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20  desirable because these materials are usually readily available at a lower

cost.
A production microorganism can function more efficiently when it
can utilize any sucrose present in a mixed feedstock. Therefore, when a
production microorganism does not have the ability to utilize sucrose
25  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
of sugars, glucose is typically metabolized to its entirety ahead of other
sugars. Moreover, many bacteria lack the ability to utilize sucrose. For
30 example, less than 50% of Escherichia coli (E. 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

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

One embodiment provides a variant sucrose transporter

polypeptide having:

20 (a) an amino acid sequence that has at least 95% identity to
an amino acid sequence as set forth in SEQ ID NO:24 based
on a Clustal W method of alignment and having at least one
amino acid change selected from the group consisting of:

(i) leucine to proline at position 61;

25 (i) phenylalanine to leucine at position 159;
(iif) glycine to cysteine at position 162;
(iv) proline to histidine at position 169;
(v) leucine to tryptophan at position 61;
(vi) leucine to histidine at position 61;

30 (vii) leucine to phenylalanine at position 61; and
(viii) leucine to tyrosine at position 61; or
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(A) leucine to proline at position 61;
(B) phenylalanine to leucine at position 159;
20 (C) glycine to cysteine at position 162;
(D) proline to histidine at position 169;
(E) leucine to tryptophan at position 61;
(F) leucine to histidine at position 61;
(G) leucine to phenylalanine at position 61; and
25 (H) leucine to tyrosine at position 61; or
(i) an amino acid sequence that has at least 95% identity to
an amino acid sequence as set forth in SEQ ID NO:44 based
on a Clustal W method of alignment and having a length of
402 to 407 amino acids from the N-terminus; or
30 (iii) an amino acid sequence that has at least 95% identity to
an amino acid sequence as set forth in SEQ ID NO:44 based

on a Clustal W method of alignment, having a length of



Table A Summary of Gene and Protein SEQ I D Nunbers Gene Codi ng Sequence
SEQ I D NO Encoded Protein SEQ | D NO GPD1 from Saccharomyces cerevi si ae
1 2 GPD2 woaem3Basshar onyces cerevi siae 3 4 GPPl from Saechasomoss22
cerevisiae 5 6 GPP2 from Saccharomyces cerevisiae 7 8 dhaBl from Kl ebsiella

pneuroni ae 9 10 dhaB2 detrg A%?eg%iir% 58‘@8?:%%%‘ ﬁ?te}r%inus, and having at
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least one of the amino acid changes of (i); and
(b) a nucleotide sequence encoding a polypeptide having sucrose
hydrolase activity;

wherein (a) and (b) are each operably linked to the same or a different
promoter, further wherein said bacterium metabolizes sucrose at a greater
rate than a bacterium containing a wild-type sucrose transporter
polypeptide having an amino acid sequence as set forth in SEQ ID NO:24.

Another embodiment provides a process for making glycerol, 1,3-
propanediol and/or 3-hydroxypropionic acid from sucrose comprising:

a) culturing a recombinant bacterium that comprises a nucleotide
sequence encoding a variant sucrose transporter polypeptide and
produces 1,3-propanediol, glycerol, and/or 3-hydroxypropionic acid,
as disclosed herein, in the presence of sucrose; and
b) recovering the glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid produced.

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
consistent with World Intellectual Property Organization (WIPO) Standard
ST.25 (2009) and the sequence listing requirements of the EPO and PCT
(Rules 5.2 and 49.5(a bis), and Section 208 and Annex C of the
Administrative Instructions). The symbols and format used for nucleotide
and amino acid sequence data comply with the rules set forth in 37 C.F.R.
§1.822.



12 dhaB3 from Kl ebsi el |l a pneunoni ae 13 14 al dB from Escherichia coli 15 16
al dA from Escherichia colt 17 18 aldH from Escherichia colt 19 20 gal P from
Escheri chwe 2t/25R3% 22 cscB from Escherichia colt ATCCOP8ZAB203/021222SCB
variant L61P 25 26 cscB variant F159L 27 28 cscB variant G162C 29 30 cscB
vari ant P169H

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 ATCC®13281 23 24
¢scB variant L61P 25 26
cscB variant F159L 27 28
cscB variant G162C 29 30
cscB variant P169H 31 32
cscB variant L61W 33 34
¢scB variant L61H 35 36
cscB variant L61F 37 38
cscB variant L61Y 39 40
cscB variant 403STOP 41 42
cscB variant 408STOP 43 44
¢scA from Escherichia coli EC3132 46 47
¢scA from Escherichia coli ATCC13281 48 49
bfrA from Bifidobacterium lactis strain DSM 50 51
101407
SUC2 from Saccharomyces cerevisiae 52 53
scrB from Corynebacterium glutamicum 54 55
sucrose phosphorylase gene from 56 57
Leuconostoc mesenteroides DSM 20193
sucP Bifidobacterium adolescentis DSM 58 59
20083
scrK from Agrobacterium tumefaciens 60 61
scrK from Streptococcus mutans 62 63
scrK From Escherichia coli 64 65
scrK from Klebsiella pneumoniae 66 67
cscK from Escherichia coli 68 69
cscK from Enterococcus faecalis 70 71
HXK1 from Saccharomyces cerevisiae 72 73
HXK2 from Saccharomyces cerevisiae 74 75
dhaT from Klebsiella pneumoniae 76 77
dhaX from Klebsiella pneumoniae 78 79




31 32 cscB variant L61W 33 34 cscB variant L61H 35 36 cscB vari ant L61F 37
38 cscB variant L61Y 39 40 cscB variant 403STOP 41 42 cscB variant 408STOP
43 44 csowofmmErisherichia coli EC3132 46 47 cscA fromPESAlsesizoli2az col t
ATCC13281 48 49 bfrA from Bifi dobacterium |l actis strain DSM 101401 50 51
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SEQ ID NO:45 is the nucleotide sequence of the cscAKB gene
cluster from Escherichia coli ATCC®13281.

SEQ ID NO:80 is the nucleotide sequence of plasmid pSYCO101.

SEQ ID NO:81 is the nucleotide sequence of plasmid pSYCO103.

SEQ ID NO:82 is the nucleotide sequence of plasmid pSYCO106.

SEQ ID NO:83 is the nucleotide sequence of plasmid pSYCO109.

SEQ ID NO:84 is the nucleotide sequence of plasmid
pSYCO400/AGRO.

SEQ ID NOs:85-102 are the nucleotide sequences of primers used
in the Examples herein.

SEQ ID NO:103 is the nucleotide sequence of plasmid pBHR-
cscBKA.

SEQ ID NOs:104-113 are the amino acid sequences of CscB
variants described in Comparative Examples 11-13, 15, 17-19, and 21-24.

DETAILED DESCRIPTION

The disclosure of each reference set forth herein is hereby

incorporated by reference in its entirety.

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

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

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

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

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

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

The term “variant sucrose transporter polypeptide” refers to a
polypeptide having sucrose transporter activity that has an amino acid



SUC2 from Saccharonyces cerevisiae 52 53 scrB from Cotynebacterium

gl utam cum 54 55 sucrose phosphoryl ase gene from Leuconost oc nesent eroi des
DSM 20193wbe@oBMh2su48P Bi fi dobact eri um adol escenti s DSM 20088/S2@289122zr K from
Agrobacterium tumefaci ens 60 61 scrK from Streptococcus nutans 62 63 scrK
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polypeptide. The difference in the sequence of the variant sucrose
transporter polypeptide may be any one of the following: (i) an amino acid
substitution in at least one position of the wild-type sequence, (ii) the

5 sequence of the variant sucrose transporter polypeptide may be shortened
from that of the wild-type sequence, or (iii) the sequence of the variant
sucrose transporter polypeptide may be shortened from that of the wild-
type sequence and contain an amino acid substitution in at least one
position of the wild-type sequence.

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

The term “polypeptide having fructokinase activity” refers to a
polypeptide that has the ability to catalyze the conversion of D-fructose
15+ 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

20 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

25  a polypeptide that has the ability to catalyze the hydrolysis of sucrose to
produce glucose and fructose. Such polypeptides are often referred to
as “invertases” or “B-fructofuranosidases”. Typical of these enzymes is
EC 3.2.1.26. Examples of genes encoding polypeptides having sucrose
hydrolase activity are the cscA gene found in E. coli strains EC3132

30  (Jahreis et al. supra) or ATCC®13281 (Olson et al., supra), the bfrA
gene from Bifidobacterium lactis strain DSM 101407, and the SUC2
gene from Saccharomyces cerevisiae (Carlson and Botstein, Cell
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10 DSM 20083 (van den Broek et al., Appl. Microbiol. Biotechnol. 65:219-
227, 2004), among others.

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.

15 Examples of such products include 3-hydroxypropionic acid,
methylglyoxal, 1,2-propanediol, and 1,3-propanediol.

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

20 microorganism may be genetically engineered to produce the product.

The terms “phosphoenolpyruvate-sugar phosphotransferase
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

25  phosphocarrier protein encoded by ptsH in E. coli. The terms
“‘phosphoenolpyruvate-protein phosphotransferase” and “Ptsl” refer to
the phosphotransferase, EC 2.7.3.9, encoded by pts/in E. coli. The
terms “glucose-specific IIA component”, and “Crr” refer to enzymes
designated as EC 2.7.1.69, encoded by crrin E. coli. PtsH, Ptsl, and

30  Crr comprise the PTS system.
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Typi cal of suph-giycerorymesphaitdds” 2ard 1G3P ;fEmphiat@Sebfefeetme@ pelypegtitig sucrose
phosphoryl ases havi ng sucrose hydrol ase activity are found in Leuconostoc

nesent er 69 de$1aBisg %QQQY"(‘@)%@P’“\@W thpt is capableef Gataligzinodbe senyepioref: 77- 86,
2007) and B yiahgeL ERpMASLBARH 5oRELRNABEI SRR R B bop! 21
phosphatase is encoded, for example, by GPP1 (coding sequence set
forth in SEQ ID NO:5; encoded protein sequence set forth in SEQ ID
NO:6), or GPPZ2 (coding sequence set forth in SEQ ID NO:7; encoded
30  protein sequence set forth in SEQ ID NO:8).
The term “glycerol dehydratase” or “dehydratase enzyme” refers to

a polypeptide having enzyme activity that is capable of catalyzing the



227, 2004), anong ot hers. The terns "glycerol derivative" and

"gl ycerol -derived products" are used interchangeably herein and refer to a
conpound wbaniyessygnt hesi zed from gl ycerol or in a pat hway/ush@b/osret udes

gl ycerol . 15Exanpl es of such products include 3-hydroxypropionic acid,

i orobi o1 preanteEict 8FERELeR ARG S PR BRRE i ci obial 1y pr oduced, i .e.

the result of3 iRy drog @@pm@kﬁnyagt(akmb;\;l ng a substance. The product may be
natural ly produced é@éhe m croorgani sm or the 20m croorgani sm may be

genetical ly engi n&ESF P@rp&%é@é@Q H@Sﬁf‘btﬂw&f‘t'on the dehygisatasegnzymes
- phosphoenol %IHH?E&)E&Q&HW%@ @ffﬂsfoe)fé’rfo‘ §'d1ioel dehjgratysd em', and

"PTS" are use angea re|n and e
phosphoenol PYEL(.24. E-1d@$))d1raimg pﬁeigﬂed wpbsatketes yof gyoerdiama er rrs

" phosphocarri_e, rotein HPr" and "PtsH' ref to the 25 hocarri er
protein encodeé]‘ E@pﬁ:ﬂ%dl@l WSEeCE‘éﬁlY Gﬁ'?gstf‘érrﬁ%hydpﬁ@@ﬁr%gg :l?%erbrot ein

phosphot T ans it A A Kof 8 prédihBhiabO iSRRI ioCRBidas, EC 2.7, 3.9

encoded by ptsl I1n E co terns ucose-specific I I A conponent™”
and "Crr" refpastamaauzryr%m@eellagt}qamduasmEKI@s?elna ®Yfoemended by crr in E
e PT The term "PTS

. i
o s 1 ot Lattphatlis e AT QiR B kB A 1R cehydsa@se R em | m i t o
nact vatiba CATESRE T R eT 1 s bbe S %ﬁém{éer Y

sponsi bl ¢ %Qﬁﬁﬁﬁa%rﬁdzy%e@fﬂé'f e yopHAR TEdly s A bR B
di hydr OXyaceteQBﬁuﬁé]%é%héF@t é/q#ﬁhst/\%c%bféﬁﬁdv 32, 5%@?@9?‘2&&&38)31 yd n vivo

G3PDH may be NAD- or NADP-dependent. Wen specifical erring’to a

cof act or spe(anl’d|MogI(yo@DbIC®Iph2ﬁ43t%t7é (d@ﬁ?)jr (ﬁﬁ]ﬁ@@jcmﬁﬁg therlarege or
" NAD- dependent gl ycerol - 3- phosphate 10 dehyd u?)‘:genase and " NADP- dependent
gl ycer ol - 3- phois [alahe) sdundrf giyresat de,nmdrat@ge gde pgaPf (eediggneral Iy the

Ganyar ogdias SELERSHFLON 1) F QS Hs RABPPYL iR ERSBLRES S B MeRampl e by

h » d
1 SN2 SRS 1 10 e 8 TR SRR BB 5 gfepencen
NAD- dependents; ,80AjY iflddaBas2 teding §e6@@r’%&3§et bAR i SEPIE Ny 1Several genes

including GPDI, also referred to herein as DARL (codi ng sequence set forth
in SEQID Noencoée@@d@ielmeman@emWHw SEQ HDoNEN12)n g8iERaND @), or GPD2
(coding sequence set forth 20 in SEQ ID encoded protein sequence set
forth in SEQQIeDeR@”@?d'nSrth@SDEﬁ” e’ W@éﬁeh@l@htm&%@&a@%@@'@ 1.94) is
encoded for exa p T e terms er ol 3-phaosphat ase",
"one gl vedol SOpRBeShet el S50 10 )0Ha shEdR pRip st SSeRuA
phosphat ase” i ey 1D NG 189! JPEPahd ghdEh Dthee gane s BAYGMhG th@firgyioky that is
capabl e of catalyzing the conversion of glycerol 3-phosphate and water to

gl ycerol and “ohsuamit of gibbdehairatasedmcipbe ppld sk pidAcntbergdned or exanpl e,
by GPP1 (coding sequence set forth in SEQ ID NGO 5; encoded protein sequence

set forth inebcQding thentediuer orGPP3ubanidingudepdeD eadseddB; @ndother SEQ | D
NG 7; encoded 30protein sequence set forth in SEQ 1D NO 8). The term

"glycerol delyetiestensedingrthe detpidsret/asgo@iizierider @ieF and @ddC.
25 Glycerol and diol dehydratases are subject to mechanism-based
suicide inactivation by glycerol and some other substrates (Daniel et al.,
FEMS Microbiol. Rev. 22, 553 (1999)). The term “dehydratase
reactivation factor” refers to those proteins responsible for reactivating
the dehydratase activity. The terms “dehydratase reactivating activity”,
30 “reactivating the dehydratase activity” and “regenerating the
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a pol ypeptide having enzyne activity that is capable of catalyzing the
conversion of a glycerol nolecule to the product, 3-hydroxypropi onal dehyde
(13- HPA) . Wonotdnmespar poses of the present invention the a#ehyse@ase2enzynes
include a glycerol dehydratase (E.G 4.2.1.30) and a diol dehydratase

12 pr opaned Brvo B LS 81 BedtRFishahERody sPULERRO MRS nave been
identified i phéhehtinehl¢f denesiingi feehfdrhtapbatst@apbbeustdatalysSks@star i di um

past eurianum Sal nonel |l a typhi nmurium Kl ebsiella oxytoca, and Lactobacill us
reuteri, anorgagianeioons saRrARe Of salalysinel airAciiPataide the PhereneBeRd of t hree

subunits: theglar lan j i "o ﬁ%mit and t he
small or "y" %gll,l d%ﬁ?&%@%ﬁ%@aéfea gp@%d%gdssc%ﬁﬁég H%ﬁ,ng or gxcgnpl e, Dani el
et al. (FEVSeMandity tHe udtful halRlife5d3ng t8BPnatasedezynay & aind. Mwvd (J. Bi ol .

Chem 274, 3372 (1999)). Genes. encoding the Jarge or "a" (al pha) subunit of

gl ycerol dehmfﬁirh%@\z%lé?%@eﬂ‘ﬁgﬁa?@@%?%@@&@@?ﬁetﬁ&dez@ggqtﬁ e?h)i n SEQ I D

NG 9, encode i e tyfor i I . nd dhaB;
‘i‘eé’étﬁfg‘ﬁbﬁ (BABHRRRE 37! %Jbse).tF;z{tehPN§EQ01.@,m %Ig) ﬁg@ﬁge

genes encoding t medi um subunit inclu codi ng
sequence set ttheneir) DaniSED dl.Dsioral Torayecant: Maoi, ot Biol. Ghgueddd, 3Bf2 forth in

SEQ I D NO 12 dB . dhaC,; [ "y

subuni i nct §4e%haRd TECERRY /S dnhanErol e 4l I (P Prpeko 1
encoded Ot QingoBRGUSHREST 1BBtprb@ININCIIGSER MR aNRIA Dz WiiB4, apsadhak. Ot her
genes encoding the large or "a" subunit of diol dehydratase’include pduC

and pddA; ot wsuGendgddehc &gineg engedingdharmesend pthesiwsupiateinfcl ude pduD and

Pade. 250 yediardE T aRaBRL AT GzBeRbis Pouland BBl | chani s based
sui ci de inactivat iToe teymg!“ySsprebansdioboxidoddietasetbdt3-pictsanelmli el et al .,

FEMS Mcrobiol. Rev. 22, 553 (1999)). The term "dehydratase reactivation
factor" refedghydragenasepand dPhal r&€peest ipteschaig Pereit ARG refiee
dehydr at gge Vi : . i I Vi ty",

30"r eact ﬁ?/at ﬁ%ﬁ%’hzéwﬁéﬁ%%f g@@n%%ﬁ ih%//l y a?%ﬁadd' t&?\zyeér@% g??%%}gioﬁe

dehydr at ase @atalyzihg thexmtenesadensidresfchritiRfeabd Y, &xpopaeteeiol tpoovided phenonenon
of converti ng a dehé?rata e not ca?a | e of cat %Iy is.of a reaction to one
capabl e of c3PEPFEFS)ENCATIPGRUCNACIYHY SfOHAL 1§ ér@%@iﬁ@ Y& inhibiting the

I nactivation tr%fnsé‘rigwg%ﬁé@ t&h &éﬁ?d%ﬁ@@@ﬁ?ﬁﬂﬁ@@it?%&lﬁ@ﬂﬁ%ﬁl v@igﬁ usef ul

half-l1ife of the d tase enzyne’in vivo. roteins have been
identified asyhiseiting)vol example, theegeiehisgdoand swthircacthavegilon dsaist or (see,
e.g., U S Patent eferences therein; Daniel et al.,

No... 6,013, 494 and. ;
Supr a;. o ay A SRESVBI 91T G KRBREHE P i, BeasopnCaNac Fobi mat sb et
al ., J. Bact er3 pkopakbliol bkidbréd 39834 incRaite bul BRIRBHIMBe®RS dHaTt he prot ei ns

i ncl ude, for ml e, orfz, aB4, gdrA, pduG and ddrA. Cenes encoding the
second of thdr lehisielig preeumeniageClifadactardrgungli, and K/osirigios gdr B, pduH

T pr opane sl RBRY B ohert ol RS flooE A B TR FeiRasing B y nerein
and refer the family of type Ill alcohol dehydrogenases, which exhibits a
25 conserved iron-binding motif, and has a preference for the NAD*/NADH
linked interconversion of 3-HPA and 1,3-propanediol (Johnson and Lin,
J. Bacteriol. 169, 2050 (1987); Daniel et al., J. Bacteriol. 177, 2151
(1995); and Leurs et al., FEMS Microbiol. Lett. 1564, 337 (1997)).
Enzymes with similar physical properties have been isolated from
30  Lactobacillus brevis and Lactobacillus buchneri (Veiga da Dunha and
Foster, Appl. Environ. Microbiol. 58, 2005 (1992)).
The term “dha regulon” refers to a set of associated
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15t o the pol ypeptide(s) having an enzymatic activity that is capable of
catal yzing the interconversion of 3-HPA and 1, 3-propanedi ol provided the
gene(s) ewoadiygssmch activity is found to be physical | yCoMS2012/051222
transcriptionally linked to a dehydratase enzyne in its natural (i.e.,

'S 20 the caboWitBiecules o PERn ipatlB S ke Bl el nilBei ng & °°
1, 3- pr opanedivatiog¥ bitibgidaiciisRies NBlcliding but nétrieniteat tol 4 Gebhgdratase dhaT from
Kl ebsi el | a pneunpni ae, Citrobacter freundii, and C ostridi um pasteurianum

Each of thes@Chuifibd Eactrtion aRiipepnd ad  sorepryiastioaxidaieduciasey of type
I1l1 al cohol di
ot 1 and hadPlP ERE gD bSRBAE e ol e L RS A TG

3- HPA ands1, &‘harTopa‘D(edWV dhsm sivaB2ndh&B8, and oBZcisedésaribed 9 1U.8050 (1987) ;

Dani el et al C il 177, 2151 (1995); and Leurs et al., FEMS
M cr obi ol . (thtentllgg }3 1’%@§997)) Enzymes with SI m | ar physical properties

have been i sol ate 0] | L il lus buchneri
(Vei ga da Dunha aﬁﬁe&%@gralﬁéﬁ%@%hk gehéﬁcarﬁ% I%géBrothéEOS (1992)). The

term"dha r eg)@llypeptldeﬂmmataiyaesﬁfte «:ﬂnmsomoéaecaldegmjdﬁrtoca earbodglfc or open
reading franes.en 0 tides having various b|oIo ical ivities,
el uding buBdior Keehvde Benyfidtahfses BRYLBbA odi Soragy SHeF B aPRan
activity,jpangygDi, AR, @PPIRYI ThypR4l épélaéhyé@aehya' bgbﬁ@ééyuseE@haQ negul on
conpri ses the open reading frames dha T, orfX, orfW dhaBl,

dhaB2, dhaB3 (NAIEHdGFP@P"DQﬁ) d=€sdr3. bédNADl?fo@pepde@m EQo1 29937 (PBSs. The

R G e P R LR G L
dehydr ogenas epapienissid dycﬁadeéhmbg@mage ISLNBBE(SEI‘@ND NP 1BARcodédbyor PQQ
Typi cal of al degde dehy enases is EC 1. . 3. ( NAD- deREgdent) C

1.2.1. 4 ( NADEDQ é‘ﬁ(ﬂsﬁﬂ? al (@@@@e@l@rlﬁ@@%ﬁ@rﬁfaéhSﬁQ@ 19).2.99. 7
FAD-d d
N 4B (b bIRATTESS 8L A BB deh R Rt Bl o gt e A AR e set

forth in SEQ(SBCND NS): 18 )l enEzdeg bgshe . MaDgderp afdé (dodihg sbgukence set

al dA (codi n ATERER: USNGAFY MBSt NS RO npbsediy e 19970, 20)

encoded by tfg%ng a1l bodfaRealghtd ¢ g@pﬂoﬂa REREMONSlg)forth in SEQ 1D

NG 19). The terns lI'ucoki nase are used i nterchangeably 20herein
and refer to a prd'heﬁarmhaglucaklaaweaﬁd rfdkcam/les@ ioterchampephlyose + ATP to
gl ucose 6-phgsphat f _glucokjnase is EC 2.7.1. 2,

G ucoki nade ?‘?“@'H@é‘&er&fwogﬁém?i” &t GaeIvZge, et%?ﬁ%ﬁ?rs'Bﬂ8§B18'é’ﬁ8?%yr uvat e
car boxyl ase” +aRyp’ tB’@%co‘%@% gﬁ@ébhdié@fﬁbﬁngﬁéﬁ&é{dﬂ Mﬁoﬂln%@@ i§ efer to a
protein that catal yzes conver si on £ osp oenol pyruvate + H20 + CO2

t o phosphat e 2+/.d)al Gb,ti@klr@séﬁ éncaged eyiglloin bre¥phoenol pyruvat e car boxyl ase

is EC4.1.1.31. P encqded b pc in E
co/i. The terns Eﬁ?@ g $dé@%%g%%hgwggﬂ%g%ébﬁgﬁ(}/@r%gggﬁgsEBCa%r§p30 GapA" are
used i nt er chasgdameycHzrigeablyatatenedred réfer @ @pmtelnrthbauatag/zel tiegzynmati c
actl vity capabl e of catal yzing the conversion of gcbycer al dehyde 3- phosphat e

phosphafe FONKW'Q%O@WQHBOWWV@WC“#&M GReipRBPEPNAIRIADH + H. Typi cal
gygL¥SFGZLSSJ;¥g)% EospEat e e%y&?%gﬁg@ia@&eﬁ%%%ﬁ% )é%s’leisl n E coll. The
terns "aer obidcl.AeSipi Padspoenoipyravate rattmxylasend eéhsodéd barmocuin el
coli.
The terms “glyceraldehyde-3-phosphate dehydrogenase” and
30 “GapA” are used interchangeably herein and refer to a protein having an
enzymatic activity capable of catalyzing the conversion of
glyceraldehyde 3-phosphate + phosphate + NAD" to 3-phospho-D-

12



5i nt erchangeably herein and refer to a global regulatory protein. The

aerobic respiration control protein is encoded by arcAin E. coll.

