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of sugars, glucose is typically netabolized to its entirety ahead of other
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provides a reconbi nant bacteriumconprising in its genone:
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

25 sugars. Moreover, many bacteria lack the ability to utilize sucrose. For
example, less than 50% of Escherichia coli strains have the ability to
utilize sucrose. Thus, when a production microorganism cannot utilize
sucrose as a carbohydrate source, it is desirable to engineer the
microorganism so that it can utilize sucrose.

30 Recombinant bacteria that have been engineered to utilize sucrose
by incorporation of sucrose utilization genes have been reported. For
example, Livshits et al. (U.S. Patent No. 6,960,455) describe the



(a) one or nore nucl eotide sequences encoding a pol ypeptide or a

pol ypepti de conpl ex having sucrose transporter activity; (b) a
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consistent with Wrld Intellectual Property Organization (WPQ Standard

ST. 25 (2009) and the sequence | isting requirenents of the EPO and PCT
20(Rules 5.2 and 49.5(a bis)s SUMMARY OF JaA1BIVENT IQNhex C of the
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1.822. its genome:

(a) one or more nucleotide sequences encoding a polypeptide or a
polypeptide complex having sucrose transporter activity;
(b) a nucleotide sequence encoding a polypeptide having
20 fructokinase activity; and
(c) a nucleotide sequence encoding a polypeptide having sucrose
hydrolase activity;
wherein:
(i) (a), (b) and (c) are each operably linked to the same or a
25 different promoter;
(i) (a), (b), and (c) are integrated into the genome between the
yihP gene or its homolog and the yihO gene or its homolog; and
(iif) said bacterium metabolizes sucrose at a greater rate than a
bacterium comprising (a), (b), and (c) integrated at a different
30 location in the genome.
Another embodiment provides a process for making glycerol, 1,3-
propanediol and/or 3-hydroxypropionic acid from sucrose comprising:



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 woaema3Basashar onyces cerevi siae 3 4 GPPl from Saecharsomoesss
cerevisiae 5 6 GPP2 from Saccharonyces cerevisiae 7 8 dhaBl fromKlebsiella
pneunoni ae a) culturing the recombinant bacterium disclosed herein in the
presence of sucrose; and

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

hydroxypropionic acid produced.

BRIEF DESCRIPTION OF THE FIGURE AND
SEQUENCE DESCRIPTIONS

The invention can be more fully understood from the following

detailed description, figure, and the accompanying sequence descriptions,

10 which form a part of this application.

Figure 1 is a diagram showing chromosomal locations where the
sucrose gene cluster was integrated. The chromosomal genes are shown
in striped arrows. The sucrose genes are shown in open arrows. The
direction of arrows indicates the direction of gene expression.

15 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

20 (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.



9 10 dhaB2 from Kl ebsi el l a pneunoniae 11 12 dhaB3 from Kl ebsiel |l a
pneunoni ae 13 14 al dB from Escherichia colt 15 16 al dA from Escherichia
coli 17 Msoabw26286m Escherichia colt 19 20 gal P from Eepcharsea@hioaos®l t 21
22 cscB from Escherichia coli EC3132 23 24 cscB from Escherichia colt
ATCCCA 3281 25

Table A
Summary of Gene and Protein SEQ ID Numbers
Gene Coding Encoded
Sequence Protein
SEQ ID NO: SEQ ID NO:
GPD1 from Saccharomyces cerevisiae 1 2
GPD2 from Saccharomyces cerevisiae 3 4
GPP1 from Saccharomyces cerevisiae 5 6
GPP2 from Saccharomyces cerevisiae 7 8
dhaB1 from Klebsiella pneumoniae 9 10
dhaB2 from Klebsiella pneumoniae 11 12
dhaB3 from Klebsiella pneumoniae 13 14
aldB from Escherichia coli 15 16
aldA from Escherichia coli 17 18
aldH from Escherichia coli 19 20
galP from Escherichia coli 21 22
cscB from Escherichia coli EC3132 23 24
cscB from Escherichia coli ATCC®13281 25 26
cscB from Bifidobacterium lactis 27 28
susT1 from Streptococcus pneumoniae 29 30
strain TIGR4
susT2 from Streptococcus pneumoniae 31 32
strain TIGR4
susX from Streptococcus pneumoniae 33 34
strain TIGR4
malE from Streptococcus mutans 35 36
malF from Streptococcus mutans 37 38
malG from Streptococcus mutans 39 40
malK from Streptococcus mutans 41 42
scrK from Agrobacterium tumefaciens 43 44
scrK from Streptococcus mutans 45 46
cscK from Escherichia coli 47 48
c¢scK from Enterococcus faecalis 49 50
HXK1 from Saccharomyces cerevisiae 51 52
HXK2 from Saccharomyces cerevisiae 53 54
¢scA from Escherichia coli EC3132 55 56
¢scA from Escherichia coli ATCC®13281 57 58
bfrA from Bifidobacterium lactis strain DSM 59 60
101407
SUCZ2 from Saccharomyces cerevisiae 61 62
scrB from Corynebacterium glutamicum 63 64
sucrose phosphorylase gene from 65 66
Leuconostoc mesenteroides DSM 20193
sucP Bifidobacterium adolescentis DSM 67 68
20083
dhaT from Klebsiella pneumoniae 69 70
yihP from Escherichia coli 77 78
yihQ from Escherichia coli 79 80




26 cscB from Bi fi dobacterium/lactis 27 28 susTl from Streptococcus

pneunoni ae strain TIGR4 29 30 susT2 from Streptococcus pneunoni ae strain

TI GR4 31 w0 281880¢5f860m St r ept ococcus pneunoni ae strai n TPGRUS2@ 20440881 E from
Streptococcus nutans 35 36 nmal F from Streptococcus nutans 37 38 mal G from

V. Ka]

St rept ococcy i/iﬁnf)iﬁg‘rﬁsc‘s%ﬁerfb%ié"rgg/i}( from-Strep OCOCELS Tt ans 4% A
ompL from Escherichia coli 83 84
cscB variant 408STOP 93 94
cscB variant L61P 95 96
cscB variant F159L 97 98
cscB variant G162C 99 100
¢cscB variant P169H 101 102
cscB variant L61W 103 104
cscB variant L61H 105 106
cscB variant L61F 107 108
cscB variant 403STOP 109 110
scrK From Escherichia coli 111 112
scrK from Klebsiella pneumoniae 113 114

SEQ ID NO:71 is the nucleotide sequence of the coding region of
the dhaX gene from Klebsiella pneumoniae.
SEQ ID NO:72 is the nucleotide sequence of plasmid pSYCO101.
5 SEQ ID NO:73 is the nucleotide sequence of plasmid pSYCO103.
SEQ ID NO:74 is the nucleotide sequence of plasmid pSYCO106.
SEQ ID NO:75 is the nucleotide sequence of plasmid pSYCO109.
SEQ ID NO:76 is the nucleotide sequence of plasmid
pSYCO400/AGRO.
10 SEQ ID NO:85 is the nucleotide sequence encoding putative
permease YP_690957 of Shigella flexneri.
SEQ ID NO:86 is the nucleotide sequence encoding GPH family
transport protein NP_462898 of Salmonella enterica.
SEQ ID NO:87 is the nucleotide sequence encoding hypothetical
15  protein ENCANT 09547 of Enterobacter cancerogenus ATCC® 35316.
SEQ ID NO:88 is the nucleotide sequence encoding hypothetical
protein CKO_03136 of Citrobacter koseri ATCC® BAA-895.
SEQ ID NO:89 is the nucleotide sequence encoding putative
permease YP_690958 of Shigella flexneri.
20 SEQ ID NO:90 is the nucleotide sequence encoding GPH family
transport protein NP_462897 of Salmonella enterica.
SEQ ID NO:91 is the nucleotide sequence encoding hypothetical
protein ENCANT 09546 of Enterobacter cancerogenus ATCC® 35316.



scrK from Agrobacterium tunefaciens 43 44 scrK from Streptococcus nmutans 45
46 cscK from Escherichia coli 47 48 cscK from Enterococcus faecalis 49 50
HXK1 frorwBaotiesmayces cerevi siae 51 52 HXK2 from Sacclraraspees448s evi si ae
53 54 cscA from Escherichia coli EC3132 55 56 cscA from Escherichia colt

ATCOCA 3281 57 58 it o Anf§8B h SRRBRLAEL W2k L8Fed 3nSSdiah RyBEehg40L

10

15

20

25

30

protein CKO_ 03137 of Citrobacter koseri ATCC® BAA-895.

SEQ ID NOs:115-122 are the nucleotide sequences of primers
used in the Examples herein.

SEQ ID NO:123 is the nucleotide sequence of the cscAKB gene
cluster Escherichia coli ATCC®13281.

SEQ ID NO:124 is nucleotide sequence of plasmid pBHR-cscBKA.

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 such as 1,3-
propanediol and 3-hydroxypropionic acid.

The term “polypeptide or polypeptide complex having sucrose
transporter activity” refers to a polypeptide or polypeptide complex that is
capable of mediating the transport of sucrose into microbial cells.
Examples of polypeptides having sucrose transporter activity include, but
are not limited to, sucrose:H+ symporters. Examples of polypeptide
complexes having sucrose transporter activity include, but are not limited
to, ABC-type transporters. Sucrose:H+ symporters are encoded by, for
example, the cscB gene found in E. coli strains such as EC3132 (Jahreis



59 60 SUC2 from Saccharonyces cerevisiae 61 62 scrB from Cotynebacterium

gl utam cum 63 64 sucrose phosphoryl ase gene from Leuconost oc nesenteroi des
DSM 20193w6=20M25286 P Bi f i dobact eri um adol escenti s DSM 20083/sei26&o0dhaT from
Kl ebsi el | a pneunoni ae 69 70 yi hP from Escherichia coli 77 78 yihQ from

Escherichia colt  19%8%erior. 184:5307-5316, 2002) or ATCC®13281 (Olson et al.,

Appl. Microbiol. Biotechnol. 74:1031-1040, 2007), and Bifidobacterium
lactis strain DSM 101407 (Ehrmann et al., Curr. Microbiol. 46(6):391-397,
2003). An example of an ABC-type transporter with activity towards

5 sucrose is the complex encoded by the genes susT1, susT2 and susX in
Streptococcus pneumoniae strain TIGR4 (lyer and Camilli, Molecular
Microbiology 66:1-13, 2007). Polypeptides or polypeptide complexes
having sucrose transporter activity may also have activity towards other
saccharides. An example is the maltose transporter complex of

10  Streptococcus mutans encoded by malEFGK (Kilic et al., FEMS Microbiol
Lett. 266:218, 2007).

The term “variant sucrose transporter polypeptide” refers to a
polypeptide having sucrose transporter activity that has an amino acid
sequence that differs from the sequence of a wild-type sucrose transporter

15  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
sequence of the variant sucrose transporter polypeptide may be shortened
from that of the wild-type sequence, or (iii) the sequence of the variant

20  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.

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

25  + 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

30 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



yi hO from Escherichia coli 81 82 onpL from Escherichia coli 83 84 cscB

vari ant 408STOP 93 94 cscB variant L61P 95 96 cscB variant F159L 97 98 cscB
vari ant G¥62Q139252860 cscB vari ant P169H 101 102 cscB varcamsS2:ueh¥wosd3 104
cscB variant L61H

strains.

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

5 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
(Jahreis et al. supra) or ATCC®13281 (Olson et al., supra), the bfrA
gene from Bifidobacterium lactis strain DSM 101407, and the SUC2

10 gene from Saccharomyces cerevisiae (Carlson and Botstein, Cell
28:145, 1982). A polypeptide having sucrose hydrolase activity may
also have sucrose phosphate hydrolase activity. An example of such a
peptide is encoded by scrB in Corynebacterium glutamicum (Engels et
al., FEMS Microbiol Lett. 289:80-89, 2008). A polypeptide having

15 sucrose hydrolase activity may also have sucrose phosphorylase
activity. Typical of such an enzyme is EC 2.4.1.7. Examples of genes
encoding sucrose phosphorylases having sucrose hydrolase activity are
found in Leuconostoc mesenteroides DSM 20193 (Goedl et al., Journal
of Biotechnology 129:77-86, 2007) and Bifidobacterium adolescentis

20 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.

25  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

30  microorganism may be genetically engineered to produce the product.

The terms “phosphoenolpyruvate-sugar phosphotransferase

system”, “PTS system”, and “PTS” are used interchangeably herein and



105 106 cscB variant L61F 107 108 cscB variant 403STOP 109 110 scrK From
Escherichia coli 111 112 scrK from Kl ebsi el | a pneunoni ae 113 114 SEQ
| D NO 71 we 20ts#26286] eot i de sequence of the codi ng regi orCofuskéie/odfvas gene
from Kl ebsi el | a pneunoniae. SEQ ID NO 72 is the nucl eotide sequence of

Dsven103,  SEX DR e OREolal e e B R S S pfooio6. seo
ID NO 75 is the nOvkeetrhdepisasphersaic? foroleds APrtiamS TG YefeBREXHD NO 76 is
t he nucl eoti de sequence of plasmd pSY(I)400/ AGRO.. 10SEQ ID NO 85 is the

nucl eot i de s@@Qéﬁe@c%ﬁebarqﬁgnmcgﬂed@yp%tﬁ/ﬁ‘étafe cob: 3564t Shi gel | a

fl GPH fam |
ranspori pr oSSR EBERe Pl p R U SRra S ERERSP IO, T (he
nucl eoti de sdigephosplestradiferaseyBCGth#13.¢,ancbdefd byt pishinERIGANT 101547 of

Ent er obact er cancero genus AT 3531 SEQ I.D 88 is the nucleotide
sequence encd8iMy H %Q%Cﬁéﬂcﬁgrc@m%e@k@a%l@ggé@feﬁq PoPHB®®r koseri

ATCCO BAA- 89%e3|gnated as EC 2.7.1.69, encoded by crrin E. coli. PtsH, Ptsl, and
Crr comprise the PTS system.
The term “PTS minus” refers to a microorganism that does not

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

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

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

20  dependent and NADP-dependent glycerol-3-phosphate dehydrogenases
are able to use NAD and NADP interchangeably (for example by the
enzyme encoded by gpsA), the terms NAD-dependent and NADP-
dependent glycerol-3-phosphate dehydrogenase will be used
interchangeably. The NAD-dependent enzyme (EC 1.1.1.8) is encoded,

25  for example, by several genes including GPD1, also referred to herein as
DART1 (coding sequence set forth in SEQ ID NO:1; encoded protein
sequence set forth in SEQ ID NO:2), or GPD2 (coding sequence set forth
in SEQ ID NO:3; encoded protein sequence set forth in SEQ ID NO:4), or
GPD3. The NADP-dependent enzyme (EC 1.1.1.94) is encoded, for

30 example, by gpsA.

The terms “glycerol 3-phosphatase”, “sn-glycerol 3-phosphatase”,
“D,L-glycerol phosphatase”, and “G3P phosphatase” refer to a polypeptide



SEQ I D NGO 89 is the nucl eoti de sequence encodi ng putative pernease YP
690958 of Shigella flexneri. 20SEQ ID NO 90 is the nucl eoti de sequence
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as {)H%rrséfg}eo IyﬁeF%é%? eewe 1 e BMditat ed as "PCR'. 20" Ameri can
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30conpl exes havi ng sucrose transporter’ actl are not
limted to, &B@tewmum Samponcka g/pfﬁnanommebsseﬁapmryttmes aade encoded by,

for exanpl e, CS ene found i . coli strain s, EC3132 (Jahreis
P Lac ObaC?/EIS ter/]c among or}hers In each case, él da atasg?fs (

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

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

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

“‘a” (alpha) subunit of glycerol dehydratase include dhaB17 (coding
sequence set forth in SEQ ID NO:9, encoded protein sequence set forth in
SEQ ID NO:10), gldA and dhaB; genes encoding the medium or “B” (beta)

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

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

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

30 “o” subunit of diol dehydratase include pduC and pddA; other genes

encoding the medium or “B” subunit include pduD and pddB; and other

10



et al., J. Bacteriol. 184:5307-5316, 2002) or ATCC(r)13281 (O son et al.,
Appl. Mcrobiol. Biotechnol. 74:1031-1040, 2007), and Bifidobacterium

| actis stwei2n13p8k4860140T (Ehrmann et al., Curr. M crobi @CT/U86¢18)p1884 - 397,
2003). An exanple of an ABC-type transporter with activity towards 5

sucrose is the conpl ex encoded by the genes susTl, susT2 and susX in
St r ept ococcu$epre @neAring e small an TravubyRkinclle rRE BN PIREY ecul ar

M crobi ol ogy 66:1-13. 2007) ... Pal i des or_pol ypeptide compl exes havi ng
SUor ose Lt amspor i VDl 919 Jioh s BBt S Bl B Pleshigp i BeRed

sacchari des. sfitidxmaetieatich %}hglyﬁér‘dl @pd wnw&Wr%abst@@t@B:g@én@ elll,

St rept ococcus_nut ans encode é, mal EFGK (Kilic et al., FEMS Mcrobiol Lett.

