that the
mutation was present. The chloramphenicol resistance marker was
removed using the FLP recombinase (Datsenko and Wanner, supra) to
create strain TTab. Strain TTab was then transformed with pSYCO109
(set forth in SEQ ID NO:75), described in U.S. Patent No. 7,371,558, to
30 generate strain TTab pSYCO109.
As described in the cited references, strain TTab is a derivative of
E. coli strain FM5 (ATCC No. 53911) containing the following
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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
5 downregulation of gapA gene.
Plasmid pSYCO109 contains genes encoding a glycerol production
pathway (DAR1 and GPPZ2) and genes encoding a glycerol dehydratase
and associated reactivating factor (dhaB123, dhaX, orfX, orfY).
Strain TTab/pSYCO109 was transformed with each of the two csc
10  operon overexpression plasmids pPBHRcscBKA and pBHRcscBKAmMutB,
described in Example 1. Transformants were selected by growth on LB
agar containing 50 pg/mL of spectinomycin and 50 ug/mL of kanamycin.
Individual colonies were picked and grown overnight at 34 °C with shaking
(250 rpm) in LB broth with the same antibiotics. The control strain
15 TTab/pSYCO109 was grown under identical conditions with the exception
of the kanamycin.
These overnight cultures were diluted into TM3 medium containing
10.5 g/L sucrose to an optical density of 0.01 units measured at 550 nm.
TM3 is a minimal medium containing 13.6 g/L KH2PO4, 2.04 g/L citric acid
20  dihydrate, 2 g/L magnesium sulfate heptahydrate, 0.33 g/L ferric
ammonium citrate, 0.5 g/L yeast extract, 3 g/L ammonium sulfate, 0.2 g/L
CaClz2H20, 0.03 g MnSO4-H20, 0.01 g/L NaCl, 1 mg/L FeSO4-7H-0, 1
mg/L, CoCl2-6H20, 1 mg/L ZnSO4-7H20, 0.1 mg/L CuS0O4-5H20, 0.1 mg/L
H3BOy4, 0.1 mg/L NaMoO4-2H,0 and sufficient NH,OH to provide a final
25 pHof6.8. Vitamin B2 was added to the medium to a concentration of 0.1
mg/L. The cultures were incubated at 34 °C with shaking (225 rpm) for 24
hours. Aliquots were removed at 0, 5, 8, 11, 14, 17, 20 and 23 hours after
inoculation, and the concentrations of sucrose, glycerol and 1,3-
propanediol (PDO) in the broth were determined by high performance
30 liquid chromatography.
Chromatographic separation was achieved using an Aminex HPX-
87P column (Bio-Rad, Hercules, CA) with an isocratic mobile phase of
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0
4

dH20 at a flow rate of 0.5 mL/min and a column temperature of 60 °C.
Eluted compounds were quantified by refractive index detection with
reference to a standard curve prepared from commercially purchased pure
compounds dissolved to known concentrations in the TM3 medium.

5 Retention times were sucrose at 12.2 min, 1,3-propanediol at 17.9 min,
and glycerol at 23.6 min.

Both csc expression plasmids (Examples 3 and 4) resulted in
metabolism of sucrose and production of PDO and glycerol while the
parent control strain (Example 2, Comparative) was unable to metabolize

10 sucrose or produce PDO or glycerol under these conditions (see Tables 2-
4). The data points given in the tables represents the average of

measurements made on two duplicate cultures.

Table 2
15 Sucrose consumption
Sucrose (g/L)
Example 2,
Time Comparative Example 3 Example 4

(h) Control Strain +pBHRcscBKA | +pBHRcscBKAmMutB
0 10.48 10.48 10.48
6 10.14 10.05 10.08
12 10.34 9.87 10.17
18 10.28 7.31 10.17
24 10.32 0.65 10.13
30 10.37 0.00 8.44
36 10.36 0.00 3.32
42 10.33 0.00 0.00
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36 0.00 2.52 2.33 42 0.00 2.49 2.98 CLAIM5 What is clained is:

1. A reconbinant bacteriumconprising in its genone or on at 5|l east one
reconbi nawo 200eP038ct : (a) one or nore nucl eoti de sequENTAS2ENO6R3Ng a
pol ypeptide or a pol ypeptide conpl ex having sucrose transporter activity;