The t er mewOretINEbghyoxal synt hase" and "MJsA' are used iPnramseangeabl y
herein and refer to a protein having an enzymatic activity capabl e of

 bhophate. ShrTOUPEEBRaRs NAB R ST bR I eRaRR e R T ot Voxal
synthase is gnoegestetdehydrdydrash.is € 1.2.1.12. Glybéralddhysie-Pphegitegéuconat e

dehydr at ase” and "Edd" are used inter chan%eably herein and refer to a
prot ei n havi S§hyArageraaeatls enerded Py gapApall §06f catal yzi ng the conver si on

of 6-phospho-gl uc f a

Typi cal of phosphog uggﬁat&é@bﬁ%%gﬁg@?és‘n@qﬂBw rgJ ﬁﬁgséﬁeog? {[Conat e
dehydr at ase iirsteeshandedblyyherdith an'd feferciol 4 global regulatof%prdt@anhWéci K' refers
to a putative me encoded ci K which i ran ona l'y coupled to
b uR, "the. gerRS an SRHIGBIONTRI LiAtenTo OGRS by PReATbEaGal o & boll

The term’ cob(l)al-[zﬁg rrﬁge@@%$ gé%ﬁf ha#sRe” %ﬁaeﬁl@s%@a?@u%@ym capabl e of

transferring a deoxyadenos ty f omATP to e reduced corrinoid.
Typi cal of cm’nierc)rwn@eahlyatwﬂmsand rederstosa pdeinshah@asd ehzgmatiCalotivijyal am n

d | t f d E. l.i, "CObA" i
Sal monel | ot YARPRGS!HARA0 Toe Ere OBl ks celae PhgsRa 0 7 g
therms ' 9abact9sByRiydxan+ phoBehaer "Tydihl o@ﬁié?hyl?ry@st%théﬁeeﬂ’smngeab| y

erein and refer " to a protein having an enzynatic activity capabl e of

transporting 4a2§@gaMe§itdQ|&0¥ﬁ|@Uﬁﬂ1&Sedﬁeﬂh@d%bV[!5'17@133411&6 @C?le 30cyt opl asm

encoded by gal P i AESERLP: e Bbcofaicivy eRisBnetd ceBoraBy T 820 b
NQ 21, encodestepitringeBbRemBreincand&fer ©rd prateinIrNinddan NAz@Rktic The term
"non-specific catalytic activity" refers tao the pol ypeptide(s) having an

enzymati ¢ actacwvbycaﬁaﬁ%pécaﬁalwgatmemwem@n oh BeROsRberAEUEIN e 18- HPA and
1, 3- d f 3 d |
o1 aust adore P EBREEHHRLY A o STRpRARIET 2 such

OX|doreductase pical nzymes dehydr ogenases.
enzynmes nmay lpﬂwobph@glootbrMEMydtdtese tshia@ 4\IZ\D+12\IABhbsphugllumbnayebut not

limted to flayins such as FAD or ene for a non-specific al cohol
dehydr ogenas &€ @a S@@QW‘F@Q qyo‘?d%BE‘alF_rp‘F& to be endogenously encoded and
functional Iy expr qfh%ec@rﬁﬁ‘ VEIW r%%'?s t&Q'duté?w%?er%fn?é Qﬁcoded by Tw?ﬂe terms "1.6

|l ong A prom)ter . short/1 ong Pr onot ong G

pronot er" refadrich S Wmﬁg}aillm’i%atoodeEddo htuagﬂ‘a'g@&:emwjlmg ﬁ?g)b@l)@iamitmt er from

t he Streptorryces Ilgrl d%n %J ucose lsorrerase gene as described in U S
anFfrEd

Patent No° 7 f??o@ﬂ 'Br 'er 15fragments include a nutation which
decreases the| I aghieMifrh €gots($) afiBeERMOsPItiaRSfarhs &l rbYé?@ t@bh@iz?ﬁ‘)é?es
|IVI dans gl ucose i sonerase gene pronoter. The ternms "function" and

"enzyme f unctqaaﬁb|ea@féraj§é@frlhﬁt8ed@?@ﬂ§@aﬁ$x} nh@iety fromrAiT e &0 the teslucad
catal ytic act YM&‘d Otl'yBiQ:aF&FcchB?l)!al%mln adenosyltransferase is EC 2.5.1.17.

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

The terms “galactose-proton symporter” and “GalP” are used
interchangeably herein and refer to a protein having an enzymatic activity
capable of transporting a sugar and a proton from the periplasm to the

30 cytoplasm. D-glucose is a preferred substrate for GalP. Galactose-proton
symporter is encoded by galP in Escherichia coli (coding sequence set
forth in SEQ ID NO:21, encoded protein sequence set forth in SEQ ID
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altering the rate at which a specific chem cal reaction occurs w thout
20itself being consuned by the reaction. It is understood that such an
activity wayosgphkisto a reaction in equilibriumwhere tReTAISO@RO5iI20N Of

ei ther pr oduct or substrate may be acconplished under suitable conditions.
The terns pﬁ%%??tl de" and "prot ei n" are used int er changeabl y 25herei n.
The terns " substrate” and "carbon source” are used interchangeably

herei n and refer Theaefarhonspevificeatapabhcivith” kergorteéabol i zed by the
reconbi nant bacteria disclosed herein and, particularly, carbon sources

conpri si ng s@ONPSSlidetsd haxingan §6¥J§fr6ét'¢rﬁ9t'\8f0f%p@ﬁl@r0fc@’f@|w'§€t e
h h d
The tor e~ naerediVBRiohP STE0ALEC b MERG I S5einedl BElURREP I 0o

and refersto 1a3-lpama&‘redutrhoc<a1mbdjmtaée(@cﬁypma@y freseigzyoresh@tericdmgous genes

and capable of expressin hose genes to produce an activ ene product.
The term" pr&@u&éﬁ%ﬂ?nﬁ‘ﬁﬁg §P5€1r‘ﬁ” HINEFMEYS H"%’?e?f@(?ﬁtof%f)@%%ﬂ% a

5m cr oor gani i in ut . n tho ar cpnbi nant ,
sacq to nae AR HBAH: A p0Che Ale oA SR3te FAR AL EMEPAS!
hydr oxypr opi @jeing f@ﬁadmonpsﬁecwrcsa&w@td%%ryaﬂsg%aéél QéhDﬁ@d’ouﬂi@ fbr ke. As used
herein, "nucleic acid" neans a nucl eoti de and i ncludes a single or

doubl e- st r an@Xamsde ytﬁéqe mdqg@cswsiytﬁm@@eéc&ndcfén@monaﬂa expresRgsl Wiiinde bases.

Nucl ei c id I ude fragments and nodifi ed nucl eoti des. Thus,
the ter mi18 p?)‘? rz‘%\’llc}{ﬂeo;%*ltrjge% "nucl eic acid sequence", "nucl eotide sequence”

or "nucleic acid frrr@gt@ﬁns 1@rleng$3alq>romo@érthama4mbrylldr§r©| Rramndterefer to a
pol ymer of RNA or DNA that is single- or double-str optionally
cont ai ni ng syRchdt3 @”gr%lrprﬁm%%lref%@ PalweFiegties PEFaORENFas s .

Nucl eoti des (i ﬁlﬁ?ﬂé th%i RebtbArbRehe §r?ptpHPgBBEW§§Bﬁ$§IJc%§@|S Erdsgf erred to

by their single eS| gnation as enyl ate or
deoxyadenyl atgen(afasrdéﬂ%bed IDNAS. Petamﬂaixta vel3D,527 .CThése poyhotdyl at e or

d tidyl , "G .f deo U f d te,
T Tot 3&&3 Gy e s RlipBer sl fncedas igcivips qoporipried di nes
(Cor T), "Kiohwy wﬁdfﬂ/’pe—r Streb'to:ﬁfées%ﬁ’cﬂarﬁ QDche isbmdrf%e hBRE ipRdmofard "N for

any nucl eoti de. ol ynucl eoti1 de nay be a pol ynmer “of RNA or DNA t hat
is single- or douB’h@-tgtmanﬁw@dtIOm hend cﬂcﬁtzvmﬁaﬂuhytlmmralus@dsynt heti c,

non- nat ur al oL, .t er C tid oti.de | nthe.formof a
ol yrer of . DUteRL 9B E s 1 LT e P AL A AR ST Genom ¢
DNA, synt het laflite%%\th@Faté‘a’EWmat%@bm@fchemlcal rea&¥teocdies Yithollp @ nucleic

acid fragnent th expresses a specific protein, and which may refer to the

COdI ng régi orhtsélf@ﬁ@gwoﬂﬁwn&%by threraastion atlos yndetsierd datsueb @ ng (5 _
o 00,1, SSOIGRFERY 494,304 SN TuBOF AR SSRURBRGE 1 oot v

sequence. ature w Its own
regul atory seﬁthenp&mluc‘t aﬂS@Mraiegmyebemt@mpliﬂteoﬁurydq&n&tabtmt is not a

native conditions.
The terms “polypeptide” and “protein” are used interchangeably
25  herein.

The terms “carbon substrate” and “carbon source” are used
interchangeably herein and refer to a carbon source capable of being
metabolized by the recombinant bacteria disclosed herein and,
particularly, carbon sources comprising sucrose. The carbon source may

30  further comprise monosaccharides, other disaccharides, oligosaccharides;
or polysaccharides.

The terms “host cell” and “host bacterium” are used
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gene, conprising regulatory and codi ng sequences that are not found
together in nature. Accordingly, a chineric gene nmay conprise regul atory
sequencesweandini4ng sequences that are derived from di PCEMSRe12806122ZES, OF
regul atory sequences and codi ng sequences 5derived fromthe sane source,

qoner 1 of ors EARRRG Rt Bk heGerlBthale BRldteMing nome of “an
organi sm A ‘fbeig ahhete@edlogsed gesed and cepasietdiaixpressiny thodeermesndo the

host organi sm by gene transfer. Foreign genes can conprise genes inserted
into a non- n@PCEAR aRtIHIENDHEIBICL nt r oduced into a new location within
the nati ve hOSE ' q;hectghﬁehfocq&ﬂpﬁ?‘nicroor%anigtth? ak SR heidh r\é?erg%lae()t I de
sequence” and "wi |l d-type hucleotli de sequence"” are used | nterchangeably

her ei n t osr efngicrdopganisn liredididg, setaqioe ingtetitef those nibatnarkel rgcdmbirdnt,n t he host
m croor gani sm 6éSThe term "non-native n%cl eotide seq refers to a

t ence"
nucl eoti de s&SEEARENIHEE SRECHI PREHAESUS q%ﬁﬁdprmapﬁéloﬂ(gixceﬁple oor gani sm
The ternms "naii e Wbt thdeke are used
Ew}y}h{ﬁ’cﬁgﬁ%d@ﬁ@%cﬂ% gpﬂ{l@sai’ﬂrbf@d f‘éEYiasiﬂsY BRAthE fke.

i nt erchangea elntore a pol ypep e that is normally found in
t he host m croor g&s ysaed 29€e “hecleic"atidi-maany e podynyoiguitideend efers to a
r oor i,sm The terns

pol ypeptide that is not normally found in the host m. a

Penobal ng aitbludsin A0I6PE SaubE SR PhYBEE P SHRPEPRRIHECTS BF to the
process hy WhibeRugleBRAE babB8s.ONGRIid8ciHE PhanNaSBENQfidé FraBRfNtPhhan and
transl ation, produces an am no acid sequence. 25The term "codi ng sequence"

refers to a miedibied ndelestigemnibus.lihe tewae payrucedisec ‘Nueleimaeid aci d

Sequences 1 080U s MRlded FR SRR SPR HREE anlbdatmbt AELS& Gounst r eam
(3" non-codi mea@%ﬂﬁ@gb@)haéinaar@c&f@gtos@ Ofe,of RIIA WhIDNA imdtlisience t he
30t ranscri ption, processing or stabili té;imor transl ati on of the

associ at ed cSHIer Yedpite-strapded eurtionglly eguiaites syalhetiacnieairanot er s,
enhancer Si . ; - between t he
transcri ;S)lgl O#r?ﬂ‘téf&{égwﬁgot’gﬁ%ﬁﬁ%.fﬂgﬁgbgﬁgusﬁﬁwwdﬁqggl&gﬁ) , I ntrons,
pol yadenyl at innonophwsghatd form3 ecpirsfered tdA theiosiegha lettes designatidri est or

bi nding site nd sfem!lo tructures. The term "expression cassette"
refers to a ﬁ?@mﬁént’a‘ (ri%r g&&@a qo_é‘yﬁﬂe'ﬂﬁ%tec i'ﬁb‘_ﬁ‘s‘é’dﬁlﬂﬁ‘ce of a selected
gene and reglﬂéé’ééHtMe@?,q"é;@rfGﬁﬁgﬁggag dF Beokye itig & O R § g&t) and

follow ng (3 non-coding seq the co sequence thdt are required
for expressi aeozfguarylatel ddtfed ugdylateyr ddinrdeoxptinymidylatex piRetasi on cassette

is typically conmposed D)@ pr.onoter  se nge:. 2x a -£qgdi, equence
(e Ry FRETRE B er el PRI ER G ERin K doft ST EF AR "t ha
i n eukaryot e opFUat for iKEIMAI diIRl ‘NFBF ¥AgaNyleatiden site. The expression
cassette(s) is usually included within a vector, to facilitate cloning and

tr an;f or mat | on. Digf pelyewgleotidmamiayris apabinel @fd?hééar@mé,thqtléaﬁ'nglwhf ungi ,
cor e, Lo AR e A B BE R AR Lot 8P g "

" Tr ansf or nat ingkleotigearaset 0 A palyhudsstics inothedormiof ai golgaedoNDNEcmiag | nto a
host organism resulting in genetically stable inheritance. The nucleic

aci d nol @éul &erRaMprises P ePUMORR BegrisNical EINAUGBRIRILRNG, Syrihelkanpl e,

or it may int[ﬂ@Aat%remiiﬂGr% tihgrggnone of the host organism Host 20 organi sms
transforned wth’ the nuclselc acid fragnents are referred to as

“Gene’ refers to a nucleic acid fragment that expresses a specific
protein, and which may refer to the coding region alone or may include
regulatory sequences preceding (5' non-coding sequences) and

30  following (3' non-coding sequences) the coding sequence. “Native
gene” refers to a gene as found in nature with its own regulatory

sequences. “Chimeric gene” refers to any gene that is not a native
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"reconbi nant” or "transfornmed" organisns or "transformants". "Stable
transformation” refers to the transfer of a nucleic acid fragnent into a
genone ofwe 2amaRsasgani sm i ncl udi ng both nucl ear and oﬂ)gainfsh(blamsgenones,
resulting in genetically stable inheritance. In contrast, "transient

ZR o o B oS el Aol GRS SN T, B8 R ot

gene expr essitggetiet imdturet RecarHingly, @ criitn@Bicgienehaay tampeise” Codon
degeneracy” refers to the nature in the genetic code permtting variation

of the nucl edegdatosygaauerces @Wﬂ)ﬁ@d'agﬁ@@wﬂ@e% et arg fered Bed sequence of
an encoded p I I r t he
"codon- bi as" %J eﬁ?ﬁf %%C%%t}gr rsaélélmc?? S%Ig %ﬁd pﬁalu gé%ugpeéucl eoti de
codons tosspemlrlwd drogn trensae soues, dhut ﬁhengé@nrea rmrmr difereheian ng a gene
for inproved expreSél on jn adl_é@ ceII it |s desirable to deS|gn t he gene
U

such that itdhghieguemtpawre QRNOYS aE6T SRR @ Rative ggle ity

preferred co i@.@m r r at is
functional | yq%gljuﬂégglggﬂ(?ﬁ Iﬁaﬂ% un%tglk %rl’]lg %%@u%afogélngﬁ %%? afgg}c?r@l;t are
used i nt er chdngegerieythaeisdntroddtextinte drevBostefrganism by gene transter. subsequence

of an isol at?d nucl ei ¢ acid fragnent in which.the abi l%lﬁ to alter gene
expressi on or Pr'GAAEECs CETAN gonsS peeited rip & iyn %%9@3”6% Mnot the

fragment ,gr @éhteéwmceanﬁfbd@ﬁemwgﬁdn/@.tﬁmzm@re}at.@Ih@sgf iof cBfn&sc can be
designed for “use in 10 suppression by |inking a nucleic acid fragment or

subf ragnment e8E8of, whether or not it encodes an active enzyne, in the

sense or antisens ri i i ye § L uen : The
term "conserved d?&tﬁ?ﬂ%%é%ﬁf&@%&é %é(gje%gg §H8 ﬁlﬁiﬁgecﬁﬂéggt&%er ved at
speci fi ¢ posiseigassce! aredisad ifler@iededplesed ©f refdrabu hodestidey 15r el at ed

proteins. Wile am no acids at other positions can vary between honol ogous

proteins, aniSfEUEREYINAL fROERRAIHYRA YN mg@ﬁt\f@@mrgga@m fic positions
i ndi cate ;gm no_acigg LhFL naq_%a%é‘ﬁ Efe% |d gngné TrfdrdhE rw?:?eao;@%b' lity, or

the act|V|ty of a protein terns rally 5|m

" corr esponds segbshemthalid ot mrmeﬂl@deemldlmmmmmgewdrgamemel n. They refer
to nucleic acid fr rrents Wherel Q%ES in, oge nFre péj@] eot i de bases
do not affect the ermg %@'V[en%o ang; Wi t&@%ﬁypﬁe Rrgtseene
expr essi on OﬁntBFé?% %aBI rbfi B r%ﬁé?ﬁ@fay&ﬁ¥p5&%%echbﬁfs%rﬁlaﬂ9 fo&ieh t o

nodi fi cati ons of elc acid fragnents of the instant”invention such
as del etion mhehnsbmlqrwthMe 250r nore nucl eotides that do not
substantlally altelr t.he functi [t

f h ! | d
Fragnent Jel at | ve 116 8 PR alle nobrBaree eipieRdg e vornde Mo B o o

under st ood, a@rmg%ﬁ%lﬁ{@ ihltRE hoBt friGodfdanidrh! appreciate, that the invention
enconpasses nore than the specific exenplary sequences. Mreover, the

skilled artisan rddegaimeseneagingoanshsogding” Are ysed inteeghangerblyheseind

sequences en%?}%ﬁéqﬁo@%%@&%l é’v\ﬁﬁ'#d% HeE tﬁloﬁghqﬁglr@gs%aw%ﬁggr ability

to hybridize tri condi t'rPons, SSC

(standard sodiamgcaptiorased trafslkbio®Osod(sesanmaniaderid ssgldrmiee), 60 C) with
t he sequences exegpl ified herein, or to any portion of the nucleotide

sequenceg3di scl osddeHEFB; ROGRE S\ﬁﬁ”@ﬂc%trréfqrﬁﬁ@tal Bigotidesspgueacedtat o any of
the nucleic %BHQS?&%’@B&& hﬁﬁ(% gé@ ér?fjeﬂb@ Stringency conditions can be
era

adj usted to screen for I"ar "fragnments, such as honol ogous
sequences from di §Samzatblgs reglilatoeg squamnes’fsefemo huglkebtide segliemcdsr agnent s,

or gani . | POREIRY BPP PS5 POROWASHES SRALBRFETIE "l 5 GRBHSEBATI t ons. The
term "sel ect iyeioh- Bdc*ﬂhg degBEnced) I ARRinF 56§ GEH@, BRd which influence the
30 transcription, RNA processing or stability, or translation of the associated
coding sequence. Regulatory sequences may include promoters,
enhancers, silencers, 5’ untranslated leader sequence (e.g., between the
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10hybri di zati on, under stringent hybridization conditions, of a nucleic
acid sequence to a specified nucleic acid target sequence to a detectably
greater oegQres/28949., at |east 2-fold over background) PhaSRa12/051222
hybri di zati on to non-target nucleic acid sequences and to the substanti al

are two 1snudfESeRS Rl et T MG G i Bl AR R LS 31 T re
nucl eotide s ylatipRire€ddnitidrase qlsndesaRNL paice8Siyt@ucafisctbdent i ty, or

90% sequence identity, up to and including 100% sequence identity (i.e.,
fully conpl eliling yites and pterptp@p stiuelUe’t i de sequence. The term "stringent
conditions" or "styd ta Ldi L 2 Lt ! s reference to
condi tions under \m‘%%ﬁﬁ 8?%’%§b%hfﬁ%%§§ %c%ﬁ%ﬂ?gn@ﬁpgbg@ I?@ﬂl ts target
sequence. 5Pr ebetprisirg thepsottiid yeguerglecofsd seledied gend and regiilatosequences whi ch

are conplenentary to the nuclejc acid. sequences to detected. Probes are
Mhybr o zab! SeOPENE G DIRGEROBHEPa COU ISR STES AL IUERUTs (TORBT i Ty a
probe is |es %Q@rl, : i i ERY i ¥l ess than
500 nucl eot i 8?”@23 engttcﬁ%%% I%E?@délﬁ}%ftpgﬁaﬂnet hgggdgﬁé%?%élggfi ned.
Typi cal | y t hef theobeleated ganepprodace Tiuss dnuexiressiondassettesistipichllyv [ 1 per m t
nucl ei ¢ acid hybridizati,on. Thi§ i nvol ves_ﬁonta ting the gr.obe ?.\;H sanpl e
in the pre_seﬁe Rosed Pt Hgﬁg%mmo %rrs%ﬂj‘&&ﬁ_?c JX-{eY lﬁ‘!g UERE ;S'r%pg) _
concentr api O%nd?@? a@uhﬁaﬁgbwegjcﬁp 191 haBsmineRdr) ﬂp@,l ihYeukafja8s r opi ¢ agent

may be added. Nucleic acid hg/bl’l ization is adaptable to a variety of assay
formats. One Ustialheomtaits 3 pplyageeylption Bide sdhawxpressiangasseties).SA pri mary

has” adsor bed RN IEIEROLYER V2380 7 (b3t doTHB Rt Suidt &7 act o
probe that i Diflelerbelgshiemns, inopirgneadtery, easorsdfnyl, @ande t he sequence.
Stringent conditions are sequence-dependent and will be different 5in

di fferent ci tansEaraecewith giffesem: 9Rression cassealtas; ayeRe\asotheta®E esybr i di zat i on
and/ or hi ! e n be identified which are
100% comrrlg?errggsg%rggﬂy%bggém%érsg%%q{%omrgggﬁgogﬁobi ng). Alternatively,
stringency condit i“Orenstamaienadgfess edhedraasfenvofsonecleicaoid otuleqile n

sequences so.that | ower degrees of simlarity are l0det ected_(heterol ogous
by S into BrhoR ey STy Fesuiidem i GUMRICEILABIR MMCEANssE S 1 vt ch e

sal t concent raliiPatid heReulchAly #Abladmd Mé\'@e%%teé %RidraiiousAPest 0. 01 to
h I'ts) H 7.0 d the

1.0 M Na ion concentration (or other salts) at to 8.3 a
t enper at ur e iexaatplé exst maldotegslie itbdhe geopmepdidhe hostorganisio. tHoss0

nucl eotides) and .at 15| east apout .60 C for I robes (e..q. [eater than
50 nucl et ey Ensi ARt eghh foneUrkly aid SoeBiehi et iiipe O BRe

addi tion of degloalihamt BE“tAERAS &g asishial dretfaflSforfsA! Wtibleow
stringency conditions include hybridization with a buffer solution of 30 to

35% f or mam déransfvmedion’ refers to teegransafiaim Mudeisacidiiagmes) i@ a37 C, and a
20 h i | = . / Q. i i it t t
20 1oo0s' & bt ot titiaRRtn inclyudnd S Biedr Mhbidraiiar oL LT o)

in 40 to 45%gepbrmay, eesultinginNperietically s@b&DRhatitahéeC In @odtrasivasdngdient0. 5X to

| x SSC at 55 to 60 C. Exenplary high stringency conditions include
hybri di zafi ofrangfasomiionr FfRisde, the tiangfrriof 2104 cleis agid Fagmentintafte a wash in

0. 1 SSC at G058 BrA conairMFEIARIEYof § pEYROERISh FE e g o

post - hybri di zat'i on’ washes, factors elo trength
and t enper at @xeressiagrheithouahtegastiorsot sibbleninh&otanDBlA- DNA hybri ds, the

h I I ti j T b ' d f. h i f
bl niot h et al -, AiaHo BPUERECY regp48. B Paks It TURAFICRFSBI. 5 G + 16. 6
(10g M + 0. bbrbiihg yalafth 6f thehucRiditie scefifhbe wilteleatibiting i@ diingr 1 1y of

nonoval ent cations,” % I s the percentage of guanosi ne and cytosi ne

nucl eot i dés iacid sequamee qf:ary endosienh palypeiidep elveskidepbadisands wethi de i n t he
hybri di zati on _sol ution, and L_i.s the |ength of.the hybrid in base pairs.