266: 218|, 200 HEMFHdictatrioh Redr 2aned3(IA998k thaspoidedydipiaspept i de” refers .
to a po y?eptré%lla}\}%ﬂghq taPCrgﬁegE écBe Erﬁdé%ggbgﬁ%sa ?ecvatqog]_%{b}'ye H}%a&ﬁl’%tiﬁgram no aci

sequence fhat ers from pe sucrose transporter
15pol ypept i dehe Tbhydiiatdsey aativity] Thielterras qiemeatabe troactinating rEctisine’y ose

transporter polypeptide may be any one of the following: (i) an amino acid
substitution ﬁ@fﬁv inge Q%B/dﬁ%@ﬁgiaﬁﬁvw %ﬂ%r%ﬁl&rzﬁr@mﬁ?equence, (ii) the

sequence of %ﬁg&ﬁtﬁé_‘%c%ﬁ Qﬁéauéé@ﬁﬁ&%h%ﬁ{;le?rﬂwéﬂ@%%é?%‘PP?é/ be short ened

fromthat of th ype “sequence, oOr he sequence of the variant
20sucr ose t r gheponemonpuicppeettindea delyydretaskeardt @apdblierafmatdigsisaf at he wi | d-

t d tai 1 i d bstituti i t | t
e e S RS S BB PR BB,
fruct oki nase qgiiiihy ind RiRfivaich o Pabypalddient higlonddnidhdadi | ity to

catal yze the conversion of D-fructose 25+ ATP to fructose-phosphate + ADP.
Typi cal of fextansing thseusefuldtlplife. of the dehygnatase eraymefevivondwibility to

phosphoryl ate_fructose,  whether..or _net.this Vi ' heir_predom nant
Betivity, may eI bdbiT gl of ReridkiniaBEY dsbE dubrfinte Usea for
genes encodi rgadtivatibakadias geeaely. PUG PatenhRvi 60181492t okd ReFseneebi vity
i nclude, for 30exa "Frk","scric,"cscK " and "KHK' . Fructoki nase

le, "Fr FK', d
i s encoddd bﬁh@ﬂ‘?@igﬁr}@g@r@é,ﬁﬁp'ﬁgﬁ@b@@ and Wart JnBidkcCbad. 27d. 38%2pt ococcus
tans: and . g sl . s
The tor m+ pot S 28 TogHatu S 16¥: BabiehRf 081, S118 (FRa). BEDBS™
pol ypepti de tdmebdingsortehef tabigroteing inclaieator zxayge hyrdZ addheB4 gaffAsucr ose to

produce glucose and fructose. Such polypeptides are often referred to 5as
"invertases" RGHUG gd fjﬂlfit @ﬁﬁ‘ﬁér%@PQE@etée.seWBg@éFh%?Wq RE¥eNgnzymes is EC

3.2.1.26. Equ‘ﬁb@é i8f eg&ﬂg@ %WQW?BEEQAB{%@H%dBFB’i ng sucrose hydrol ase

activity are the cscA gene found 1n col'i strains EC3132 (Jahreis et al.
supra) or0ATCCCA F2elte(rab Sb3-propahediosaxida)eductasedf 11/3-peommniedmh

A et AL e N SR R
to the polypeptide(s) having an enzymatic activity that is capable of
catalyzing the interconversion of 3-HPA and 1,3-propanediol provided
the gene(s) encoding such activity is found to be physically or

25  transcriptionally linked to a dehydratase enzyme in its natural (i.e., wild
type) setting; for example, the gene is found within a dha regulon as is
the case with dhaT from Klebsiella pneumoniae. Genes encoding a
1,3-propanediol oxidoreductase include, but are not limited to, dhaT
from Klebsiella pneumoniae, Citrobacter freundii, and Clostridium

30  pasteurianum. Each of these genes encode a polypeptide belonging to
the family of type Ill alcohol dehydrogenases, which exhibits a

conserved iron-binding motif, and has a preference for the NAD*/NADH

11



28: 145, 1982). A pol ypeptide having sucrose hydrol ase activity may al so
have sucrose phosphate hydrol ase activity. An exanple of such a peptide is
encoded byo0=013B25286 Cor ynebact eri um gl ut am cum ( Engel s e®CaluS2012m838

M crobiol Lett. 289:80-89, 2008). A polypeptide having 15sucrose hydrol ase

nzyme | s ECHEE FISaRUATE SRR AR R Pl o BB AR Tases

havi ng sucr ose Baythrl.am9, 2060\(1 087 RDRainie /.| 1 BesteAploIrpc2r@sent er oi des
DSM 20193 (Goedl et al., Journal_of Biotechnol 02%129 77- 86, 2007) and

Bi f i dobact er i(1992kiand debr PEaldTRMSIdEabiok ARt s B3k 9 )al ., Appl .

M crobi ol . The terns
"gl ycerol der%?‘\%gﬁg\%ce{bltgggn %%;%gr%é' p%’grgl veeﬁpvr%g%% E% agecéfrggned

i nt er changealilagtdbacdius bmdsmﬁdradt@b@mlﬂmtﬂnmﬁmlnt(iveiga da Qlumhla?dz edhf rom

gl ycerol or i pat h t hat i ncl ude ce 25Exampl es of suc
products i ncIﬁ%gersﬁﬁ%va%ﬁ‘{/ﬁ?’bM’@W%O/agﬁ-giabﬁe 1;21@2& yoxal , 1,2-propanediol,
and 1, 3-propaned: ghe term *dhd RqUIgH Melds b lor ggtisieq refers to a product

that is mcrobially produced resu a mcroorgani sm
net abol i zi ng palywuistEcdides or Dpenpeadiogtfranegs becothngnpalwpeppdmjhaeldgby t he
m croor gani sm

30 4 S
produce t he H@gguﬁbloﬁoglcgacc%ﬁgr an:‘?@rgl%%g feﬁilca gége%rgt?%%ere )
phosphot ngnsfREiAsE Skscation ?&ﬁut?)@rﬁ&ﬁﬂ 3%'?6bar%'5fﬁ>l Aidoré8eeétase.

i nterchangeably Herein and refer to the phosph oenol pyruvat e- dependent

sugar upt ake Tepinadyna dha reguigrecempriges gisoepgioradingframestdiar, |pfY, and

orme " phospifbBRoPER 0BT sk S AR Bl gha: TR EEPab R BLES - Vot or 1o

5t he phosphotna@rstfre@aqseﬂ B682. 7. 3. 9 encoded by ptsl in E. co/i. The terns
"gl ucose-specific_IlA conponent™ " refer to enzymes designated as
EC 2.7.1.69, encodé§ t@?’”érﬂd?hy(ﬂ_ﬁ d@BY‘i‘FOQPE‘@W q:std5|AIdar,eajerc§ora conprise the

PTS Sys“:}rsn ﬁf@pte%'h tﬁ’aﬁ%éf%gﬂés rl{ee&ﬁ{v%r%Bn%fEh%ﬂ&’é’rﬁ%%%%*bér%&w%oes not

10cont ai Sys em in ve state or a mcroorganrsmin which the
PTS syst em hagideridehpade dehptmgenhsesiglaytbse a neddx eafbcton soEh asPIADgene.

ZQFyLEL{'}Bd;gh@@%‘)E B PR aTSeiee HEa8ERvds dghidiasenates A thdS
conver si on of Ng\l[j'nug&'@a@/@ﬁgtgwe zolpgfs(mmpog?@ﬁﬁ oEeggggog gﬁQQ15 phosphat e

(GP). In VI pene When specifically
referring tod@peoﬂalalt)mr E@ec2 90 @?A@@wbndenﬂ)wﬁ*ﬂ%m@elﬁ@md@é@&se t he

S AR CERERATh MRS e IBERA € ARRLERIBTRS refMhsndso bk 1 i«
general Iy t hQ’h@@.%oh Bahe M¥B (coding sequence set forth in SEQ ID NO:15).
Examples of NAD-dependent aldehyde dehydrogenases include 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
25 gene aldH (coding sequence set forth in SEQ ID NO:19).
The terms “glucokinase” and “Glk” are used interchangeably
herein and refer to a protein that catalyzes the conversion of D-glucose
+ ATP to glucose 6-phosphate + ADP. Typical of glucokinase is EC
2.7.1.2. Glucokinase is encoded by glk in E. coli.
30 The terms “phosphoenolpyruvate carboxylase” and “Ppc” are
used interchangeably herein and refer to a protein that catalyzes the
conversion of phosphoenolpyruvate + H,O + CO, to phosphate +
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20 dependent and NADP- dependent gl ycerol - 3-phosphat e dehydrogenases are

abl e to use NAD and NADP interchangeably (for exanple by the enzyne encoded
by gpsA) ,woheiesiss NAD- dependent and NADPdependent gl yeerais2@2pimsphat e
dehydrogenase wi Il be used interchangeably. The NAD-dependent enzyme (EC

1.1.1.8) is en : for I ev I nes,.ln di GPD1, al so
referred to ??é(%&%ﬁg%%% RlTﬁﬁcgaH}%,‘q§hg§%§%026§gy9§oqeﬁgb§>ﬁ$&5 NG 1;
encoded pr ot ‘ﬂi.ﬂ.15ﬂquﬁﬁ@®rﬁﬁno}‘%¢w}até rca&EQa/Idéd\iQeﬁbond bpe ingdi ng
sequence set forth in SEQ I D NO 3; encoded protein sequence set forth in
SEQ | D NO 4) Co6r GPD3. The NADP- dependent enzyme (EC 1.1.1.94) is encoded,
for 30 exanple, b « [T r = e",

"sn-gl ycerol 3-ph§-sh%ﬁ§ a%eglycerﬁ?{é?gbgce B?%%agggﬁgygrsoyéﬂﬁgﬁgé%P
phosphat ase" “Gapal at@®useq dltgpbphgdably ihavein@anairetarzpraaprioteindtaviniggn t hat i s
capabl e of catal yzing the conversion of glycerol 3-phosphate and water to
gl ycerol and S%Y Hﬁi%@%'b'%giﬂ?ﬁ%pf@@@%gﬁmpﬁg\éerﬁ Né¥coded, for exanpl e,

by GPP1 (codi S i Q Tt €N Dot ei N segquence
sat Torth i noa o a b N e oD i n 520 1D
NC 7; encodedlyneoddiphosphatent &lAdei + Idr.t ypicaSEQycerbldeBydeTBhe term

"gl ycerol dehydratase! or, "dehydr.a e toref t,0 ol tide

havi ng. enzymB REPT R DRI b o] - araV§Sring vHE- Eefoe EBn of a

gl ycerol 5ol efel@rdgenkbe iPeREBEdd byl §3pANSEO¥R! Opi onal dehyde (3- HPA) . For

t he purposes of "'the present invention the dehydratase enzynes include a

gl ycerol dehydr at d$¢ {eEN&"agropicirespiatieit canioelgirotgdmyancht/sd” are gsedi. 2. 1. 28)

Gones 1 or - detlyar A eLOEobR el ol WBLE » Bl B PR ST
pneunoni ae, @erdisibasssrationetontiol protéinss enhdoded pasiedlin Bngon. Sal monel | a
typhi murium Kl ebsiella oxytoca, and Lactobacillus reuteri, anong others.

In each case, the ldeneanatAethylgyexahsystpsst andr MgsbuBimieed the | arge or

"a" subunit, ; ' =0 . - yosubunit. The
genes ar g 5aI é@gﬁe@g’kgg@ql{eﬁ?&%rr%j%&let&aan‘gf%,eh@r@ﬁ Héte%%}/m)épﬁémﬁw crobi ol .
Rev. 22, 533 c(apaﬁl@)?fcmrlmiyil'lngalyace(anwbrﬁmniof(déhy@bmyafcdﬁfxwph@iimaté?ﬁdz (1999)).
Genes encodin e large or "a" 1a ubunit of g erol, ydr at ase
Che ude dna Bl GIAEL SaeReaeise: TR o1 MHFIRHe PR sis ddod proter n
sequence set gffoptd | i rﬁé@?’ e encodi ng t he
megi um or "f?ff"'@' bj;t al)éthilggﬁfjérl?yhﬁr?c%lgﬂsdgagﬁg\%dgagcodl ng] gé(%ﬁﬁénce set ?ort hin

SEQ I D NO 11, encddiedepnstghosphegimonatesdehydratasel ansERdd’'Danuser) , gl dB,
and dhaC;
2

0 interchangeably herein and refer to a protein having an enzymatic
activity capable of catalyzing the conversion of 6-phospho-gluconate to
2-keto-3-deoxy-6-phospho-gluconate + H2O. Typical of
phosphogluconate dehydratase is EC 4.2.1.12. Phosphogluconate
dehydratase is encoded by edd in E. coli.

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

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

30 corrinoid. Typical of cob(l)alamin adenosyltransferase is EC 2.5.1.17.

Cob(l)alamin adenosyltransferase is encoded by the gene “btuR” in E.

coli, “cobA” in Salmonella typhimurium, and “cobQO” in Pseudomonas
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genes encoding the small or "y" (gamm) subunit include dhaB3 (coding
sequence set forth in SEQ ID NO 13, encoded protein sequence set forth in
SEQ | D Nw04p13/gb18€, and dhaE. Ot her genes encodi ng t hePCarugeo1en448s " a"
subuni t of di oI dehydr at ase i nclude pduC and pddA; ot her genes encoding the
medi um or " d a{uzﬁ&w i ncl ude pduD and pddB; and other genes encoding the
smal |l or " &l S ncl ude pduE and pddC. d ycerol and diol

dehydr at ases are S teerhs t'galaERIBBIrsBNOAFRLorssH @hdeGalRicdreaigdon by
gl ycerol and sone other substrates (Daniel et al., FEMS Mcrobiol. Rev. 22,

553 (1999)). intgEcheagrpPYdIgfaiINANG el 2 Prafain; havinger enzymatie estiyity t hose
t I i i ] he t

P ehyor at ase PRRRE| ol hep A0 Y FlosiaddE GO rath e pBRbib gl T

acti vi ty" sandytoptggme Dagiucgse eea @eéfgdedtmnatﬁ foviGalP. Batactesd-proton

i nterchangeably and refer to the non, of converting a dehydratase not
capabl e of ca?b’é]%‘ieé ISfNEL @é@@#’g'ﬁné‘?f @h@aﬁﬁ@dpﬁg 8NGeS8L of a

reaction or 4orh RESERPMIONENN, cdd@&'&ﬁénﬁ‘@eﬁ@@ndé‘%‘&tfbﬁ iy eE@ipa

dehydr at ase or t phenorrenon of extendi ng the use e of the
dehydr at ase &NQW2g. in vivo. Two proteins have been identified as being

i nvol ved as the djh,héﬂrat ase reac! |vaBAon f ctor et 6 , U S. Patent No.
6, 013, 494 and r ef HO "HeRSRPENIR CapglyliGeC MtyaTe &rs J03P8:" Toraya and Mori,
J. Biol. riol. 181,
10 (1999 @n tid8&Y Aalihg%h enanﬁaﬂ@aemgzaﬁgblera%f Guatélyzﬁg(r?{hgxanpl .

es encodin n
orfZ, dhaB4, iR{EFORNVEERICH Qha- Ldﬁﬁ\/anddeaﬁowmrayd srecifiasd @xefudese t wo

Perms "1, 3" proparendt s ikl Festitiodeel ToRaf b Bse MRS ARACIE a0c: and

"DhaT" are usedydrigenabesdsabhenigmesmandtiizf esfatiors bepahatpept i de(s)
havi ng an enzymatic activity that is capable of catalyzing the

i nt er conver siNAD6MNADHPidchuting bat rpmtdpmtmﬁiodlavm&swdeals FAD geFRkINs) Aencodi ng
such activity is found to be. a or 25tragnscri ptional linked to a
Gohydrat dse. SEBR’H Aon PRGN desy o aeraseaRaDLBPHIG O or  exanp o,
the gene is fQUAMHIN thiHeriddth obgglérﬂfbdéﬁ drdl ﬁJHétl&?a?r@ éédp?é‘sééﬂa\fvﬂtﬁlhom

Kl ebsi el | a pneunoni ae. Cenes encodi ng a 1, 3- propanedi ol "oxi dor educt ase
i ncl ude, but Erelifod2istrainsed to, dhaT from Kl ebsi el | a pneunoni ae,

encode 5 pol ypept 1168 BENEAGERNe SAEEIeE Ty ﬁé@@g@nﬁlgﬁgf@ﬁ%ﬁese o

dehydr ogenasesd “W8 @h&qubhicﬁeﬂ refii 36 PoRehuclcerdes adrragm@h and has a
preference for the NA | i nked i nterconversion o HPA and

1, 3- pr opéﬁedICQnte('WGEr@s@'@f’%mGr from the Streripewces /ividgns ghupese (3wBeNaseDani el et

al 3, Bact gl olye JA2ASH 1 498cry 8pE7LPYS S0Pt Thkce RN Crobi ol

Lett. 154, 3 I'ar 'physi ca operties have been
i sol ated fromdgments Qhﬂwdé iamutbtiewmﬂwlcaﬂded:reesebmmé¢tB/|ttE$CdimeasmpéM@i ga da

Dunha and |:Ostct) %Ee wAg type S?r\éptrocl);llyce'\s/I vagc?al%lsoélucc?s% |sgr0n0e?aselggr%g promoter.
The terms “function” and “enzyme function” are used
25 interchangeably herein and refer to the catalytic activity of an enzyme in
altering the rate at which a specific chemical reaction occurs without
itself being consumed by the reaction. It is understood that such an
activity may apply to a reaction in equilibrium where the production of
either product or substrate may be accomplished under suitable
30  conditions.
The terms “polypeptide” and “protein” are used interchangeably

herein.
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The term "dha regulon” refers to a set of associated pol ynucl eoti des or
open readi ng franmes encodi ng pol ypepti des havi ng vari ous bi ol ogi cal
activiti esp2omsal26as6ng but not limted to a dehydratase POaaiS2M2ioy408%
reactivation activity, and a 1, 3-propanedi ol oxi dor educt ase. Typically a

S2255?93LSEZC°§E;E%%Stghﬁ§o$$r§8ass%§§k§% So R St cale (7 571 sse,
The terns "alisteRitd@gdablydicernaserefend a atbon'siete pr@bIé@@@blﬁ%leIOtl de that

catal yzes the conversion of an al dehyde to a carboxylic acid dehyde
dehydr ogenaséRe ﬁﬁ9“499eb5eth9er(ﬁ§5?”t9ﬂ%[&twt%’ l?c%'sd@SRfAberW@ﬂ FAD, or PQQ

15 % CnanEE R, SO PASREE patrbrSligsiferdee] TG CatitERTRL oo™
( FAD- dependeritintherAroreprésepmenosacchaNabg;: oth@r dispeohienidesq blighyatehdebgsir ogenase

is AldB (SEQ I D g%? ncoded by the E. coli gene al dB (codi ng sequence
set forth i nOSPOYSAC S Exanpl es of NAD- dependent al dehyde

dehydr ogenases i ngiHadg ik dhodtIER by N‘%&@a’cté?r Lﬁ? L?é qdhe E. coli gene

al dA (codi ng sequence set forth in SEQ Al dH (SEQ I D NO 20),
encoded by thmiela‘chwgbablgzﬂweyemearaj mfer(mcmjbagteﬂequeapﬁaleef réga@ivtimgi n SEQ | D
NO 19) . nase" ;and 'd l% @\OI nterch ngeabl y
herei n and ré‘f’r&‘grl Br 'aetﬁFQﬁ%WF YRS aad &?99@9 q ﬁé(p Sf 951 58” ucose +

ATP to gl yco%&]@gﬁgbm@gén@%du@pl cal of glucokinase is EC 2.7.1.2.
QG ucoki nase is encoded by glk in E. co/i. 30The terns "phosphoenol pyruvate

car boxyl ase" and "Tigcterrar’ erqﬂw@lon miefashgaremblesg useddiaicianefereerd to a

R e G e

I's EC 4. 1. 1. 3bedkbosaleo ergpensfiopratiacicsudpoay | @sgropanediondpgteryl, Bpc in E.
co/i. The terns "gl yceralr\?eh de- 3- phosphat e dehydr ogenase' and 5" GapA" are

used i nt er chAYGERYP{ORi@RiEiaF rW'%FéFur@@dafaBV@@@snaﬁﬂ\h‘hbk%n enzyrratl c

activity apable f ] %g Y e 3-phosphate
+ phospha + 9‘ r%’sr{;hrc])lt'1 &Icycerﬁ@?b'g%og{) %@tﬁk + H Typi cal of

gl ycer al dehydeclﬁelesm(ss’pghabeddeblyeeﬁtnagrdeals;mlymeEﬁT de@qftlbﬂ)’z\ucleotlde or
d yceral dehy