(b) a nucl eotide sequence encoding a I pti de having fructoki nase
activity; and 10(c) a nucl eotide sequ ncodi ng a pol ypepti de havi ng
sucrose hydrol ase activity; PokePeddudtiah, (b) and (c) are each

operabl y li nked_to the sane or a different pronoter further wherein said
recombi nant pacteriumis capable of 15RPQAEk) zi ng sucrose to produce a
product sel ected from thheampeud consisting of gl ycerol, 1, 3-propanediol and
3- hydr oxypr opi dime aci €omparative. [TheExaple nant bdttaenpledh of glaim 1

wherein the pol gyept/i deohiryl Sigaiuc esBHRC3OBRAY [t esBERCEYBKXmaB |at | east
95% sequence[1degnti1{y, 20pgb@sed on|a T ggjgal V [met hod @ppal 1 gnnent, when
conpared to an $m Mo _aci o SggIuence|as sglpgforth T SEQ ph NO 24, SEQ I D
NO 26, or SEQ .1;2?\1'0. 28 0.00 0.00 0.00

18 0.00 0.41 0.00

24 0.00 2.20 0.02

30 0.00 3.15 0.24

36 0.00 3.15 1.35

42 0.00 3.06 2.82

5
Table 4
Glycerol production
Glycerol (g/L)
Example 2,
Time Comparative Example 3 Example 4

(h) Control Strain +pBHRcscBKA | +pBHRcscBKAmMutB

0 0.00 0.00 0.00

6 0.00 0.00 0.00

12 0.00 0.08 0.00

18 0.00 0.96 0.00

24 0.00 3.24 0.00

30 0.00 2.54 0.60

36 0.00 2.52 2.33

42 0.00 2.49 2.98

10
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3. The reconbi nant bacteriumof claim1l wherein the pol ypeptide 25conpl ex
havi ng sucrose transporter activity conprises: a) a first subunit having
at | east WbMHagMBsAace i dentity, based on a Custal V nerhoasedioabssgnment ,
when conpared to an am no acid sequence as set forth in SEQ I D NO 30;

b) a second subunit having at |east 953% uence identity, based 30on a
Clustal V nethod of alignnent, when c@'ﬁ%@ﬁgd to an am no aci d sequence as
set forth inVES ikRIAKIedds: and C) a third subunit having at | east 95%
sequence identity, based on a Custal V nmethod of alignnent, when conpared
to an am no acid sequence as set forth in SEQ ID NGO 34. 54. The reconbi nant

bacteriumof claiml . | | i ose
transporter acti vini]fyA%rﬁ?lggé?%aa)e%arw?é"tn%ga@@ﬁﬁtlt%fypa%&@g& 8#"%215'[ 95%
sequence Bdeﬂééé{;mebesemmmmC%st?mal hV met hod of ali gnrrenll;, when co(rjrpar ed
to an am no acid sequence as set rth in SEQ ID NO 36; 10b) a secon
subunit having at (PE8Rg 0@%@@&6@1‘?@@%3&8%??@% epcRRg 6rP°iYR§HB@?é¥%/ met hod

of alignnent, whe g;ﬁgﬁ)ﬁa@(& & h3hAQURFIR e a8gyviet forth in SEQ
| D NO 38; c;bo third s?u uni téﬁggi #g at | east 95(?/0 s\g%‘ence identity,

based on a d ust al (by anidheatidef sexuegoammcodinigen polypppatideihavingn am no aci d
15sequence as set foit!h in SI%@.I_D 1 40; and d) a fourth subunit having at
| east 95% sequencéﬂﬁC qgeya,c I¥eddn a Austal V nethod of ali gnhrent , when

compar ed ho an anigpa AGLIRoEEEYEHGEN ESeR@ding btiblieptER HARiMI s dRos@05. The

reconbi nant bacteriumof claim1 wherein the polypeptide having
fruct oki nase acti Viyagolasg agtivilyeast 95% sequence identity, based on a

set forth in seq | RETE Baitelafg BRRLERel RN BB S SE 0 “Se0 1 0
NO 52, SEQ | QifféPehttprofisier,D NO 85, or SEQ I D 25NO 87. 6. The reconbi nant

bacteriumof claiml wherein the pol ypeptide having sucrose hydrol ase
activity has at | dadherosgredysriflcecomemant acteasByiSHaPablg Ofstal v net hod of

D RO 56, " SEG TRORE 48 Sl bR & S REME e el R 64, 'seq 1D

NG 66, or SE@ohBishiy 68glycerol, 1,3-propanediol and 3-hydroxypropionic acid.

2. The recombinant bacterium of claim 1 wherein the polypeptide
having sucrose transporter activity has at least 95% sequence identity,
20  based on a Clustal V method of alignment, when compared to an amino
acid sequence as set forth in SEQ ID NO:24, SEQ ID NO:26, or SEQ ID
NO:28.