The Tm ot n@ERGLIER (feor s e XU ISrERY PoweEie RahSEh rRHRATR at whi oh

50% of a conpluenstitiacndbas 88 bpeaflLe afentBinoHdes TherdoReWreeat | y nmat ched

probe. Tmis reduced by
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5about 1 C for each 1°)/0 of msmatching; thus, Tm hybridization and/or
wash conditions can be adjusted to hybridize to sequences of the desired
i dentity.wbanidgsnpl e, if sequences with >90% i dentity &cCe&/tseuglsi22t he Tm
can be decreased 10 C. Generally, stringent conditions are selected to be

about 5 C |lower.,than Tmfor ecific s ence d its.c I nt 10 at
a defined ioﬁet“@gﬁé’?ﬁ;?ﬁeﬁﬁcﬁ’gﬁ?&ﬁx%\%ﬁfes?@e' & 98 Cr%”ngé%ﬁg@(r)%g?ti ons can
utilize a hyh ddsigattheryenediuen thasits féqdendd, ofodeh ubagel apprdadirithehe Tm
noderately stringent conditions can utilize a hybridization and/ or wash at
6, 7, 8, 9, dieaueney pbreafetredsodar usage hineshestitgEncy conditions can
utilize a hybridi i g/ : , . 20 C | ower
than the 15Tm Usﬁ?ptge tt%ﬂgee%ﬂ@h%ﬁjé&ﬁ@%tr%ﬁ?rz]afqngﬁaeﬁéﬂfv%%ﬁ;%@drirposi tions, and
desired Ty tfhungtondlyosglivaleyt skfidgment’ atndsed inerdhbahgéablphiesginons in the
stringency of_hybridization and/ or wash solutions are inherently described.
I f the desir ddCFEJRERS HCHGSFROEINTRY qt@gs(ggygn%ogawﬁ%@tegéwpqm Ridas C
(aqueous sol ytj f .o i kinnl f i ncrease
eS80 20 coSSomal wbfciCliie AT BREGoG Sriibsslort s BoalEs BRErEM an

ext ensi ve guipthenotypetie rétpbmeddivhetihieonr 0bt nectagroentodrasubif@ghmanid in Ti j ssen,
Laboratory Techni gues i n Bi ochem s(%h and Mol ecul ar Bi.ol o ?( bridi zation
wi th Nucl i c SREPACPADISEYE BRAYME. (HilsT E9ehes Sty b deriBregiontiiehes. of

hybri di zapi ompprbdsitsh 5 iMiRG¥% ricléle GR ﬁ?\%ﬁbﬁt o Qs sherdafsevi er, New
25 York (1993); and Current Protocols in | ecul ar Bi ol ogy, Chapter 2,
Ausubel et alwhetireysor natieenrodesisan aefivieeraymanin §ie sense ecariiredseNew Yor k

(1995). Hybridi zat.i it can be applied for at |east
10, 30, 60, legﬁ%}bﬁ'}gﬁ?%%%@’?}P@sﬁgpg%dﬁ@%w identity" or "identity" in
the context of nudiheiterraCtehssrveé®aomaedri ‘dtFeneans aset of anind acidge

nucl ei ¢ acid bases or am ng acid residues in tw sequences that are the

sane when al iCQHéﬁrVﬁGratﬁﬁﬁpiﬁﬁrﬁoéﬁioﬁésﬁwﬂﬂjérr\@ég@%ﬁe_ﬁu%ﬁf@c@ﬁ@éﬂut&ﬁ}@ﬂmi son

W ndow. 13 re|a?éwgroteiﬂgrwm¥@§r%irﬁ ?889Fé?Bﬁ%r'p%%%h%%anr\}’afr\gbétv&ébﬁ he val ue
determ ned by conparing two optinal Ty al'l gned sequences over a conparison
wi ndow, wher éiomdlbgoyoptateins odminoeagcs yral dre bighle consgroey peppéecific sequence

in the conparisgn wi.ndow nmay, conprise additions 5or deletiong (i.e., gaps)
25 compar o0, PESTRESE G e EnORAEh TRt AFERETIEAE WS SEGHIF T addi {1 ons. or
del eti ons) f%’fatﬁlﬂgf GPtlh_eaddtigﬁy”%%%&eWe two sequences. The percentage is

cal cul ated by determ ning the nunber of positions at which the identical
nucl ei ¢ aci d base The tarmadsustantradlyisindad @ndr'soirespaitds sdgteicdy” ae yi el d

t he nunber of tched positjans,. 10dividing the nunber. of mat ched positions
by the ¢ oPal USETART G GEEPUTE nl t9le P Had e CERHER B Sang

mul ti plying tfferemseHdngeBYn SR8 drnated itlédtRIensdsERdRa6t Sfedt BIBPIE
identity. Useful exanpl'es of percent sequence identities include, 'but are

not limted t06the0ysleBRgid Bogimensig MEShgte TBNE BEYESBTYOr QIBAUCSA 95% or any

uti ng anyof CHAMEPOSNRS 4 Tblee Iis g «d At EEhe RudlBbrt & 20

per cent i dentdcid/fragmehts dfahetiystaal inuértioroniscnay dbretidatopimsertich bsong a

vari ety of conparison nethods designed to detect honnloagus sequences

i ncl udi ng> b@F MESe Nydeatisgsitaat dapo\eatariiaiimatier Bieotingheoal RrABETRSERGENE
bi oi nformati i Li gﬂ}lﬁﬁé - I {{hin the
cont ext of t@é@%ﬂ?ttﬁﬁé@%cw be%tﬁg}vﬁﬁgbﬁﬁgﬁ’\\//{ﬁenroedvieteoguence

anal ysi s sof tfrsgneents Its edereforeamaleystoed, astitoselskilleasolthe adfwitthe anal ysi s

wi ||l be based on the "deff ault val ues" of the %%ram{ef erenfced, unl ess

ot herwi se sp&PPFEERE, Kt lie VEDHRN SNCQRPEEFES TS MRILINEFAECTIGan any set of
val ues or paragR kbngéd IMeRboVer! PRGsiddartiBeN $6dd iaen first
initialized. The F%Clr‘?/ustse'taaI nV met hod oefr’ al i gnmsn‘%l ¥ cr(])rres% s to the

al i gnment3onetshibdtantiby sichilar nsickelic acid deguenbesiebgormpaggatsbytiis Shar p, CAB/ CS.

5:151- 153 (1989);. Hi ggi G,et.al. .. . t, . . Bi i, 8:189-191 30
(1992)) an((j f'?)\(#ﬂﬁ'o Ir?qgIﬁgssq\g%qug%‘rm%ﬂr%@@ﬁg@bf'@%géﬂﬁé{@(féé_e@%@%formati CS
conputing sws‘tr@wgéﬂNeSMiﬁoh@,Ce.%AWSsc (Sbhdardsodihtdithte), . 19gBst s, the
default values correspond to P PENALTY=10

18



and GAP LENGTH PENALTY=10. Default paraneters for pairw se alignnments and
cal cul ation of percent identity of protein sequences using the Clustal V
met hod arwOKILRREAE, GAP PENALTY=3, W NDOW5 and DI AGONRCEUSAMEDsE22 For
nucl eic acids these paraneters are 5 KTUPLE=2, GAP PENALTY=5, WNDQ/\#4 and

o ogram i Nogu ot SubARIRR' Pkl e FEURRRES fhbfncd Befait o

'sequence di 36 aRg@BItidradl Bel iud ditideadBryuRNegs @Mclosed herein an@hich arst al w
met hod of alignnment” corresponds to the alignment 10met hod | abel ed d ust al

W (descri bed thHnQQY ﬁgué(ﬁl?”SFFaﬁBY of ther pucleiCpnichseauensesadis@psed supra) and

comput i ng. sui RO DAL orRifiisBrbbe opficteiiia orpbn Rthahery o
multiple ali glnnmnfragmemspsm 8o hmlm\qab@cemm&l‘d(éﬂﬂy%maﬁo 2,

Del ay Di vergen 15 Seqs(9 =30 Transition Weight=0.5, Protein Wight
Mat ri x=Gonne @R 5®S; oiahisigHar fiBemeRts, @BChﬁﬁtQ%r“eélth%m%'PaEﬁ the

sequences. Usirigedil Ehithed mihPEIBEERTbIadd biyaRTRE DPBSEAySRYRkbM * per cent

|dent|ty by view ng t sequence |stances ein t e sane program
"BLASTN net h(ycbwfesajetgmmeets‘trmggmzy cahdiionshm prow ded by the 20Nati onal

Center for Biotec oqy ,l.nfo tio are n cI eoti de sequences
usi ng defaul t pargn t&% SEieRhvet lhyggél\%g?l'%ﬁlﬁﬂ Fsr? 6d' By %ne skilled in the
art that jganyy bﬂM@bﬁo@fur&%ﬂ%@rﬂfg%rit&zﬂﬁdlﬂtl@ﬁ Bondifibne, dfa hetesitidad ng

pol ypepti des, "from ot her speci es erein such polypeptides have the same

or simlar fSeEUEDE tqazae@rn‘led|nwle|w@|ﬂaarg@i§ﬁgu@@ceﬂo pdetastably denti ti es

00% o 95% Brashybotaia pbiashedys WebRPeRdoEnd et tibkloin, >
i nteger am nao aphdargét mutcleic ciaBed0entes 209% trayslisstarsef ekciugiotescr i bi ng

the present invention, such as 51% 52% 53% 54% 55% 56% 57% 58% 59%
30 60% 73% r@@%’ar@lt%ucmm/@C@?%Seé@%ve%%brgﬁm}slg §SMENEsR aT8IWP 64% 77%

90% 65%;5 nycleotide sequences wherein the complement of one of the nucleotide
sequences typically has about at least 80% sequence identity, or 90%
sequence identity, up to and including 100% sequence identity (i.e., fully
complementary) to the other nucleotide sequence.

The term "stringent conditions" or “stringent hybridization
20  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
25 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
hybridization. This involves contacting the probe and sample in the
presence of an inorganic or organic salt under the proper concentration
30  and temperature conditions. Optionally a chaotropic agent may be added.
Nucleic acid hybridization is adaptable to a variety of assay formats. One
of the most suitable is the sandwich assay format. A primary component
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78% 91% 66% 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 -1 engwb 2013/(28945i al conpl enment of this isolated nucl ectriuseoi2ioagaent .
Thus, the invention enconpasses nore than the specific exenplary nucl eotide

sequences di sgl_os her ei n. r . l.e | t.erat i | tzﬁbS gene seqguence
whi ch refl ectoqtahsea%g’&'d(gr%@rp%c@%%ﬁ/ '?égsr@gr%toﬁehcﬁee %ﬂ@ %@rﬂo *t ed. Also, it
is well knowadsBridtrtodt br tdhailertlyt eduplé® RSt an imngstiezeshh gdieitesid probe t he
production of a chemcally equivalent amno acid at a given site, but do

not affect tﬁféatfiﬁh@{at@%i apg @9M¢@snt@ry E%@n%ﬁéﬂwfﬁhgﬁ@%e'&@% conmmon.
Substitutions are (abidadoalidhi%rdsgUstionepERGM AR aRBASE i thin
g roups:” 1. "Snal I~ al'T phat

one of the follown Ive ¢ c, nonpol ar or slightly
pol ar resbkduds difisrent cieumstimcedsPrBy céhtyglling thePsiriagenaegithievel y char ged

s dues and e e Ceior D o, Bt S5iers e BT 1 vely
identified which are 100% complementary to the probe (homologous
probing). Alternatively, stringency conditions can be adjusted to allow
some mismatching in sequences so that lower degrees of similarity are

10  detected (heterologous probing).

Typically, stringent conditions will be those in which the salt
concentration is less than about 1.5 M Na ion, typically about 0.01 to 1.0 M
Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature
is at least about 30 °C for short probes (e.g., 10 to 50 nucleotides) and at

15 least about 60 °C for long probes (e.g., greater than 50 nucleotides).
Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. Exemplary low stringency
conditions include hybridization with a buffer solution of 30 to 35%
formamide, 1 M NaCl, 1% SDS (sodium dodecyl sulfate) at 37 °C, and a

20 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

25 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
solution. For DNA-DNA hybrids, the thermal melting point (T,,,) can be
approximated from the equation of Meinkoth et al., Anal. Biochem.

30 138:267-284 (1984): T, = 81.5°C + 16.6 (log M) + 0.41 (%GC) - 0.61 (%
form) - 500/L; where M is the molarity of monovalent cations, %GC is the

percentage of guanosine and cytosine nucleotides in the DNA, % form is
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4. Large aliphatic, nonpolar residues: Met, Leu, Ile, Val (Cys); and 5.
Large aronmatic residues: Phe, Tyr, Trp. Thus, a codon for the amno acid

al ani ne, wohlytvapashbi ¢ am no acid, may 20be substi t ut ed Pby/ts2@e@dsr2encodi ng
anot her | ess hydrophobi c residue (such as glycine) or a nore hydrophobic

asult in sudad PetiEriRe! BEeRTR T veh kAR < iuBn 8 s 3 Rer (Such

as aspartic aengthfopthedhybridrinco@ss pléursnrm@ermngmé tereperaairargeder esi due for
anot her (such as |ysine for 25arg |n|ne% can al so be expected to produce a

functionally d@ﬂﬂﬁqﬂ@ﬁﬁtrﬁﬂ@@ﬁd PHhahwhichc¥e f arcpmelsMenéayHaragss whi ch
result in altg Béhc?é’PgLf)rlcﬁ iD&s %%%gg?eg%gﬁdggndeﬁ %r%"b'g| el s%ﬁbb%@ﬁ of the

protein nDIecu € Wou SO no At er™ Phe - ac |thy of the
protein. Eac taboUt 11 € for epois @t odMIigMathing) shuss Twe hiybridikzation ahe/or out i ne

skill in 30the s is deter f retention of bi ical activity
of the encodd {QN1S W%%@B]WS?%i@n@%ﬂJ IZEto3equUeRRes @é%@ﬁ]g%%'éeq hat
substanti al | I d.dow,, al so
def i ned by t%ﬁ%ﬁtﬁ‘ Eb B R e M B, T e

defi ned abovean be decre@s@r.l éf)l"@d @elbenaﬂyltstahggntmmnditwnsraleIsei&cted:tcd
fragnments of the inst |nv ethos nucl ei ¢ ac fra whose
nucl eoti de s& Lé?ﬂf’é? g‘?%’ é_t?‘nf%g% %ﬁql{egcﬁ?@dl gsc equence
of the nygl eif aadéfﬁhe@fléﬁﬁ@r'éhgtﬁQMPI-IGQ-IB\ﬁé%r”seD@H‘eW SrinGent &Sﬁd’tﬂﬂse' c acid
fragments are at | east 90%identical to the nucleoti'de sequence of the

nucl ei ¢ aci d cRnafiieeedyosidization angieriwashveki, %)r?afoét“r"é‘dbwe—f thas the dmaci d

R S L el

am no aci d om, qugl eodr 1E° @Wémmtﬁeﬂhﬁlo@@frhg@ﬁc?@ﬁﬁdlltlénQ@aﬂmmm of the
am no acid sequence of a pol ypeptide or_ the nucleotide sequence of a gene

to putativel ¥ Yﬁl‘i‘ﬁa‘t@ntmorp‘@ﬁ%ébﬂ"d@ o1r3 déndd. @i 20ek lpyerthandhe
eval uatiqqg off t r\?ﬁﬁ@%@%ﬁﬁaﬁ% rialat bﬁ%n‘d%é%ﬁn@ﬁ‘bosﬂ n&Yand desired

conput er - aut orfa equerice cdnparison and rcation using
al gorithms sUGh traeseBhfABTINaBaskit vhbuaden%ltammmvaﬁam@m'lfbeIstrln@jensgzhuI S.
F., et al

. o, Jd l... Bi.ol., 215:403-4 1993 ener al sequence of
Len or more SbPHERLTANIET RasHSans a8y srenlly BenGiest, Futs | <
necessary | “o%%ﬁ?él db@ré@b%‘uéﬁ%t&éhfn GGty irPa ﬁﬂ'dfﬂ’@é%tﬂh%ﬁ 4y @K@dlﬁédﬂ saci d

sequence as honol ogolls t0 a known protein or gene. 20NMbreover, W th respect
t o nucl eot i desokdignencag, Cg(éormap@la Sqlla:tlcm)ntgermneﬂ%r@mtdenq:reabe@&:SSﬁr| si ng

20- 30 contlguous ucl eot i de e used nce- depend t nethods of
gene | dent 1 EOAEParE 1P TS e e plie 2o ) Cshc RE BT (o o in
situ hybri di zaiden Bk Ragteatish o‘f‘hb@l’éﬁ@ém@é iPREHENH CITI]Q@Q? L@b@ﬂé!@%)

addi tion, short oligonucl eotides of 2512-15 bases nmay be used as

anpl i fi cati orf §shnigutes in Blmnﬂlﬁﬁbﬁd@’r’\/’@@%’@f &iglogypHybridization wiiel ei ¢ acid

nucl oot i do_ sOAREBdd PrdtestPanr), SRRl 4 Rovenu SRR BY, el 7y ' °

i dentify and/rgbrud&eh@rh and thelstrateyyasfinliclgiagokintrobemgsags N gideviersRguence.
The i nst ant ecification teaches the 30con/'pl ete am no acid and nucl eoti de
o

sequence 2&nc dﬂrh@%%ﬁ)t ﬁ@@llcdzf”%ﬁtﬁr@‘%‘@s ridolegylar Biplagy.iGhaptehdvi ng t he
benefit of t%sﬁﬁgpé’t"@ SEhe d|s Osetgbl@ﬁﬁﬁ Bnd Ry NAYLYSENEL NQW Yoork

substantial portion
(1995). Hybridization and/or wash conditions can be applied for at least

10, 30, 60, 90, 120, or 240 minutes.
“Sequence identity” or “identity” in the context of nucleic acid or
30  polypeptide sequences refers to the nucleic acid bases or amino acid
residues in two sequences that are the same when aligned for maximum

correspondence over a specified comparison window.
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sequences for purposes known to those skilled in this art. The term
"conpl enent ary" descri bes the rel ationship between two sequences of
nucl eot i cwokaserswhat are capabl e of Watson-Crick base- pairrisag2mwben2 al i gned
in an anti-parallel orientation. For exanple, with 5respect to DNA,

adenosine is capahl e of - pal L it m a, ine is capable
of base-pairing 3‘?‘%’% ﬁéﬁ?ﬂgggi&%ﬁ%ﬁﬁ @?Epﬁerﬁgﬁgﬁﬁ‘%%}ﬁ%ﬁu on may nake
use of i sol aldeterirveé@ by caeighring taeLdsimalliedlighee seeieheseovary to the

conpl ete sequences, as reported in the acconpanyi n&nSequence Li sting and the

speci fi cat i ofORYaRISPN vy8dewowbenris e Parionafithe ppinusieotideosi ¢ aci d
sequences. T (9T Y f I : jide
sequence t hagb%ll};sp%lpghnle)\%gb%gérjﬁna h%I c’?éls?ér(%r?@ @@%@ﬁﬁ%%%&nﬁps&%ﬂ(ﬁﬂﬂs is
nat ur al | ysas sodetdtions (I.€, gaps eas compared tootha rbfdteses sequencea(@diitte of

controlling the 15 expression. of a codin uence or. functional RNA The
pr onot er seqlfgﬁéé‘c’é@ﬁg]pé'% @%'tmﬁrd%?et&gﬂ?i r@tm@t%gnm ng}‘% ¥%nent s,
the latter el@REBhSO! TR @?Je%ﬁéqf‘éiistc%ma@a SePminfit Hehiab¥r oftn

"enhancer” is a DNA sequence that can stinulate pronoter activity, and may
be an i nnat e pelséivpatat efhichthepidentita musteiaabidtbarsel arguinoe citheagiduansert ed to

20enhance the level or tissue-specifi,city of a pronoter. Pronoters nay be
derived in t RECHSIRGHR SEaveReRRLio el he Juilber of rlchedBBsHanSs i f 7 e ent
el ement s jger ighadingtRENEhider '0? Mateh bsitiéné Qg'ﬂlﬁ’e tdtaNRlrdbér oPosiicHs Conpri se
synthetic DNA segients. It is understood by those skilled in the art that

di fferent pr dmBieewindesyoticoraparisancark prubidyiog the resujieryy 100 to yielstieet 25

response 1o GerTl B oL Rbo e bR ed o BoRRIT ReguHoghoni ze
that since indemiiestaciege tdia ¢ aot liMasodarses, 55%); 6084, 859 y7G%IRsNces have

not been conpl (gtelg/0 defg ned, DNA fragnents of sone vari ation nay have

i denti cal pr &93e.c85%cPP%: O 958, BNy rRtegREPeCantAgermR0% §0 HO0 pr essed i n
nost 30cell ¢ ; t b ; y itutive
promot or g7 ~HReR enlES con B e R AR kol i i Bibdr drdesfond.

"term nati onheegjnences” are used interchangeably herein and refer to DNA
sequences | ocat ed downst ream of codi ng seguence, i.ncluydin .

oy adenyl at1 on r SCOYANER SHONBENBAELPARE b IRBR DL IRty Sledations

regul atory Singﬂf"‘ ahah inaf i d 68% f i

S5expression. T eb%gI%yadeﬂr.']y gtglingng g%ér;[glg)fi S ugﬁg Iﬁ@%hggségtég ﬁggéo by

affecting th@e@étdihﬁinﬂﬂ%%éué)%q{%iﬁ@}t|ih@u@iﬁP9bt’9trr&§ﬂli$nite@j fohehe3Megnlge™ t he
MRNA pr ecur sor. e term"operably I'i nked" refers to the _association
of nucl ei28 adregreay0biedsADRRSEN R ficinionmrtice camipating syl PNSSTATRt t he
function of i f t egd 0 - ronoter is
operably Ii nckr@(g’ V%d#%i\,&glgi ﬁg‘trﬁ'}e{a@%g%@te\gﬁéfnthﬁé?@%ﬁggﬁlv\gﬂo affecting the

expr essi on ofundesstocd thatgvisergsenaente aralysishsdfimete igused fertalysis,under t he
transcriptional control of the pronoter). Codi nﬁ; sequences can be operably
linked to redtdtdh8rosuiseidhe analysiawilhrseagd anthe afaulbyalbreadi H8. 1 n

anot her 15 e i ONS LM eRtd can be
oper abl y 11 nELoR e (g LR oo R A SAC s ek B A or
3' to thest arvgkiesiriRiNAMean anyt $etrof vhkiesargeramieiks toat ariginalstloadnpthenent ary
region is 5  and ]Lts compl efmg[nt..ils 3: to the target nRNA.
the sottware when first initialized.
The “Clustal V method of alignment” corresponds to the alignment
method labeled Clustal V (described by Higgins and Sharp, CABIOS.

5:151-153 (1989); Higgins, D.G. et al., Comput. Appl. Biosci. 8:189-191

30 (1992)) and found in the MegAlign™ program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison, WI). For
multiple alignments, the default values correspond to GAP PENALTY=10
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St andard reconbi nant DNA and nol ecul ar cl oning techni ques used 20herein are
well known in the art and are described nore fully in Sanbrook, J.,

Fritsch, WoBnxzmevsbvhni atis, T. Ml ecular Coning: A Labecatusegi2ihbrzaal ; Col d
Spring Harbor Laboratory: Cold Spring Harbor, NY (1989). Transformation

25 POR o ROELGAP AN BT BERBLTS o DB REedibeRR o oSS i hesi & of

| arge quanti lei?ﬁm@h@@@@béic@ldﬂ?iﬁ of @@rEitt Sd gy @ﬂﬁﬁtéihfse@beﬁcésﬁu'sm?_ of
repetitive cycles (Perkin El mer Cetus Instrunents, Norwal k, CT). Typically,
t he doubl e- stth@kdesdalDimetson ase KJMPA{ER%@AHP&N%TKF%W%'U@%‘E tary to
the 3' boundai vaRaet - ow tenperature
and then ext gﬂﬁ?@@%"@?’?‘%?@r %Jﬁg?@@%g@g?ﬂ?ﬁ?@%ﬁ%&%@ t hese three
consecuti ye KTUBLES2r@ALTPENALDYES, W/ INDOWs4 arfd DAGONALS SAVBM@s40r" s

an extra chronpsomal el enpnt often carryi enes that are not part of the
central neta TqréHQB‘F‘ef‘ﬁgF@@I Jequghges Sa4d thicﬁu§tﬁEVfQ59%96‘?’ IEiSr cul ar

doubl e‘S”a“ga%é YD SRR ¥ SerceHCieRliG™ tv%vﬂﬁ% tﬂ?@“%@ﬂemw "
replicating eqaences, genonéericnt elgsatli?ngpseque ces, phage or nuc(:: Seoti de
sequences, | itaarnn tre sameyragrand. of a singl e- or doubl e-stranded DNA or

RNA, derived fro ny, -Soyr i ich. a nunber of nucl.eoti de sequences
nave been | oi ned de L eaeAo gAML CORACCSI B HATGAT RSt capabl e
of i ntrodyci %tﬁ@d%l@é@lwap‘ﬂﬁ?}%%bﬁlﬁéd bym{ig?iﬁs%ﬁﬁ'Sharp, supra; The term
"genetically altered" refers to the process 0of changing 1Ohereditary

mat eri al by ¢tiggihscDeBoetregIsuper) dndefoshadimtie Blegaligh Urvertipadgram of The
term"reconbinant” refers to an artificial_ conbination of two otherw se
separ at ed sedh@hOSERGENE Rigdormatics computingnswig (DNAPheRi 18Cor by t he

mani pul ati on LSolhate |G nRECA [ ngi neeri ng
t echni ques. ',\&éecg%%i\ﬁ@hﬂaéﬁﬁg?%?%g%eégE&Jrﬁeelp@Pgen%:lgﬁ}ngé(rgq‘%gﬁsgrspéﬁgceII or
vect or, that GvaR RiEGAL 610, GAPOIYVENGTH RENAALICH=0D, Délag Dietrgeal ogous

| ei id ived f. | | di i t d t
Cnconpasa1 hSSSlbyatd. BT ERBtEB I SahALagotE) Wt MAKHUReT et ng
events (€. 9. SeRINDAICHS ﬁ@MéErle—”iUBﬂﬂﬂé[ﬁ%ggﬁﬁn%ﬂ%f)trh@%éd&!éncé’é’ﬂ??ﬁ? ral

transduction, natural transposition) suc t hose occurring w ut
del i ber at e hdmaflusiallMenegram, it is possititado obtain 'avercant identityrdyunm' refers to
a wld-type bacterium.that has,. ndeéFgcineI a ?ﬁ)ont aneous nutation, natural

> tghlea

transfornmati G{Fﬁw'ﬂgtﬂl‘ﬁ a?e"[‘ﬁegﬁédi@?i‘% of 8?”‘%[99{%21 tion; or has been

nodi fied by 25mut agrmEsTI methsd b BIGhmERE ATBh BRdBrite@NSrbuidel by thexpr essi on
construct", "chineric construct”, "construct", and "reconbi nant DNA

construct2y, aAYaliongegentarderchigtepmelggynisiamation (NsddMn e@mpatonst r uct
conprises an artif.i.cial i | .c..acid fragnents, e.g.,
regul atory an cLég P%és' gﬂggé%éeggég%%” gé%hﬁégérsfound t oget her in nature.

For exanple, a recoghvalumidersoddroicdnarslilleé® imthiesdrt treguwhatoleyelsasfuences and
codi ng sequences that are derived fromdifferent sources, or regulatory
sequences an@COBaNER)Idealerreasseldin dntfyipgPohdeptiaes.Jtm@ihehut arranged

0l by e PPREST RIS SLA B RIS Rl Sy B A SARSL Y e
used, then t laeticihoi Ueefol exanples ofpedegandemntitiespociutd@cbutetrb oubt 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

identity from 50% to 100% may be useful in describing the present

invention, such as 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,

30 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
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S5that will be used to transformhost cells as is well known to those

skilled in the art. For exanple, a plasmd vector can be used. The skilled
artisan iwoweldo2amare of the genetic el enments that nust Po@/use@mnt22on t he
vector in order to successfully transform sel ect and propagate host cells

ToThe. ski 11 o £9%4-5 A5sa, BF RSy BAb Gl 850 e RbFudereh et o "
transfornati ngl@[‘eqn‘tbﬁ;lémwerfﬁjgﬂqéntl n different |evels and patterns of
expression (Jones et al., EVMBO J. 4:2411-2418 (1985); De Al neida et al.