The ter . » ACBBHESPRIR PPaes oN BB °8§%€%?@%~:§ ihdide TApEeaPed ugeq
o oo oy ook ARG TR et QR BB R R The
ternms "net hylsghyeres’, Sydénisle senquentihernuatesc BSIelcfragment are used
20 interchangeably herein and refer to a polymer of RNA or DNA that is
single- or double-stranded, optionally containing synthetic, non-natural
or altered nucleotide bases. Nucleotides (usually found in their 5'-
monophosphate form) are referred to by their single letter designation as
follows: “A” for adenylate or deoxyadenylate (for RNA or DNA,
25  respectively), “C” for cytidylate or deoxycytidylate, “G” for guanylate or
deoxyguanylate, “U” for uridylate, “T” for deoxythymidylate, “R” for
purines (A or G), “Y” for pyrimidines (C or T), “K” for G or T, “H” for A or
Cor T, “I” for inosine, and “N” for any nucleotide.
A polynucleotide may be a polymer of RNA or DNA that is single- or
30 double-stranded, that optionally contains synthetic, non-natural or altered
nucleotide bases. A polynucleotide in the form of a polymer of DNA may

be comprised of one or more segments of cDNA, genomic DNA, synthetic
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15i nt erchangeably herein and refer to a protein having an enzymatic
activity capable of catalyzing the conversion of dihydroxyacetone phosphate
t o et hylwbyowsai2s286phosphat e. Typi cal of nethyl gl yoxal ®gmtusasie/ os9sEC
4.2.3.3. Methylglyoxal synthase is encoded by ngsA in E. co/i. The terns
"phosphogl uc e deh t " cand "Edd" are used 20i nterchangeably herein
and refer to@%ﬁ’r%ﬁ@f%gﬂﬁg\}ﬁ%@o&n enzymatic activity capabl e of catalyzing

the conversion of “GenbDRIEG 1B A60EI8IcEadi® fraghRing tit dxpresses Rhgsduifc gl uconat e
+ H20. Typical of phosphogl uconate dehydratase is EC 4.2.1.12,

Phosphogl ucoma®teinanglavhich seay efeniodhesosinde@giomalene@smay Psiuie t er m

"Yci K" refer i e - oded hy. vGl J I sytranslationally
coupled to b?ﬁ@?aﬁqggégﬁéﬁ%ﬁc@g}sﬁgmag(rﬁi@gfcgérfrllnﬁ%aeﬁggﬁg térra%nsferase in E
coli. 5  Tolowieg 13" rmrk¢dding aegoeack) tisy cbdiagHeguaned. fdblves to an enzyne
capabl e of transferring a deoxyadenosyl noiety from ATP to the reduced 30
Corrinoi d. TESNEASTBIS BaborPNa PRIPH AL Ht SIVRERSY-ORE 2 5. 1. 17.
Cob(1) al ami n <3AEBASH. LcHIReRcARAC" FoBRERAGH G¥nd iR deRt 4 bW, 10 E. col i,

"cobA" in Salnonella typhimuritum an I'n Pseudononas denitrificans.
The ternms "gaenet osmppsiogoagsipipyandrcodinglse@ariResdhat areetbtifourd changeabl y
herein and r?fer to. a%ﬁr otejn ha.\/i n}g arh.enz. mati c_activi t% capabl e of
transporti ng QIL0GEIN NAIHE BFENI: Gt 'W@”é&%r‘&’aé}‘n%‘p{ & 5cytopl asm

D- gl ucosggi s Lﬂbﬁfrgséédeﬁ’é&_sérﬁcﬁ&@diﬁ 'seGBbRceMabarO88rivEPIOM Sym porter is
encoded by galP in Escherichia coli {coding sequence set forth in SEQ ID
NO. 21, encod&liffgient souicesqigrgelatery sequencehasEcodingNeaRenNceshe term

ensymmt 1 aceUrEd oS SHb¥ solred Py REabied 1 p dPRBI AP ik, Pn ana
1, 3- pr opaneditivht f80Ad $PASiLIE C AEhJogrRugdrMel réfeps RPANGIN®Gene in its

oxi dor educt ase({s). Tyggpcal |y these enzynes are al cohol dehydrogenases. Such
enzymes may WMEWTRLIOCAEBORH biesgenaree of ARPreGTSMNADHOeIGR| GRATEETBIH not

limted tQ flawvi ; ; ; i fic alcohol
dehydr ogelgaség%ﬁgﬂﬁ%gIsﬁﬁgﬁé&%?nlfwaenﬁ?%?ﬂggﬁgﬁp%ggggﬂgﬁg\%& encoded and
functional | y Fexeigasreeeswansomrisecgeéneskiné@rtsd iirsto rassnon-native dfganisgmps " 1. 6
long G pronoter”, "1.20 short/lo

. G Promter”, and "1.5 long. G
b ogoter - ¢ oRenes RIERIIN G0 NEBLOERIOT HGRBRE B6YE JRERIR CHENE o orrot er
fromthe Strephagyces |ividans glucose isonmerase gene as described in U S
Patent No. 7,7132,527. These pronoter fragnents include a nutation which
decreases their adthevietrnépatiee notipatidzisequearae” wefleds toypausteotige omyces
| i vidans 9I ucose I sopnerase eng Rl ogot Bl : :
2 sequence that is normally found in the host microorganism.
The term “non-native nucleotide sequence” refers to a nucleotide
sequence that is not normally found in the host microorganism.
The term “native polypeptide” refers to a polypeptide that is
normally found in the host microorganism.
25 The term “non-native polypeptide” refers to a polypeptide that is not
normally found in the host microorganism.
The terms “encoding” and “coding” are used interchangeably herein
and refer to the process by which a gene, through the mechanisms of
transcription and translation, produces an amino acid sequence.
30 The term “coding sequence” refers to a nucleotide sequence that
codes for a specific amino acid sequence.

“Suitable regulatory sequences” refer to nucleotide sequences
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The ternms "function” and "enzyne function"” are used 25i nt erchangeably
herein and refer to the catalytic activity of an enzyne in altering the
rate at wNOchi3z2seci fi c chem cal reaction occurs w t horCTiuss@Rin44988 ng
consunmed by the reaction. It is understood that such an activity may apply

subotrate. nayC el BBl R o R B bRt o BohDSe R ot s
" pol ypept i de'(3aish-coding Sequedtss)ws adcddmEs6qaararabhy wigcinfluenddend er ms
"carbon substrate" and "carbon source" are used interchangeably herein and

refer to a cAfRSATREY GG HFAEASSING OLRPRYLNEN HiBoRiaken dbine ABSAERERDI nant
bacteria di S%Ioarﬁ@gsn ench. ulﬁﬁb}r%%(glre?{cle)é’m%fn%%ez@’g@ﬁcﬁérscomr' sing

sucrose. The ca ource conpri’se non arrdes, other
di sacchar sdesnhaht@ss sit@ivers,dE sintransiptdd badehasequersce (g, between'thest cel | "
and "host bacteriunl ar interﬁhangea hereip,and refer to a

e used bl .
bact erium capARBErBon eiegi siieRNG hiedf e %tfom'@tt@ﬁlﬁﬂwgeg JaH¥S:and capabl e of
expressing t deR %?ioﬁ‘?eé(%@ﬂf&grgg@%@éhc%%'fl? eg%sgih@%%; effector 1he term

"production m croorgani sn erein refers to a m croorgani sm
i ncl udi ng, buindiog sltesranddtero;loometectuhes. are reconbi nant, used to nake a

i fi duct 1, 3- di ol gl 3- h i oni
2614, pol yunsat ur SEdeRR, PyPiaaRE Caae HEToRe o 1agBent Rl ol e ~nucl ei ¢
aci d" meaps goRPrisiiFinedddiey aagudnte ¢mbe§e|@cﬁeid5%érﬂa and t8rypt r anded

pol ynmer of deoxyribonucl eotide or ribonucleoti bases. Nucl €i c acids may
al so i ncl ude SEAHEAESR Bregadingd@ ner-coding sesiienees) andifollowming (3 nas-

el ere o FoPmgsRHEBLsL A D AR e Bt AT BUh BRSS! (o &
pol ymer of RiAties sEWétddhgdng prosiusl! Frura bssish icapsistth isctppiiceml Iy

contai ning synthetic, non-natural or altered nuc]eotide bases. cl eotides
(usual |y fouf@MRPSEHQ(r 13a.prapipiphsrgeace; £be spdingsanesce e+ Oy t heir

0 e St SRR Bt s COTBURTHEALS dlfersyaceny, ot e
"G' for guanysabky goqthgul@{ayléayletioﬁ Elte f d'h"etﬂ')@d@dseimecaé:sfétt_e(s)ris
Yo E oY BB e d STocThe SmlBiel G oRTRS any
o 30 doubl & e S SR R e Hn RORSEY hone nat ur al or
al tered nucl émnstrmsalswih difepentyexpeession dasseitashtas oograsoheaopmicy mer of DNA
may be cofprlgetaliy 285udicdR SRHBPLIcRhosPNWY genom ¢ DA, synthetic
“Transformation” refers to the transfer of a nucleic acid molecule
into a host organism, resulting in genetically stable inheritance. The
nucleic acid molecule may be a plasmid that replicates autonomously, for
example, or it may integrate into the genome of the host organism. Host
25 organisms transformed with the nucleic acid fragments are referred to as
‘recombinant” or “transformed” organisms or “transformants”. “Stable
transformation” refers to the transfer of a nucleic acid fragment into a
genome of a host organism, including both nuclear and organellar
genomes, resulting in genetically stable inheritance. In contrast, “transient
30 transformation” refers to the transfer of a nucleic acid fragment into the
nucleus, or DNA-containing organelle, of a host organism resulting in gene

expression without integration or stable inheritance.
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DNA, or m xtures thereof. "Cene" refers to a nucleic acid fragnent
that expresses a specific protein, and which may refer to the codi ng region
al one or wayoixehisde regul atory sequences precedi ng (5 PoomsScadionyss
sequences) and 5followi ng (3 non-codi ng sequences) the codi ng sequence.

sequences. cni mer poYR B0 FEReTS 4 8 AR G SR E IR bR, 1 Ve gene,
conpri sing regunating yasabreotinethurrsbiielecRiuehaé vatheubetfedtiignthetargipbher in
nature. Accordingly, a chineric gene nmay conprise 10 regul atory sequences

and codi ng s&§ifesrAueNcRA! agyen \RQlyReRiidedi Fiecsldid adigreds Wellr regul at ory
sequences an i C , [+ )\ r - arranged
in a nmanner %@gr@%éﬁgﬁﬂfﬁ% oHlIJ%@bl Er)ly %?P&?E‘CWS%EL@%@%% refers
to a natiye geckotideidosionataispécifyoa givieprarhimotduid . g@herefora, wagnor gani sm - A

"foreign" gene refers 15to ene that is introduced into.the hqgst organism
by gene t ranwem.eslfdﬂ%ﬁ@?”&3985“@8?49@@%BFQ%@%'&%E%H@@r tté?jg?ﬁf%ﬁ%

non- nat | ve, ORgRBLEMing8RAR dRhABKREHohié o MtBHChIRBELOMOANIA hbe nat i ve

host, or chineric genes. The term "native nucl eot efers to a
nucl eot i de 20esgesay of prederréd condomalkhbge Pothedhdst aele host m croorgani sm The

term"non-native cleotide sequence’' refers.to a nucleot)de sequence that
is not normally f%&efrﬁstﬁ%bsf e%ﬁ@g{)l&fh’%ﬁfcgmllyﬁqg|vla§qrp}] aAt i ve

pol ypeptide” “fpicbSallytedquiPAbiPaiftafnémtbrd Ssé mM@ich¥nd&amy hefeihhe host
m croorgani sm 25The ‘term "non-native pol ypeptide" refers to a pol ypeptide

that is not rhesaltesms rfadta a porwMEsIubsegreneeahar ifolated nusteie aci@ncodi ng”

i cha gene, ST aR Tk TR i etar 66 R RSl mibflude BB on, ™
produces an hienotypeiid réwiteeneRethdd dhaot Blemagradhtngr sigfiteghesit refers to a
nucl eoti de sequence that codes for_a specific am no acid sequence.

"Suitabl e re@ICAEBY ANPEHYR FEBYME; GRIMErs JRNESSEN RrdewFNeR (¥USq Beat ed
upstr eam1§5'o fsﬂgBE O%ﬂirﬂ@y ﬁrﬂHHﬁ %%eiaw(gibrpﬁm &Ogﬁb?ﬁmt(tﬁére%‘?r" codi ng

sequences I ng sequence, an uence ranscr’i ption, RNA
processi ng omwtsdtiadn dn gt it emcddesresi attivererddyntd)én Hessensd edarmtistingg sequence.
Regul at ory Seo ilé% a%i%% rgFa%iviqu laugr% ortgrngetqeure%’ce.
The term “conserved domain” or “motif” means a set of amino acids
conserved at specific positions along an aligned sequence of evolutionarily
20 related proteins. While amino acids at other positions can vary between
homologous proteins, amino acids that are highly conserved at specific
positions indicate amino acids that are essential in the structure, the
stability, or the activity of a protein.
The terms “substantially similar” and “corresponds substantially” are
25 used interchangeably herein. They refer to nucleic acid fragments
wherein changes in one or more nucleotide bases do not affect the ability
of the nucleic acid fragment to mediate gene expression or produce a
certain phenotype. These terms also refer to modifications of the nucleic
acid fragments of the instant invention such as deletion or insertion of one
30 or more nucleotides that do not substantially alter the functional properties
of the resulting nucleic acid fragment relative to the initial, unmodified

fragment. It is therefore understood, as those skilled in the art will

18



5enhancers, silencers, 5 wuntranslated | eader sequence (e.g., between the
transcription start site and the translation initiation codon), introns,
pol yadenywatzomm2smeogni t i on sequences, RNA processi ng sipCeaiS2@bRiiemsdr

bi nding sites and stem | oop structures. The term "expression cassette”

gene and r ogPRioTg s Bt dhe b enFaTBRER PRt kP L F R R oc) "ana.

fol I owi ng (3'exenipl@rydcugchess eNREsIverhtheCsilictbanisat eassyrifsd that e requi red
for expression of the selected gene product. Thus, an expression cassette

i s typical |y Stbaigo&iaty similafnuglel asiftsenusBereaBeoMpassedMitig sequence
(i.e., ORF) %;aé?]q oy - Feq] 2. (. ] r) that,
i n eukaryotes, uslggﬁr?/%é%bn?gﬁlésoa@?Eﬁ@%%@ﬁ%E&Pf)lﬁlzgi(yre]&egrrﬁég%%gélgssi on
casse]'Ete(s) issringm?:ccbydiitioni;,teigd OubX I8SC e?tag@ardrsl;)dimfcﬁmtb),tmﬂ% SDSgi Pg and
transformatiogn. Different organi sns, including bacteria, yeast, and fungi,
can be transf8Pdied WC[QW ?"ﬂf'lfgg?b@ &)M@bm%ﬁ"? §§§teé§”‘é)é'¥?§ﬁ6r%§’ ?he
correct Zore%laﬁglﬁfo?‘ticﬁ?%@ Iélft%e"s“é?@eﬁ?és ﬁ%ﬁbs@ﬁsﬁereindand hich are.
Transf ormati on efers to the transtfer of a nucleic acid nolecule into a
host or gani srynctiesally eqgivalengématy ohtheyngtlaicl asid abguérncasaisclased nucl ei ¢

acid nol ecul e na .a plasmd.that replicates, aut onomusl f or, exanpl e,
or 1ty | nEGRt: SIS BARC Bt AU R GERT Wh PSS Kor gani s
transforngd Wirhflard eyt Geras RofledBRIY Seqiiece§ frof 8BtdMllyaélated
"reconbi nant” or "transfornmed" or%anlsms or "transformants”. "Stable

&

t ransf or mat | @ganismer o hightyreimilaaiiag@ents, skch asigsnesdbaladupliggient into a

serere, o = Shal AR LAFHAR BB s s BBl 2o

30t r ansf or matwaymesrdft@nsing trirtenicy vodtigionef a nucleic acid fragment into
the nucl eus, or DNA-containi ng organel l e, of a host organismresulting in
gene expressi on wilthedefmi gelegHgly bbadizes apriidenmaterensec® " Codon
degeneracy" 0t : j |G rmtting. yariation
of the nﬁ%l eg?%ﬁé&g{égrﬁedr}gdeé? %&%{ﬁt ﬁgpﬁgégﬁﬁg%ﬁ%ﬁgﬁn&rég%a@%ég%%hdénce of an
encoded pol ypeptedes toraspskifiet edickeid asidiiarget sefjlemswmtoea detddtably codon- bi as”

oL e . o e RS s B BB R,
expression | rﬂoﬁgﬂ%f?é%%hl’eid écih%ﬁ%éhﬁ%@%ﬁd E&tr@%@aﬁt@ eSl@Irt‘J‘é‘ig?\U&h that its

frequency of codon uUsage approaches t requency of preferred codon usage
of the host oenHargiHeuckicracidsulFealeciiveht hylbiritizing sequendasmarel twoequi val ent "

and 10"functional L.y equival ent subfragnment’ ar sed interchangeably
erein. | Fhes U BRI RERUFReS WnBtelo HERCEPblarfed Al dne o cROBRE, ot
nucl ei ¢ aci d skhagnesy typitaMiing dudet ablehit 809:0set]Uchte 38&1RIHE G IEBRI on or
produce a certain ph.enot.é{;’)e is retai ned whet her or not the fragnent or
subfragment éegugece idensity iupdoangyineludogi tRG% seguaaee iantibe(igediined f or
fragment or subfragnment