3. The recombinant bacterium of claim 1 wherein the polypeptide
25  complex having sucrose transporter activity comprises:

a) a first subunit 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:30;

b) a second subunit having at least 95% sequence identity, based
30 on a Clustal V method of alignment, when compared to an amino

acid sequence as set forth in SEQ ID NO:32; and
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7. The reconbi nant bacteriumof claim1l wherein the pol ypeptide having
sucrose transporter activity corresponds substantially to the sequence set
forth in wAQiiD6dB326. 58. The reconbi nant bact eri um of Pciraiseo1d/054882 ei n t he
pol ypepti de having fructokinase activity corresponds substanti all y to the

o o uherer B et hatna g least 95% keabieboR S Bt ¥atttC 1 U

corresponds subst anCiugtdl W inettidibosgipensre, webn fcorigared tSER dntindl@ckS.
10. The reconbi nant bacterium of any of clains 1-9 wherein said bacterium

is selected from tsﬁéug'ﬁ%ﬁlésééhglr@k'ﬂrﬁ;ﬁ@fmth*@ 3fenera: 15Escheri chia,

Kl ebsiella, Citrobacter, and Aerobacter. 11. The reconbi nant
bacterium of claim 10 vvherei n said bacteriumis Escherichia co/i. 2012. A
process fer maki ng.gryeegcombifad-paatedure dif claimntivbierdn tiy golypgptidgi oni ¢
acid from sucros«? conprisin a) cul %UI’I n the reconbi nant bacterium

of any of cl &PHP'4X @aY'Hgtsh'@P%eeté%?ﬁP@r@f agHWRYORMPHSRS b)
optionally, recoveyi é‘ﬂdsttf%r hh’ﬁg{/iﬁb atjreéJStF%@/P@Qﬁgér%e I@?H{I 9" based on a

25hydr oxypr opi oni ¢ “aci o uced. ocess I'ng glycerol,
1, 3- propanedi ol arelustal 8- metmda)fﬁﬁgnmeohlvmhmcombamd mmasm@:ampirl si ng:

2) culturing the SRS A SRETD M cOVB IR he gl yoerol | 1. 3- pr opanedi o
and/ or 3-j9hydr oxy py)opisesbrid 3GhehiPhENG @€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:38;
¢) a third subunit having at least 95% sequence identity, based on
a Clustal V method of alignment, when compared to an amino acid
15 sequence as set forth in SEQ ID NO:40; and
d) a fourth subunit 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:42.

20 5. The recombinant bacterium of claim 1 wherein the polypeptide
having fructokinase 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:44, SEQ ID NO:46, SEQ ID NO:48,
SEQ ID NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID NO:85, or SEQ ID
25 NO:87.

6. The recombinant bacterium of claim 1 wherein the polypeptide
having sucrose hydrolase activity has at least 95% sequence identity,
based on a Clustal V method of alignment, when compared to an amino

30  acid sequence as set forth in SEQ ID NO:56, SEQ ID NO:58, SEQ ID
NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID NO:66, or SEQ ID NO:68.

57



WO 2011/069033 PCT/US2010/058832

10

15

20

25

30

7. The recombinant bacterium of claim 1 wherein the polypeptide
having sucrose transporter activity corresponds substantially to the
sequence set forth in SEQ ID NO:26.

8. The recombinant bacterium of claim 1 wherein the polypeptide
having fructokinase activity corresponds substantially to the sequence set
forth in SEQ ID NO:48.

9. The recombinant bacterium of claim 1 wherein the polypeptide
having sucrose hydrolase activity corresponds substantially to the
sequence set forth in SEQ ID NO:58.

10. The recombinant bacterium of any of claims 1-9 wherein said
bacterium is selected from the group consisting of the genera:
Escherichia, Klebsiella, Citrobacter, and Aerobacter.

11. The recombinant bacterium of claim 10 wherein said bacterium
is Escherichia coli.

12. A process for making glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid from sucrose comprising:

a) culturing the recombinant bacterium of any of claims 1-9 in the
presence of sucrose; and

b) optionally, recovering the glycerol, 1,3-propanediol and/or 3-

hydroxypropionic acid produced.

13. A process for making glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid from sucrose comprising:

a) culturing the recombinant bacterium of claim 10 in the presence
of sucrose; and

b) optionally, recovering the glycerol, 1,3-propanediol and/or 3-

hydroxypropionic acid produced.
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