Mbl . Gen. Genet|J§1U2,1@}e7'8V®6t'C{rtL©'%)"§‘pa% DAL ﬁéheﬁﬁ?@iﬂﬁle&(e@%@fﬁls MRy
need be SCr eaiEiboe YeABEnts: BRERRBAEDER, AN ASatiER e

15expressi on S Screen I'Shad by

Sout hern analgesleseqbe@b@\whm'r tdilechtkm@ég@esaw ofrmhl/gmepce:selemne

i mmunobl ottin naIy5| f protei pressi o henot ypi ¢ anal ysi s,

among ot her s.coN emplateds-lagléot @HSrrY"eE%Bngs!ﬂgﬂ?artégaﬁé W@%%i”na g¢%ers to the
production ofyAcrELMSEH iR i. ENRSoR M Dal Nﬁw@{ r in

[ either pr ecm@%r Ribr mat uéf]g ° &%l{ﬂte tlg? 9lﬁt?g§uce Ogrrggnagtagr ovi di ng
a nucl ei c acigiveresitg, ,bumdprrmgi‘feot therfenctionta) poopgties ef thei entavdadcel | .

I nt roduced includes ref erenc t.0 &’bﬂe i nco‘rgpeﬁratl onthof a nucl ej c acid into a
eukaryotic orpr%tregkﬁrrey%qmgw@e ubsiiyang ArRESINEH doCthg PRSP YRt or por at ed

into the gengres@hahfs @ethin o@@df iHeCloWsRmg rfﬁfe%@ﬂ?@. to the transient
provision of a nuclerc acid or protein to the cel I nt r oduced i ncl udes

reference to stable dr ﬁi’faﬁﬂba@hatlt:rcharn@ft$|@ﬁt|M”@Dlﬁ5d§Slda§vaé‘1|a, as

sexual |y crossing. Thus mf(ﬂﬁcég in the context of inserting a nucleic
acid fragrrent (e.qg., ?&Eo 1 éconstruct/expressi on construct) into a

cell, neans transfecztl Polarphegativiong tiedrigatiiresidues andrtrgis dufidéeonAspnd
i ncl udes reference to the |ncor£orat|on of a nucleic acid fragnent into a

eukaryotic or prokaryot n, Where the nucleic acid fragnent may be

[ noorporged 1100 tha JeRmoaLildl Hakded RsiuesBTRRPTES; Pl asT .

pl astid or nitochondri al con I nto an au replicon, or
transiently expressed. (kage alipratisf Bommlan@WuesSWet,ﬂ_eumlé,h‘éanOygpus"
refers to proteins or pol ypeptides of comron evolutionary origin with
simlar catalytic funct @Bé The invention may include bacteria producing

honol ogous proteins wi aLl’a FRIma rds gﬁjé@th ; 18;) ,g; osed herein are
es tha ena

vari ant sucrose transporte polypept| e faster sucrose
utilization ilhusastoedpa.fordheraysipotacihalaminera mydropepbic desinaraeidondypept i des

that are capabl e 0 ating . the tr cr into m crobial
col | s vt o8 SiRinlES bl a S €rcdslis Bahhef lesS ARt Fefeie "ar t. The
sucrose tran @@CFH &s$ ingyerial 6k BYE® ﬁél@@ r@@ﬁ@b s@fttay i lsudhe t he
wi | d-type suzrose t?gﬁsr%grter pol yye F | g fromE. Ico |u ATCCCA 3281

(set forth iorSEEIMNO &mllaﬂuccfé@lgw@@hurawlb@oﬁnm@wt@@toffqmet hin SEQID
NG 23). Thes d from
o Znt L et AN B ARG (R ASBLLA9S AU B ghahAle
descri bed i n deithrplope Jositiviety ehargedirevieue fd)Id@ﬁlithélf @dichyassgsineddi on
mut agenesi s, as, described in Exanples 10-26
25  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
not be expected to alter the activity of the protein.
Each of the proposed modifications is well within the routine skill in
30 the art, as is determination of retention of biological activity of the encoded
products. Moreover, the skilled artisan recognizes that substantially

similar sequences encompassed by this invention are also defined by their
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20her ei n. I n one enbodi nent, the variant sucrose transporter

pol ypepti des have an am no acid sequence that has at |east 95% identity to
an am no woi2dixeguence as set forth in SEQ | D NO 24 basedTars2@2@s1282 al W
nmet hod of alignnment and having at | east one am no acid change sel ected from

bhenyl o ant netidy FLbBRiges phid Bl Soaiins, B8 5ePheRBBbLECh el ne o
position 162; (iv)Pfetredeubstahtisiy sinier aticle@sadit draghtshits 30(he) inkeiei ne to

tryptophan at position 61; (vi) leucine to histidine at position 61; (vii)
| euci ne to pHRBAtENATE Hleosa Nyelgictacih freameattwhpge nugleodde sgauercasyr osi ne at

POSi ti 0n 1. oro ot 1o 73AOHBRTCATOUN HEDbOLALSCNAEAT S UGHRRE, LERNSPOT Ler

pol ypepti des "have an am no acid sSequence as at lea entity to

an am no aci dregeprescepatediereirar More pre3eet Dubiddciddsmpnents dre@tust al W
407 am no. acids fromthe

met hod of align and having a |l ength of 402 t

N-t er m nus. 'gasq%%%/ﬁ' cadP tg%‘é‘&leﬁgﬂ?,seﬂHén%P Hie NuGlRIFSEI t r anspor t er

pol ypepti des i icth S Yot d tity to
RGeS réBriky R drg@éggﬁ%ﬁé@@gé@c@k é&a?ﬁag%mm

an am no acid sequence as set 1 44 base na 10 Custal W
met hod of al iag@@tlaast Ba% idgnticdldadghdnotledde sequ@vceani the raciais atidom t he

N-t erm nus, ﬁ%(cé hayi ngpah;ed east one of the am no acid changes |isted above.

I n anot her e Hi‘qﬂgﬁtr, RA Del€int sucr ose transporter polypeptides have an

am no aci;g sequenges@efitiafpbition? bNen AhANG atkl Grafidi&dtidedsefueneE®@ | D NG 26,
SEQ ID NO 28, SEQ ID NO 30, SEQ ID NO 32, SEQ ID NO 34, SEQ ID NO 36, SEQ
| D NO. 38, SEdhatmpaxipacomeEgNgrENognof the@nsrgacil seyuenceqfso di scl osed

recomi nant - Seniepef S Bl E8eldk SRk tneee LReBh G R Buusf a0l Bt oe
transporter polygepitiede gede, desahbednalionalustith 6f theSegkhele bgemeence
encodi ng a pol ypeptide having sucrose hydrol ase activity. The bacteria may

be variant oskillggdniigart Oy FRMPHIEr PEOMACEeRIURNCE CQTRRIEONAT each
operably i ”W&tﬁi@af@‘?ﬁiﬁg&al Srithndd chW&'é"BLR% Slc LJ&b‘?%‘ﬁﬁPﬁ%ﬁf’“ a
a grea bac

met abol i ze sucrose a er rate than a terrum contarning a

w | d-type su@ezseh Toahsyischely Spél,\grept V.d&/ohaBiong 24 6:403H4110 E@93))sdquence as
set forth in SEQ | D NG 24. The variant bacteria conprising a

nucl eot i de s&GHETR? ERAGAIGRPTIEN F MARE CONHTYS @’F‘éﬂ%%g?gpﬂﬂﬁy eptide, as

Sucr ose. hydr o e R P R o B o B b g
wi | d-type baoreuckic acid sequence as homologous to a known protein or gene.
20  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
25  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
enough of the sequence to specifically identify and/or isolate a nucleic acid
fragment comprising the sequence. The instant specification teaches the
30 complete amino acid and nucleotide sequence encoding particular
proteins. The skilled artisan, having the benefit of the sequences as

reported herein, may now use all or a substantial portion of the disclosed
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strains containing a sucrose gene cluster, such as the cscAKB gene cl uster
(SEQ ID NO 45) fromE. coli ATCCCA 3281, on mninmal sucrose nedium and
sel ect ed wheof3aes®s growi ng strains, as described i n Exaeplus2dizioere? n.
Additionally, such variant bacteria may be produced by nutagenesis of
bacterial strain ont ai ni r 0S€ | : uch as the cscAKB
gene cluster S?@I’:%Wgﬁ @puﬁg%egr%ﬁ%@ t%ctgggg%lf‘wﬁ %gfﬁ Sfor exanple, using
saturation nutagereg eraScoepriméadn tdstapss e dlatichhiehetiveenRaeobi nant
bacteria conprising a nucl eoti de sequence encodlng a variant sucrose

transporter SAYBRERS elenuceotifeshasasdhabpm eapaiieiohWalserrbiricidasequence
encoding a p Iﬁﬁp&,’ i < r .10 (YA wbe
constructed ?Yl rhgﬁgp%é@ﬂweﬁﬁ%@ﬁz%t@ﬁo@éﬁﬁa@r?ééﬁrﬁ\%hﬁ)lgﬁ%ygbl e host
bact eri unms eirédmact iten DNA el egpesimeeis @apableadt Basgspaicng withctbyimireaand const r uct ,
usi ng nmet hods known in the art, as descrjbed helow |n sonme enbaodi nents,

t he reconbi n&bﬁosﬂ%ﬁ:ls&qpé‘b%'%{%B@'Qnﬂwm%ﬂm?-zﬁqﬁor ' cibst@et'@ﬁtﬁ%duce

gl ycerol andj ; sk ALK i i ﬁﬁ\)tpé teria for use
in the constr”ﬂycetrlﬁlgﬁqﬁ%)pme r%corrﬂ?én@%bc@g%teéﬁw |sc®(|)£§e)§+aﬁt§féei n incl ude,
but are not Iconmpleuentary to dencanpletd sequeenpasaasarepestedan itrodi a,
Streptococcus, Agrobacterium Bacillus rynebacteriu act.obaci |l | us,

3 ostr i um HecABROREG S RReE g Shd T SR pB A e LA MaRTe.,

Aerobact qp, MabBineBmE siRdilar AakNStildeqden&d.ept onyces, and Pseudonpnas.

I n one enbodi nent, the host bacteriumis selected fromthe genera:

Escherichi a, Kl ebdingl tean “solatetharsfens, to aneol peepiistec L& nucleptide seaeence

the host bacti tne e LS HlleaS; G KelpShel ERpum e B host
bacteriumis g3§&cigtetlds in its native state, or may be rendered PTS m nus

t hrough inactivation of a PTS gene_as described bel ow. In production

i croor gani sms, i f‘Pf%'n%t@ﬁ%rlelf‘?Fégo@e@NAa‘iﬂoé’eﬁée@ﬁpﬁhh@ of controgdtthansport  of
the sugars ba RETig ghs epane ek RRER KRR e DRHRORFY fer ot o
reducti on i nsequeat®tosdisterdf ppdxinmadhandehore digtablipsicdamelgments, tes) , as

conpared to the acti vi f the wild-t rotejn(s). The PTS nay be
hact ] vated (A HemAGHS oifen relreSiichas EhBpgERRe Ot diaginan caanaidey
expr essi on_ofc AARISGBE e fndldSn RISRBARCAIRAG KAt 15o B Ot i NS

required in this type of transport. Down-regul ation typicall'y occurs when
one or nore dinataesemgeineithagsomoterdirsy hgteraogous efleerentmseartedale i nserti on,

del etion, or targeted tation wthin a portion of that gene, that results
' ei ther'a EOmANG: Bieer R SR ey R A B e At ek PY  om t he
genome and NQjepived & thditentirafsterthefngtivedgdid i ibe dompdeR ot difegdnat ed such
that it has an insertion, del'etion, am no acid substitution or other

t ar get ed nut &lepantsTrsivieddeam @iffesent prematersdiosnd it Nere not ééepr ot ei N may

Ciermnal peerinsiesrttiArRm Ry BT5HiBeeiond BF SO Rttt moai r o
activity w t larrteapeifferért gromopsretreay dirbett theaspraysich 6f aipead.in diiféresn be

non-functional. Down- re‘gul ation that results in low or lack of expression
of the prdt eitigsuenar gelhiypssr esai diffgreat ﬁmeﬁmfﬂ%@pmwtwrl@gasa@m

seauences, U HGRTRIER QR ARIHAIRD If X AHe ADRlcB ARkt poduct | on
most cases the exact boundaries of regulatory sequences have not been
completely defined, DNA fragments of some variation may have identical
promoter activity. Promoters that cause a gene to be expressed in most
30  cell types at most times are commonly referred to as “constitutive
promoters”.

“3’ non-coding sequences”, “transcription terminator” and
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The reconbi nant bacteria disclosed herein conprise a nucl eoti de sequence
encodi ng a pol ypeptide having sucrose hydrol ase activity. 20Pol ypepti des
havi ng swoaess/Rydsol ase activity have the ability to caCaluszebe?2?

hydrol ysis of sucrose to produce fructose and gl ucose. Pol ypeptides havi ng

N e e e S o e S

encoded by gﬂmA@%qﬁehcwlbegteﬁedmmmmmbfbwdd Igcgecﬁl%@cbun%ﬁj 46), CscA
fromE. coli ATCC(r)13821 (set forth in SEQ encoded by gene cscA

(codi ng sequ@%@@@ylaﬂ@ntrﬂcmltweweme&@nd @he;z\seqawcasmrwsﬁtg erium

| actis strain d by gene bfrA
(coding sequen@g &?%fg% %égéagé%gf Pgéwl\%% gm S@égﬁeharonyces
cerevisi ae (saerpréssndrh The PBYalbnAatididskdel iseusueie dhbyagenzediC2 (codi ng
sequence set rt h om Cor%nebact erium am cum

(St Torth | #TGRipe beslsn oLReNakENYF GuRuasky B EGPRG AL BRNASer

forth in SEQM&t N9 54): sucrose phosphoryl ase from Leuconostoc
mesent er oi de DSM 0193 (set forth in SEQ ID NO 57), coding sequence of
encodi ng gene set Thertermi’ op@E@Iy i K0! Eﬁ,eratmdthemasosetlphmmohejd acsid from

1 Sonact ot SGELe8F S0 3e 08 {3l el B S 0n odlly encocer

embodi nenp, HRcRY Eép@i@étﬂ@r haw @ﬂarﬁF@ astomuirak dperaty liMkéd with ! assi fi ed
as EC 3.2.1.26 or n anot her enbodi nent, the pol ypeptide

havi ng sucr osedingdrasiugnese amanit is/capableof péeciingtbe.expressioreof tant i ty, based

Corthin SeotPENeileniBy ¢ RbbQUNE S fedls BB GudfreHREMGRF S B
NO: 55, SEQ I RoNgobdf therpr&fQtdr) Nddafy sequences can baepdrablyamkeditoent, the

pol ypepti de having sucrose hydrol ase activity corresponds substantially to
t he anmi no aciregya %ﬁ@@ug@t‘esﬂﬁr&t PENSE ALAHISENEe OKgNiggion. In anots r econbi nant

bacteria C; ence encodi ng
a pol ypepgl d(Eal %ﬁquie qﬁ??ﬁ@%‘f@%ﬁgs@gﬁ?. wdﬂlaﬁs L p'(bg?ﬁﬂdﬂ? %@v?ng

f ruct oki nase O@etamyihyked]cémtnéedfrectm orklndateetg/ @@ir@tar@l rERNA, or B % and
vari ous hexose ki nase VI ng., f.ruct phor ting activity (EC

27 03 ana e SrpemNA o o R Esh BRI AT S PO REFNGE exhi bi ¢ ed
by “hexoki ”as‘???léﬂq's ':‘aeéﬁ’é‘ﬁé%hﬂﬁéfﬁént BePIS RNAGeARBR(ES encodi ng

pol ypepti des oma variety of m croorgani sns, which my be used to
construct the rect&i@mdaxdtrebambmanaDdN/kehdMeh@aeclwnlr@fechnaued usadTabl e 1.

Simitar c5 aBreners Vi byt insBRe oAb e e 8te LV A SR iBRkas
encoded by the rrasgs E.FShed Manhid@d| e Moleb@yr 8lGingeA Uﬁ@dratoryﬁﬂéh@ﬁ Table 1
Sequences Encodi ng Enzymes with Fructoki nase Acti Vi tI\K( Nuc eotl de Protein
SEQ | D SEQ | [&old Spring Harbor Laboratory: Cold Spring Harbor, (198
Transformation methods are well known to those skilled in the art and are
described infra.
25 “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).
Typically, the double-stranded DNA is heat denatured, the two primers
complementary to the 3’ boundaries of the target segment are annealed at
30 low temperature and then extended at an intermediate temperature. One
set of these three consecutive steps is referred to as a “cycle”.

A “plasmid” or “vector” is an extra chromosomal element often
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Gene NanmeEC Nunmber NO NO 60 61 2.7.1.4 62 63 2.7.1.4 2.7.1.4 64 65
66 67 2.7.1.4 2.7.1.468 69 2.7.1.4 70
WO 2013/025945 PCT/US2012/051222

carrying genes that are not part of the central metabolism of the cell, and
usually in the form of circular double-stranded DNA fragments. Such
elements may be autonomously replicating sequences, genome
integrating sequences, phage or nucleotide sequences, linear or circular,

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

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

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

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

15  engineering techniques. "Recombinant" also includes reference to a
bacterial 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,

20  natural transduction, natural transposition) such as those occurring without
deliberate human intervention.

The term “variant bacterium” refers to a wild-type bacterium that
has undergone a spontaneous mutation, natural transformation, natural
transduction, or natural transposition; or has been modified by

25  mutagenesis.

The terms “recombinant construct”, “expression construct”,
“chimeric construct”, “construct”, and “recombinant DNA construct”, are
used interchangeably herein. A recombinant construct comprises an
artificial combination of nucleic acid fragments, e.g., regulatory and coding

30  sequences that are not found together in nature. For example, a
recombinant construct may comprise regulatory sequences and coding

sequences that are derived from different sources, or regulatory
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71 72 73 2.7.1.1 74 75 2.7.1.1 I n one enbodi ment, the
pol ypepti de having fructokinase activity is 5classified as EC 2.7.1.4, EC
2.7.1.3, WO2BG/@25951.1. I n another enbodi ment, the pol ypeptisdaianzeng
fructoki nase activity has at |east 95% sequence identity, based on the

Cl ustal W nethad al i nt, t ] i as set, forth in
SEQ I D NO 61,SQ§|’:%%%§ %\Iéﬁg §§$IH§§§QF55%§§§§{?\9%§%OEB%§%%2@§§@§%9, EUNQ 69, SEQ
D NO 71, 10 abeRgel iNg mann@r diffefent Bhd¥Cihdb found in ndttirean@tdres conbedetment ,
t he pol ypepti de havi ng fruct oki nase activity corresponds substantially to

the sequence M@t D¢ &iSEA yrtsSHEQNIMANRE 61560 Th EOBMALHRY ¥éh ARYRECLT ITBhe genes
encodi ng pol X/%ﬁfbtr'iéj%e@a[kféﬂ%é)ﬂw%{ies%tf \/g%{ ﬁ?&%ﬁ%o%‘ﬁ‘f%@?)ﬁ tﬁé(grié?hé’é’e activity
[ 0 Ty may used

and pol ypepti des havi ng 15fruc I'nase activ 0 Isolate
nucl eoti de séloatemit ds et trensiomm hogiocs sped ig regk kribesn fo thoseskilledre or

other mcrobial s ies. For ex | e, honol ogs of t enes may be
Cdenti 11 ed udhRETSEQIENEE R 9_%%55?9&%@@9%9}&%2? it RTRE 24588 ch
publical ly ayg| %\Dé% &%ﬁé?‘eﬁeﬁ&b@ﬁ&ﬂﬁ%ﬁ&ﬁngéﬂ@@gﬁé&ntM@hé Lep@al by, the

i sol ati on of 20 honol ogous genes using sequence-dependent protocols is well
known in theredertto dsbcaapdfeoby trAnsfequeselectane: popagape bostcaslls i ncl ude, but

o o e md A e Lo B SeeRhh B By ocs,
anpl i fi capi orTHeesliRd AGLES WilkaBo rBBOYMES A%4 diffdrent nRRPEA@EN( PCR), Ml lis

transformation events may result in different levels and patterns of

expression (Jones et al., EMBO J. 4:2411-2418 (1985); De Almeida et al.,

Mol. Gen. Genetics 218:78-86 (1989)), and thus that multiple events may

need be screened in order to obtain lines displaying the desired

15  expression level and pattern. Such screening may be accomplished by

Southern analysis of DNA, Northern analysis of mMRNA expression,

immunoblotting analysis of protein expression, or phenotypic analysis,

among others.

The term “expression”, as used herein, refers to the production of a

20  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
to the incorporation of a nucleic acid into a eukaryotic or prokaryotic cell

25 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”
in the context of inserting a nucleic acid fragment (e.g., a recombinant

30  construct/expression construct) into a cell, means “transfection” or
“transformation” or “transduction” and includes reference to the

incorporation of a nucleic acid fragment into a eukaryotic or prokaryotic
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5et al., U S Patent No. 4,683,202; |ligase chain reaction (LCR), Tabor, S
et al., Proc. Acad. Sci. USA 82, 1074, 1985); or strand displ acenent

anpl i fi cavpoem3(BB¥y, Wal ker, et al., Proc. Natl. Acad. S$8cir/usknigosuz22 89:
392, (1992)). For exanple, the nucl eotide sequence encoding the

Phe” 101 dent 1 FEBVISR 07 MHEKE a4 BB a5 B AlecfodiNd i fia Qo8 1
appreci at e t ltheyeslete.§NeRIM@sdrng selap®iy, prastiddesmitechariceial DINAm, ot her
sources may al so be used in the reconbi nant bacteria di scl osed herein.

Addi ti onal | y copyeited iniaan; autenemAus Irerlicone Ok EanTiRR ks eXpIesaed (- Bhe

pol ypepti des ﬁrﬁﬂ-ﬂl A t hout 15affecting the am no acid sequence of the
encoded pol ygfe‘%t%f%gedue t)(l)%'codon degeneracy, and that am no acid

substi tutbons, delEhe term ‘tonsaldgdusinefdréd protemsce polypeptitesofal |y sim | ar
protein may be included. .in the,encot%ed rotei n.. The nucleotjde sequences
encodi ng var iCRAIMQN EVBLEHOPARY R W SFHBY %@M'Pé‘é@?’“%l WVERERM havi ng
fruct oki nase VAl i i i - : activity
may be | ool af g ol i peIen BIRERYY RETOLIOTROAIERE [SUIRRLBEY S
priners desi gegthdagybound t he desired sequence, as described in the

Exanpl es herein. her hods of gene isol ation are well kpown, to one
Ski1Teq i n the ar DSSOSHERORD B(F VAT SUBHRcraistpior hoboeBPaRR iR of ogous
probe hyhpi dighabieofastetiicrosel @Rtzbion FEEHEBAES StRfbsd gandpordien cal Iy

synt hesi zed or purchased from vendors such as DNA2.0 Inc. (Menlo Park, CA).

Expr essi on ofPolyRepbigey peppplyeertidss hat ard eapatle o megiating b BUEPeNt met hods

encodi ng ¢ ne pertEsBebREedhl cos R ot brith Bl ke geshe
bact eri um on amé khewatin @ne afulThecsuryoss aanssbrierpdiypeptides @istlost@ one or nore
copi es of the coding sequences into the host genone. The nucl eoti de

sequences en¢EHRIAGIE NarigaisyPdpe mildstyra puswsertanspeeien PPPEPi¢R Cs6Bt
bact eri u%sel?@n??iglcéﬂ{ifbﬁ(%1§%fsfﬁrf O@n“%%@?[ﬂﬁlb:?ﬁ, hb &b gat | on

(e.g., on a sing plasmd acteriumcontal ns a gene
encodi ng one sefjuehee pet fprthdh SEQ dBNO1239n Toeby vatient &mmose trgnsparterot | de

sequences need to be introduced into the bacterium For exanple, if the
ost bacter | FRIXBROGPR SIS AR B8 (1A VEBaNeAcOHIZRS Tt SXBBHABE te havi ng
fruct oki ”asegz&{vfhvbr‘i ¥ucrdRkY ad dBEEHIRRY X ARHIESACE heRGARYbMRer POl ypept i de

havi ng sucro ransporter l10activity and a nucl eoti de sequence encodi ng a
pol ypepti de lidantifigdnycsatgrationdnolagssesist ay degentsekintokdmepleatiOediced i nt o
the bacteriumto enable optinmal sucrose utilization. The introduced coding
regi ons tfat hglree'neither on a plasmd(s) or in the genone nmay be expressed

fromat |east one|hbgBlemssdiment, AR VaFigAt sUlosdir8B§E3resH solfbdiiidesgi on nmay
ei ther 15be introduced as a part of a chineric gene having its own

pronot er, or havemayamino agid geguencatijahbaatat ieash Spigisdentibyctoi arcaminghot er t hat

oromot ars. 1 neisiRedl e BerJorth T SECh Y NO Y RARSE G AT WIS o,
P&, PHOS5, GaPRlignbat adRRavingRAIeadtibd2, arfiNg, acididhbage s@léated, frératthet r p,

"EL, "ER_T7, tac, and trc (useful for expression in Escherichia coli) as
wel | as t2he &FQUP §pRSiSting Obr onot ers and vari ous phage promoters useful for

expression in Bacillusy TheBROWPhRSIinEBY position 61;
(i) phenylalanine to leucine at position 159;
(ii) glycine to cysteine at position 162;
(iv) proline to histidine at position 169;
30 (v) leucine to tryptophan at position 61;
(vi) leucine to histidine at position 61;
(vii) leucine to phenylalanine at position 61; and
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al so be the Streptonyces |ividans glucose isonerase pronoter or a variant
t hereof, described by Payne et al. (U S. Patent No. 7,132,527). 25In one
enbodi merwQ 20tse26®8onbi nant bacteri a di scl osed herei n areTaspablos120f
produci ng glycerol. Biological processes for the preparation of glycerol

usi ng car bohydrates or, sugar I nown i ts and in some bacteria,
ot her fungi, and al gae(yﬁ'ggéﬂaﬁgéfgfﬁpgwg@é%’ég@ﬁs&produce gl ycerol by
converting gl ucoségn ahothichemsuriileny dietasantUckbseughsgdrter

fructose-1, 6-bi sphosphate pathway in glycolysis. In the rretpo,d of produci ng
gl ycerol di s@obEptides pre aRaninpAA¢ FeauUense that Nasat taast 9a% iderlityy pr oduce
glycerol. In itian, I JRY igtt%gr r uct i of

gl ycer ol andtggacatert@p a(flgd??\é/g?él'@ces. eOEtQB’gim y”?téﬂrég'ld'y%%ol prog] uction
froma vasi etGlusthl YWisthed eSalignyndret gmdovavdegl atléngthgdf 402et0edQTr @agioon of the
enzynme activities glycerol -3- phosphate dehydrogenase (G3PDH) and/ or

gl ycerol - 3- pﬁ&?%nfé‘g@st@eﬁgt%'w-i bed in U S. Patent No. 7,005,291. Genes

di th ' i '
encoding these pr‘Pr'it%hgfhefrféﬁﬁbd%eﬁﬁéﬁ@‘?/Qn%rgtasﬁé’éuéagéhgg)trﬁé?e enzyme

activities in a hos acterium are descri . ent No. 7,005, 291.
Sui t abl e examolyeeptifieg bnes aararvitiorarig eeques ithas hasat legst 95% identity

gl ycerol - 3- phosphat e dehydr ogenase activjty Jncl byt are not limted

Do) GPDL 17 ot 20 SROCITR I e v eiPHb Y SRt MY RiAsEdR &1 or th | n SEQ
| D NO 1, gnc@igstaPnOhfittiod 8eaRIHrRerfehalifg tENehthHAIoND 2amaisla&igs2 from

Saccharomyces cerevisiae (coding sequence set forth in SEQ ID NO 3, encoded
prot ei n sequéivre threN-tegniys; ﬂndS%@Vlng ayteast. oreuefithelamian A eRangesgenes
encodi ng pol ¥'$%%Eée®% havi ng gl ycerol -3- 15phosphat ase activity incl ude,

but are not | to, GPP1 from Saccharonyces cerevisiae (codi ng seguence

set forth in SEQ lIPahoiHer eefissaii®enntioé @anasesiteosetrarspdresrt h in SEQ I D
NG 6) and GPP2 from Saccharonyces cerevisiae (codin setuence set forth in
%E’Q'I

. . (
SEQ | D NO 7, POhRsHEdepnaveian HBHAAE Seaiencs: seiested SOUp) .
20l ncr eased L [ t iS'I‘_féi h i i ng
expr essi g?\ o%bﬁgfrég@%@n%%)g%ﬁ?'%éér%@ I%E)'\lvglérsggu at”?crw\@b ’grll_zgggﬁénous genes
encodi ng gl ydnD32, BEGaHe N34 gBECQe D N8 ySEQUENNER3BCIEQR 1D HO:4Qr t her

enhance glyc roducti o scripbed in U S Patent No. 7,005, 291.
| ncr eased chg-:rrﬁ?élllsr@(g ' @8 bﬂ::Qﬂﬁ 'ﬁ;{)sf@er ol may be 25 acconplished by
reducing the expregs eﬁc%eﬁ%réﬁﬂ%émgk&ia%&@pﬁélﬁg% Heiddorghebispyde
3- phosphat e dehydrogenase, as described in U S, Patent No. 7,371, 558.