?f}grie(r)]f , 1%2#%&%@9?10 rwttolthﬁléié@%s&a&ﬁ&glﬂ%: %eeq%grq 3e/'me, in the sense or

antisense ori ent atlingnterral"stringent corrdiidrstairestrivganemgsridization The term
"conserved domain® or "notif" neans a set of am no acids conserved at
speci fi ¢ 2posi%PNEHiONa| Belydes refargneritoseqqfbtions wideswanigh iadabe Wil 20r el at ed

proteins. Wiget 0LGH%yBRR BlitsthRidt SRGSEAEQNProHS ¥R tYpREfYERBle
stranded nucleic acid sequences which are complementary to the nucleic
acid sequences to be detected. Probes are “hybridizable” to the nucleic
acid sequence to be detected. Generally, a probe is less than about 1000
30  nucleotides in length, optionally less than 500 nucleotides in length.
Hybridization methods are well defined. Typically the probe and

sample are mixed under conditions which will permit nucleic acid
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honol ogous proteins, am no acids that are highly conserved at specific
positions indicate amno acids that are essential in the structure, the
stabi |l itywoanitthesactivity of a protein. The ternms "subgCanisea@kloy4o88 m | ar™”
and "corresponds substantially" are 25used interchangeably herein. They

bases do not MPARE R L THegeR Cop elng e e forf Pinfle AhBo roaiate

gene expr essippgsercesiefiinergari€bt siganihealolige: théheegert esritenalksonr ef er to
nodi fications of the nucleic acid fragnments of the instant invention such

as del eti on @nditgaweratyre sendtiensobrtinpaly aghpelseriaagenharayds agded.
substanti al | er T Y I | i eic acid
fragnent rel ﬁ@&%gtaSW'ﬁyegr%E°§ﬂ,§ a&%h@a@)ﬁ ?de‘é%?ﬁégn%#’sgw&%& h% ore
under st ood, @ thdomst skitdbleds the sdrelvdch avsay foramapr Acpraheary ddmaporidg

i nvention encgnpasses npre than the specific enpl ary sequences. Moreover,
the skilled &?@i%ﬁ“ﬁ%&'@% %%%ayt'ﬁéts@ﬁmaﬁfti g'fheg?@%rgqp&o RS eic acid

sequences eneRRBARSPR By LA el [EIIANCH Sy FROINREN dRepfoddl |1ty

to hybridize erate stringent conditions, e.
(st andar d sodinains cintateied and caripBiBel( oy iaionel pddoyl ofdhefsegegnced0 C) with

th Lified herein, t t] f ot | eoti d
Sequences d: sci oeclnes B GonBEnare et o ABRr e bR RN o any o
the nucl ghc &¢ dfifcPEftUSRE AT AN GS. @V@oﬁ%lﬁﬁ@tq&ﬁihggﬁw?ﬁft%@“di tions can be

adjusted to screen for noderately 10sim |l ar fragnents, such as honol ogous

sequences fr dwbdadigation epdsveasbindeepdiliens tanget Beguencesigan ke fragnent s,

or gan; oma. | PTG ERY B¢ R0V EbER R BRR e AR ElETOBURAT  Tons. The
term " sel ect iprgbifighyAnématiesly, stingodescomditsmncan be abplwéd talakawi on, under

stringent hybridization conditions, of a nucleic acid sequence to a
speci fi ed nuSPBIEMEENAChEGGBtSEsHgNePT 80 thatdowet deqgress\of §iBlATRY atRgr ee
(e.qg., at.le = round) than its hybridization to
non-t ar ge1 n%ﬁ%ﬁ%éﬁagﬁg%%@%@?@d to the substantial exclusion of
non-target nucl ei dypmatly, stBagewttconalitionsykitlibe thosg irsehichntesattr e two 20

| eotid _Wherein th I t of e of th | eot i
Cequences. 1y FPBRPIGAILISIBRL NeRA4QASES BbBpdenuREal abats £ tor Ot
sequence i dend joyy cd#i&ehﬁgﬁtﬁ\@'%r’(;tﬁhé:déél%)%@g% *P.@%%'?%?F%@Ee&ﬁw?e@tur‘%- , fully

conpl enentary) to the other eot1 de’sequence. T erm"stringent
condi tions" ds at legsi algeuit3thyd fordihoat probeg $e.gndiQ iood hucleotider)sandedter ence t o

condi tions under i a~prope wil|l selectively hybridize tq its target
sequence .20 pr S %HF@pP(%T I%Sy‘_gsqrﬂbfa%%%@r’a%ﬁ@ H?%l é@@uﬁ@f’hggﬁ)quences whi ch
are conpl energtanyertondrionds thay alseBelaginavenGan the abaitiéatstct ed. Probes are
"hybridi zabl e" to the nucl eic acid sequence to be detected. Generally, a

probe is | esslestabiizinmhagentscuch@siorrmami¢RsExemplanglow stindesswl |y | ess than
Typi cai 1y tneoprbBa TR hypricizp oMb s T Sl RA P B wi 11 per i ¢
nucl ei ¢ aci dformamide, 1 M NaCl, 1% SDS (sodium dodecyl sulfate) at 37 °C, and a
25 wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate) at
50 to 55 °C. Exemplary moderate stringency conditions include
hybridization in 40 to 45% formamide, 1 M NaCl, 1% SDS at 37 °C, and a
wash in 0.5X to 1X SSC at 55 to 60 °C. Exemplary high stringency
conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at
30 37 °C, and a wash in 0.1X SSC at 60 to 65 °C.
Specificity is typically the function of post-hybridization washes, the
critical factors being the ionic strength and temperature of the final wash
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hybri di zati on. This involves contacting the probe and sanple in the

presence of an inorganic or organic salt under the proper concentration and
t enper at Wwe 20ds18ons. Optional ly a chaotropi c agent negThS2@ddedss Nucl ei ¢
acid hybridization is adaptable to a variety of assay formats. One 5 of the

sandui oh- ¢ ypeohlichy FABNHUAIRYs, R Mhon g RE M BRI RREE Reoor bed 10
it or coval eripbyoxiapEtlointhitequativmed Mdinkstl dtac! Ahal. Bibshgphobe that is
unl abel ed and conpl enentary to one portion of the sequence. Stringent

h
condi tions ar'e8sfuddtélUhehder®!-ané 1illi6 Beg M+ Bridnto@Gin Okt f%@r ent
( ; pend . L . d
wnshing. conar @M= SOfL: St ¥ s Mo Bidiay e PortvaldH cBle % BY, kaRetto,
conpl enentar yetrceritage pf ghenddioerahdgytosing nbeleglideshintteerIAYH formsisr i ngency
condi ons cap, be 80 sl s Lo el) ow o o st chi g o saguenges <o tha
Typi cal l'y, stgddig@mtne AP | é’\ﬂiéigs.ﬁﬂ?r&%h%%th%‘té’?ﬁb&{étdr@?gﬁé‘éﬂ

concentration i's | ess than about ion, typically about 0.01 to 1.0
M Na i on condefinedioron s{rengtht dret pdaht whicht 5Q%l of a0caropléngendany target

t t i t | t .ab 30 f hart b . Q. 10, t 50
e eoti des) saAteass Bapidiers tad aeres e iR bl BaUGES b eater than
50 nucl eqpi degbut HoU fageath a9nef Hié?ﬁétcﬁﬁﬁ@ﬁ*u@?ﬁ?h?ﬁﬁ@ii%{ﬁsh whd/ort he

addition of destabilizing agents such as formam de. Exenplary |ow
stringency cayashecangdtiansceandee Bgivsted toahyasislizg tonsegusinces of §id desiead of 30 to

25 wash in | 0TBhxacerqip. d 2SR WEARAE REnRY pliflary BT o) e

50 to 55 C. ke déoresosien a°c. sGen&@cstricgast donditnisrire wekediedd di zat i on
in 40 to 45% f or nam de NaCl /0 SDS at 37 C, and a wash in 0.5X to

1M 1
| x SSC at 55 beAEmtE, °®@é¥ﬂ5lt5@@/Tlmifehzhﬁ$Q%@ﬁ%ﬂ%ﬁ5‘ﬁ&i&ﬂdd%c<?rﬁ@leﬁwt
hybri di zat.i onyi 0 f:Or . ] 0 . cawash in
0/ 1x Sse gt eb a&oégéaéeﬁ'me%@pér&%ﬁg ﬁﬁ?w%!éfgéf%%ff%‘ﬁﬁ%&%@éﬁ@ﬁ of
post - hybri di zahiuiizeashdsidizatienandioroadsH acta?,s3, lweidntC tdveeritban ¢hesTr,engt h

and tenperature of the final wash solutjon. For - DNA hybrids, .the

her mal et ¢ MHSTBIA SoraPEsol oS bR @ By PUGRR I AR RANESR 2

Mei nkot h et a b he o7 - - : e ; 6.6 (lo
M + 0. 41 (cygbf 805 }@)?g&?%?rt%%%ﬁhégﬁ‘/ ﬁ?ﬂﬁgiﬁ?’%ﬂﬁicgﬁ?'ﬁggﬁg grgit'%elof (109
nmonoval ent ca hydorislizeteo argl/oheasipet tent2g3, d#, §Gaon20 e lawdr handbene

nucl eoti des iin the )0 form,is.the percentage of. formam,de in the
ybr  di 2401 orl msopsiPRoRe ehHalen. SPHiZtbR R bR H PRy BlipaS Aepieirash r o
The Tmis ther ! engey Gtoramary BRI willehbaetanPtag vafiatss iR thadtritdenaly whi ch
50% of a conpl enent aréy;t arget sequence hybridizes to a perfectly mtched

probe. Tm i s of &ybdeidation aoales uash wlytinnsearernhnergntly gesenikacht Eierg; t hus,

Fubridi zati s b ‘ CUbr
sequonces. of o eeorShol iR orbUts Rtra oML B & Bldrlscte, °
identity are sphuighy or BReCTforeeamide stgdticrysieid ptéfefredderecrabby thes S601gent

conditions are selected to be about 5 Clower than Tmfor the specific
sequence 2and qof‘§e'&t6@ﬁﬂrb$%ﬂ’tat aljgher emparatyEe cAB ecusad: e‘h@@ﬁteéiﬁd/epH.
However, sev i - et at 4 o 1,di I and/ or
e a1 oo SO RFRLSBBARY HLERT: 4085 1 oundlin 1Y LRl ST Ofs
can utilize ddeybiquaiszaBiacheamdlrpandddbleatiiad Bidlogy-H@bridizatidh withower t han

the Tm low stringency conditjons can utjlize a hypridization and/ or wash
at 11, 12, 1VCIGI AR Phbe Par I GEERIT QTRVBWI PIAIHIGS Ohe oquat i on.
hybri di zat i oy BRgiZ4BEH aR8TRE Strhtcdfof rRRILIESS HEpdBsshipos &Il Rehary
skill will understand that varitations in the stringenc
30 York (1993); and Current Protocols in Molecular Biology, Chapter 2,
Ausubel et al., Eds., Greene Publishing and Wiley-Interscience, New York

(1995). Hybridization and/or wash conditions can be applied for at least
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of hybridization and/or wash solutions are inherently described. If the
desired degree of msmatching results in a Tmof |ess than 45 C (aqueous
sol uti on)woroB228286f or mam de solution) it is preferred POTiusecorieas®ss he SSC
25concentration so that a higher tenperature can be used. An extensive

gui de to the acids is found in Tijssen, Laboratory
Techni ques in W?’Qcﬁ@ﬁ@t@ §582%'§Efﬁ Sar Biol ogy--Hybridi zation with

Nucl ei c Aci d ProbesaquBate identyrapt Rientity” G éies téitest offiudnsic Rlckorof

hybri di zati on and the strategy of nucleic acid probe assays", Elsevier, New

30 York (199@P4yp¢9ﬁ?§d€l§ﬁﬂéﬁ@0¢%'Eﬁf%@dpéh@HUW'%égﬂé?aSBﬁ&r@@vno@ﬁﬂot er 2,
Ausubel et al I WYork
(1995). Hybr|r%?|9§€|§bnnt@é?@fer%gﬁh%{;é%qpl&%%éﬁ%an gﬁé(ﬁ%rﬁﬂéor at | east
10 30, 66, Wrre$pbndanceleherra spdaifed compar@cﬁewu&ime |dent| ty" or
"identity" in the conjext of nucleic aci or pol de sequences refers
to the nucleic a h&sbé%eégerﬂﬁgﬁﬂ?ﬁﬁq‘é%”% idestityy eF%t%tt\lWB ?ﬁéﬁjences that are
the sane whe Woo cified
compar T son wios e o KB B P E - e ers o
t he val ue detoempansdnbrwndovvaher&gntthmpoutlonrrﬁlthgpalyngnle@tldeqmences over a

conpari son win erein the portion of th.e oI nucl eoti de ol ypepti de
sequence 1 ¥4 REBNRESPOURNGS FLBE GsgP g YOO HRY CORDrss G S | one
(i.e., 9aps) o@%eféimér(ﬁé' b@pé)h@s &@*n@bﬁétﬂ% tﬁ@%ﬁé}‘éﬁcé ¥Bgdhcda@miapt conpri se

add|t| ons or deletions) for optinal alignment of the two sequences. The
per cent age i ﬁoealrmhpamsayad@ettoasmrrdeﬁ@qmfomﬁiémalcﬂhgﬁmnﬁ pbihe o wm ch

Seauences t o SRUFIEThe Tt REREGR O s BE dSRL MM TG hinbS: 8E urmoer

of mat ched pewisitionsat whithhe idkaticawieric adidiesetdramtinoadidifesiugiow of
conmparison and multiplying the results by 100 to yield the percentage of

sequence i de@Crukp iR §eausReas toyigf tb%ﬁé'@lﬁer%dfﬂfﬁﬁ@%d PE8iHeNe,i es i ncl ude

but are t | ﬁ%&

95% or ggy .dﬁ\{'%'ééﬁh%@ﬂqg%@ée r%%é%@ﬁ@{g %8@@ tcég rﬁ@%@?ﬁzo/r# c?%es can be
dF-t erm ned usnéttw windowf ogd:mnparmspmamd d&ﬁtmlylbgdh@leesajllhs by 100 to ﬁetqhkblece
alignnents an ercent _identity or si rit cul ati on

et o AT sequarioaigRnuy! Usetiarastes ot Paant sootrncent

homol ogous s auifRSIndInge Kl e nBRlimMd tb] S0%hedsdo 60t Balk o, pddd, 25

program of the LASERGENE 'bi oi nformatics conputing’suite (DNASTAR | nc.
Madi son, W) .809%,t36%, 90%, 00Bﬁ%ﬂor@hytlrrnheSeapﬁltqe@mga)ﬁtDmt5Q%Itd) 196%inder st ood

t hat where seqguenc al ysi ftvvare S .uUs r, anal ysi s

ool ts o ¢ RECRATyRNEs rbe de bl ta et s PR asscBhed ne
program refery@a@igd unl ess otherw se specified. As used herein "def ault
30val ues” will mean any set of values or paraneters that originally |oad
with the softwar e SRGERNES BEGNMANES 2Nd peentisientity Qfs&lﬁl”al\ﬁym'%dGU@TS

al i gnnment ™ I
(descri bed b)?ﬁ #gg%%g&%@eéﬂgmg é %%f Cgﬁ%?g?@?%&%&g‘ﬁhgé t%s D.G et
al ., Comput. gl bus &dihckSIndddRa) buakdl iraReto NgAM gnTM
programof th Aglg@(gﬁg | ol mati cs Ic§rrpltjjt| ngI sul tg EhDNIR%%ARgl nc.,
Madi son, 2%V) .prégnanboiithie IPASE RGENBEwidisformaécs ebmputing abile $DBSTeRond t o
GAP PENALTY:J[0 . i : e
nc., Madison, WI). Within the context of this application it will be
understood that where sequence analysis software is used for analysis,
that the results of the analysis will be based on the “default values” of the
program referenced, unless otherwise specified. As used herein “default
30  values” will mean any set of values or parameters that originally load with
the software when first initialized.

The “Clustal V method of alignment” corresponds to the alignment
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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 arwOKILRRE28E, GAP PENALTY=3, W NDOW5 and DI AGONRCEUSAMED:HSS For
nucl eic acids these paraneters are 10 KTUPLE=2, GAP PENALTY=5, W NDOW:4 and

orogram i 1Eepee siES BRI ek ARMRRET YRR AR g e

'sequence di 8853 (1989)e HigyihdleD Baret ab! 0BhPDL. Appl. Biosci. 8TT@9-1G ustal W
met hod of alignnment” corresponds to the alignnment 15met hod | abel ed O ustal

W (descri bed (b992)) godrisurachih {Bledvipg Abgipt rodgiiagyohthe IASERGEME. , supra) and
f d t he Me TM v6. f AS NE bj ol ti

computi ng SuETOBRASIRROTIRENRG REls SBRASIPIR Tr HGRISoBay Bie 6F et s
mitipie a1l 6iRdk @hfﬁ%ﬁwrtpleto%fa%‘eré?Eé%&Ye%@ono%PekE'ﬁHA'ﬁMBY—o 2,
Del ay Divergen 2 3 DNA Transition | 5, Protein Wi ght

Matri x:Gonne;anse@AEiEmH/BEglmLﬂ\@tm «efaBlt parareetess fgrpamwisef t he

Taenti Ty by V8alieRs eHE CAculBRAE ek inerdy BEBialef ~el8Rt s Boogr o
"BLASTN net hege eflusthi @mr@Rbd aré KU Eer i AP AE X L ted 3bwINDORENadHonal

Center for Biotechnology Information fNCB!) to conpare nucl eotide sequences

usi ng def aul tD|655rQNéL§r \VED=5. Har nugleigpridgrigese pa@imeigroae skilled in the

o ot e S PR Y- A IORES AEEAGERASS SRR, e

or simlar fwﬁtetrlaqgnmrenﬁeamel sdduencéls eting tesaTstes Vadrogeinssnfs | dentities
include, but are not limted to, 50% 55% 60% 65% 70% 75% 80% 85%
90% or 95% POESKIfq oktaled F?%P@@Hﬂﬁ@tétyf Py MieyHoe tlee 1Wnpﬂ&é9éan0%y

I nteger amn [ m 50% to 100% may be useful in describing
t he present ?%@gr#;[%énggrﬂhﬂgglfarngl% 52% 53% 54% 55% 56% 57% 58% 59%
5 60% 73% 86% dhy“Clddal \B/fetr@ielof allgtiment” corresponds to the alignment

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

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

20  Seqs(%)=30, DNA Transition Weight=0.5, Protein Weight Matrix=Gonnet
Series, DNA Weight Matrix=IUB. After alignment of the sequences using
the Clustal W program, it is possible to obtain a “percent identity” by
viewing the “sequence distances” table in the same program.

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

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

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

30 activity. Useful examples of percent identities include, but are not limited
to, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or any

integer percentage from 50% to 100%. Indeed, any integer amino acid
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identity from 50% to 100% may be useful in describing the present
invention, such as 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
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%
or 99%. Also, of interest is any full-length or partial complement of this
isolated nucleotide fragment.

Thus, the invention encompasses more than the specific exemplary
nucleotide sequences disclosed herein. For example, alterations in the
gene sequence which reflect the degeneracy of the genetic code are
contemplated. Also, it is well known in the art that alterations in a gene
which result in the production of a chemically equivalent amino acid at a
given site, but do not affect the functional properties of the encoded
protein are common. Substitutions are defined for the discussion herein
as exchanges within one of the following five groups:

1. Small aliphatic, nonpolar or slightly polar residues: Ala,
Ser, Thr (Pro, Gly);
2. Polar, negatively charged residues and their amides: Asp,
Asn, Glu, Gln;
Polar, positively charged residues: His, Arg, Lys;
Large aliphatic, nonpolar residues: Met, Leu, lle, Val (Cys);
and
5. Large aromatic residues: Phe, Tyr, Trp.
Thus, a codon for the amino acid alanine, a hydrophobic amino acid, may
be substituted by a codon encoding another less hydrophobic residue
(such as glycine) or a more hydrophobic residue (such as valine, leucine,
or isoleucine). Similarly, changes which result in substitution of one
negatively charged residue for another (such as aspartic acid for glutamic
acid) or one positively charged residue for another (such as lysine for
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

24
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71% 84% 97% 72% 85% 98% or 99% Also, of interest is any full-length
or partial conplenent of this isolated nucleotide fragnment. Thus, the
i nvent i orwerommmasses nore than the specific exenpl ary mrOTluSoti2detsequences
di scl osed herein. For exanple, alterations in the 10 gene sequence which

reflect the ner, f.t |G C r ontenpl ated. Also, it is
wel | known |g1%?ﬁ éﬁ%gxﬁeﬁatp ag%{g&ggﬁ%\ﬁty chgﬁ%%&g[ﬁiw which result in the
production of a clishastithy pesposedl radtifigaiidies Baiell withia tBe veatirsd siell irbut  do
not affect the functional properties of the encoded protein are conmnon.