Down- r egul at iableashpnbeecaombinaint sbrsirunf ausiakeptiteysentencd dacodingian t he art,
for exanple, the nethods, described above for down-r | ati on, of genes of
the PTS Syei dhabRaGIRSs BPRSPoNT R E s oF SESEMeS APRPbIAT € or Sauct i on of
useful produgfglectiyaselgBened eR6Hing=08bIghSptide aving ki &rse hydrsIAYat | ves

i nclude, but are not limted to, 3-hydroxypropionic acid, nethylglyoxal,

1, 2- pr opanediagfivity. i bactera spgankeivaiiant or recomhingnbbaeteriendd® nent, t he

 br opanedi B EorHE SPDEhFeTSrsl 7L opSaBy BRER S it sPERYE Bfetoiver
havi ng pot entgremotdri ITHegeibactdra imetabatize &ucaisebqadl yasit@rraté beinsa and t he

manuf act ur e of Fo_l yur et hanes and cyclic con&ounds. 1, 3- Propanedi ol can be
produced 2By &Hasfaiising caNi@INiog §amidsHiPsySUSr@OIIRFRATRT RAIYREREHe B INGubst r at e

other 't han” glaycenl, fio dbBYSROXYESE! AR nAEQIONGRRM in U.S. Patent No.

5,686,276. In thi's bioconversion, glycerol 1Ts producéed fromthe carbon
substrate, as 1l0dd$ervdrmadt bbcteda dGhywesimg ainsictotidersegdence eheodingexr nedi at e

3- hydroxypr %irigera élﬁjc?’ggg ?raRgpgrtgreg]c}i%ggt%sé?agréze\égﬁbegwggg\pe,ca%% ab ©
nucleotide sequence encoding a polypeptide having sucrose hydrolase
30  activity in their genome may be isolated by growing wild-type bacterial
strains containing a sucrose gene cluster, such as the cscAKB gene
cluster (SEQ ID NO: 45) from E. coli ATCC®13281, on minimal sucrose
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encoded by the host bacteriumor can be introduced into the host by

reconbi nati on. The dehydratase can be gl ycerol dehydratase (E. G 4.2.1.30),
di ol dehywparsses{E. G 4.2.1.28) or any other enzyne ablPeTtuszmﬁmalzai yze
this conversion. A suitable exanple of genes encoding the " (al pha), "n"

1123 BB S B 2 2

(codi ng sequenssreet Ad@itibhally) sGERVERaN®EdSria Al Fﬁﬁiu(céadjyng sequence set
forth in SEQ ID NG 13), respectively, fromKlebsiella 20 pneunoni ae. The

further convé‘ﬂlét?@ﬁnéff'SB)fﬁ?@@ﬂﬁb?ﬁf@ﬁﬁ@ﬁﬁt%ﬁg@él{%oqe geng ebIStRIdsH e can be
catal yzed by 1 her
al cohol dehydr ogenasegge% clﬂg%?‘gég)@g'ﬂ? ' E)ﬁonﬁﬁecélhégg‘)cr%{%ﬁt

1, 3- pr opasedifor extehyldy Oglﬁg%ﬁ.lrbﬂomiMTGQGMBIKESWSGM)@ pnExampiesel §-codi ng
sequence set forth in SEQ ID NO 76, encoded 25protein sequence set forth in
SEQ I D NG 77)26 l@{et"eri a can be reconbi nant | y engi neered to provide nore

efficient product '%o%bﬁéﬁ/t%dc@éné‘@&n?ﬁé‘n@'ayﬁ@él%tldi@éé% cé&ncoding

1, 3- propanedi ol . For exanple, U ent 005, 291 di scl oses

t r ansf or med @ \arEot gaoiosegranspoeenpolypdptide, e dehocibedrabolveghydar ol and 1, 3-
30pr opanedi ol th advanta es der.ived frome eSS|n exogenoys activities
of "one.or - borasPUgRRERNBNCS SprSkbN & RO WSTR e nas SOa RS VPR Re 5.

phosphat gophezRlig} A% b@eér%tmcﬁéw@y Mg RrRMEhelfidedideaitdR@rBesimto a
activities glycerol kinase and gl ycerol dehydrogenase. U.S. Patent No.

6, 013, 494 destitablenast paoicsisisn, feher o e geremnemren at lgagirasiganedi ol using a

ey ogenasdeogToRaR BB I3d BRRAS (HLGE s da DoraRd8ERa, g
1, 3- pr opanedip@iowex irfigsredushiesdimedis the dehbinEnSadtsetig are bapatfie 536, 576

d| scl oses a nethod for the production of 1, 3- gf)ro nedi ol conprising a
recombi nant MePBBNIZAG SYROSE e MEPIUGHEyEeiohgn %Q%F@tdﬁ@egrﬂﬂo‘%@ﬁel n X

(later i q?”t' fied sgﬁ@?% %%ﬁscﬂ%éé% HEAEhstAlciBA in’r‘fe%]%co?r?c%é

10U. S. Patent No. es an i nprovenent to process V\/nere a
significant ibractems@sclosed here||(1 grchude, foud due hopkmitéd te@rgrgasisotstafithed by

virtue of anon-self tic activjt dj stinquis edfrom
L 5. br opaned BOTeTk KT iedBPa ol BliCsdees SRS UG HARILR, 3.
hydr oxypr opi é’b‘é’&@n&:ﬂ Ea&o@é@:ﬂé{ Q@'lb@irrduﬁﬁ déf?wc‘?)%bbé’ter Uckropdrient No.

157,132,527 discl oses vectors and asm ds use for the production of
1, 3- propanedfnterobacter Klabsteﬂasédrqba@mrcMe(ﬂnylobadteeﬁﬁlmpaaM| ol may be
achi eved by f r 2 ITDdIal(chWC i ons to a host bacterium including

down- regc?rpatl Q’E’V@%‘%l get genes and up-regul ati ng,

expressi on of othey ohéréiﬁtbocﬂﬁié% thé%os?@a@t@ﬁ@ﬁi iBed|ddled/from fhat rlo.
7,371,558. For utilization of &tucose as a carbon source in a PTS m nus
i

host , expr essisshedehigl Llebsialas itephaoten gnerd\erpeagtacr eased. Addi tional genes
whose | nor eased of, URok AUl Sl BKPLES R OMGAAEHFASE - 2rpr gpaped: o

producti on |nclude es’ enco nol oxyl ase

typically charact énisee @nbbinferits Jihéhos@bbéﬂeh&hﬁ:@ﬁﬂ'&dﬂn%ylrt thegef er ase,
typically characterized as EC 2.5.1.17 non-specific catalytic activity
that is S0ff ,e&n@@mpatsegﬂ%h%tebqqﬁ%rlum is PTS minus in its native state, or may

be rendered PTS minus through inactivation of a PTS gene as described
below.
In production microorganisms, it is sometimes desirable to unlink
the transport of sugars and the use of phosphoenolpyruvate (PEP) for
30  phosphorylation of the sugars being transported.
The term “down-regulated” refers to reduction in, or abolishment of,

the activity of active protein(s), as compared to the activity of the wild-type
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30i nterconversion of 3-H PA and 1, 3-propanedi ol , and specifically excl udes
1, 3- propanedi ol oxi doreductase(s), typically these enzynes are al cohol
dehydr ogewaes/025945 Genes whose reduced or down-regul at @dTANPIRSSI20N

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

bhosphot  ans Oy Tak e T A% AT B hga e s BSUNEEF aord s Bbly ar ogenase
tri OsephOSphairgam@mtygzm/rﬂ-Eb Y @gressionoe oflelty thi@veasiahe I n anot her
enbodi ment, the reconbi nant bacteria disclosed herein are capabl e of

produci ng 3- I9EPERIPHDELRRS @n@szdlag the prRieipRieR &b PislyPe qiﬁé@nﬁpwi ty for
ialt

hter med at ey oA BBy RRBHE Wit pRek? e Thede GEREERAD | i ¢

by dehydrat i ddlsrumionr’l,i refexting tdynaxseattidn odelemt,ejrstart@etasnmtatfomwtthmn

reactions with al co ane b ducti on.
5 i dr oxy pr ot RATTGN S0t sifien Lick T SRIBan SNET BGREHTEP 99 Gni0GeHhent abl e

car bon sourc nd
commont - ownayel EathBdene T eRAERBIPRe dndife sny bl A RO TRaReRY |,

one repr esentodtai pretain @ayr’ueleettransﬂﬂied\w;zh thatabh&an smﬂﬂtlmra,tchaletwrconver ted to

. 3 pr opancdrBInO AT S BB Fb e AR U aenc dneapEeipT B e
3- hydr oxyipr oRjigtdpGorafH metmo?erh Mebe der é%m?r 9Athabhe ﬁueﬁrﬁihbpp&aﬁaﬁpl es of
al dehyde dehydrogenases include, but are not 25limted to, Al dB (SEQ 1D

NO: 16) enco@ééhe)prthe QF. Wighan th@@nf@rralr@pottm wghg@q@@rrbem@ﬂlsr@pteﬁ in SEQ

sequence set A aethersTee, IR Wity Hiphell Gues PotwB B8, Betfebicd by

the E. coli gewre @dddnﬁtt,@dlb&n@rﬁ‘—ﬂﬂﬁjm@ﬂaaslé\ﬁ\/nfr@gullatlbﬁtf‘fﬁ@e‘s@té\ﬁléﬁl) 30Many
of the nDdlflcatlons descri bed above to inprove 1, 3- propanedlol production

by a reconmbi PARCKRAI@EresHieT 2htha reteja, Qﬁiﬂ@aﬁ? r%“d{?e”@n% B5¥8ytheopi oni ¢
d t t
ol yeer of 15 of Ryl sERaTRe. ehSaficH 834 riBlalin KGR Aot 1888, Bl ng

re-convert ed ttans@3é&tiat p&aﬂhwagspemlsyeusé oA3éhsellantisenseoe RNAI tedh rahogyf,

gl ycerol dehydrogenase (for exanple, gldA) prevents glycerol, forned from
DHAP by the &&:ion of NAD dependent 5 glycerol -3-phosphate dehydr ogenase,

from being_ conver g feodidit BEKAGRI @880s i hefdiR BanfiRRebEn dssided t owar d

a structural gene so as to Iinpair or inprove the activity of an enzymatic
activity or (saqubecejene@dlegatmMmept@jerfmgAMgasmrpsg@tydrolamBotdmtyg pr onot er

:‘)fegla(r)]ns and { o;%seopr{%eg'hréc\ﬂnn suscgrct)seeS hygrolase ac%vqo%ave he aB?tyefépcaefg@' gn level
the hydrolysis of sucrose to produce fructose and glucose. Polypeptides
having sucrose hydrolase activity are known, and include, but are not
limited to CscA from E. coli wild-type strain EC3132 (set forth in SEQ ID
NO:47), encoded by gene cscA (coding sequence set forth in SEQ ID

25 NO:46), CscA from E. coli ATCC®13821 (set forth in SEQ ID NO:49),
encoded by gene cscA (coding sequence set forth in SEQ ID NO:48); BfrA
from Bifidobacterium lactis strain DSM 10140" (set forth in SEQ ID
NO:51), encoded by gene bfrA (coding sequence set forth in SEQ ID
NO:50); Suc2p from Saccharomyces cerevisiae (set forth in SEQ 1D

30  NO:53), encoded by gene SUCZ2 (coding sequence set forth in SEQ ID
NO:52); ScrB from Corynebacterium glutamicum (set forth in SEQ 1D
NO:55), encoded by gene scrB (coding sequence set forth in SEQ ID
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10enzymatic activity. Up-regul ati on or down-regul ati on may be

achi eved by a variety of nethods which are known to those skilled in the
art. It iwoweldozsmder st ood t hat up-regul ati on or down-r eguitstéensek2 a gene
refers to an alteration in the level of activity present inacell that is

of activity. NOP Sl GTRE R okt Tufed Ch Bkl frbieS S5yt e

correspondi o198 (Q@tﬂ‘oﬁhhﬁ@ﬁ& |RING:57y s died Sequence of%?ﬁ!edfngcgélﬁm@ét
involved in an enz§ f) at hwa @n%/ be up-regulated to increase the activity
F& ILNG$;

of their encd@@din spgesamprePheiytase: ferna I Biddhasierdtmsel ect ed
genes may be uch as
pERa22. Such GeIGBOHES Do 20088 s aan T SECTD N SeE it oBea Y dine;

appropri ase rseigﬂ’l(abdxng seggeroe 66t iolnmunr&BQIID N@:59)creased activity of their

encoded functions. The t nes dified so a 0 be under the
control of non- 25’?199?\%“%@%%%@ tEe(PP qu?‘% GHQ&%%?%E%‘%@%% Endogenous
promoter s can Rinils! Ghdiddlay B3 BBl E®D.4 dg) eti on, and/ or

substitution ternatively, It e useful to reduce or elimnate
t he expression of Iraenothem emabmhmeet dhé pelyipeptdg heeingasticrade lyydrelasie. Met hods

of down-regul a enes are to those o ill in the
o t - 3000un. AEUHREerSRT AR SR seEFrae it Bteian FECI8IH  er at i on o
codi ng ragi omﬁetﬁad/o@rangmehﬁtt@rah érﬁ.h@ram&ééquem@éesetsf@ﬂﬁnﬁ ISEQ N

regul ati ons mag be obtai ned by random nutation followed by screening or

sel ecti on, e bEQ H@Nﬁ»l"r@ SEGUHNOPE, RROW) N@5&|$5@t|n NOeb¥enti on by
nol ecul ar bi ose skilled in the art. A particularly
useful, but $o¢)@i9ﬁ§s%§r%w%m%%ffect down-regul ation is to alter
promot er strengt h.In ahytHdh@nBudimedDuhe E@gﬂpbptud@naohgmeowwcﬁewsen nmay be
used to either prevent expression of t rotein of interest or result in

the expressi @etivity ﬁorﬁﬁﬁ%dﬁ &W&iaﬂt'@”h&ﬂ%@mm%@ﬁﬂ sequgce@et fggth in

acconpl i g?ed éé@ ”9@ , by 1) deleting coding regions and/or regulatory
(pronoter) regions, 2) inserting exogenous nucleic acid sequences into
codi ng regi ons 10did neegoibiriaott YpaCieriandiseoged bgrmnnsnayaaido&bnqutsera ng codi ng

regi ons and/ or | at or ronoter) regions, (for exa e, by maki ng DNA
base pai 1 chaWgEoR0e Segubni S eBrMiin R %ﬁgp%ﬁgﬂed@vm iRl msperaghitvn mut at i on
foll oved by Wfpfé’cﬂtlgigsq’{avﬁ'@ #GétbRRa é"éctl\h 8§f Bn&dt gene sequences

in known, Specl I Ssruptions nay e 0 t Irect 1 ntervention usi ng
15nol ecul ar tﬂdmlgg@rtedﬂi(h@dmlé)@mdt\mrtdmeénexeselkllrm<asmavir@ fuctose

t | ar | f t hod I ' jgnifi t t f di
"egi ons. aha sforelonBEbS AR eE T PR R 27 9. KERIE o1 el tering
nmb t h}fés(g th t d
o o 0 SoSSel R B T K bt e kol | (1099)  10: 411,

Ross, et al. kelphemgkineses) Re(pxmtatl\@ogemenwmeoweehdea fromsa

Bacteriol Bi oen 2002
80: 762; Swar %’ggg&‘gﬁ%“’?ﬁrﬁa”éﬂ% %@%ﬁ%bﬁé}?&% ﬁ@%gé ot o ;12002
Bacteriol . (28€nbihdAt bdS8riasuivdddiagreil)aee tisted inalalote Ni 1@ne @Ieillédamessary

changes in gene 25expression for netabolizing sucrose in the production of

mi cr obi al25pr dAREttsVil kePWINABPIILGIBE aat HREUGSTARERBY SHallarjae; Rf@ in as
o b, S T, CFPELAUREY LI LOENEL EBAELL AOBUREAT 11 211

sonme of which are exe ructl on of
t he reconbi ndznstedhac'ltaﬂe&) tiagcdlss &d Usedei n may 30be acconpl i shed using a

variety of vectors and transformation and
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expression cassettes suitable for the cloning, transformation and
expression of coding regions that confer the ability to utilize sucrose in
the prodwotzomn2e445gl ycerol and its derivatives in a suipCahiSeoihost222

m croorgani sm Suitable vectors are those which are conpatible with the
bacteri um enpl oyed. Suitable vectors1c Pe derived, for exanple, froma

bacterium a virus (such as bacterio T7 or a M 13 derived phage), a
Scosnmid, a yeast OSeauérh@éﬁEnascﬂh@@dzsrrfe@rwmbr:mdnoma@éwlcmtvng such vectors
are knovvn to those skilled I1n the art (Sanbrook et al supr a)

Initiation control regions, or promoters, which are udbicigotidg” dirptein
expressi on of coding regions for the i nstant inventionSEQIBe &Q21Bd host
bact eri um aBeurngner ous and f am IGee Nemehose ESkNuhdmeri n N@e art N@irtual ly
10any pronoter capable of driving expression is suitable for use herein.
For exanpl e AgpdPactdridie promoters |isted above may be used. 61

Term nat i Ontd}ﬁ r; nsr egl ons gy, krﬁ@tokkﬁra%%?' ved 7/ {@m various genes native
to the pref g{(,rg . Opti ona(@g/ nation site % be unpggcessary;

however, st pr ef erred ;( k { 15F9r7 ;Fffectl ve expression of
th t ant tides Pk (TGt %ﬁ?ﬁ dd | tid
e ﬁgﬁrra'mfwga“fﬁfm% R e

control reg ch that expression results |n the fornm&Bi on of ®he
appropr i at ePRE4TOAEGAS RNA.  PafeifcUilugiokinageef ul 2dr b4t he vectors pSYC0101,
pSYC0103, 26s @60/1 and p¥cKi(ductakiass)bed2i/nl B, S. P&Bent Nob9

7,371, 558, En&mme@ﬂm capés(Enickokinase) U. S2.7Padent N@O 7, 5247660. The
essential el ements of these vectors are derived fromthe dha regul on

i sol ated frsackhebaieksa pneunoni ae and from Saccharonycgg cerevirgi ae. Each

vector cont gbiyidiie open readiggf ﬁ@*@@ngg@ , 2ghaB2, dhaB3, dhaX (coding
25 sequence gsebpdBiieesn SEQ I D encoded pol ypepti ¢g sequepge set

forth in SE %}&) orf X, ?Cﬂ%’] I ed in three separate
oper ons. Thge':’lel?é%\%tl de sequengé‘gjto? Y%?Ol an@ 103, pSYCO106,
pSYC0109, and pSYC0400/ AGRO are set fort h in SEQ ID NO 80, SEQ I D NG 81,
SEQ I D NO 82, SEQIhBnd@niSodimest $E@pb[9p’é@hﬂb$1émrrgefﬂmckrha§é Bctivityeis

dlfferences between the vectors are illustrated in the chart bel ow [the

prefix ichansHigdeas BCpt-érit FC 2.0 - r%rEQ@adl dg franmes contai ned within
each "( ) repr es‘?r'i‘ta&h r%ﬂ%&ﬁr‘ntehf’rihé’@ pﬂ@@‘hﬁ%ﬂg fﬂﬁ\{&gﬂr?ge %ﬁtﬁﬂgt ey

NG 80): p-trc (Dar I n opposi'te I on conpare
pat hway oper dws,atfgast. 9%5% saguice ideaity, bhsdP od B8 luktadyV, matmbdoefl 6 | ong GI

o EnToti o clitbimedh © g srag shis Setganitas Sehorss SERID NG o
(ghaer_dnac2 ges3lePe DI e e IR 67, 68 16 NG FaostH 10 Ré\’ﬂ)l% (SEQ

| D NO. 82): p-trc (Darl same orientation conpared e ot her
pat hway dper &=sQ ID NO:73, or SEQ ID NO:75.

In another embodiment, the polypeptide having fructokinase activity

corresponds substantially to the sequence set forth in SEQ ID NO:65.
The coding sequence of the genes encoding polypeptides having
polypeptides having sucrose hydrolase activity and polypeptides having
15 fructokinase activity may be used to isolate nucleotide sequences
encoding homologous polypeptides from the same or other microbial
species. For example, homologs of the genes may be identified using
sequence analysis software, such as BLASTN, to search publically
available nucleic acid sequence databases. Additionally, the isolation of

20  homologous genes using sequence-dependent protocols is well known in
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15p-1.6 long G (dhaBl_dhaB2_dhaB3_dhaX), and p-1.6 long G

(orfY orfX orfW. pSYC0109 (SEQ ID NO 83): p-trc (Darl _GPP2) sane

ori ent at iwo 20ma946d to the other 2 pat hway operons, 20pCI/US2010/0§12¢
(dhaBl_dhaB2_dhaB3_dhaX), and p-1.6 long G (orfY_orfX). pSY(I)400/ AGRO (SEQ

pat huay oper 31 Sroamtamier of SR GRAEHe RlerE DGRBS GHusE, SR 6% ong
G (orfY_orf Xniteo-td, &fétm@ﬂdw@c@budrswrtﬁnzazmoshden@thb@@baommﬁ@npar ed
to the path d{y operons. Once suitabl e expression cassettes are constructed,

they are use®NHESRITEALODAMEXBRGHET BY ¥aFigYs UBES OENHEEIa 3Gid oduct i on of t he
cassette Comaghﬁlyegtlérp?ec%ﬂgﬁees Sgg;ﬂtﬁg’n%&”ans ééctBﬁC(OWF%”mJWSY be

acconpl i shed roce ormat | usi ng
cal ci um per nedbi. ] Uz dPateht Np. 4/688|202; ligpss ahalanbaomOmy_GR)arTsafoecﬁ on using a

r ecombi nant pha virus (Sanb t ressi on cassettes may
be mai ntai ne@t 6‘ 5 G é\ﬂaé’ %Fhé‘ﬁ%’%ﬁ 1(37410@8%5&')3”31’#)@8@???’6‘& ?expresm on
cassettes muplisifiBGO(SHAN WalKer i 9FPOETAA, AdR. sy BHRACEO! bom t hr ough

honol ogous or ran om r ination using vectors an nown to
t hose skill ecq199\2)1) hanekamSIet éhespeclebtu«te seqmﬂmmamaoﬂhgm miypeml}deesl so be

used for geno in ration of expression ition to the
cell's exenpl | grdbecigﬁtp\ée HE\)G%eE‘ipE@eQ %Sramfs{' '613@ rlBFRRea gﬁ% specifically
desi gned 10 eidrmestibher ﬁém@w*gtsl on of mcrobial products including glycerol
and/or its derivatives may al so be used. Cells that normally divert a

carbon feed stock Qn of erinasy sdillon ithe agavihwgpecciaie thatgensaemsading gni fi cant

ot o enc e B RBaERs S0 BT I dfeRr Sl et AR ABRBAPRLA  nown 1 n

the art. A susteniginaht bacerigwliduisied iSereiresRadiednally, Vafatidias @rtheNo.
7,371, 558. SpeC|f| c nethods for creating nutants using radiation or

cheni cal agemu§leiigde genreners pREARD the PRlPapidess@ay begnagavihost Thomas D.
B k T S d
rock i ”215( 1?2%)99@41 ﬁ%gﬁ&%ﬁ%@ beﬂé? bf‘fﬂ'ést-gfd ed'%cﬁwle econ

Edition Soci at Deshpande
Mukund V., AgpdonBiegeheracyBand dudtravhino3eid 8@sttuieds) deletions or
additions that produce a substantially similar protein may be included in
the encoded protein.
The nucleotide sequences encoding variant sucrose transporter
20  polypeptides, polypeptides having fructokinase activity, and
polypeptides having sucrose hydrolase activity may be isolated using
PCR (see, e.g., U.S. Patent No. 4,683,202) and primers designed to
bound the desired sequence, as described in the Examples herein.
Other methods of gene isolation are well known to one skilled in the art
25  such as by using degenerate primers or heterologous probe
hybridization. The nucleotide sequences can also be chemically
synthesized or purchased from vendors such as DNA2.0 Inc. (Menlo
Park, CA).
Expression of the polypeptides may be effected using one of
30 many methods known to one skilled in the art. For example, the
nucleotide sequences encoding the polypeptides described above may
be introduced into the bacterium on at least one multicopy plasmid, or by
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After nutagenesis has occurred, nutants having the desired phenotype may be
sel ected by a variety of nethods. Random screening is nost conmon where the
mut ageni 2w0 2088/d28948r e sel ected for the ability to 25proaacaseie/oseet r ed

product or internediate. Alternatively, selective isolation of nutants can

onl y rest ot adtea b B B MLEHEMES ST uRT REb SRR rBE M o are "ni gl v
devel oped angewshie. kTiesvAutlaotitie sagtierides erbitgling e polgpaptidesaasy beee, for
exanpl e, Brock, Supra; DeMancil ha 30et al., Food Chem 14, 313 (1984).