Subst i t ut i ondh@pE, agfs %@rmmatlpﬁéfdﬁ?f%ﬂ@@ p&h'%'@&'rﬁ@%ﬁé%ﬂ@ﬂ?@@@dw thin
ol ar 1 st dutoRthigIMrEBveh MEPRiIdh ptihh B fiRes er SDBRRALA OF 2 oca™ Y
resi dues and snrhﬁarrsegqmledess eAsompAssed Gytthls @ventidfare Bdﬂomieﬂrmjsby thedd y
T ot i T ST
Thus, a COdO“ for phgeREY QBb%hﬂglﬁ) SHiBe n é‘ie%@él&%gmé‘rogﬁﬁgﬂ% RSty

25be substituted by a codon encodi'ng anot er |ess I c residue (such
as glycine) mmvamtlmjrwehlyotrempﬂndblccaoidafrbgmn(swhbsamuc@btlde sebheedese, or

I sol euci ne) i ch res I n subst ut|o of one
negat i vely ol GblFasbLPeA BRnEra ;e Broipalits seduetidon he mufiCreR g1 ut am o
aci d) or jgne fREPhdrty PportdtPR&Rth I BRré prefbAtd dRldiehcid @ﬁts'a\fé'al‘f'e for
30ar gi nine) can al so be expected to produce a functionally equival ent
product. | n heasi 9&s entigaklodbe ingelestidageguance af thesaleicacid t er ati on of

not be. expect B9 SRR eieBE; MeBDPisterhBpF BELEIN o8 et B, R
proposed nodidré eatdaen95¥sidentital b e AutiBetide Beyienckof theinucldieasidt, as is
determ nation of retention of biological activity of the encoded products.

Mor eover , thér3§lm¢ﬂt§dﬂe%9rﬁds*&‘hreﬂrécognl zes that substantially 5sinilar
sequences senconpagsed il SoltiBKeBE A9 BnfhE aBlSG ARILARR Qauehtb'is

that portion comprising enough of the amino acid sequence of a
polypeptide or the nucleotide sequence of a gene to putatively identify that
polypeptide or gene, either by manual evaluation of the sequence by one
skilled in the art, or by computer-automated sequence comparison and

20  identification using algorithms such as BLAST (Basic Local Alignment
Search Tool; Altschul, S. F., et al., J. Mol. Biol., 215:403-410 (1993)). In
general, a sequence of ten or more contiguous amino acids or thirty or
more nucleotides is necessary in order to putatively identify a polypeptide
or nucleic acid sequence as homologous to a known protein or gene.

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

30  12-15 bases may be used as amplification primers in PCR in order to
obtain a particular nucleic acid fragment comprising the primers.
Accordingly, a “substantial portion” of a nucleotide sequence comprises

25



ability to hybridize under stringent conditions, as defined above.
Preferred substantially simlar nucleic acid fragnments of the instant

i nvent i orwanelydese nucl eic acid fragments whose nucl eoPCiaSs@q0enses are
at least 70% identical to the nucleotide sequence of the nucleic acid

east 00 ; denPLRRET o sfulne toSeicBLY BBl oo B Bl rURETEE i ©
fragments remex gh@wtm@hmrrsmg\@@sw@heératheahgtanugﬂ)@ctuﬁcarbncteiacwms t hat

are at |east 95% identical to the nucl eoti de sequence of the nucleic acid
fragments regeMRieterPEORACd SAd nygleotigRSeaHepes ?P@Wj'ngﬂ)aﬁtﬂp%ﬁﬁ no acid or

nuct eot de SSRIENRe T LMo BAL OGRS BERGNEAMG eRlieh iR 41T no aci d

sequence of eptide or de “sequence 0

putatively i depdrtéd hereit, rnay ypepiselall or ageabstantiak partiobyf teendistlosed! uat i on
of the sequence b Onﬁ’dSkl lled in the q%rt, ﬁr gy nmput er - aut omat ed
sequence conp&fHERFFA PYFRRRSS FNOVE LT HRSE SKIG 4P gﬁ?@(thm; such as BLAST
(Basic rocal AL anmRnkmieaoaBiciAghian/ldeteibbs 1@ rehatiorhibetwebn Rl - B of

215: 403-410 (1993)). In genera guence o ten or re contiguous am no
aci ds or t hi seguencemoenutied ke bakes that am:wmﬂqof WaisaleCrick haseat i vel y

protel n”or oeRUOUER elbeft it Arfaerall S BRfloRe St e bhpantes.

gene- spegpf i Qe@décﬁ%‘m\lﬁoédéﬂ@smeqb%‘épﬁ@%ﬂ t%%%aaﬂnéwumqnpmwaﬁd
nucl eoti des na¥ be used in sequence-dependent nethods of gene
QqQsé)

i denti ficati GNQsiN&yis, capabtenet baseypairiag ¢th gwgniagd Acserdinglyrthedngiant in situ

Short "ol 1 gonianBRah beais SRl PREb A B BSR Be ool G "

primers in P@mmmédﬁry&@tr@é@hple@e Bédjlhermdsads reporteddn ate d fragrrent
conprising the prinmers. According 'substantial portion”

nucl eot i de s@&ﬁ@ﬁk@é%@@p’?’@%@é‘ceé@iﬁ&a'@ﬂ trt%@@dﬁ?é‘ﬁ@east\ﬁe%éééhqﬁiecal |y
i dentify ,and/g E(S;{aﬁ%ﬁ Sinah ek '&a@E s%qhéﬁ?é‘%”t conprising the sequence.
[ [

The |nstant sp on teac e conplete amno acid and nucl eoti de
sequence encodi ng Tiherterradisatated’otedensgo alpayséptidec dr autlestide sbquemee t he

benefit of the sequences_as 5reported herein, no se all or a
substant i al (AP GHMBYE FOMPLIEPSLE SARBORERL IS WHRT BESRS BN to those

skilled in tRsgodhteq. The term "conpl enentary” describes the relationship
bet ween two sequences of nucl eotide bases that are capable of Watson-Crick
base- pairi ng when' Bl‘drgol’red rierferarioariDNA;ﬁa(mlehee CapiablmttzftdomrolliFigrthexaan e,
with 10respect to £ gosineis ca? C? Ugﬁ'?ﬁ a|r|n with thym ne
and cyt oS ne %XQr%Sa?bQAb? AP BESEWEPT 98 W'R"g AR %‘ieﬁgl y, the
instant i nverghgant@Yon@sE dfgPoRind aAtFhEe distl @Pﬁré’érh%léfﬂbﬁf‘suﬂﬂ,ﬁ that are
conpl enentary to the conpl ete sequences as repor i n the acconpanying

Sequence Li statiy eiﬂ@em'seofwetﬁferr@@ﬁ@ 8 eabaneens. Acoondingly18s (erhansral | y
simlar nucl o8 6 (AALCBBINEDEE caR Wik FAHD (bt RhaH S5l S Pody bl ypepti de

or nucl eoti de
innate element of the promoter or a heterologous element inserted to

25  enhance the level or tissue-specificity of a promoter. Promoters may be
derived in their entirety from a native gene, or be composed of different
elements derived from different promoters found in nature, or even
comprise synthetic DNA segments. It is understood by those skilled in the
art that different promoters may direct the expression of a gene in different

30 tissues or cell types, or at different stages of development, or in response
to different environmental conditions. It is further recognized that since in
most cases the exact boundaries of regulatory sequences have not been
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that is renoved fromat | east one conponent with which it is naturally

associ ated. "Pronoter"” refers to a DNA sequence capable of controlling the
20 expr eswpani3aiRsmecodi ng sequence or functional RNA. Tir€TaSoMRWEt08S equence
consists of proximl and nore distal upstreamelenents, the latter elenents

equonce + natSEiHe D SRS BV reBERNS By BraiOhabhe st ReMiEle ol enen

of the pronoiesmoteraadiehpr Proraowss el tanbe iangerd wbd exgleessantmashe | evel
or tissue-specificity of a pronoter. Pronoters may be derived in their
entirety frorfeH tYRAS dlengatiimesareeompigiby rfesed 4o e eremgtitéliveent s deri ved
from differe'btrorp]'b ters found in nature, or even conprise synthetic DNA
segnents. It IS understood by those skilled in the art that different
pronot erssmay di r €@t nbheodiny sspiencest, “@agsoniption teiniihatoehdnd 30 ti ssues or

cell types, qQr at djfferent stages of devel opnent, or in response to
di fferent envfet”@r'ﬂ?éwpa?eoé@ﬁﬂﬁ?%ﬁé!seldt'nt%df‘ﬂ&e@@iy fﬂ%r@ﬁbﬁ?(ié‘?f[e)f Fat since in

most cases tWﬁﬁahert?@éﬁ‘l%éie%sd&ﬁm#t%%?Qrdbdﬁfqlé%eh%‘éﬁjdh‘gje nbee“

conpletely defin DNA fragments of some variation may have | tical
pronot er act ipoiyagdenpladiootrecagnitien seguarees ayehetheo seguangeseswedingh nost cel |
types at nost _tines are conmonl eferred s "constitutive pronoters".
575 non- codiP By ietiels Capad AL EIPHATRm RN RrogiRa o SN er m nat | on
sequences) algkpksstbri.NTIkE pBRAAEAPHOM SigRalisAsial§ichbrdcteiy Beauences

| ocat ed downstream of a codi ng sequence, including pol yadenyl-ation

recogni ti on $éiggtng & addition pépokedeaeyliseacie trests toghe &yendiodthe BIRMAI s
capabl e of aff%&&% 9 MRNA processi ng or gene 10expression. The

pol yadenyl at 0 gnal is usually characterized by affecting the addition

of pol yadenylic adqhe tefracbgeradlyt livked” r€flees ©f thehsssoBfion ot eutiew acid The
term"operably linked" refers to the association of nucleic acid sequences
on a single FGEHENEESLN @ Sf'mgigr?é’ﬁ{e'%éc'ﬂﬁéﬁgmﬁ@ sauthet thenfupctiomef pge is5af f ect ed

by the other. oee)gg i ; i A di ng
sequence 1\?\her?f¢é?{e| S cg@a@f‘gﬁoﬁ{@%’ﬁﬂ%é @ﬁg{og%ﬁglgg%tﬁggw%%ﬁﬁhc%gdi ng
sequence (i . eodingnsequeticegviseTiléncapalde ohdiectingetherexpsesdigrt obinatt control of
the promoter). Coding se R.enc s can be operably |jnked to requl atory
sequences. | n CRIEKHESHUSPCRAL ¢« Hifs 8RS SRAUBTGHIS YneA Aot HePseoRahpl &, ¢ he

conpl enent ar I he A i L d, either
m oMoy 6ﬁﬁ$?j?§m%fter‘). @dd&?f%%c{@hc%@f&a@?aeg&@%rg%/wHkba‘fé

directly or indirectly, to'the t he target nRNA, or

within the tadegdatanRSequences ihia senscoomprdisensayientajioon Insandthernd its

conplenent is 3 to . the target t andar d. r,econbi nant and nol ecul ar
ol on ng téchiql¥ &Jbs&oméwsn%?%&wwwzm RVENOLEAN BRd are

descri bed nmoigpefabl| Yinkéd, ather afketiyor inbIreEHE S tdihe tardsd MRNIAROF B tol -

Mol ecul ar C oning:” A Laboratory Minual ; Col d Spri ng rbor Laboratory: Cold
Spring Har boithe frgeto&NA, arwitiin dhertargehmitAoersa firsé ceaiplerraiany t o t hose
skilled in t art._an I e . - "pol ynerase chain
reaction" | smgg'péé%ﬁi %ﬁ@ft?gﬁﬁﬁ%ﬂngﬁﬁlts%g ?eo%%%%g'\%‘:’janfi tiyes of specific
DNA segrments and Quasdsrtseodmbirset DA ahd mepletilar eenicleeanigbes kised El mer

Cetus | nsztsr u%%?éiﬁ’areNom;e\?falln%wnCi-lr-m)the art and are described more fully in Sambrook,
J., Fritsch, E.F. and Maniatis, T. Molecular Cloning: A Laboratory Manual;
Cold Spring Harbor Laboratory: Cold Spring Harbor, NY (1989).
Transformation methods are well known to those skilled in the art and are
described infra.
30 “PCR” or “polymerase chain reaction” is a technique for the
synthesis of large quantities of specific DNA segments and consists of a

series of repetitive cycles (Perkin Elmer Cetus Instruments, Norwalk, CT).
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Typi cal ly, the doubl e-stranded DNA i s heat denatured, the two priners
conplenentary to the 3' boundaries of the target segnent are anneal ed at

| ow t enpewator3@2ssd t hen extended at an internedi at e terpEnstuzo4408he set
of these three consecutive steps is referred to as a "cycle". 5A "plasm d"

or "vector" i extr ro Q revin n that are
not part of t@@@’%ﬁ‘&f&oﬁﬁ@ﬂ%g@ﬁ@ 5)?\]'6(? @écaetl eﬁq%glﬂgau é[?"'l%y&frﬂgfﬁwe form of
circul ar doukbensémanted idii 8rsameiaties obutdiegeauynsentaite kpnauicangtnous| y
replicating sequences, genone |ntegrat|nga6ﬁguences phage or nucl eoti de

sequences, | iPuaemBpratyecandinenextended ai agi errﬁ@@tﬁﬂ@l@%’?%ﬁd&ﬁw or
RNA, - derived (y ng‘;é% tﬁ%%@ﬁtggbptﬁyg‘oét%ﬁs% PUEREn (Qhs Yl fRb! de sequences

have been joine rec a uni que constructron which is capable
of introdaci ng an Aephasaisl’ on “seréid af ektratheormos@inbl element oftefihe term

"genetically altered" refers to the cess of changjn hereditary
material by §G@H¥NSIY &?@E?T%@?t Q%%Eé%r%ri%me&a%‘g@fﬁ ﬁﬂﬁ‘ﬁtqﬁlrﬂ?‘ng ~ The
term " recombiagafy irf $eGbfin o chBudf abab%tsqu%rﬂ%ﬁhmlwsf;ﬁm&ﬁtst ,cht her wi se

separated segnent’s of sequence, e.g., chem ca esi's or by the
mani pul at i on elémesisl oy tesmgomomeusly repldading sequdscds; gganetd ¢ 20engi neeri ng
t echni ques. " ecor{bi nant" al so i ncl udes rcg}‘ rence to 3 cell or vector, that

has been modifEEFYRY SANENAET FIAIE Y HHCS T IUENEERULRLOr EMEUAti d or a

cel | deriyed of afih@eC 6t HoSleBEINHE HNRWr RINASIARledeRGABI SSoUrbe, ipl teration
of the cell or vector by naturally occurri ng events (e.g., spont aneous
a 25

mut at i on, natitieh atnuangrerf aciepiidersgauenres have Baen jane regambined

e vent 1 on. 1o MR SoSF A RGERHERTE cAbb BRI MRAREICET SMERRIOR ¢ ype
bact eri um t hatasbetse(dhihesd gefl. 2 spont aneous nut ation, natural

transformation, natural transduction, or natural transposition, or has been
nodi fi ed by 30nut dGerieENsgenslicallyaigred’ detainintia Prosass Plighangingxpr essi on

constructt, 'chi ' t S i et oL i ant  DNA
conat ruct'®, SRRSO iRl S et TR e, rap R B RO T bt
conpri ses anrautatibnci al combi nati on of nucleic acid fragments, e.g.,

regul atory and coding sequences that are not found together in nature. For
e, 3 recom RdEE oo TRERAe Bt o A1 8 B AT BP0 RIdnBes and

codi ng 55eqUgﬁg@rﬁ/iéé‘éépa?réfeod%dﬁéi@ﬁtsfdfg@}]%ﬁé@ EFL by UNehfigal SYhiHREISAL Or'Y

r
sequences an odi ng sequences derive rom t'’he’ sa source, but arranged
in a manner dyfthe neanipulation of isoldtedis¢gmentaolingcleiBladidsaby gaseticict nmay be

used by itself or may be used i,p conjunction with a vector. |If a vector is

used, héih ¢ 1599R1eSt B BENYRHER: RecOmlaiac Ao dhaoeh TR ISEdO ARSILS i 11 be
used to transkgetdn thaghas®kkh nMadified B9 lthe tMuction bhasRtelddr@ i n the art.

For exanple, a plasm d vector can be used. The skilled artisan is well

awar e of the nyerfie peidareneslt denivest fromsa celese mosifind, vt dpesvett or in order
to successt u'eln%oHp%ggftf% g]tetsa?iloﬁ%tf tﬁé]geIPBP 9@&8}; By rﬁ%ﬁ}raffﬂ)-lcc'::ljrring events
(e.g., spontaneous mutation, natural transformation, natural transduction,
25  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
30  mutagenesis.
The terms “recombinant construct”, “expression construct”,

“chimeric construct”, “construct”, and “recombinant DNA construct”, are

28



conprising any of the isolated nucleic acid fragnents of the invention.
15The skilled artisan will also recognize that different independent
t ransf or msiDi2ot8/@9BAt s may result in different |evel s an@CpatSt@rig408$
expressi on (Jones et al., EMBO J. 4:2411-2418 (1985); De Alneida et al.,

hoed be scr congl M aAGEBY NEPLY A re@lolAtipdfitnc T Bpk st A 50

expression | %vmcu@ménmhétﬁimof l‘ﬁm@lc&‘atﬂicﬁﬁ‘agﬂﬁ@ntﬁi)e %Aresgmaw asdneddipy

Sout hern anal ysi s of Nort hern anal ysis of expr essi on,
i munobl ot t | ﬁgqaﬁmqﬁstf@t are pPlioend tegeines ik Raturesr FRREXATDIS: 8@ anal ysi s,

aong o1 NeT ocoryent (ASIATRY SHIERSSIADoRF W RACRETA B o o Lo Lhe

[ei ther psecsegoences that aretigrived from differengsoutdest oorbgeeatbrymeans provi di ng
a nucleic acid (e. protein into a cell.

( Xpressi on construct
| nt roduced i FEAHER %%’F%P@&'@@ SEQUEHECS H%BY%Q)&Q'N HR MR SAWCPePEt acid into a
eukaryotic oy tng;@rlb(%trhﬁnﬁ@rldjl Fén‘f"ﬂ%rf | na I%C'§u§ﬁi¥ BBstruct

incorporated 1ntd the genome o the ce es reference to the
transi ent provasbensed by itsetflarincaybe dised nplconjelhntimrothhea eedtor. Kfat r oduced

i ncludes reference to ble or, transient .transfprmtion me as vveII
ns sexual |y GPBEE T ySediffisn e RooBREAE0or jf eRECBL BRpR gpe FIELERT i ng

nucl eic agid tfﬁéta‘ﬁlmus(éﬁ@ trar%fér?ﬁﬂffbﬂ é@l@tasclgﬂrﬁélrklfdv(/r?t@!?\%%élswle@QﬁSt r UCt)
into a cell, means "transfection" or "transfornation" or "transduction" and

i ncl udes ref énente Ras exaame, et plaseorid veeior AN Henuradei thewskitled edip@dns i nto a

noar por at ea o B aRSigh gkBeli SRFhEn oo B ofel SR TRE VRbaER

plastid or mdr@@ﬂ@rndrobétsfwwanst@weséledt amd pr(fp%l té postaals replicon, or

transiently expressed transfected OThe term "honol ogous™
refers to pr &OEIRSING a'?n\bpgiﬁ‘@ﬁﬁ@@é%j "cblﬂd@@rﬁﬁ%frégme@ﬁ ohtheyny@ntignn wit h
simlar Gatald Gifdatisan wil Aol BK6GH R i tidepBAgLar i@ producing
honol ogous proteins via reconbl nan ec scl sed herein are

reconbi nant beariséoriratioorgvenss mayiresalhi dlﬁé&@MmaMQaﬂernmfe nucl eot i de

Franspor ter SEPIGHHY Pgnﬁga‘?t@l)?%@gqﬁéﬁaﬁ BRSPS havi ng
b . oy o061 Gt CorBt piBeLas) {)F mnce 1sAdDg Acpel e e
oper abl y |i nkegdthe $¢reened in order to obtain lines displaying the desired
20  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
25  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
30  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
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20same or a different pronoter. Additionally, the nucl eotide sequences are
integrated into the genone between the yi hP gene or its honol og and the

yi hO genewonroix@sisenol og, as shown in Figure 1. |ntegrafconsati2iomnioss
particular site in the genone results in a greater rate of sucrose

o tes i n ¢ he GERGHERTREhERas 2 NEl SR it s B g TR ORlR R T S0
| D NO 19), asn sfweshtert iasarting snwdisic acidirbgment ¢g.a recom®indritP gene of
Escherichia coli (coding sequence set forth in SEQ ID NO 77) encodes a

putative i nnEPNFERBAMECTTAM SPBFUGH Bt pell IMeaND KeNS8FtiamAr appears to be
part of a sug il ol QN - Th i e (coding
sequence set ?érr]#hhjln?ﬁ@iiéﬂl BE@%SOFeﬁggg%%fBg%g Ségﬁe\@é’g??g@é;e (SEQ I D

NG 80). The dmserpdratiomofiahildeivac(ccbagment it areuikasgdticfarmdrokanyofiE=Q | D

NG 81) and o ene (codi n sequence set forth in SEQ | D NO 83) encode a
put at |) ve i nngéhwg}%ﬁéﬁ%nti?@%s%ﬁ??ragmﬁrm@x ke HOPNBIFDNIQ Hie %‘?lr_‘%fﬂ?er
menbr ane por ig (§SEQY @.Tg@wﬁﬂ%osdrﬁé,pﬁgéﬂn%ﬁ' astﬂt?rdﬂhgél’w&fol?%l paegi ng sequence

set forth in SEQID , synonym of puu encodes a
y- gl ut anyl - y-canveréd into andahgoembde heprlicogeoatengiSally expreesed)e.ghat is part

of the putrescin ti Ll {on pathway. The downstream puuB and puuE genes
TRehstoe e

encode ygl ut WIS ‘oxi dase and 4-am i nobutyrate am notransferase,

respect gl y.  FOTOTRRrA HdMoiBgeETERI o pRYEIKIGBaNBg ogenes i n ot her

host 10Obacteria may be identifiéd using hods known in the art. For
exanpl e, homsPEYBOBLVOIULPNARYPNGIMWilciddaceatalyéicifdreiiont i B iwEAOBequence

20, d sequencd BhT B AgabRlkind GomBRlot B el BvisY oMbk s "genes
usi ng sequengegchirisgident protocols is well known in the art. 15Exanples of

sequence- dependent_ prot ocol s include, but are not limted to, nethods of
nucl ei ¢ aci d hybr iitgasebhereimarartaoentinat dagerimeomREsiagpn theicat i on as
exenplified ' Lei j i fiicatd : | pgi es
(o g pol'ymorobia g of Bte Pl E sSafphoe B ddng i iborfigeaR 1,
4,683, 202; | ipphgeptidaicompachavng (Su€R)se tfarsporteBacttityala. nudatide 20 Acad.

Sci. USA 82, 1074, 1985). or strand displacenent anplification (SDA),

Vel ker et aiSeaUBheR nRaRing LGOS Y RUCIOSBS8 B VORIRT  For
exanpl e, the i i i i i i bed above
may b enpl oy o Coa S BB e T AG EereR, RS R ey Rasse |

honol ogs. 25@ctivipy.eShede hottedtidss sedugrnded dradagtapebaily dinkedhta tHe it ed t o,
put ati ve pernease YP 690957 of Shigella flexneri (coding sequence set forth
i S0 1 B NOBEIE oLeRTIRRT: B omalis pare arelBhnie Rt BRbe SedieER el o
enterica (coghtagrteduRpese géhoﬁ@rﬁél\/vb@n%'fé?g‘ilﬂ’ Q@h%} its MopIbgaha@ahe Prot ei n
ENTCAN 09547 of "Ent erobacter cancerogenus 30 ATCC(r) 35316 (codi ng sequence

set forth inydEQgeneNu:ilgomelag, a5 poewen Egurgrotiviegrai@ aBss of
oL povacte! KoRRla T iihe BOAPARTLEREIS FEAUPRGE o BLofol! N 1 SEQ 1D

NO: 88). Exa onol
metabolism by the recombinant bacterium compared to integration at

25  other sites in the genome, for example, at aldH (coding sequence set forth
in SEQ ID NO:19), as shown in Examples 5 and 7-10 herein.
The yihP gene of Escherichia coli (coding sequence set forth in
SEQ ID NO:77) encodes a putative inner membrane transport protein
(SEQ ID NO:78) that appears to be part of a sugar utilization locus. The
30  upstream yihQ gene (coding sequence set forth in SEQ ID NO:79)
encodes an a-glycosidase (SEQ ID NO:80). The downstream yihO gene
(coding sequence set forth in SEQ ID NO:81) and ompL gene (coding
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yi hO include, but are not limted to, putative pernease YP_690958 of
Shigella flexneri (coding sequence set forth in SEQ ID NGO 89), GPH fam |y

t ranspor twpnrotgi2mshP_462897 of Sal nonel |l a enterica (codiPal/Usegonmss set
forth in SEQ ID NG 90), hypothetical protein ENTCAN 09546 of 5 Enterobacter

hybot hot' car SErgPars Seiddrp I S4B AIE EcBibe gL dioRErmgROEHE | cod ng
sequence set tfapspbrtiproted SEQND: N2)82) Hielsan putel negrebydneCodram@ EQYDar e

adj acent to each other in each of the host chronosones, as in E. co/i.

éOSUi tabl e h&¥Q:Sacespeet ey F@% ajdt! gare éening ﬁﬁgw@wwe& festhy i8R na][\t i
qoner o - scndp R Sifodhf s Mo &t & b e Bygratehyae ©f the

Cor ynebacter idemydicehaba ¢S EQUD NO:26) thatisusart 6f treonakaeirey utilZatioebact er,

Ent er obacter, Klebsiella, Aerobacter, Methylobacter, Sal nmonella, 15

St r ept oy ces Padimarskeddenstseam puuB angd pHeE gepediemeade vthe host bacteri um
is selected framthe genera: .Escherichia | ebsiella, . Citrobacter, and

ner obacter . OETAERERG TR 2o AcribebuBRREG T BiorAeSEeRer | chi & col i

I n sone enbodesmattivelyt he host bacteriumis PTS minus. In these 20

enbodi nents, the host bacteriumis PTS mnus in its native state, or may be
rendered PTS mi nuslameleggef theaEsehealiahéncelf yiaPrRrg yeRegeresdasihemnkestbel ow.

I n producti on . Grl.0 i e A4 ds j ' j t he
transpor fl Bof %s? l%e;rgasrﬂégg)%t 'ﬁgﬁw'séeot %%'ﬁ%ﬁg%ﬁéggﬁ@?"gﬁ?@@@%)éﬁ( E%ﬁ;é% ’S{r%e
25phosphor yl aonwiogd of Kk Psarghyit Cogenes darabe idertiidd using seqUemceer m
"down-regul ated” refers to reduction _in, or abolishnent of, the activity of
active prot eidheYsis sfwaep aHetas Sl Mdpisgarsh Bebigey avetrBIB&UsIER ei n(s) .
T T o Y. Rid Bald Al Elabhet) Addiohdl 2 uid KRl ho Bl by
down-regul ating expression of one or noré of the 30endogenous genes

encodi ng t he geneseising sequeanceelaependentprtoieolis wethkspantin ti@ari- r egul at i on

typically occurs en.one or re o hese genes ha "dis tion",

e er ri ng5to CHATTRISE P POTLSTIRE CAReIHen, Pratapg ST dh a6 ot (TR ¢ por ¢ on
of that geneméiRalis bEAUEIER adid BlybRAGzafort Y RthdRF AGEHIURNAUCh that the
gene is deleted fromthe genone and no protein is translated or a protein

has been tramsnplifieati@uesd exhalified by yasaus nses oOf oucleedeid iapmplifigation aci d

Th the. pr ot el HEOges EETBAT AR AT PR L M et A6 Oitnor Tt ne
protein or WwHdem Nbes 688202 ngasederidih edactiont (LERY; Thbbn -S. Bial.dPasdipt ed

protein will have inpaired aCtIV{Qtéil with respect to the protein that was
not di srpt edicagh&ct ashE2ndA74.utRET) oprastranbiisrieegment peIpPlifigation esul ts in

ow or | ack qbopypenslion of AE ROt AL SOULC Al s HEsU| fadA For

mani pul ati ng egul at o'y sequences, ‘transcription ah nslation

factors and/ exasipieahe nuglentidetsegqueped bnagydingthdpolypeptidesedassribeant i sense
or RNAI technogl ogy, efc. Sucrose, transporter pol ypeptides o

pol ypept i de CORNE GXBLO8 EETRIOYSHED i EEiZAT8E IRk fardbe (dpiTEatan Bhat ar e
capabl e of gibeg the 15transport of sucrose into mcrobial cells.
Sucrose transport pol ypepti des and pol ypepti de conpl exes are known, as
descri bedsabove. BExanyles obhomologseyptyiffe sndieda, byt ace noklenteditsport er

train EC31sBUale orRor ot Sgel fibuinstithyngerraetien Set i ng
sequence set i@ ihsSEQ BFRA:B5NGR3)amily transport protein NP_462898 of
Salmonella enterica (coding sequence set forth in SEQ ID NO:86),
hypothetical protein ENTCAN_09547 of Enterobacter cancerogenus
30  ATCC® 35316 (coding sequence set forth in SEQ ID NO:87), and
hypothetical protein CKO_03136 of Citrobacter koseri ATCC® BAA-895
(coding sequence set forth in SEQ ID NO:88). Examples of homologs of
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20 CscB fromE. coli ATCCCA 3281 (set forth in SEQ ID NO 26), encoded by
gene cscB (codi ng sequence set forth in SEQ ID NGO 25); and CscB from
Bi f i dobacwenrznism2bmeti s (set forth in SEQ I D NO 28), encededsbyi2gernss cscB
(codi ng sequence set forth in SEQ ID NGO 27). Exanpl es of pol ypeptide

25 To. the sHlRGUEMIE Y pLEBERENE) P R G i didates | "
pneunoni ae stS/ﬂgéWaTﬂé;i%rq@mhgsselqgehbé@@t forinyinegEQAP MOBY)I GPHRImifyorth in
SEQ I D NGs: 30, 32, and 34, enco g_gn s susTl (coding sequence set

forth in SEQt'IE!DSIQ@'tM9te'r§UEI?ES%%HOF@&' anu@(ec@?@éeamqlmg PRAWETSS $£INO: 31) ,
and susX (coghg, SERLEIRTREH) hObbihiilaSHdPENFCAR) podfe Rd the maltose
transporter conplex o rep dc cus nutans conprising four polypeptide
subuni ts set Hretdbacter 3&RcegNEs 26,CCO,35806 (eodm@%eqeenoeledt foythgenes nal E

(coding sequ fort h SEQ 1. D NO 35 | F_(caod uence set
forth in SEQS%@%)%@ %BPH%G'@é%ﬂ%%@é@@%rqfrmfgb | D NO. 39)
and mal K (cogRgy paeed %95“(1%6&*&? queRcé SeNarthlih. SE%SIBGNG)‘ In one
enbodi ment, the po ypept hav ucrose transporter bactivit has at

| east 95% secTthmee//lviaendmlgo hbmnéogs)aret hdiacknistodacWatkehiodkcanh ailthgnment, to

an am no aci nguence as_set f th |n SEQ I D NG 24, SEQ I D NGO 26, or SEQ
| D NO 28. WOIMRRONASS. &SdB & t he sucrose transporter pol ypeptide

is a varijgnt of t@Jlt\éb@héét%cﬁéh%f@?%sbr@ﬂ@@érﬁﬁfudﬁghﬂ?% tetdntsiaghtf rom E.
coli 10 ATCCCA 3281 (set forth in SEQ I 26, nucl eotide codi ng sequence

set forth inbsE@riapiscogey hergin ingieds, @Jtﬁa%n@tllr@ﬁed &serganismg af then i n

var i ant . caRret el STeRlRR A AP B Pty ose, o were

identified b)C@?hélﬂ)@dté@Mn”ﬂé@l@bQ@ﬁU§ CI@StrlZ!ﬁ;ﬁﬁr Ghesdnobastepe it ditshcer
commonly owned 15U.S. Patent Applica . 13/210, 488. The vari ant

sucr ose’ t r andpuemdacs| §Mﬁ//6$emt%nWH@%ﬁﬁ %%’@Qé’ﬁ@% that has at

| east 95%i d guence as set forth in SEQ ID NO 26
based on a Gﬁsﬁ?mweéﬁ@?g%wgn%gnt and having at | east one am no acid
change sel ected floonefemigodiment treshastibagterfum 20¢elptieddrore the gpneta:ne at
position 61; to leucin 03|t|on 159; (iii) glycine
to cysteine 30685’%" #’6%@?% O%C i ﬁ@gﬁ?r &G4 ne at position 169; (v)
| eucine to trypt Owﬁ%ﬂo%rmdd.%n@%h?%égwbactéﬁw@%gcﬂem%'dav,ne at

position 61; (vii) l'eucine to phenylal anine at position 61; (viii)
| euci ne to tyrosihesamep@nbodiorerds, the host baoteaumusé?T%mmw; mimthesehe

AN ST O AR SR IRERT I BT A T AU hePBAHER e that
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

25  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 wildtype
protein(s). The PTS may be inactivated (resulting in a “PTS minus”
organism) by down-regulating expression of one or more of the

30 endogenous genes encoding the proteins required in this type of transport.
Down-regulation typically occurs when one or more of these genes has a

“disruption”, referring to an insertion, deletion, or targeted mutation within
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30 to an am no acid sequence as set forth in SEQ ID NG 94 (codi ng sequence
set forth in SEQ ID NO 93) based on a Custal Wnethod of alignnent and
havi ng a wergt3n26f86402 to 407 am no acids fromthe N-tePEIT$3012/044088 | n
anot her enbodi nent, the variant sucrose transporter pol ypeptides have an

Sequence as. ey o 1 <BB8, fiat@ale 02l Gl Rdhe o felga "o -
al i gnment, havicngha therghe i9teded fronfhé geriore atdd® protsth idigansibydr nus,
and having at |east one of the am no acid changes |isted above. In anot her

embodi nent, tOhé@ WQFQ'%H@SQ?@ﬁdﬁ‘Sﬂ&t&ﬁ§Héhtﬂé@t 'ﬁ@%@ﬂ%‘@@é@'m an am no
o Ul AEb BRI L A G OB BaBRR Tl e BOHQ S S5O 1P
NG 106, SEQ IdBritid8: thenstoBHomdy tl}@fdxriéxar‘npleamﬂhhetheaﬁhelﬂlhlnahportlbhe

PP 20 BLibuni 1 AR PrUCBOTVELYR 105G T Ren Ber o ine prois TH O AREREdst al W
met hod of ~al iga@eil ng%g%@rﬂlvﬁgl A 8 19&@%@ FREHERSEWAS rive! forth

in SEQ ID NO 30; a second unit h ast %sequence identity,
based on a CldtsrualedV\andtdaodaeomoralfunrgJ’mneat Delwesregolatian daattresalts mnfowo aci d

sequence as 20se rth in SE nd a third. subunl haV| ng at
east | 95% se MRS SRRSO OBERIOR Lo St e i B et . when
conpar ed 10 @@g@ﬁld??séébéhéé%q%%@nﬁﬁ)nsﬁﬁd erhéIBtlbrﬁ‘faiEé?slé?ld)@ Sdnal I'n
anot her enbodi nent,” t he pol ypepti de conpl ex havi ng sucrose transporter

activity corrﬁ)ﬁﬂn§é§6t|® pathwaysueiby tse el Perseatantieasse o6RINZS t
identity, Zeﬁ on a Clustal Wnethod of alignnent, when conpared to an
amno acid s 3 ence as set forth in SEQ ID NO 36; a second subunit having

at | east 95% Sequﬁmﬁosejﬂahwdterlmﬁﬁibmﬂego@pb@?@btiéﬂé aBiriphskesfaral i gnment
when conpared to an am no aci d sequence as set rth in SEQ ID NO 38; a

third subuni ﬂoqwﬁpﬁgewr P@H@?p@@/&@@@@ﬁ%é glanedeanable of mediadingriha d ust al

W met hod f n set forth
S0 1 O Nor A RER P supRSR, FRIRRSOE! ColR SiDS, BohodERbTRERLa:
identity, dbasamdl Mymmdemm?pIWﬁ&amgan,DEN%%MU abmenlmmerel«bft 0 an
am no acl se enc as set ort I n A Yap n a I her

enbodi ment , _ PRYASENCSS AV G TSI eNRARSES ACHUAGRSIUCS, DHERTR AR BT esponds

substanti aII t n 6 or SEQ
D NG 96, O B Bk o DR N ?

fruct oki nase@n(cdéed by gene ECBAcBdihgdequedce sef tauth IheS(E)@deN@agﬁs havi ng

At oSt BROSRIS 419 o o R Gab ochF 050

10ket ohexoki @;@ﬁ@scscBe(Iébélﬁgrge@]hbM@e g@f‘\%‘ﬁtheiﬁc’c’@@rlg wologephd @%&Bfde?ﬁ‘ a
variety of mcroorgani sns,” which be used to construct the reconbi nant

bacteri a di s@lmaqf@ﬂém/ﬁd@r(éel ioghhea SEQTRNG:2B), eneodski by gene asehe art
'S able to proebhdsghlBale P BhE T RO NT R Fel bl AR " v <P
complexes having sucrose transporter activity include, but are not limited
25  to, the sucrose ABC-type transporter complex from Streptococcus
pneumoniae strain TIGR4 comprising three polypeptide subunits set forth
in SEQ ID NOs:30, 32, and 34, encoded by genes susT1 (coding
sequence set forth in SEQ ID NO:29), susT2 (coding sequence set forth in
SEQ ID NO:31), and susX (coding sequence set forth in SEQ ID NO: 33);
30  and the maltose transporter complex of Streptococcus mutans comprising
four polypeptide subunits set forth in SEQ ID NOs:36, 38, 40, and 42,
encoded by genes malE (coding sequence set forth in SEQ ID NO:35),
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15listed in Table 1) may al so be used. Source Table 1 Sequences Encodi ng
Enzymes with Fructokinase Activity Nucleotide Protein SEQ ID SEQ ID Gene
NanmeEC NuwDen13NsIN0. 43 44 2.7.1.4 45 46 2.7.1.4 PCR/UR21244488 112

113

10

15

20

25

30

malF (coding sequence set forth in SEQ ID NO:37), malG (coding
sequence set forth in SEQ ID NO:39), and malK (coding sequence set
forth in SEQ ID NO:41), respectively.