Fer ment at i on INERAUCEOHNIHBEIsS BAEETHILHERBALN (DI, 98 3R d€e as a carbon
bo ot coent . PEsER] BOR AHPEBERoT(E'S. T AR BieRffal "t fiege ™ * 0

be present. r’bon” s sul
f er ment at son baetérium contamsns gehorenesdimgl ane sftheqialynuvlevtioessthesal t s,

cofactors, buf ers and .ot her conponents, known to those skilled in the art,

suitabl e for O thgrreMmainipg ny %‘d&ﬁeﬂt@age%ﬂﬁe%FQ)P%t'ntBQthﬂedt'H@ ®fzymati c
pat hvay necesgigfing’ FBF Qﬁ%Pleothﬁé sy 68ERHuRNGrthRs dehl8btaees, for

exanpl e 1, 3-propanediol’. Particular attention is given to Co(l1) salts
and/ or vi tamsquche)enmcbnglaspmlypem@ledwwm@frpcmﬂwtatsecactlwfcy quﬂ;y pr opanedi ol .
coenzyne Bl2). is a ant. cof act or,

Ad | bal
odomaar a o ualBalgh SRAUEYT aBcsding Sl NG SUdGhRiraraPaekar yot es.

sone of Whi Chicayiey akd 8 ruRicotifehR{juehce féﬁcé@ﬁ@@ﬁ@iyﬁ@pt"ﬁ@/ﬁawﬁ@r exanpl e,
Escherichia bl att'ae, Klebsiella species, Ctrobacter species, and

O ostri di um speEiseslydipiase astivigr seedp b@nrftmdnogarmlioatherb@@terlméo E. coli,

cat al yoo. 151 F0A0B Rl BN R0 bRaTBh LG RS b oEM ooy 1Rt Foatce the
5' - deoxyadenesyitbeosip a plasraid(sfor iB tKegeRoime mhg bardxprésdedfiremenzyne B12
precursor, such as vitamn Bl2, needs be provided in E. coli fernmentations.

Vitam n B12 hedstisaedHaily ashve |IOFQIBQE$|Fy Anoinegraied qué'?gTﬁQﬁ'% Mmsyseidiera
constant gat ?eﬁﬁtré&@t%aod?éﬁdﬁa(?t 810% Grﬁj@rbé'\q;érﬁb ﬁ%\ﬁ § &ePforq?l | mass,
€ e ions.

or may be ad rn-single ough vitamn B12
is added to iy bemtegmte@ddjﬁceobla a taghty atthe prensotar thatt ig s contenpl at ed

t hat ot her bacteri a, &g@ble of de novg1 itamn B?% bi os négls will also
be suitable &”6’88@??‘6?1 C1 IENARE PHE AAENYY BRP'EFS9% PPE @idble o t hese
bacteria w | In 5@ ol fe@3EA B0t are not IMREG® | ¥ YRICHESS, aéAE*P'G%L%e grOW” at

25 to 40 Ci r? an appropriate nmedi um cont ai'ni ng sucrose. Exanpl es of
sui t abl e gr oHEAGK, FWO@,S@APQfélAD@ﬂeTB&ﬁrMRAﬁrhEUZ,lEJNOyapd épared nedi a

h L Be br. h, S d SD b h Yi
e um (VHy - B 1t IREBR det (36 A0 TS SERITS CORTESTR ol & ey al S0 be
d, dth t
L TN T A

fermentation pngerpremdrére ussmlcﬁér @gﬂewohnmﬂacﬂ/os nmatelpomotatrabyl i te
repr essi on d| rectl gh or_indirectly, cl i ¢ adenosi ne
2' . 3' - ronoph&sth € |$H9P§]’@639§d"’|’qﬂﬂ§r$6? &I§OMA3SQ REOTPRIEELT 8n nedi a.

Similarly, t%ruHﬁﬁth%Fe&Q&@éénblé@WPayne et al. (U.S. Patent No. 7,132,527).

25 In one embodiment, the recombinant bacteria disclosed herein
are capable of producing glycerol. Biological processes for the
preparation of glycerol using carbohydrates or sugars are known in
yeasts and in some bacteria, other fungi, and algae. Both bacteria and
yeasts produce glycerol by converting glucose or other carbohydrates

30  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
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5to nodul ate enzymatic activities (e.g., nethyl viologen) that lead to
enhancenent of 1, 3-propanedi ol production may be used in conjunction with
or as an wbterymsi4se to genetic mani pul ations with 1, 3- pcose@diosi222
production strains. Suitable pHranges for the fernentation are between pH

condi tion” - endingRed fordolucidrbaPdiuti) i bRRER aeBbatits. ' e 7L

anaer obi ¢ COf@dpbu%ﬁ)rgﬂQ@i‘@llm@d@ﬂldm@om%lvaﬁamkabﬂ?atbb%éﬁﬁérTbl nant
e

bacteri um Fed-batch rnment ati ons may be med with carbon feed, for
exanmpl e, car BEevidepdrpdge the ???P'teéé'O@rOféQ@@@éymf@éWE'ﬁngéYQ%ﬁt%t| onis a

[he combosi ¢ HoRoBRa e R s D BT Bl B oo R M et on

the conposition ANt N Fhent ati on
and is not sulgisedbed m drS.iRateniaNoal 0O6HI10nGedes engodlh@trﬁﬂmmm;teahson Thus,
at the beglnnlng of the fernentation, the nedi um|S|nocuIated with the

desi red bact én@iURPURE USEAIPHEXRESS DA the eﬂévmeﬁ%'tkeé iB@AStaddi ng not hi ng
to the syst e@ac@fﬁﬂn‘ré@ YesHHRVATY.S. PRIGHNJ. ?@@5‘?9?' &itapidoat ch with

respect to the addition o car bon source, ts are often made at
control ling fexatmas eﬁgen%emnd»cbmmpolwgphdemm‘eng lgtytqecm -3-phostatd syst ens,

the netabolit d bi onass,..c. i tions of t te e constantly
25up o t he (ERROIIGBNAE ALY Dt Rafces DUF Bttt T io CHROLHORUI tur e, col s
noder at e jphr whar@ﬁ%ésccér@@s%a@@dh FecfliefiBe 8EPRIrIh Ih@GEQNRIFOaNd finally
to a stationary phase where growmh rate is dimnished or halted. If

untreated, cénceded pfcpt@lrss%qumﬁarsﬁ forts e SEQ IDNexn?)uend ﬁFﬂ?Zéfromel | s in log
Dhase, gener ol B R0l Bl Bha M Al B PEPA BB Pe the.

Fed- Bat ch sysinettedeotBRi sdyUepicaret frtroih EQCIESNEs4 preuigdse suitable for
use herein and corrprl se a typical batch systemw th the exception that the

substrate is exgages af gm%ﬁmn%owﬁ@ph@%%\ﬂag obseRlogr esses. Fed- Bat ch
systens gge #)%%%gﬂw%t‘gsﬁ%cﬁ% ﬁ’i%|doteeb[1{e|8treed§t Iﬁ’i‘ﬁt @Pﬁ’?frbﬂr' bit the

rretabollsmo S an V\/nerel S|ra eto have |imted anmpbunts
of substr at e Savchbalenysesd cereWBasUcodbgtsenfuehbe set fantl insSSBQtIDaN@:5,

concentration in Fed-Batch systens is djffi t an ist ef ore esti mat ed
e hat! S bacoded Pt rosRd i camet b o FeENE S e BB s col voq
oxygen and t'?ao%ﬁéiéd:ﬁ}/cé%r &seisRieqo mgtéq@gﬁ\?%lsliéﬂﬁﬁtrﬁﬁé’@é IpERben and

Fed- Bat ch fernentati ons are co n an known 1 n the art and
exanpl es nay enghded pootain $E(Brerma se$ fguthain SEQ ID RON8). nuous fernentation is

an open systemwhere a defin fer tation diumis dde continuously to
2 bi or eaclor and ARCEGRES PL SPisinants aenshiraigurlind

si mul t aneouslgy {)Féﬁsmf@ﬂ%@t%do@@%u@g@ﬁésf%Wﬁe@hl&@n&ﬁ@fd@bbﬁoﬁ@' nt ai ns
the cultures at a constan igh density where cells are prinmarily in |og

phase growt h.genes encogingi glyeriel kiease Anddlynerelldebygraganaspactiviigbat i on of
concent r at o/t SHHEEE o fCBbRaolhr RS GRted Bt 2 RS g e T ent
such as the Ga0@BP9$0INreasyd ohdnragiey df @aedorato gﬂyéemedwalyadea and al l ow all
other 25 accomplished by reducing the expression of the endogenous gene

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.

30 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,
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20paraneters to noderate. In other systens, a nunber of factors affecting
growm h can be altered continuously while the cell concentration, neasured
by the tuwbi2didozsaf t he nmedium is kept constant. Conti RODUS26I295225 Strive
to maintain steady state growth conditions, and thus the cell |oss due to

medi um bei ng _dr be bal anced against the cell growth 25rate in
the fernent at%%gﬁ‘f}@ﬁ{)%%rg%dﬁélf nodul ating nutrients and growh factors for

continuous fer mentahethep cPsRstiRenashaveedorasinbaChadtarg gidodsededrainzi ng t he
rate of product formation are well known in the art of industrial

mi cr obi ol ogy 25®ganakigaf ergdistingrdihetppaaediclet apIBYPasg! dard@kYesupra. 301t is
t | at ed 4t h,

Cont Sl .ol 5 il HEPRA T B SOE AR,

woul d be sui tpahjesterAibdirs aoda}hé ynandfactsre:ohbcﬂyfumeatta&téstdn‘&t cyaticl s nmay be

i mobilized on a substra e cell ca s and subjected . to
f er ment at i on OFIRAUASNS #g’rr tci9(5‘nb‘?)Pr‘¥ﬂI |a §W8|%1W¢589'E93n'3m

derivati ves, process for
! rb%%@c@rﬁxe%slén Wf%ﬁ?&ﬁ thstFﬁe%ﬁ%ﬁgﬁﬁ A bl:ord.

maki ng gl yce 1, 3- propan , band/or 3 ropionic acid from
sucrose i s prdiwdiexyacelme rscescribedpr Us%sPaﬂeet Blioe pH865 27l Inuthisng a

recombi nant bacteriu as descri bed abpve, in t e of sucrose, and
oot onal Ty CRSREEw PHbR ey GO E s Gl Gin b el STES RS, &

3- hydr oxypr Oléfe%h@e@ﬁbévé)r%t‘é‘?@i |S'EBﬁvéﬁét!jt63ﬂ1erTﬁbénb@dfﬁé(3\ler ed using

met hods known in the art. For exanple, solids 10may be renoved fromthe

f er ment at i on hystxyprogionaldehydaigueidanydratase enzyme, weichngait bon, or t he

e o NBaBEty She TBL R R el SO P B R RS o, o <t
di stillationretdrabindtibh qcnh@ doHydPaths@tan ®e g;ﬁ@%r oo C}}tﬁtét%\@eS(EF@r ation. For

exanpl e, a process for 15purifyi n% bi ol O%I ed 1,3 propanedl ol is
descri bed i n4L2é3Q?a@'@h@efN@ratﬁS§J§ ©5582. E2AMPL &Y Othee eprdembIe fvention i s

further defi n gpé% st00d that
t hese Exar(grpl %gﬂal%%b Wfé\@%éég%ng)\ garfl e‘% ?Zﬁm?%b& ?rren %@ ﬁgfélr n(%/entl on,
are given by (alphapf‘Bl (Deia}), madi“gh(gamma) Buloumitshef sablyceralidehydsitase and t hese
Exanpl es, one killed in t certain the esse

char Bct el i st IRQUGE: tt%aée.nﬁgﬁrm%ﬁo%aﬁé%(m B seausace SeHiortRdmSER Rpi 11
and scope t heysaf, g 854S iPBROFIDTRG 1| pahiameRf  he

invention to ada t |t to var uses and condi tions. ERAL NMETHODS
St andar d r ecdoddingiseqDbAcCeset fntthelaﬁl.:c@ IR INDI1Bg, r'eeph@tl\@ueéromsé@ema e| n are

vl koM B B Bl RS B TR oo B BT T 1o
Laboratory Piggsandedditanitie B8tatjaredy 1,8%rog8Rddiol @t dPd¥genase (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:76, encoded
25  protein sequence set forth in SEQ ID NO:77).

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-

30 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
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Silhavy, T. J., Bennan, M L. and Enquist, L. W, Experinments with Gene
Fusi ons, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY
(1984); awo2b13/0asmabel, F. M et. al., Short Protocols iPaTNsk@cober?2

Bi ol ogy, 5th Ed. Current Protocols, John Wley and Sons, Inc., NY., 2002.

SMaterials a and growt h of m crobial
cul tures are%ﬁ%%@%ﬁﬁ#% %rifély%g@ﬁghﬁé@%gﬂgg%bl e for use in the

foll owi ng exanpl es) gapaksntiNgIBl0 83492 deguiibéda Ifeeueds fof thdprloadstidroof Cener al
Bact eri ol ogy (Ph| 11 pp Gerhardt, R G E. Mirray, Ralph N Costilow, Eugene

W Nester, WI$1P§OWHQ¢MGJS'%@IS'%|9 RHEregraaiisne, CopRrisig Qmﬁﬂqqsps Eds.),
Anerican SOCI 4 Manual

of Industri al E{)IS%PN})%&%%?&?}% c{g\eégﬁnm @ge&oégd&ﬁéé ?1 ?genbr? %

Bal t z, Juki ameEydMasezsandahG phopahedibl oxidoredoczds. (2.g. AMM P GL$S V\ashl ngt on,
DC, 2010. All nts, triction enz and materials described for t he
growth and mfaﬁ? ‘Picé@é%ggéi'%ql?%‘?s 2 tgeéré@' t%@ %@%"H@w tom Al drich
Chem cal s (M ?Q%W i

Technol ogi es ( ockvi Iéé’rﬁpn%?r% Q‘r\%@ééﬁ%fdaa%t %'Ts@%a S Bge'glﬁ I\B\Sléh%% Si gma
Cheni cal ConuhydfaBase aodipsoteMOX (Iater identiflesl aebeinga déhymrbt&sei ations is as
follows: "sec" means mnute(s), "h" neans hour(s),

d in"
"nm' neans é@aﬁeans %&ggﬁ)gpqﬂ_) means mcroliter(s), "nmL" neans

mililitas(s), "L'UgepaterdtiNGs$14,750MestRseSaithbiovehiint 16 Me Teans rml ar,
"g" nmeans gran(s), "pg" neans mcrogram(s) 'ng" means nano

means base paregass wheisr sigadieenkinceansedn iter (@sgms’ nrmlnrctm@aﬁ@r} Svol ut | ons

"0 "moane. o8B e BT P8 REFRERR ARG Bl RSl ™ o

neans hi gh parwwmaﬁ:eaudlIo@kwdﬂe@lhtfteﬁeeagwéﬁlw dh&dptecénvdrt 8ers used in the
Exanpl es Pri ner Sequence SEQ I D NO_ al dH cscA

TAGACGT GAAACAwAr@syerorignaidaiide techanpestegial cheditierabatreTeiess N9 dH cscB
T T AV H RO LAT ARG 81O check
propanediol.
Increased production of 1,3-propanediol may be achieved by further
modifications to a host bacterium, including down-regulating expression of
some target genes and up-regulating, expression of other target genes, as
20  described in U.S. Patent No. 7,371,558. For utilization of glucose as a
carbon source in a PTS minus host, expression of glucokinase activity
may be increased.
Additional genes whose increased or up-regulated expression
increases 1,3-propanediol production include genes encoding:
25 e phosphoenolpyruvate carboxylase typically characterized as EC
41.1.31
e cob(l)alamin adenosyltransferase, typically characterized as
EC 25.1.17
e non-specific catalytic activity that is sufficient to catalyze the
30 interconversion of 3-HPA and 1,3-propanediol, and specifically
excludes 1,3-propanediol oxidoreductase(s), typically these
enzymes are alcohol dehydrogenases
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_dn ATACGITCGCGGATGATCTCACCA 88 yi hP cscA ACCATTGTGGCGATGGGTTGCTTCTACAG
CCTGAACGAGAGGATCCCTTGCCCGCTGT TG 89 yi hP cscB

TTACGGCCWQRAIBOREHF CCACAATGCCGG ACATACATCTGAAT TCGCAGGACCEBCEATR20120528z B61up
Kan ATTAGGTACACTTTATTCGGTCAACCAGIT TACCAGCATTCGICTTGAGCGATTGIGTAG 91

et oA T BRI B RE R L E A T e arsnesion assasent e o3 csch

3" CTATATT
TACCAGCATT

10

15

20

25

30

Wﬂ%ﬂgﬁoﬁ%tmN& udeends NIelNGACT TTATTCGGTCAACCAGT T

NNNTTTATGATGTTCTACGG 95 (B53 down2

aerobic respiration control protein

e methylglyoxal synthase

e acetate kinase

e phosphotransacetylase

e aldehyde dehydrogenase A

e aldehyde dehydrogenase B

e triosephosphate isomerase

e phosphogluconate dehydratase

In another embodiment, the recombinant bacteria disclosed herein
are capable of producing 3-hydroxypropionic acid. 3-Hydroxypropionic
acid has utility for specialty synthesis and can be converted to
commercially important intermediates by known art in the chemical
industry, e.g., acrylic acid by dehydration, malonic acid by oxidation,
esters by esterification reactions with alcohols, and 1,3-propanediol by
reduction. 3-Hydroxypropionic acid may be produced biologically from a
fermentable carbon source by a single microorganism, as described in
copending and commonly owned U.S. Patent Application Publication No.
2011/0144377. In one representative biosynthetic pathway, a carbon
substrate is converted to 3-hydroxypropionaldehyde, as described above
for the production of 1,3-propanediol. The 3-hydroxypropionaldehyde is
converted to 3-hydroxypropionic acid by an aldehyde dehydrogenase.
Suitable examples of aldehyde dehydrogenases include, but are not
limited to, AldB (SEQ ID NO:16), encoded by the E. coli gene aldB (coding
sequence set forth in SEQ ID NO:15); AldA (SEQ ID NO:18), encoded by
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).
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
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TCGGCGTTGAAAGCAGCACAATCCCAAGC GAACTGGCAATTTGAAAACCAATCAGAAAG A 96 cscBb-
119- F ATCTAGGGTTGACAGGGACGGAAT 97 GC- cscB_F1 AAGCTATCAAGCAAACCGCATCCC 98
5EXAVPLE WO 2bsdl2ag450n of Variant E. coli Strains Show ngCFamst@r/oS12ez ose

Utilization Thi s Exanpl e descri bes the isolation of variant E. coli

pont aneous| P SRR KEHsBRRUEPE v ehrbl ‘Giad Porrg Sy BRRBbE fcne  °°
cluster. 10THE3R phoKbhaase, fedrdHeiig (SE&hVdRdo @3 i titdrekpernsd of ATRCCA 3281
was i ntroduced into PDO producing strain TTab pSYC0400/ AGRO t o enabl e PDO

product i on f PR §U@,edjg@nat|9n Fdlycesot dehydragen sVt @EeMeRe/d4) PTS m nus

oA 1S SRR UENRLASh At (AR, Rkt SRISERbeby Ol ot or
7, 3|71 _5585(E>ga;I?§Ir@I Cfiiﬂhgs;ﬂlratefdehydmgeﬁabdﬁ‘rdaltmlm@nomtelrdatd)e by first
P e Cabo e P Bl S o n P R e
Proc. Natl. &B’AH bs assette was
anplified wt %Eatg |rg§%|rrlorgewr§ﬁlgc§/|%r@%A&Tl@@%foaégﬂg%rgaé% EN/%F 100 u3| ng pKD3 as

t he 10 t enpl atrectethtoward meneg i@y QeNe, I&!wbing aroreo’d reg;joos ahdnol ogy to the
5'- end of aldB and 20 bp of honol KD3. Priner SE NG 100

cont ai ns. 80" BFosPMedRrBE,Tes. Tas 5 TadrtidlE e axPiaRosogs bl ogy t o
pKD3. The(PCRnpyRdtetetiviBf.e gel -purified and el ectroporated into

MG1655/ pKD46 conpetent cells (U.S. Patent No. 7,371,558). 15Reconbi nant

strains were sel edlEtegmation endewrregylaten May ke achigvehby2 wariajy of of

the primer pdirnedoftsle Gl Ebs? el %, PR T o gave
a 1.5 kbp PChharustsgulaton 6 ddenreguatiomania geheabferg &y analtehalionciher i stic
1.1 kbp PCR product A P1 | ysate was prepared and 20 used to nove the

mutation to thelerel af GWVétVrQﬁﬁﬁritdn ﬁcﬁ%t{"ﬂb's'ﬂ?r%{pam dme PeHeidt r ai n.

pai G20 1D REIRDEE SR EesE R 00 R Vel BR B, o inle B i
present. The tiedbotiatypdfedhe pobteiresnsideacsy ther éerespandireniov edneesiengdt he FLP

reconbi nase senko and Wanner, 25 supra) to create TTab. Strain TTab was
then transfo YRE 98 NESYC0400/ AGRO (set forth in SEQ ID NO 84), described

in US. Patent NogpbchR ihF1e8®akt e et payp- TTab
pSYC0400/ AGRO. P lb escrll beg&lﬂ)n ?hen(z:f/ ef e% es, gt rain TTab is a

derivative ofre@,llatm‘lho |chse tiFev/BCVAlyGEGheio enBG@Qci)‘urmblnnéa)nlﬁmg t he foll ow ng
30mod LS8 | 2B, T Bha s A B oo i CA TS
and yghD genegst egiflod eviltieshy Abs@sL§udPRAPBRI22. 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-
25  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.
30 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
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Pl asm d pSYC0400/ AGRO cont ai ns genes encodi ng a glycerol production pathway
(DARL and GPP2) and genes encodi ng a gl ycerol dehydratase 5 and associ at ed
reacti vatwogofsaesas (dhaBl23, dhaX, orK orfY), as well asTasgemsseazrodi ng a
fruct oki nase (scrK). The cscAKB gene cluster (SEQ ID NO 45) was

i ntegrated at I | o [ on._i a S A 1 Red
method. The. A Bha BT Pl s ey Ko, At Seh R B arn ( seo
| D 10NC 103 )mombulahbmwmemddsqzrﬁﬁvraﬁa theseskined in the=sama garticafarly. S.

Pat ent Application Publication . 2011/ 0136190 Al, using al dH cscA pri nmer

(SEQ | D NO 8%isehthdowinptiexsiysivis meéfaoq wreffech dwreegg%@mrhlﬁﬁp @ef | anki ng
sequences for I Plasm d pBHR-cscBKA, |inearized by Pstl

di gest, was usr%rﬁ‘agégs?@gg% tenplate. High fidelity PfuUtra (r) Il

15Fusi on KIS DNA pduyimermsee, (ddwratergeatn d:fagehd é)epreﬁ‘ﬁ)nvm)/ bsededot he PCR

reaction. PCR.was perforned using the fo]low n ycling conditions: 95 C
for 2 min; 35TEGLPEYEHE eYRIEESIOHO qé‘@eg&ie'”@ '@te? QicIe%@E'” tHed 72 C for 4

m n; and the’é F?es@u&r%f d FBt@rn tﬁB?lsrrﬁﬁPh}dcﬂgnﬁ Igﬁdfc% mpied at 4 C

The PCR produc url using a Q Aquic uriticati on 20ki t

(Q agen, Val émemmple) bthdeI@ﬂﬁgmodm.g:ttegwm andafot regpiatatye@romoter) he TTab
pSYC0400/ AGRQO_st r ai con%al ni n t he RK[I% I.&sn‘i d Red. goeconbl nas.e I asmd
GenBank Acc. "R@ONAvH487 ')"geé‘ﬁ 68PYY P%ﬁf?d%c' EEBHBI rREs'8 C?‘?II‘%%?'RB t he

| ambda regd reparfegoRtd Rirﬁ@t% drisabag B @itekn a M&randrl. . 2000,
Proc. Natl. Acad. gSC| .@B %%640 66?’2 eTh‘ées\c?r @g’sr?gr mate:non mxture

was pl at ed omegmsryn(wpmtewag@@s(ﬁmmam% byomgkingddbAdzaseaprir 100 pg/ nL

o i ster - cAnondesh She BBt el g Sb@E et fliain 575 "Baet o

agar. Pl at es fo#sveed by sbalethgpor Solelidior 2nTaday wherolitnyese gequeness m ni mal
30 sucrose plates were picked and growh in sucrose |iguid medium was

exani ned usi iy aO\Bno%Qﬁ(éf&ld'@”{ﬂtWIﬁn%Qﬁ@@Fa'(‘ﬁj 6y &ireshinterdealionkpsingi nl and) .