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

In another embodiment, the sucrose transporter polypeptide is a
variant of the wild-type sucrose transporter polypeptide CscB from E. coli
ATCC®13281 (set forth in SEQ ID NO:26, nucleotide coding sequence set
forth in SEQ ID NO:25) that enables faster sucrose utilization in bacteria.
These variant sucrose transporter polypeptides were isolated from variant
E. coli strains that exhibited faster growth on sucrose, or were identified by
saturation mutagenesis, as described in copending and commonly owned
U.S. Patent Application No. 13/210,488. The variant sucrose transporter
polypeptides have an amino acid sequence that has at least 95% identity
to an amino acid sequence as set forth in SEQ ID NO:26 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;

(i) phenylalanine to leucine at position 159;
(ii) 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;

(vii) leucine to phenylalanine at position 61; and
(viii) leucine to tyrosine at position 61.

In another embodiment, the variant sucrose transporter
polypeptides have an amino acid sequence that has at least 95% identity
to an amino acid sequence as set forth in SEQ ID NO:94 (coding
sequence set forth in SEQ ID NO: 93) based on a Clustal W method of
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114 2.7.1. 4 2.7.1.4 47 48 2.7.1.4 49 50 51 52 2.7.1.1 53 54 2.7.1.1

I n one enbodi nent, the pol ypeptide having fructokinase activity has at

| east 95%Weequsansmoi dentity, based on the C ustal W net irod/uskoialoi4ssrent, to
an am no acid sequence as set forth in SEQ ID NO:44, SEQ ID NO:46, SEQ ID

N0: 48, - SEQ 1R 5RimaRt ank RalRg"Rierigtn 3Fb2 B 387 3hing adkd? ddtntig k2. or SEQ 1D

NO: 114.
terminus.

In another embodiment, the variant sucrose transporter
polypeptides have an amino acid sequence that has at least 95% identity
5 to an amino acid sequence as set forth in SEQ ID NO:94 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
listed above.
In another embodiment, the variant sucrose transporter

10  polypeptides have an amino acid sequence selected from the group
consisting of: SEQ ID NO:94, SEQ ID NO:96, SEQ ID NO:98, SEQ ID
NO:100, SEQ ID NO:102, SEQ ID NO:104, SEQ ID NO:106, SEQ ID
NO:108, and SEQ ID NO:110.

In another embodiment, the polypeptide complex having sucrose

15 transporter activity comprises: a first subunit having at least 95%
sequence identity, based on a Clustal W method of alignment, when
compared to an amino acid sequence as set forth in SEQ ID NO:30; a
second subunit having at least 95% sequence identity, based on a Clustal
W method of alignment, when compared to an amino acid sequence as

20  set forth in SEQ ID NO:32; and a third subunit having at least 95%
sequence identity, based on a Clustal W method of alignment, when
compared to an amino acid sequence as set forth in SEQ ID NO:34.

In another embodiment, the polypeptide complex having sucrose
transporter activity comprises: a first subunit having at least 95%

25 sequence identity, based on a Clustal W method of alignment, when
compared to an amino acid sequence as set forth in SEQ ID NO:36; a
second subunit having at least 95% sequence identity, based on a Clustal
W method of alignment, when compared to an amino acid sequence as
set forth in SEQ ID NO:38; a third subunit having at least 95% sequence

30  identity, based on a Clustal W method of alignment, when compared to an
amino acid sequence as set forth in SEQ ID NO:40; and a fourth subunit
having at least 95% sequence identity, based on a Clustal W method of
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I n anot her enbodi nent, the pol ypeptide having fructoki nase activity
corresponds substantially to the sequence set forth in SEQ | D NO: 48

Pol ypept iwe=x0t3a2528g sucrose hydrol ase activity have thePabiusea/osmsgat al yze
t he hydrolysis of sucrose to produce fructose and gl ucose. 10Pol ypepti des
havi ng sucrosg _hydrol ase YLty are_known,. .as i_he ve, d

el ude. but 2paaE ik FabbH Lo PR BeioBRelEREe S YR Pip s 102
(set forth i nDPER42D NO 56), encoded by gene cscA (codi ng sequence set
forth in SEQ ID NO:55), CscA fromE. coli ATCC(r)13821 (set forth in SEQ ID
NO: 58), encoded bylngihesembediggmgthedeplwpriiidediaving segroge tianspesten

NO: 57); BfrA _fr.om Bl L] tend ] i | T forth in
SEQ I D NO: 60)a,°E'g'wc§6djé%g®3%§e§ﬁ@%ﬁﬁrtfﬂ{?ré%g}eﬁ%’rr@g;%@ﬁ?gagéﬁ&? géits@thHSEQ I D
NO: 59); Suc2iSHQ@ oD NRasharr BEQCIESNC=9@® Vi si ae (set forth in SEQ I D NO: 62),
encoded by gene S (codi ng sequence set forth in SEQ ID NO:61); ScrB from
Cor ynebact eri um 2 R&RA ?&\%V fuGtgkinASe ACtyiy 'Pﬁua@?@@‘?k' ed by gene
scrB (coding t r i I : Y horyl ase
from Leuconos@%éggﬁ@%gn?%rzéf'gég %Sg&agg%g{%{(?g? oarsteﬁ | r\ﬁﬁ%@#}%%: 66) ,

codi ng sequemhesphorytatiogdi aajivije (ECseT.1fdant EG2SEQ1) DFN@t6Se and sucrose
phosphoryl ase from Bjfi dobacteri um adol escenti s DSM 20083 25 (set forth in
5RO 1D Nb: 68 PoRRRYAAING, P MRS EROBRG DY CRIEREESSRE for th 1 n SEQ 1D
NO: 67). ¢ ketdhéxaﬂin%gb@.dR@bmésedtﬁtﬁ/dogéryése@r%m@wya@ﬁmﬁéﬁa diydrol ase
activity has at |east 95% sequence identity, based on the Custal W nethod
of al i gnment varigtysef nmigrerganisinss eduehowyRe deed foeenstiugt $Q | D 30 NO: 56,

SEQ 1 b N gg recomoiant Bacirip Andoond oo ars Toied Bfieplie e mIRAE s ucr ose

hydr ol ase actthg bttywill khoasthangotsinb shatrdreaubgtdndallyisingilar ie agsroteisequence set
forth in SEQ ID NO 58. The codi ng sequence of genes encodi ng pol ypepti des

or 5pol ypept iVHBCQ:W'@%@@hﬁéﬁmqygé%ér%%et(ﬁﬁ%ééﬁ@é@d%pwrﬂ@ 9ENgd| ypept i des
havi ng fruyct %E{eraa]ﬁerﬁqéhyh{% 180deRoypept i des having sucrose hydrol ase
activity nmay be used to isoO a?e nucleoti de sequences encodi ng honol ogous
pol ypeptides fromthe sanme or other mcrobial species. For exanple,

honol ogs of the genes nay be identifi g u?i ng met hods known 10in the art,
as descri bed above. One of ordi skill in the art will appreciate

that genes encodi ngehgsgPEhYRARG EdRIIesalilt PLLACIMRS ABfyigoU ces may al so
be used in the reconblnan acterla SClose erein. ftronally,
variations in the nucl eoti de sequences encodi ng the pduglesidedd¥oteny be
made wi t hout 15affecting the ami no acid sequence of th&SEDIDdeSHEDIDpepti de
due to codogodrgeneracy, and th@ermNameaci d ERUNshibdadt | ARO; del aidons or
additions that produce a substantrally simlar protern nmay be 1 ncluded in

t he encodedA@;&geﬁjt&ithe nucl eoti de sequences encodi ng pghypeptiggs or

pol ypept i Cletumefaciens scrK (fructokinase) 2714
Streptococcus 45 46
mutans scrK (fructokinase) 2714
Escherichia coli scrK (fructokinase 2714 111 112
Klebsiella 113 114
pneumoniae scrK (fructokinase 2714
Escherichia coli cscK (fructokinase) 2714 47 48
Enterococcus faecalis cscK (fructokinase) 2714 49 50
Saccharomyces 51 52
cerevisiae HXK1 (hexokinase) 2711
Saccharomyces 53 54
cerevisiae HXK2 (hexokinase) 2711
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20conpl exes havi ng sucrose transporter activity, polypeptides having
fruct oki nase activity, and pol ypepti des havi ng sucrose hydrol ase activity
may be i swbavsd2eessng PCR (see, e.g., U S. Patent No. 4p633/S2Q2)p448%l
primers designed to bound the desired sequence, if this sequence is known.

Such as by usi ng dLG0REIE B HAPE el R PYE AR e H FEN i B on.

The nucl eot i de |sRUIEPEES mrceablent.t ebsfrioe #hé Tlsyat\Waakted off pur chased
fromvendors such as 0. Inc. nl o Park, Additionally, the entire
@édﬁld

wild type cs@laa@reah ter) ajalrioSQm@ﬁ@awrﬂQﬁﬁ get m&EW NP4, SERi strain

ﬁlgtcecra\i 3r2nsén egr’as?'g?i ﬁ\z‘% %ﬁ%@%%@gﬁ ?E%?Lost grtﬁljjr/nﬁ?esmeen t he

yi hP genesor SEQ IDAMOI1d, anSBOnlDNd)lmgene or its horml og, as described in
detail in Exanple sequences, encodi ng

1 and 3 eot |
t he pol ypepti des Z%@BP ”%\QRS{}@eQF éh?HPVQSQH‘é%H?H fqugo‘ﬂﬁﬁe BER™MWr i um by
i ntegrating %ﬁs Eoﬁ@é §ul9é18hﬁa?‘¥‘§5 tfw@%eg ghé%sétefg ANESEQ MHNGAg host genore

bet ween the yi gene or 1Its e vyi gene or 1ts honol og

usi ng site-speci f|Rolypmmimbsrhmtvirrgsmye$@hydndamctmtyhavartme abilihtoas f or
exanpl e, as describ nmpl.es 1-4 and 7-10_herein. The introduced

codi ng regi oﬁg?‘?(i ﬁ‘? %8 'SrFHfUBEp S0 RIOdHSE frPS'}ﬂSQtar\deQE?O%e hi ghl y
active pn@rmmypem.db@tr@grr@tﬁstrégéihwdlm &dtiv )ér@khb\ﬁh 8¢ desérisediced as a

10part of a chinmeric gene having its own Prorm or it nmay be integrated

adj acent to @bevghand Hsiudes byt @Fﬁ)ﬂ@tr“mlff%d a Esehdioge fogel wddttyee gaibne or in

a highly exp not limted
fo. evar - ML e R Tt R A, PR ekBh i BB csitbicBian " s

LEU2, ENO ar@qliésce s&wforthah SEQ D N(E’@ﬂ)RE%scﬁl’?rorﬁ Bccoll yaraicergggusef ul for
expression in Escherichia coli) as well as the amy, apr, npr pronobters and

vari ous phagdseirferptirsEQHaNy: 55%)@"&@6?@@ anng @ﬁ%&qoﬂmssewcgr&%t er may

| b t | t
Phereor . 9os DRt SICP RS NOBY ¥R ROUF BEIGhSORALAPGCES SABNASSEN 5 var an
enbgdl nment, I t1I®e4t)|5c(eeBﬂJ‘ortbnm ssftnum@:m),mm? Uyeg@ienbﬂb#\:(cmpglpl eI of I

ucl n cero I O r or rati on o cero
P he ead o bece SrClonBiR SERIBHISHT: S0%n Boal SR res bact o i o,
other fungi, cafilgbg1ser (BRh iy BER) 151820 oRBREA LI GHHESUBIDIEBERD DY

converting glucose or other carbohydrates 25through t
fruct ose- 1, 6-s808phes paisfoethpatS@yDiNO® 1y cBtnEsirem Corynkebaetetitod of produci ng

o1 ycor of 201 n AURFIRER SeiTorBiT ST Ko Badransanet Wi sty P o0ve
glycerol and s@hMéﬁéé’betdI@Fth\'iﬁ‘SE@?rD ﬂ@@ﬁ%béé’t)ﬁ@épkﬁir)’l‘égé@ﬂonﬁ” oduction
froma variety of substrates may be rovi ded throu he expression of

the enzyne adiEugPROHec grgsasiteyoiqgs DSM 20193 (set forth in SEQ ID NO
coding sequence of encoding gene set forth in SEQ ID NO:65; and

sucrose phosphorylase from Bifidobacterium adolescentis DSM 20083
25  (set forth in SEQ ID NO:68), encoded by gene sucP (coding sequence set
forth in SEQ ID NO:67).
In one embodiment, the polypeptide having sucrose hydrolase
activity has at least 95% sequence identity, based on the Clustal W
method of alignment, to an amino acid sequence as set forth in SEQ ID
30  NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID NO:64,
SEQ ID NO:66, or SEQ ID NO:68.
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phosphat e dehydrogenase (G3PDH) and/or gl ycerol - 3-phosphat ase as descri bed
in U S Patent No. 7,005,291. CGenes encoding these proteins that may be
used for wWRPEPBIRFI8G t he enzyne activities in a host bactPeTiusavianesodescri bed
in US. Patent No. 7,005,291. Suitable exanples of genes encoding

but Bre not 11 m t dd PRI ReRE 1Al b ERRIdE RETRBN AR b et

sequence set deavityncormesgdRdsBulitahtiafy & trdamir 860 seqaurds setsiekthfierth in
SEQ I D NO 2) and GPD2 from Saccharomyces cerevisiae (codi ng sequence set

forth in SEQIENSANO:&8hcoded protein sequence set forth in SEQ I D NO 4).

Sui t abl e exanpl es @f (oI rT> i pﬁf&:ij i | ycerol - 3-
10phosphat ase act imety |I£F§@g%eﬂ(?r€ér?4§éno ﬂﬁ?@gh‘%@%% from

Sacchar oy cepobygeptids iceanexed mavisgguense tegispbaet hctivity SEQypéptiass5, encoded
protein sequence set forth in S

SEQ | 1 6) .gnd GPP2 from Saccharonyces

cerevisi ae (CGYINGTELGKiBASR askyitys @PEFPNQPW%?E%% BaNBIAUCERRS RO nZi n
sequence set Sfauth i of glycerol nm
q taﬁgg%ﬂiayet%%é&d\l%l%}e nielkbf @?éﬁ@erﬂﬁé&dﬁféddﬂggu gy y

be attained ng expression of target endogendus genes.
Down- r egul at ihomalégeusipolgpeptdaseines tbasadiengr athgc ericioblal spseieandogl ycer ol

o0 oA okt U SD0ERES AL BB PERELGh ol Rioffcer
may be 2Qpaceomd A8heslgbycriedusndie. t he expressi on of the endogenous gene
encodi ng gl yceral dehyde 3-phosghate dehydr ogenase, as described in U S.