For the Bi.os 5133/15:‘1 n I L of LA
medi um (%O tqﬁ@%?lg%ﬁ:g% %g’gj&sc@?&f ggtﬁo\é% S%%'A)Hs@yq%?nﬂ\éwa %‘Q"t%é% Igont ai ni ng
100 pg/ nL spesefulomgtbod is theadélotdraof Sifnifieant anbontsashaodargtegiars pl at e

The mcrotiter plate was incubated at 37 C

(Corning Inc.
wi t h shaking a@@&ﬁ?%@*ﬂ%@%@w GOKY§i ght Scul tures were diluted 1:100
into MOPS m ni mal M@be‘érbf:ﬁﬁérﬂ% eyc gﬁobéarﬂ/ profis EQSRsaRe 8%k

spectinonycin in a Bl oscreen h late. Vitamn Bl2 was added to the
medi umto a dhosseskiled inotheart, and afg/discu'SIsed mmnegtomﬁanpya,t Guma®pi.aced into

The pl at e vadivinclingt LFRD DU A ¥ebonaine dridoRh BeHRe o0 was
recorded everggHEzefR, &t a'Vb§tBa§t@h§It EF0dR) e80S3PM; BrhdlkeE apdKdastiHgr ose, but a
few grew faster. These f ast&eﬁ‘mgrovm %\692 variants were sel ected for further

anal ysi s. ExAirieesnol. Bioers 380 &2, ez, \fémrra@pms&m@@lé (BPAMkport er
CGenes These I S be f variant sucrose
2R R G A0S, AR obbap 7448708

transporter genes. ucr’ose tra ts enabl ed faster

sucrose utilizati @Recohfitnsntasarterig eostaiting trey ned;esrslaq/ Elaeigis igrgeneng E. col i
vari ants 20 described in Exanple 1 was angl?lfled PCR and. t he whol e gene

cluster SéquéNRESSSION WééTée@P@'éﬁ"ﬂﬁ; SWe(&Sa et WWCBW oNRigegi#nci ng. Si x

variants wer i ngl e base
pai r change i % b(ﬂﬁ%é éidé@ggﬁgé our Sﬂy%_%?' g%ﬁ\faéﬁ'tbé %@géﬁé@é&%@@m no acid
substitution magnt:letcmstntﬂctede:svwIeahnmulaadvetllrknmm inoths aat, sbhea &F whichi nal

25end. None of the v ﬁ(ﬁ ﬁ;ﬁ‘f an o acid substitution in the cscA gene
and only one AAFKXERPHEY' plgé '€fbstitution in the cscK gene.

Table 3 Sucrose TanehatiuetiorYdf tfetohibirartacRirRAMisEIbSEd Refdth tnay

30 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
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Exanpl e Variant Strain Nucl eotide changea in cscB cscB Nucl eotide SEQ I D
NO Am no acid substitutionb in CscB CscB Anino Acid SEQ ID NO 2 PD03097
T182C 25 wOLP13235B5P D03214 CA77A 27 F159L 28 4 PD03215PC#8410120512262C 30 5
PD03216

production of glycerol and its derivatives in a suitable host microorganism.
Suitable vectors are those which are compatible with the bacterium
employed. Suitable vectors can be derived, for example, from a
bacterium, a virus (such as bacteriophage T7 or a M-13 derived phage), a

5 cosmid, a yeast or a plant. Protocols for obtaining and using such vectors
are known to those skilled in the art (Sambrook et al., supra).

Initiation control regions, or promoters, which are useful to drive
expression of coding regions for the instant invention in the desired host
bacterium are numerous and familiar to those skilled in the art. Virtually

10  any promoter capable of driving expression is suitable for use herein. For
example, any of the promoters listed above may be used.

Termination control regions may also be derived from various
genes native to the preferred hosts. Optionally, a termination site may be
unnecessary; however, it is most preferred if included.

15 For effective expression of the instant polypeptides, nucleotide
sequences encoding the polypeptides are linked operably through
initiation codons to selected expression control regions such that
expression results in the formation of the appropriate messenger RNA.

Particularly useful are the vectors pSYCO101, pSYCO103,

20  pSYCO106, and pSYCO109, described in U.S. Patent No. 7,371,558, and
pSYCO400/AGRO, described in U.S. Patent No. 7,524,660. The essential
elements of these vectors are derived from the dha regulon isolated from
Klebsiella pneumoniae and from Saccharomyces cerevisiae. Each vector
contains the open reading frames dhaB1, dhaB2, dhaB3, dhaX (coding

25  sequence set forth in SEQ ID NO:78; encoded polypeptide sequence set
forth in SEQ ID NO:79), 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:80, SEQ ID NO:81, SEQ ID NO:82, SEQ ID NO:83, and SEQ ID

30  NO:84, 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
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C506A 31 P169H 32 6 PD03217c GL207T 41 E403STOP 42 7 PD03218 G1222T 43
E408STOP 44 a The nonencl ature used to indicate the nucleotide change is:
the firstwbDent3anse4s the synbol for the wild-type nucl eoPcias2eibesranber is
its 5position, and the followng letter is the synbol for the nucleotide in
t he vari ant. (;1 .honencl ature used to indicate the am no acid

I
substitutionolpg?-rfhe first letter is the single letter synbol for the

wi | d-type anmp8Y@Ohd1 (8BQ ID NO:8opnber is its position, and the follow ng
letter is the single |letter synbol 10for the amno acid in the variant. C
PD03217 al so had #-0&eruiGRFAhNiaproRite gsiertaliencommrregtoiigothere of the
E. coli strains c I.Ql variant sucrose transporter in a sucrose
cont ai ni ng medi um%%/g@h%epg?wﬁéd using the 15 Bioscreen C instrunent. The
E. coli variants \weté lgng®l (dhaB1 ndhaB2 ldhaB3didheXgcaricai ni ng 100 pg/ L
spectinonycin at 37 for 16 hours, For the Bioscreen assay, the fresh
over ni ght cul ture@'ﬁrgrlgnﬂiq]]df’&x_?ﬁﬂggrfv\ﬁt o MOPS mini mal nmedi um cont ai ni ng
2.5 g/L, 5 didgvartoifzgsEcsusnesg1pnd 100 pg/ nl spectinonycin in a Bioscreen
honeyconb pl gse. Vi ta&éanBM 20 V\ES added to the nediumto a concentration
of 0.1 ng/L. Four prieplDertt &PRRYsameoritotatioacdonyzarpt do tiedinem2bl ank wel | s
were al so included. ,The hon%%céonb pl ate was placed into the Bioscreen C

i nstrunent accor diPR§WRY oper
10 p-1.5 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and

p-1.5 long Gl (orfY_orfX_orfW).
pSYCO106 (SEQ ID NO:82):
p-trc (Dar1_GPP2) same orientation compared to the other 2
pathway operons,
15 p-1.6 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and
p-1.6 long Gl (orfY_orfX_orfW).
pSYCO109 (SEQ ID NO:83):
p-trc (Dar1_GPP2) same orientation compared to the other 2
pathway operons,
20 p-1.6 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and
p-1.6 long Gl (orfY_orfX).
pSYCO400/AGRO (SEQ ID NO:84):
p-trc (Dar1_GPP2) same orientation compared to the other 2
pathway operons,
25 p-1.6 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and
p-1.6 long Gl (orfY_orfX).
p-1.20 short/long Gl (scrK) opposite orientation compared to the
pathway operons.
Once suitable expression cassettes are constructed, they are used
30 to transform appropriate host bacteria. Introduction of the cassette
containing the coding regions into the host bacterium may be
accomplished by known procedures such as by transformation (e.g., using
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the manufacturer's instructions. The plate was incubated at 33 Cwth
const ant shaking and the OD was recorded every 15 min. An E. coli strain
25cont ai wogotnesws! d-t ype sucrose gene cluster was gr oraTius2aibeseane
manner to serve as a control. The maximumgrow h rate, referred to herein

s Tembved (BN RR oo sy Se B BERTEY Birantban i s T om
the OD val uesegdmbipanbpbade Wels §Sanbribk dthe., 3upKE) NEXBleesidAr isBkRes Was
estimated using a sliding w ndow consistin data points (covering 2

i

hours of groWR®y PeyNAinEiTeH0R I@egtat_al?_z{)'@ﬁmﬁtig é)ibogrﬁe@xbb@‘@'iﬁ@rél curve using
o oo R el BBt b B8 QTR RerBRRI AL pRo0T o1 oL
fromall the baetsvilte thrgugmhbmadgeusiersrandbanrezsnmimationlising®aoctopsrex and t he
& ont b Rat 05 2B BEBRIVEILKTGHR 19 HoSR RIS TOSE. VI RO rai n G ont h
- 120 "o oba” o IIIERER Sy R ReY 4 8e TR I E Bt 0. oos
PD03214 0. 09Exptes3i cassettes.
In addition to the cells exemplified, cells having single or multiple
10  mutations specifically designed to enhance the production of microbial
products including glycerol and/or its derivatives may also be used. Cells
that normally divert a carbon feed stock into non-productive pathways, or
that exhibit significant catabolite repression may be mutated to avoid these
phenotypic deficiencies.
15 Methods of creating mutants are common and well known in the art.
A summary of some methods is presented in U.S. Patent No. 7,371,558.
Specific methods for creating mutants using radiation or chemical agents
are well documented in the art. See, for example, Thomas D. Brock in
Biotechnology: A Textbook of Industrial Microbiology, Second Edition
20 (1989) Sinauer Associates, Inc., Sunderland, MA., or Deshpande, Mukund
V., Appl. Biochem. Biotechnol. 36, 227 (1992).
After mutagenesis has occurred, mutants having the desired
phenotype may be selected by a variety of methods. Random screening
is most common where the mutagenized cells are selected for the ability to
25  produce the desired product or intermediate. Alternatively, selective
isolation of mutants can be performed by growing a mutagenized
population on selective media where only resistant colonies can develop.
Methods of mutant selection are highly developed and well known in the
art of industrial microbiology. See, for example, Brock, Supra; DeMancilha
30 etal, Food Chem. 14, 313 (1984).
Fermentation media in the present invention comprise sucrose as a

carbon substrate. Other carbon substrates such as glucose and fructose
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may also be present.

In addition to the carbon substrate, a suitable fermentation medium
contains, for example, suitable minerals, salts, cofactors, buffers and other
components, known to those skilled in the art, suitable for the growth of

5  the cultures and promotion of the enzymatic pathway necessary for
production of glycerol and its derivatives, for example 1,3-propanediol.
Particular attention is given to Co(ll) salts and/or vitamin B42 or precursors

thereof in production of 1,3-propanediol.
Adenosyl-cobalamin (coenzyme B12) is an important cofactor for

10 dehydratase activity. Synthesis of coenzyme B42 is found in prokaryotes,

some of which are able to synthesize the compound de novo, for example,

Escherichia blattae, Klebsiella species, Citrobacter species, and

Clostridium species, while others can perform partial reactions. E. coli, for

example, cannot fabricate the corrin ring structure, but is able to catalyze
15 the conversion of cobinamide to corrinoid and can introduce the

5'-deoxyadenosyl group. Thus, it is known in the art that a coenzyme Bq2
precursor, such as vitamin Bq2, needs be provided in E. coli
fermentations. Vitamin B42 may be added continuously to E. coli
fermentations at a constant rate or staged as to coincide with the
20  generation of cell mass, or may be added in single or multiple bolus
additions.
Although vitamin B12 is added to the transformed E. coli described

herein, it is contemplated that other bacteria, capable of de novo vitamin
B12 biosynthesis will also be suitable production cells and the addition of
25 vitamin B2 to these bacteria will be unnecessary.

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

30  Other defined or synthetic growth media may also be used, and the

appropriate medium for growth of the particular bacterium will be known by
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0.003 0.256 0.002 As can be seen fromthe results in Table 4, the

variant E. coli strains grew faster on sucrose than the control strain. 15
EXAVPLE SwoRDQ/essAE ycerol Production by Variant E. colPCT&Se@2/0512¢2 own on
Sucrose This Exanpl e describes the production of PDO and gl ycerol by the E.

ctraine showst Ereneeeb ATt iRy U Rt late e bRRe BB e
gl ycerol comgees dgenss mfwmnﬁidwat@c@mvoatduermeémmrédwmpe sucrose gene
cluster. The nol ar yield for production of PDO andﬁgﬁg)ycer ol was

det er m ned i MAFRELY. ¢0asi/Ch¢ adeeasingLedhmenephesiateunay R® the E. coli

i 25 J /L
vari ants 25 \RLTORBREH M kol e AFTSPL UICAT AL A0 o
initial OB ofto @ndﬁl.;lat@@rizym@meao@x%ws (efg. %eﬁmbm@lmama‘tgead t®250 rpm for 44

hours. Cultures were centirifuged and the supernatants re added to 0.22 pm
Spi n- X centriern?@ac?mﬁet 9{{§eqr paredial W&dpﬁt’:gn Mayr b H@eg\eﬂmor&wﬁp 8t ri f uged

oat. 10, 000 9 il orlad b andhieul bl GheRc Meirfpanabr Aln s BRiGakeil0 o Wt ers

Al'liance 2690 HPLC system (Waters Corp., an Am nex
HPX- 87C HPLC predimiondstegties.anal ysi s col umm ( Bi o- Rad Labor atori es Her cul es,

CA, Cat # 125-009 to 85 separate ters ati ng
Chanber . A B o Rad HAPELOG HResties faf SRR S e et PYERO B o, 9126)
was used jpef %PQWWh@F@'p}LﬁG%)téCﬁWBTDBTWCM e iRiiaseon@sors.omposed of 0. 05
mM CaO (Si gma, #208159), nM MES (SIgma, #M3671), 0.05 mv HNOB( EMD

Cheni cal s, G bbst &@actings W@Mb#mcfnuwd Upel|e5aerob1m@npp<t§wor apacrlic 0. 5

R R e s T 2 o W A
fructose wer &etiOpachiierméditatiors magrise gerf&madwith @aEssH feeel Jor éxangilst ent
with the faster growh rates observed with the Bi oscreen assay, the variant

E. coli straicAsPQ) SPSIRbadiMiedPReXeRsSr ose consunption in shake flasks. In
addi tion, sthe var IB%?) %rnfe@ étlo%tlé? %m&nﬁﬁlw%eﬂ@?andégg Al pYicpl d for

producti on of PDO cerol | es” of gl'ycerol per nole
of sucrose) tferamerithbormid alclogpd systenm elherashe bompositiorn alf kree Mediuralid e 5
Mol ar Yield for t e Productl

St ai ns. O owSehAl BRI NS i ferBeNaPNBIGE Mataiaep cptgal
gl ycerol / mol ediR%R)during the fermentatlon. Thus, at the beginning of the
fermentation, the medium is inoculated with the desired bacterium and
20  fermentation is permitted to occur adding nothing to the system.
Typically, however, “batch” fermentation is batch with respect to the
addition of carbon source, and attempts are often made at controlling
factors such as pH and oxygen concentration. In batch systems, the
metabolite and biomass compositions of the system change constantly
25  up to the time the fermentation is stopped. Within batch cultures, cells
moderate through a static lag phase to a high growth log phase and
finally to a stationary phase where growth rate is diminished or halted. If
untreated, cells in the stationary phase will eventually die. Cells in log
phase generally are responsible for the bulk of production of end product
30 orintermediate.
A variation on the standard batch system is the Fed-Batch system.
Fed-Batch fermentation processes are also suitable for use herein and
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PD03084 (Control) 1.120 PD03097 1.204 PD03214 1.170 PD03215 1.197 PD03216
1.189 PD03217 1.175 PD03218 1.169 5 EXAMPLE 9 Reconbinant Bacteria

Cont ai ni ‘goViarympd45s Sucrose Transporter Genes 10Thi s Epampiseoide®srce: bes t he
construction of reconbi nant bacteria containing variant sucrose transporter

Chan a vi | o CORPTEB DEICL PRt roy SR Wi B8 byt diinihe SFpS¥ESConcai ni ng

the variant cgieBdgentsements & feirm@nfati@mptrb?re%@qy.emq@art@his@@tterﬁérai ns by
PCR using conditions as 15 described in ExanF e 1. The PCR products were
12

transforned iah¢ @Sﬁf%&’r*@ﬁtcﬁtawg@ refresgigniis apk i§) iﬁhiblil?ﬁh€m@@P@USfN@f 53911),

containing t ] ¢, Y e o~ S

cont ai ni ng tE@e \[}g'%grr]l h@%ﬁ%ﬂe‘? g%@?@gst%:ﬂgg?g@'%a%ﬁﬁég\?t%gggb%%qh ni mal

pl at es cont aitié ngedid. Yldassramensteof thelaghi st Substratesdoneekzdtiomth | nt egrant s

that 20 cure | ed. A é%present,ativ co%ony fram each
ndrg there

of _pKD46 were. purj f
strain was s%%@%@?ﬁyﬁ%ﬁ éﬁ#'ﬁwu @ fyeesirIded Pudhe Pagts Qfhe al dH
gene was confg i j - ) and
o mor 2l ar Che s, Tt B RSl B A AR R AN I L o
t he strains \astia pnéssure df mastegasesuineh ah €PCRBptahidarct FedBateai ni ng t he
sucrose gene cluster. No additional nutation was found. G owh rates of the
FM6 derived deimemnationoaie epmeosraibwak keoywatiethe AE@NGsSXRMPIRE "Bbscr een

o e R B R Lo e Cen bl bl I
Continuous fermentation is an open system where a defined
fermentation medium is added continuously to a bioreactor and an equal
amount of conditioned medium is removed simultaneously for processing.
Continuous fermentation generally maintains the cultures at a constant
15 high density where cells are primarily in log phase growth.
Continuous fermentation allows for the modulation of one factor or
any number of factors that affect cell growth or end product concentration.
For example, one method will maintain a limiting nutrient such as the
carbon source or nitrogen level at a fixed rate and allow all other
20  parameters to moderate. In other systems, a number of factors affecting
growth can be altered continuously while the cell concentration, measured
by the turbidity of the medium, is kept constant. Continuous systems
strive to maintain steady state growth conditions, and thus the cell loss
due to medium being drawn off must be balanced against the cell growth
25  rate in the fermentation. Methods of modulating nutrients and growth
factors for continuous fermentation processes as well as techniques for
maximizing the rate of product formation are well known in the art of
industrial microbiology and a variety of methods are detailed by Brock,
supra.
30 It is contemplated that the present invention may be practiced using
batch, fed-batch or continuous processes and that any known mode of
fermentation would be suitable. Additionally, it is contemplated that cells
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Table 6 G owh Rates of FMb Derived Strains Containing Variant Sucrose
Gene Clusters Variant Strain CscB Amno Acid SEQID NO Gowh Rate
(pmax) orwBueoroes94i g/ L2.5 g/ L10 g/ L PD03257 (Control) 2PETAS:MZ/0502010
0.247 0.002 0.449 0.006 PD03094 26 0.223 0.045 0.476 0.007 0.485 0.007

PD03219 28 0,2200.G04 9,388 9, 005 fatd e whoROIPRIFZE 0 QufBea- 024

0.431 0.026
to fermentation conditions for production of glycerol and glycerol

derivatives, such as 1,3-propanediol.
In one embodiment, a process for making glycerol, 1,3-propanediol,

5 and/or 3-hydroxypropionic acid from sucrose is provided. The process
comprises the steps of culturing a recombinant bacterium, as described
above, in the presence of sucrose, and optionally recovering the glycerol,
1,3-propanediol, and/or 3-hydroxypropionic acid produced. The product
may be recovered using methods known in the art. For example, solids

10  may be removed from the fermentation medium by centrifugation, filtration,
decantation, or the like. Then, the product may be isolated from the
fermentation medium, which has been treated to remove solids as
described above, using methods such as distillation, liquid-liquid
extraction, or membrane-based separation. For example, a process for

15 purifying biologically produced 1,3-propanediol is described in U.S. Patent
No. 7,919,658.

EXAMPLES
The present invention is further defined in the following Examples.

20 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

departing from the spirit and scope thereof, can make various changes
25  and modifications of the invention to adapt it to various uses and

conditions.

GENERAL METHODS

Standard recombinant DNA and molecular cloning techniques used

30  herein are well known in the art and are described by Sambrook, J. and
Russell, D., Molecular Cloning: A Laboratory Manual, Third Edition, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY (2001); and by
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PD03221 32 0.174 0.073 0.469 0.001 0.491 0.009 PD03222a 42 0.115 0.025
0.347 0.003 0.449 0.002 PD03223 44 0.162 0.008 0.399 0.003 0.457 0.005
a PD03222weale/hadsa P3W nutation in the cscK gene. PCT/UAS01CARI2DE Seen
fromthe results in Table 6, the E. coli strains containing the variant

over - sucr os By G U eRsbiied SR OFR b Y EaPRlRGHS Wi R sucr ose

Transporter MIsipepUditeSpriny Hrbor BateratdvyFrgenaSold Spring Harboesiey Exanpl es
descri be the identificat | on of variant sucrose transporters by saturation

nut agenesi s &f 994k PRASYBIUBIOEL He '\d:s%tBabr%@"tﬁrQ@@ﬁ/St’ﬁé\/’@/ﬁ%’ﬁﬁ Yil n
addi tion to té"%{t%grr%%‘t&éblgrﬁﬁ'n %ahg Hsf Wil I(Ir\Pnké({))és’m aneous

nmut ati on, severa hér amno dcid ¢ réesi due 61 o enabl ed
faster suerose ut |Mateaaismncamdrmdss3wm@fo¢dmemstlmtehance and growihnofor der to

performsaturati r_1 nu a?enesi S ﬂi(rectl ther r,omso%a CSCA+K+B-

(kanR) strai N &@P.%@r@d"’?l ROWR hes@’ftal RCHBIGHRR SUFRRIEIPLYSE Ry strain

PDO3085 cont gh@&dio W hplesNfa g BB 9288 et b iela) Dé/e&r/@é%d@tfoﬁ he yi hP
rat P

gene in FMb. Integ on of the Sucrose cluster at t hP gene was
acconpl i shed WQi'elsBaa:tbeidlogy (Brélimpl @e&adt;éthtEthlu;rayPRa@hA\l primer (SEQ ID

NG 89) and yihP.csc | u ene in the
Cluster in PEOSHIREDAN. St s AdbebtSed Rakridd paf FoWes -
kanamyci nor esﬁ'rﬁ|h9@0@d§[ﬁ$aﬁﬁém@an SheickpnNEiobidI6gy: SNasEAgRS EEEL € was
arrpllfledfromthe late plasmd (Datsenoand nner, Proc. Natl.

Acad. Sci. USKOM)awi0 e obeutistialiMgratioear and Raiechnpiesy, §SEQ | D
NG 91) and  egition (Richard H. Baltz, Julian E. Davies, and Arnold L. Demain Eds.),
ASM Press, Washington, DC, 2010. All reagents, restriction enzymes and
materials described for the growth and maintenance of bacterial cells may
15 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: “sec” means
second(s), “min” means minute(s), “h” means hour(s), “hm” means
20 nanometer(s), “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), “ng” means nanogram(s), “bp” means base pair(s),
“kbp” means kilobase pair(s), “rom” means revolutions per minute, “ATCC”
means American Type Culture Collection, Manassas, VA, “OD” means
25  optical density, “g” means the gravitation constant, “HPLC” means high
performance liquid chromatography.
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5 L61S, L61T and L61V showed nmuch sl ower grow h on sucrose than the

w I d-type control. Two isolates of variant L611 showed quite different
growt h orweuerges94sone had simlar growh to the w |l d-t ype/usandosre2 had
much faster growh than the wild-type. Both isolates were sequenced and
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el sewhere causeh p$eCA40DAAGRO, % PTBMpeRdtaiHhefad esndthetddas kfiiblvs. sol at es.
Table 7 Characterization of the NNK Saturation Variants at Codon 61 of

CscB Exanpl Steimlikabmgs generaier By deletion o i Aldheene framsete@ind INO.  Codon
3% S UG LS oPARREAD Y0 es s 1o/ - 10
5  aldB deletion was made by first replacing 1.5 kbp of the coding region of
aldB in E. coli strain MG1655 with the FRT-CmR-FRT cassette of the
pKD3 plasmid (Datsenko and Wanner, Proc. Natl. Acad. Sci. USA
97:6640-6645, 2000). A replacement cassette was amplified with the
primer pair SEQ ID NO:99 and SEQ ID NO:100 using pKD3 as the

10 template. The primer SEQ ID NO:99 contains 80 bp of homology to the 5'-
end of aldB and 20 bp of homology to pKD3. Primer SEQ ID NO:100
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).

15  Recombinant strains were selected on LB (Luria Bertani) plates with 12.5
mg/L of chloramphenicol. The deletion of the aldB gene was confirmed by
PCR, using the primer pair SEQ ID NO:101 and SEQ ID NO:102. 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

20  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 with the primer pair SEQ ID NO:101 and SEQ ID NO:102 to
ensure that the mutation was present. The chloramphenicol resistance
marker was removed using the FLP recombinase (Datsenko and Wanner,

25  supra) to create TTab. Strain TTab was then transformed with
pSYCO400/AGRO (set forth in SEQ ID NO:84), described in U.S. Patent
No. 7,524,660 (Example 4), to generate strain TTab pSYCO400/AGRO.

As described in the cited references, strain TTab is a derivative of
E. coli strain FM5 (ATCC® No. 53911) containing the following
30 modifications:
deletion of glpK, gldA, ptsHI, crr, edd, arcA, mgsA, qor, ackA, pta,
aldA and aldB genes;
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0.001 0.003 11, L61A1 104 GCT 1 0.145 0.330
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upregulation of galP, glk, btuR, ppc, and yqghD genes; and

downregulation of gapA gene.

Plasmid pSYCO400/AGRO contains genes encoding a glycerol production
pathway (DAR1 and GPPZ2) and genes encoding a glycerol dehydratase

5 and associated reactivating factor (dhaB123, dhaX, orfX, orfY), as well as
a gene encoding a fructokinase (scrK).

The c¢scAKB gene cluster (SEQ ID NO: 45) was integrated at the
aldH location in TTab pSYCO400/AGRO by the Lambda Red method. The
cSCAKB gene cluster was amplified from plasmid pBHR-cscBKA (SEQ ID

10 NO:103 ), which was constructed as described in Example 1 of U.S.
Patent Application Publication No. 2011/0136190 A1, using aldH cscA
primer (SEQ ID NO:85) and aldH cscB primer (SEQ ID NO:86) containing
flanking sequences for the aldH gene. Plasmid pBHR-cscBKA, linearized
by Pstl digest, was used as the PCR template. High fidelity PfuUltra ® Il

15 Fusion HS DNA polymerase (Stratagene; La Jolla, CA) was used in the
PCR reaction. PCR was performed using the following cycling conditions:
95 °C for 2 min; 35 cycles of 95 °C for 30 sec, 60 °C for 30 sec, and 72 °C
for 4 min; and then 72 °C for 7 min. The resulting PCR product was stored
at 4 °C. The PCR product was purified using a QIAquick PCR Purification

20 kit (Qiagen, Valencia, CA). The PCR product was electroporated into the
TTab pSYCO400/AGRO strain containing the pKD46 plasmid (Red
recombinase plasmid, GenBank Acc. No. AY048746), encoding lambda
recombinases, following the lambda red recombination procedure
(Datsenko, K.A. and Wanner, B.L., 2000, Proc. Natl. Acad. Sci. USA 97,

25  6640-6645). The transformation mixture was plated on MOPS minimal
plates containing 10 g/L sucrose and 100 pg/mL spectinomycin. The
MOPS minimal plates contained 1XMOPS buffer (Technova, Hollister,
CA), 1.32 mM KH3;PO4 (Technova), 50 pg/L uracil and 1.5 g/L Bacto agar.
Plates were incubated at 37 °C for 2-3 days. Colonies grown on minimal

30  sucrose plates were picked and growth in sucrose liquid medium was
examined using a Bioscreen C growth chamber (Bioscreen, Helsinki,
Finland). For the Bioscreen growth assay, colonies were first grown in
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150 L of LA medium (1% tryptone, 0.5% yeast extract, 0.05% sodium
chloride) containing 100 ug/mL spectinomycin in a Costar 96-well U
bottom microtiter plate (Corning Inc., Corning, NY). The microtiter plate
was incubated at 37 °C with shaking overnight. The fresh overnight

5  cultures were diluted 1:100 into MOPS minimal medium containing 2.5 g/L
sucrose and 100 pg/mL spectinomycin in a Bioscreen honeycomb plate.
Vitamin B4, was added to the medium to a concentration of 0.1 mg/L. The
honeycomb plate was placed into the Bioscreen C instrument according to
the manufacturer’s instructions. The plate was incubated at 33 °C with

10  constant shaking and the OD was recorded every 15 min. Most isolates
grew slowly in 2.5 g/L sucrose, but a few grew faster. These faster

growing variants were selected for further analysis.

EXAMPLES 2-7
15 Identification of Variant Sucrose Transporter Genes

These Examples describe the identification of variant sucrose
transporter genes. These sucrose transporter variants enabled faster
sucrose utilization.

The sucrose gene cluster in the faster growing E. coli variants

20  described in Example 1 was amplified by PCR and the whole gene cluster
sequence in these strains was determined by DNA sequencing. Six
variants were identified, as shown in Table 3, all containing a single base
pair change in the cscB gene. Four of the variants had a single amino
acid substitution, and two of the variants had truncations at the C-terminal

25 end. None of the variants had an amino acid substitution in the cscA gene
and only one variant had an amino acid substitution in the cscK gene.
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2 0.140 0.328 0.381 Conparative 0.002 0.003 0.004 14 L61F 38 TTT 10

0.194 0.372 0.412 0.001 0.003 0.005 15,
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Table 3
Sucrose Transporter Variants in a PDO Production Strain
Example Variant | Nucleotide | cscB Amino acid | CscB

Strain change? in | Nucleotide | substitution® | Amino

cscB SEQ ID in CscB Acid

NO: SEQID

NO:
2 PDO3097 | T182C 25 L61P 26
3 PDO3214 | C477A 27 F159L 28
4 PDO3215 | G484T 29 G162C 30
5 PD0O3216 | C506A 31 P169H 32
6 PD03217° | G1207T 41 E403STOP 42
7 PDO3218 | G1222T 43 E408STOP 44

? The nomenclature used to indicate the nucleotide change is: the first
letter is the symbol for the wild-type nucleotide, the number is its
5 position, and the following letter is the symbol for the nucleotide in the
variant.
® The nomenclature used to indicate the amino acid substitution is: the
first letter is the single letter symbol for the wild-type amino acid, the
number is its position, and the following letter is the single letter symbol
10 for the amino acid in the variant.
¢ PD0O3217 also had a G93W mutation in the cscK gene.
The growth rate of the E. coli strains containing the variant sucrose
transporter in a sucrose containing medium was determined using the
15  Bioscreen C instrument. The E. coli variants were grown in 3 mL of LA
medium containing 100 pg/mL spectinomycin at 37 °C for 16 hours. For
the Bioscreen assay, the fresh overnight cultures were diluted 1:100 into
MOPS minimal medium containing 2.5 g/L, 5 g/L or 10 g/L sucrose and
100 pg/mL spectinomycin in a Bioscreen honeycomb plate. Vitamin Bz
20  was added to the medium to a concentration of 0.1 mg/L. Four replicates
were run for each sample. Medium blank wells were also included. The
honeycomb plate was placed into the Bioscreen C instrument according to
the manufacturer’s instructions. The plate was incubated at 33 °C with
constant shaking and the OD was recorded every 15 min. An E. coli strain
25  containing the wild-type sucrose gene cluster was grown in the same
manner to serve as a control. The maximum growth rate, referred to
herein as PUmax, Was estimated using the following procedure. First, the

background was removed by subtracting the averaged OD values in the
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blank wells from the OD values of non-blank wells. Then, the growth rate
parameter was estimated using a sliding window consisting of 8 data
points (covering 2 hours of growth) by fitting the data points to an
exponential curve using non-linear regression. In each sliding window, the

5  estimated growth rate was recorded only if the fit was good (i.e., R2>0.95).
The largest value from all the recorded growth rates was taken as pmax-
The mean umax and the standard deviation of four replicates are given in
Table 4.

10 Table 4
Growth Rates of E. coli Variants Grown on Sucrose

Variant Strain Growth Rate (PUmax) On Sucrose
2.5g/L 5g/L 10 g/L

PDO3084 0.056 £ 0.017 0.120 £ 0.003 0.223 £ 0.002
(Control)

PDO3097 0.196 £ 0.002 0.290 £ 0.001 0.278 £ 0.005
PD0O3214 0.091 £ 0.006 0.209 £ 0.007 0.270 + 0.001
PDO3215 0.136 £0.003 0.253 £ 0.001 0.273 + 0.001
PD0O3216 0.152 £ 0.003 0.244 + 0.004 0.251 £ 0.005
PDO3217 0.076 £ 0.004 0.185 £ 0.003 0.276 £ 0.007
PD0O3218 0.048 £ 0.002 0.161 £ 0.003 0.256 £+ 0.002

As can be seen from the results in Table 4, the variant E. coli
strains grew faster on sucrose than the control strain.
15
EXAMPLE 8

PDO and Glycerol Production by Variant E. coli Strains Grown on Sucrose

This Example describes the production of PDO and glycerol by the
E. coli variants described in Example 1, when grown on sucrose. The
20  variant strains showed an increased molar yield for the production of PDO
and glycerol compared to a control strain containing the wild-type sucrose
gene cluster.
The molar yield for production of PDO and glycerol was determined
in shake flask studies. Fresh overnight cultures of the E. coli variants
25  were inoculated into 12.5 mL MOPS medium containing 10 g/L sucrose
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10

15

20

plus 100 ng/mL Vitamin B12 and 100 pg/mL spectinomycin to an initial OD
of 0.01. Cells were grown at 33 °C with shaking at 250 rpm for 44 hours.
Cultures were centrifuged and the supernatants were added to 0.22 ym
Spin-X centrifuge tube filters (Corning Inc., Corning, NY) and centrifuged
at 10,000 g for 1 min. The filtrates were analyzed by HPLC using a
Waters Alliance 2690 HPLC system (Waters Corp., Milford, MA) with an
Aminex HPX-87C HPLC carbohydrate analysis column (Bio-Rad
Laboratories, Hercules, CA, Cat # 125-0095) heated to 85 °C in a
separated Waters TCM heating chamber. A Bio-Rad carbo-C micro-guard
column (Bio-Rad, Cat #125-0128) was used before the analysis column.
The mobile phase was composed of 0.05 mM CaO (Sigma, #208159), 0.5
mM MES (Sigma, #M3671), 0.05 mM HNOs (EMD Chemicals, Gibbstown,
NJ, Cat #NX0409), pH 5.3. The flow rate was 0.5 mL/min. Typically, the
retention times of PDO and glycerol were 17.5 min and 19.3 min,
respectively. The retention times of sucrose, glucose and fructose were
10.3 min, 12.5 min and 15.9 min, respectively. Consistent with the faster
growth rates observed with the Bioscreen assay, the variant E. coli strains
also showed faster sucrose consumption in shake flasks. In addition, the
variant E. coli strains all showed higher molar yield for production of PDO
and glycerol (i.e., moles of PDO and glycerol per mole of sucrose) than
the wild-type control, as shown in Table 5.
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Table 5
Molar Yield for the Production of PDO and Glycerol
by Variant E. coli Strains Grown on Sucrose

Variant Strain Molar Yield (mol PDO +
glycerol/mol sucrose)
PD0O3084 (Control) 1.120
PDO3097 1.204
PD0O3214 1.170
PDO3215 1.197
PDO3216 1.189
PD0O3217 1.175
PDO3218 1.169
5
EXAMPLE 9

Recombinant Bacteria Containing Variant

Sucrose Transporter Genes

10 This Example describes the construction of recombinant bacteria
containing variant sucrose transporter genes. The recombinant bacteria
had the ability to utilize sucrose faster than a wild-type control strain.

The sucrose gene clusters containing the variant cscB genes were
amplified from the sequenced variant strains by PCR using conditions as

15  described in Example 1. The PCR products were transformed into a
parental host, E. coli strain FM5 (ATCC® No. 53911), containing the
pKD46 plasmid, as described in Example 1. Integrants containing the
variant clusters were selected by growing on MOPS minimal plates
containing 10 g/L sucrose. Colonies were streaked and integrants that

20  cured of pKD46 were purified. A representative colony from each strain
was selected. Integration of the sucrose gene cluster at the aldH gene was
confirmed by PCR using primer aldH_check_up (SEQ ID NO: 87) and
primer aldH_check_dn (SEQ ID NO:88). The original cscB mutation in
each of the strains was confirmed by sequencing the PCR product

25  containing the sucrose gene cluster. No additional mutation was found.
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Growth rates of the FM5 derived strains grown on sucrose were

determined using the Bioscreen assay as described in Examples 2-7. The

results (i.e., the mean and standard deviation of three replicates) are

shown in Table 6.

Table 6

Growth Rates of FM5 Derived Strains Containing

Variant Sucrose Gene Clusters

Variant CscB Amino Growth Rate (Umax) On Sucrose
Strain Acid

SEQ ID NO: 1g/L 2.5¢g/L 10 g/L
PDO3257 24 0.115+0.010 | 0.247 £ 0.002 | 0.449 + 0.006
(Control)
PD0O3094 26 0.223 £ 0.045 | 0.476 £ 0.007 | 0.485 + 0.007
PD0O3219 28 0.220+ 0.004 | 0.385 £ 0.005 | 0.447 + 0.004
PD0O3220 30 0.181 £0.024 1 0.431 £0.026 | 0.466 + 0.010
PD0O3221 32 0.174 £ 0.073 | 0.469+ 0.001 | 0.491 + 0.009
PD03222% 42 0.115+ 0.025 | 0.347 £ 0.003 | 0.449 + 0.002
PD0O3223 44 0.162 £ 0.008 | 0.399 £ 0.003 | 0.457 £ 0.005

2 PD03222 also had a G93W mutation in the cscK gene.

As can be seen from the results in Table 6, the E. coli strains

containing the variant sucrose transporter genes grew faster than the wild-

type strain at the lower sucrose levels.

EXAMPLES 10-26

Identification of Variant Sucrose Transporter Polypeptides

by Saturation Mutagenesis

These Examples describe the identification of variant sucrose

transporters by saturation mutagenesis at residue 61 of the CscB protein

on the chromosome. In addition to the L61P mutation previously identified

from spontaneous mutation, several other amino acid changes at residue

61 also enabled faster sucrose utilization at low sucrose concentration.

In order to perform saturation mutagenesis directly on the

chromosome, a cscA+K+B- (kanR) strain was constructed in E. coli strain
FM5. The starting strain PDO3085 contained the wild-type cscAKB gene
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cluster integrated at the yihP gene in FMS5. Integration of the sucrose
cluster at the yihP gene was accomplished as described in Example 3
except that yihP cscA primer (SEQ ID NO:89) and yihP cscB primer (SEQ
ID NO:90) were used. The cscB gene in the cluster in PDO3085 was then
5  partially deleted by replacing it with a kanamycin resistance cassette. The

kanamycin resistance cassette was amplified from the pKD4 template
plasmid (Datsenko and Wanner, Proc. Natl. Acad. Sci. USA
97:6640-6645, 2000) using cscB61 up kan primer (SEQ ID NO:91) and
cscB353 down kan primer (SEQ ID NO:92). High fidelity PfuUltra ® Il

10 Fusion HS DNA polymerase (Stratagene; La Jolla, CA) was used in the
PCR reaction. PCR was performed using the following cycling conditions:
95 °C for 2 min; 30 cycles of 95 °C for 20 sec, 60 °C for 20 sec, and 72 °C
for 1.5 min; and then 72 °C for 3 min. The resulting PCR product was
stored at 4 °C. The PCR product was purified using the QIAquick PCR

15 Purification kit (Qiagen). The PCR product was electroporated into the
PDO3085 strain containing the pKD46 plasmid encoding lambda
recombinases following the lambda red recombination procedure. The
transformation mixture was plated on LB plates containing 25 pg/mL
kanamycin. The kanamycin resistance colonies were checked on

20  MOPS+10 g/L sucrose plates to make sure that they were unable to grow
on sucrose. Insertion of the kanamycin resistance cassette between
residue 61 and 353 of CscB was confirmed by PCR using cscB &’ primer
(SEQ ID NO:93) and cscB 3’ primer (SEQ ID NO: 94). This FM5
yihP:cscA+K+B-(A61-353, kanR) strain designated as PDO 3513 was

25  used as the host strain for saturation mutagenesis.

The oligos containing the mutagenic residues at position 61 were
synthesized by Integrated DNA Technologies (Coralville, lowa) as NNK at
position 61 (N = any nucleotide; K= G or T). The 61 NNK top2 oligos
(SEQ ID NO: 95) and Q353 down2 oligo (SEQ ID NO: 96) were used as

30  primers to amplify the internal cscB fragment (61-353 residues) using
PDO3085 as template. PCR conditions were similar to those described
above in this Example, except that AccuStart Super Mix (Quanta
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Biosciences, Inc. Gaithersburg, MD) containing Taq DNA polymerase was
used. The PCR product was purified using the Zymo DNA Clean kit
(Zymo Research Corp., Irvineg, CA) and transformed into PDO3513
containing pKD46 following the Lambda Red protocol. The transformation
mixture was plated out on MOPS plates containing 2.5 g/L sucrose and 5
g/L tetracycline (FM5 cells are resistant to tetracycline). Plates were
incubated at 37 °C for about two days. A total of 96 isolated colonies were
picked and cultured in MOPS medium with 10 g/L sucrose and 5 g/L
tetracycline in a 96 deep-well plate at 37 °C overnight. The cells were all
confirmed to have the sucrose gene cluster at the yihP gene location by
PCR. Each isolate was streaked on LB plates and a single colony from
each isolate was resuspended in water in a 96 well PCR plate. The cell
suspension was used for GenomiPhi sequencing (GE Health Care,
Piscataway, NJ) to identify the cscB mutation using primers cscB5-119-F
(SEQ ID NO:97) and GC-cscB_F1 (SEQ ID NO:98) that covered position
61. A total of 78 isolates (about 81%) were successfully sequenced by
GenomiPhi. Among the sequenced isolates, 16 different amino acid
residues were identified at codon 61 (Table 7). The full length of the cscB
gene was subsequently sequenced from at least one representative of
each of the amino acid variants which exhibited a high growth rate on
sucrose to check if any other mutation occurred elsewhere in the gene.
These isolates were also cured of pKD46 and used in the Bioscreen assay
for growth in sucrose medium.

Among the 96 colonies obtained from NNK saturation mutagenesis,
7 of them had the wild-type residue leucine at position 61, although the
amino acid was encoded by different codons (CTG or TTG) from the
original CTA in the wild-type cscB gene. These variants grew similarly on
sucrose in the Bioscreen assay as the original wild-type control. Fifteen
L61P variants were also isolated and encoded by different codons (CCG
or CCT) from the original isolate (CCA) as described in earlier Examples.
These L61P variants all showed faster growth rates on sucrose, similar to
the original L61P variant. Besides the L61P variant, L61W and L61F also
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showed much faster growth on sucrose than the wild-type control. The
L61H, and L61Y variants showed slightly faster growth on sucrose than
the wild-type control. Variants L61A, L61E, L61G, L61K showed similar
growth rate on sucrose as the wild-type control. Variants L61D, L61Q,

5 L61S, L61T and L61V showed much slower growth on sucrose than the
wild-type control. Two isolates of variant L611 showed quite different
growth on sucrose; one had similar growth to the wild-type, and one had
much faster growth than the wild-type. Both isolates were sequenced and
were found to contain no other mutations in the cscB gene in addition to

10 the ATT at codon 61. It is possible that some other spontaneous mutation
elsewhere caused the different growth phenotypes for the two L611

isolates.
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14 L61F 38 TTT 10 0194+ 0.372+| 0412+
0.001 | 0.003 0.005
15, L61G 107 |GGT/GGG| 5 0.124 £10.302+| 0.385
Comparativel 0.002 | 0.003 0.002
16 L61H 36 CAT 2 0.168 £ 0.347 +| 0.410 %
0.002 | 0.001 0.004
17, Le1l (#68)] 108 ATT 1 0.115+£] 0.2903+| 0.396
Comparative] 0.001 0.000 0.004
17, Le1l (#71)] 108 ATT 1 0.211+£]0.383+| 0434 +
Comparative) 0.013 | 0.005 0.001
18, L61K 109 AAG 1 0.121+£]0.287 £ | 0.372 %
Comparative] 0.002 | 0.003 0.004
19, L61L 24 |CTG/TTG 7 0.111+£]0.268+| 0.399 %
Comparative] 0.003 | 0.003 0.006
20 L61P 26 |CCG/CCT| 15 |0.243+]|0.397 ] 0.438 %
0.004 | 0.003 0.001
21, L61Q° | 110 CAG 3 0.035+]0.046 + | 0.083
Comparativel 0.007 | 0.013 0.001
22, L61S° 111 TCG 1 0.034 £] 0.036 £ | 0.090
Comparative] 0.001 0.003 0.004
23, L61T® 112 ACG 1 0.036£] 0.047 £ | 0.061 %
Comparativel 0.004 | 0.001 0.001
24, Le1V° 113 GTT 1 0.052+]0.079+]| 0.111 %
Comparativel 0.006 | 0.005 0.001
25 L61W 34 TGG 19 0.257 £ 0.401 ]| 0443+
0.007 | 0.008 0.007
26 L61Y 40 TAT 3 0.164 £] 0.343+| 0.389 %
0.000 | 0.008 0.002
#na means not applicable.

1 61A has two additional mutations K287R and 1296V in CscB.
“Not confirmed by full length sequencing of cscB.
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on a Custal Wnethod of alignnment and having at | east one am no acid
change selected fromthe group consisting of: (A leucine to proline at
posi ti on WO;20(3BR5@ERenyl al ani ne to | euci ne at position 1PET/USe@pR/0GI29ZI ne to
cysteine at position 162; (D) proline to histidine at
position 169; (E) leucine to trypt oph&EA%Sposi tion 61; (F) leucine to

hi stidine at position 61; E— (G leucine to phenyl al ani ne
at position §¥hatiedlsifed)isi eucine to tyrosine at position 61; or (ii) an
am no acid sequence that has at |east 95% identity to an am no acid
sequence as set forth in SEQ I D NO 44 based on a Clustal Wnethod of

al i gnment and haviyn 1 Lds fromthe

N-t er m nus; gr’ 15 |‘?alfadéﬁﬂg%ﬁg%”f?%’r%gﬁégéggwﬁQ?Q‘ﬁgs at | east 95%
identity 50 an am no ggai dasemiroe@eichseqainceahabhahalOegst b MAddrtithased on a
Clustal Wnethod of alignnent, having a | ength of 402 t 7 1 no, aci ds
fromthe N-termnus, aHUARHA AYIBCAUERSE a81% %B?rﬁ’t 'Heségilg?ﬂg)@‘ggé%ges of
(i); and 20(b) a nucl ! i ARG } sucrose
hydr ol ase activity; V\Ih%eﬁ’ %ﬁu%ﬁ?%ﬁﬁ%ﬂzﬁ'&ﬁgmﬁﬁggr abl%gﬂeﬁ@e’gﬁ?o t he
sanme or a different pramnbecid Chandeselebtadsromdhe groge censistmgret abol i zes
sucrose at a greater rate,.than a bacterium.containing a wld-type sucrose
transporter 25pol ypept i de(')naa?H@'nﬁ o PN %F&Q?'téoéhéjgnce as set forth in SEQ
I D NG 24.133. The bacteri umigf shedymigninehsn&idiné B?g@Q{idrﬁ)QBg! de having
sucrose hydrolase activity'is classified as EC 3.2.1.26 or EC 2.4.1.7.

304. The bacterium of cl aiii)2 glMeinade cysieprd &l prpition 162, genone or on at

| east one reconbi nant congt\r uct,. 0t | e encodi ng a

pol ypepti de havi ng fruct oﬁ?)na @'3%@5%@%%%?%%0%45PCT/ US2012/ 051222
5. The bacteriumof claim ({/% weatidkeno tiptasHanpgtidsitwneyi ng fruct oki nase
activity is classified as EC 2.7.1.4, EC 2.7.1.3, or EC 2.7.1.1. 56.The
bact eri um of clai m 2 wher®i)n lgdripedatiidingal RO ed from the group
consi sti of the genera: 4 chi I k i ! r, and
Aer obact grg 7. The(vﬁzg%@@%% gpe@ﬂg@ﬁ]ﬁ@ é\;\ﬂ)eorsglénr{ggia#cﬁact eriumis
10Escherichia col/i. (vii§. lelibimeltadym@sinenatqositican @1;2rwher ei n t he

bacteri i nbi t bacteri t hat d , 3- di ol ,
bacterium [ s a reconbigant bacteriym that, preduces 1.5 peopanediol,

an amino acid sequence as set forth in SEQ ID NO:44 based

on a Clustal W method of alignment and having a length of
20 402 to 407 amino acids from the N-terminus; or

(c) an amino acid sequence that has at least 95% identity to

an amino acid sequence as set forth in SEQ ID NO:44 based

on a Clustal W method of alignment, having a length of

402 to 407 amino acids from the N-terminus, and having at

25 least one of the amino acid changes of (a).

2. A bacterium comprising in its genome or on at least one
recombinant construct:
(a) a nucleotide sequence encoding a variant sucrose transporter
30 polypeptide, said polypeptide having:
(i) an amino acid sequence that has at least 95% identity to
an amino acid sequence as set forth in SEQ ID NO:24 based
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15 9. A process for nmaking glycerol, 1,3-propanediol and/or 3-

hydr oxypropi oni ¢ acid from sucrose conprising: a) culturing the reconbi nant
bact eri unwof2ols9s8 i n the presence of sucrose; and 20bLTrsSecaessiey t he

gl ycerol, 1, 3-propanedi ol and/or 3- hydroxypropionic acid produced.

on a Clustal W method of alignment and having at least one
amino acid change selected from the group consisting of:
(A) leucine to proline at position 61;
(B) phenylalanine to leucine at position 159;
5 (C) glycine to cysteine at position 162;
(D) proline to histidine at position 169;
(E) leucine to tryptophan at position 61;
(F) leucine to histidine at position 61;
(G) leucine to phenylalanine at position 61; and
10 (H) leucine to tyrosine at position 61; or
(i) an amino acid sequence that has at least 95% identity to
an amino acid sequence as set forth in SEQ ID NO:44 based
on a Clustal W method of alignment and having a length of
402 to 407 amino acids from the N-terminus; or
15 (iii) an amino acid sequence that has at least 95% identity to
an amino acid sequence as set forth in SEQ ID NO:44 based
on a Clustal W method of alignment, having a length of
402 to 407 amino acids from the N-terminus, and having at
least one of the amino acid changes of (i); and
20 (b) a nucleotide sequence encoding a polypeptide having sucrose
hydrolase activity;
wherein (a) and (b) are each operably linked to the same or a different
promoter, further wherein said bacterium metabolizes sucrose at a greater
rate than a bacterium containing a wild-type sucrose transporter

25  polypeptide having an amino acid sequence as set forth in SEQ ID NO:24.

3. The bacterium of claim 2, wherein the polypeptide having

sucrose hydrolase activity is classified as EC 3.2.1.26 or EC 2.4.1.7.
30 4. The bacterium of claim 2 further comprising in its genome or

on at least one recombinant construct, a nucleotide sequence encoding a

polypeptide having fructokinase activity.
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5.  The bacterium of claim 4, wherein the polypeptide having
fructokinase activity is classified as EC 2.7.1.4, EC 2.7.1.3,0or EC 2.7.1.1.

0. The bacterium of claim 2 wherein said bacterium is selected
from the group consisting of the genera: Escherichia, Klebsiella,
Citrobacter, and Aerobacter.

7. The bacterium of claim 6 wherein said bacterium is

Escherichia coli.

8. The bacterium of claim 2 wherein the bacterium is a
recombinant bacterium that produces 1,3-propanediol, glycerol, and/or 3-
hydroxypropionic acid.

9. A process for making glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid from sucrose comprising:
a) culturing the recombinant bacterium of claim 8 in the presence
of sucrose; and
b) recovering the glycerol, 1,3-propanediol and/or 3-

hydroxypropionic acid produced.
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