Patent No. 7,371, 538 oDow@inare gkilldn ithee artayill eeperciaisghakgriesosneesiingy any

doun- regul at theepSyBkbacs o RIRTRA O BE s BRALTEE U ABINE Slbotrate
for m crobi alregsraBineht bactefiadiiodedti@eict Additspam), earigfiorsaigither oduct s,
i.e., glycerol derivatives include, but are not limted to

3- hydr oxy pr opiuslfctide sequeneeshoneadiog M palypeplidasamayios magaavithout

1, 3- di ; : ' ' i-a discl d
ner et 3087 o “HaBd R a0 RROLERES of b e bR R o1 vt ve

1, 3- pr opanedicobon slegeneramyeand dvatragnipotawid sathstitdtionst, yelationb®rpr oduct i on of
pol yester fibers. and the manufacture of polyurethanes and, cyc|ic

conmpounds. 1,@%&%‘63%%@8?”8%@ %{tpS}ﬁrB@ijéan RO g1ay R EYC dAi sm by

bi oconver si onn@kngoded pRAlepubSt rate other than glycerol or

di hydroxyacetone, as described in U S. Patent No. 5,686,276. In this

bi oconversi on, gl yidermicléatider setiuendes copoding podydeptides los polpeptias

5descri bed abgve. G ycerol is cogverte to the inter nﬁg' art1e.3-
hydr oxypropi &Hmpd@fﬁ%%amg SUHORG drAIPROBCLASIMIY, PANPERIEH DU dncoded by the
host bact eri yiceskisade @cﬁiﬁit?}éﬁ@lﬂé%epﬁ@@s h&AN§S8kr r@@wa_be@etwign- The
dehydrat ase can be glycerol dehydratase (E.G 4.2.1.30), diol dehydratase
(E. G 4.2.1. 783y be ismgtedtusing BeR/(Beeabldke, Y& IriantiNgz4,688i202) @nder si on. A

suitabl e exanpl e of ARG 1§10 He Wired sequence, if this sequence is

known. Other methods of gene isolation are well known to one skilled in

25 the art such as by using degenerate primers or heterologous probe
hybridization. The nucleotide sequences can also be chemically
synthesized or purchased from vendors such as DNA2.0 Inc. (Menlo
Park, CA). Additionally, the entire wild type csc operon may be isolated
from the genomic DNA of E. coli strain ATCC®13281 or a variant csc

30  operon may be isolated from a variant bacterium and integrated into the
genome of the host bacterium between the yihP gene or its homolog
and the yihO gene or its homolog, as described in detail in Examples 1
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(al pha), "n" (beta), and "y" (gamma) subunits of a glycerol dehydratase

i nclude, but are not limted to dhaBl (coding sequence set forth in SEQ ID
NO 9), dhmwiB2o(3omsisng sequence set forth in SEQ | D NO 11pcTAarsdoidioadd8s ( codi ng
sequence set forth in SEQ ID NO 13), respectively, fromKlebsiella 15
pneunoni ae. Tgﬁﬁl :Ibﬁé't hrfr conversi on of 3-hydroxypropi onal dehyde to 1, 3-

pr opandei ol & S -al yzed by 1, 3-propanedi ol dehydrogenase (E. G

1.1.1.202) or ot hemheahigdstidedsdydness @asedingAns polyebedex debtribef a gene
encodi ng a 1, 3-propanedi ol dehydrogenase is dhaT from Kl ebsi el |l a pneunoni ae

(codi ng sequébsre ¢ iftepdueediniorte Noshbaeteriueney, Hienratipg ONeial e®uence set
forth in SEQD. Z0) . terd : i i to provide
more ef £ of eSPPsratut 9dT e Bobasirig e RSRuthe BeRIETER o

1, 3- p][ opaagdigelne drats rmraoipgmnocllL!hS. yilRﬁtggn];e d¥ats Wodrﬁﬁlﬁgmlngﬁsiﬁ.‘rbpe@ﬁcl: ;
transfornmed m croorgani sns._ and a mnet r oduction o ycerol and 1, 3-
25pr opanedi o|rewmhln§§9aﬁry§@g§ H@W@%ﬁ‘ﬁrﬁf&%&br%@f ﬁéa@@jﬁ;gﬁous activities
of one or - boldasping ¥rEkahpRsPIAHIA. 0dRIAT CBRIFRBBEL BbYIREN Of - 3-

phosphat e phosphat ase whi i srupting one or both of endogendus activities
gl ycerol ki nasgioasdh tiieygenarhe dedny de egpressed ftansat Raistane Rghlpaothas 494

descri bes a process for.the production .of 301, 3-pr.opanedi ol ,using a single
o bor can: s BroDRie A inteta b Gitihg Fth simse i R ettty B Benase. |

gl ycer ol -13- phesidbved enirlIR inglR8 Yrabrdscote I it]mg%lb"eQﬁé@%ib@'

oxi dor educt ase (e. dhaT). U. S. ~“Patent No. 6,136,576 discloses a nethod

for the pr odaeiacent i a highly pebypeaineler daiis padegenousdedhvigeanme

Cdent 11 hed a0 dLP ISy SREDRsRb 2Rt Rt A A B s B Al 6 6
Patent No. 6,iflitbd33CHESKIH/IBSS GAIL i, GAONE WD 1 L RGKNPHD H,0BAPDMEr € a
significant increase in titer rans_product per |i terl_)) i s obtained by

virtue of a MEACEpERPA Rt 454, EMRt and (3e, edr el dguifhdbRs dniac,

1, 3- di ol j d t d .dhaT) .t 3-
e L R T R M T
107, 132, 527 dipsChasRomuisisalit vHbuR! prBecisronitérd udetlil hhexpeasientihon of

1, 3- propanedi o’I.. I ncreased production of 1,3-propanediol may be
achi eved by fRadisr Thsdprometer omay also helilos Stieptaray cemividarss glocose

expr osaton of A HERe P RRe g £ 8%t T Bon dERERE B PR BRI LN v,

7,371, 558. Fqateint NozANBRB29H. gl ucose as a carbon source in a PTS mnus
host, expression of glucokinase activity may be increased. Additional genes
whose i né@Peased odn @peespediment.dkerecanbinanheaetigdea disclasegrhgiaiedi ol

production i i ng; ar boxyl ase
typically ch%(rﬁéolclt:l'gg?}glgrebg%és%élB%C??cgl%?@%F?fgrl(gg%%é%@terﬁggyI transf erase,
typi cal |y charesdration o ggeekdl udiny darbdhydratesspresuigfars ac@kabwhiic activity
that is sufficient to catalyze the _ ,
yeasts and in some bacteria, other fungi, and algae. Both bacteria and
yeasts produce glycerol by converting glucose or other carbohydrates
25  through the fructose-1,6-bisphosphate pathway in glycolysis. In the
method of producing glycerol disclosed herein, host bacteria may be
used that naturally produce glycerol. In addition, bacteria may be
engineered for production of glycerol and glycerol derivatives. The
capacity for glycerol production from a variety of substrates may be
30  provided through the expression of the enzyme activities glycerol-3-
phosphate dehydrogenase (G3PDH) and/or glycerol-3-phosphatase as

described in U.S. Patent No. 7,005,291. Genes encoding these proteins
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25i nterconversi on of 3-H PA and 1, 3-propanediol, and specifically excludes
1, 3- propanedi ol oxi doreductase(s), typically these enzynes are al cohol
dehydr ogewazes/025286éenes whose reduced or down-regul at ed PEX[ISRGI2I04088

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

homphat 1 ans d0ahfy 0B el fr Bl i X e MR R s R STy o agenase B
t ri osephosphajzetdrieiaradescrigeion ey PaesiiaNe dety doat Siftable | n anot her
enmbodi nent, the reconbi nant bacteria discl osed herein are capabl e of

produci ng 3- BYaPPISHPLEeRES encading PalyPeRess ha\ipg shiceraldd Bhﬁ%‘aﬁl lity for
speci al ty Sy'&‘e'ﬂ?ﬁr‘o?};eﬁgge%%ﬂwﬁﬁ %\éebb?gr tr?citgfﬁﬂ'gd;@r @FL[W 'frHH?”ant

i nt er nedi at es e chem ca ., acrylic acid
by dehydrati cBacchakamy&eerbwedmodensmtq;ueese sesfdugh uasEBIE@lIDl N@t1,on

reactions with alcohols, and 1 n uct
3- Hydr oxypr o&”@ﬁﬂ%ggﬁ‘?tﬁ'wuﬁé‘cﬁrst%?&gh é@dgf't‘ &,aqcl &%%2 frefhent abl e
carbon sourceg %h%ro?h LedFofis r@é&?nﬁ@eq@%n@?%gffotPﬁdm'SEQQBeN@‘é‘g and

comonl y owne at ent App ati o 7476. 15l n one
representati \e@cbdedy)rmtbﬂst $enqmncbmworﬂ1 aBbAnDsNis4 ). Sbeitalde converted to

3- hydroxyproplonaldeh descri bed a e far the praduction of

1 5 br opanedSRM PR OL0R R SRS PR RPAER R 1o aBRsBITEd o

3- hydr oxypr Orﬁih@@bﬁa@@é%cﬂMtWﬁchéeBMEiQréjﬁé‘tMﬁmfélﬂ&)a@DPﬁﬂbhﬁb' e exanpl es of
al dehyde dehydrogenases include, but are not 20linted to, Al dB SEQ |

NO 16), encod$Chgramgcas. cetf@w&age(ﬁ@d@g@q@@aae 36t BvétifunérﬁﬁQsJ@tNGD th in SEQ

equence set 9 6PHRS OB ee S P SE D Bo a4 735 Poffcodea oy

the E. coli geehaldhydesasirogisprqeeniog ssepehcé get foriminSENIID MO:79) . 25Many
of the nDdlflcatlons descri bed above to |n§rove 1, 3- propanedi ol production

by a reconbi FARPO %@f@telmwwcms%f%@ ineale 16 N@p@)@ve 3- hydr oxypr opi oni ¢
aci d prodyction. 'fﬁéreﬁ%@BL&dLﬁt]Bﬁ oflg) rh&B@ osp h%edﬂ RRRRiIMY events

gl ycerol, formed from e ac |on of from bei ng
re- convert ed exprés3ioradf ttar@temmgeaom géiés. Bonlnsiegutdiionedfiendogenouns of
gl ycerol deh%derng ee%%gglngg?{/ceeré ase’ arcﬁ’ld%@cerol dehydrogenase activities
further enhance glycerol production as described in U.S. Patent No.
7,005,291. Increased channeling of carbon to glycerol may be

20  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.

25 Glycerol provides a substrate for microbial production of useful
products. Examples of such products, i.e., glycerol derivatives include, but
are not limited to, 3-hydroxypropionic acid, methylglyoxal, 1,2-propanediol,
and 1,3-propanediol.

In another embodiment, the recombinant bacteria disclosed herein

30 are capable of producing 1,3-propanediol. The glycerol derivative

1,3-propanediol is a monomer having potential utility in the production of

polyester fibers and the manufacture of polyurethanes and cyclic
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prevents glycerol, formed from DHAP by the action of NAD dependent

gl ycerol - 3- phosphat e dehydrogenase, from bei ng converted to

di hydr oxysoebmnes2siut ati ons can be directed toward a st Pattuse@k/og®se so as
to inpair or inprove the activity of an enzymatic activity or can be

directed towar ul i.nc i r,Qnot er.regqion ri bosone
binding site g%p%uggg 1%%?%?%%' éearp‘ éé;grorsbg,\cgﬂcﬁyeélgllnggg %éqoére(ﬁ'g&r@ti C
activity. b bub&brrv@@sibﬁrdf@rbambord@ubstr@cgtdttaéntﬁan grél grchi eved by a
variety of rrethods whi ch are known to those skilled in the art. It is well

under st ood t RERYAIXYaCEIANR, iB§rHasCriaedn HeguPalenbNoop.edbgdife dhisr s to an
alteration ' 5&%vgﬁs§8ﬁbﬁ¥%&§ |ls§#e>éﬁ# FH6R h 'ba?b&% bétfﬁ{e 4$ derived from

the protein 0enco atl ve 2 CORt POl TeVel of activi ty,
for exanpke, degctibed abdveyi nywfroltli;leopvemm to mreontéememetel?pe corr espondi ng

(or non-altere | d-.t ene Speci fic genes.involved in an enzyne
pat hway may QVP%QJ‘PQSQRYQ? by erdekygratage SREYNIE Wﬁtﬂh ¢HLP® encoded
functi on(s). an%d%é%g%ﬁ@'h%s BEALHUAIEH cefOpd ﬁﬁro%cé&'u%ttﬁ@ Hsngp ey be

introduced into t ost ce n nul ti copy asm ds such 22. Such
genes may al secdrebinatiegr é’hecdéhydoatahecehrb@rgjymrel dmmydrataqsedﬁrﬁ:ate

regul atory se r ed actiyity of their, encoded
functi ons. ggqg{céeg'oggﬁ%\@eﬂ%? b(g %?ﬂegg) W 3%0%8 é@zmﬁﬁl?ﬁé control
of non- 29 ”%btél?z@ﬂﬁ%’@érﬂfeﬁs@h 2\ 5gitAle BREMYR Bf $Fédco ﬂﬂﬁ‘"‘l&’us
pronoters can be altered in vivo by nutation, deletion, an

subst i t uti on.(alpha), “BAlhesanandvel (gammayayburits efet glycew! d@hm@r@taﬂe elimnate

of doun.  equitse s e DeP RS € kb Ted a8 seoliEod et ta hE 1D, The
art. 25Down- NQ@) adihaBL (ol i Sedudncedstt &britid ih SEQSE NQM1 ), @ihdadHaB3at | on of
codi ng regions and/or regul atory (pronoter) regions. Specific down

regul ati ons re9dipg S@BP@”%ﬁe‘lf?rt A SR HINP IS resPeetivedy. thpns iebksieliig or
| h b
sel ectiong of neYWrﬁf %1 ?h@?uq@nesret@%%t ﬁsg%rﬂeaggﬁ?/pgbci( B pﬂgﬁﬁ%hyd@ & yaption by

mol ecul ar b &1 I ogy et Hods: known art? A particularly
30usef ul , bumrmnnmmlml beacaha@t&dd)ytQBqdrbpamediOWieh)&inQMasen(E@ to alter

pr onot er stren Furt her regul ati on of gene ex reSS|on may be
Gsed to e t Hel 1 202 SrONSgHeaia) SR G1o0RBamF o1 1 aPie SachBeroiar reoult i n

the expressi %n@fer%oefr@} &Hrs. bh@an’eﬁld‘%hf/ thé‘é‘ﬁs dHAT FofRKIRRiella

acconpl i shed “f or exanplTe, deleting co regl ons and/ or regul atory
(pronoter) rggeonsNiay (QmsewWMImSEQI&NQEBE supdedces into

fgg: ggsrg i Onsotelnngécﬁue&]%leaste fgrtrgpn §E&tﬁfi\ld ?8} ons, and 3) altering coding

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

25  propanediol with advantages derived from expressing exogenous activities
of one or both of glycerol-3-phosphate dehydrogenase and glycerol-3-
phosphate phosphatase while disrupting one or both of endogenous
activities glycerol kinase and glycerol dehydrogenase.

U.S. Patent No. 6,013,494 describes a process for the production of

30 1,3-propanediol using a single microorganism comprising exogenous
glycerol-3-phosphate dehydrogenase, glycerol-3-phosphate phosphatase,
dehydratase, and 1,3-propanediol oxidoreductase (e.g., dhaT). U.S.
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regul atory (pronoter) regions (for exanple, by nmaki ng DNA base pair
changes). Specific disruptions nmay be obtained by random nutation foll owed
by screemwogomvo2smbecti on, or, in cases where the gene PeHISaCied44088 known,
specific disruptions nmay be obtained by direct intervention using

ég??: gﬁflﬂ?lrylﬁ@géwo:ﬁbﬁggﬁ p@?ﬁ’gé%&iﬁ%ﬁﬂaﬁrj tb?g“b&?@@%[g%%uﬁts of coding

regi ons and/ @rop&esdi@tadnprighi@aveesmbinedt Aiéroorganism¥etthedsoraprighg er i ng
reconbi nant protein expression are known to those skilled in the art, and
are di scussedenydipase aRd peefein (lalgrriderdifiad as beingiadehkyiiaiase( 1999) 10: 411;
Ross, et al., : I 8) 180:5375; deHaseth, et al., J.
Bacteriol . ({%é%\/%%%%%@épe nol’ke and Keasling, Biotechnol. Bioeng. (2002)
80: 762, Swartz, CW.6.Pamm Ndi6ydbL 33 28oheslan iprovententto theg al ., J.

Bacteriol. (2002) 184:5733. Reconpi nant bacteria containing.the necessary
changes in g&fec e‘@(B‘?@s%FGH‘?F@F‘t IREfEaRs] 'Pﬂﬁﬂg{géﬂeﬁﬁ e p[eﬂgteﬁ} Bducti on of

m crobi al pr %%hﬁg ;t/;?ﬁ)ir‘tlﬂi B8a GbKS g‘afic_aé’a‘ialggéc’ﬁ@ﬂ\ﬂﬂy (G%Itihgprsbée%nﬁls

descri bed above, e construct usi ng ni ques we nown in the art,
sone of whi cH,3upeopreEdinliokidatedunctobe eBrawgd by dher gioncorfiest 3onst r uct i on of

th nbi nant, bacter.ia discl herein n . i shed , ys;
vari ety of veBREPYPIRIOTIIRENS ol onornneaRr AddraReaLbs: PAEN AR abl & 1 or
the clonijpg, 7 1ZNsPPLGRIdRR \Ritthre dridasaéfisAUseFAdbPthe ©@d0Bsort bat 3confer

the ability to utilize sucrose in the production of glycerol and its
derivatives ipfopangdielabl e host ni croorganism Suitable vectors are those

dorfved. for oxamiiaeibbd ptdichB o 1 BRI P o B RSB TR S ge T
or a M 13 demydificatiddgead.a lfost@ittatiung, imaaamgodom%@ﬂéting”émr@gQibﬁ dfor

obt ai ni ng and using such vectors are known to those skilled in the art

( Sanbr ook et Sg@mMe takgpirggnes and upregylaling AXPERIRIPHPT PIBGT taTet B8NS @Fot er s,
whi ch are.useful. i i f i egy: inst ant
vent  oni nOeRer Rl USE EIBRERE, BRh e ot R ang! oftbote Be ™! ™ nose
skilled in tlar@ort sowcetival RS bainys postrekpressagmadi gucdkitkisevactyitgxpr essi on
is suitable for use herein. For exanple, any of the pronoters |isted above
may be used. May be iNKEA$&tht i on control regions may al so be derived from

various genes nat iiidhal BEneS Ghess ALBasid or BIENAldd exdtetgbfiT nati on site

may be unnecessary; howev i's nost preferre I ncl'uded. 10For

ef fective expnaessem!Spropanediot pradustoy peudelgenehantabngde sequences
encodi ng the pol ypeptides are |ipnked operably.through initiati codons to
el ect od xpr bot, BROsBRSTAPVRPEGToaRrse b callytelaritedar BE T rhe
formation of the appropriate messenger RNA. Particularly useful in the
present invention are the vectors 15 pSYC0101, pSYC0103, pSYC0106, and
pSYC0109, descr ¢ bedbilialam®) adenasyitravsierasa 7typiady chachqhSice@aiad/ AGRO,

described in U S ﬁ%q‘giﬂ?o 7,524,660. The essential elenments of these
vectors are deriv r he dha regulon isolated fromKl ebsiella

pneunoni ae and §r S%ﬁ(ﬂ Y QNGBS aEBViBVInSt REs Rt thEQU-E Y ai ns the open
readi ng 20 frarres(h?tqa , I%LaBZ'?/ dﬁaBBI,SNdhaX (uco iéng sequ %lce set forth in
SEQ I D N@571), or fiderdofRersiamadf SPH2A andahdedopanedioleand epecificellyoper ons. The
nucl eot i de sequences, of 0101 YC0103 SY 6,. pSYC0109, and
pSYCD400/ AGRO ar o Exudes L 3Brop 'cﬁﬁ .@%9%@%%3,%%5%80%@@ ID NO 74,
SEQ I D NO 75, and gRE(dneB MMaldhol8ERyi®EENNSEy . The differences between the
vectors are illustrated in the o
Genes whose reduced or down-regulated expression increases 1,3-
propanediol production include genes encoding:
30 e aerobic respiration control protein
e methylglyoxal synthase

e Qacetate kinase
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chart below [the prefix "p-" indicates a pronoter; the open reading franes
contained within each "( )" represent the conposition of an operon]:
pSYC0101 WEBQ3IMD25NE. 72) : p-trc (Dar1_GPP2) i nPOpAS3012844088
orientation conpared to the other 2 30pat hway operons, p-1.6 long G
(dhaBl1_dhaB2_dhaB3_dhaX), aﬂd -1.6,long G (orfY_ orfX orfW. pSYC0103
(SEQ ID NO:73): p-trt PR %ﬁ%ﬁacéms rientation conpared to the other 2

pat hway operons, p-1¢5 almmg,a@défg,a abB? dhaB3_dhaX), and 5p-1.5 long G
(orfY_ orfX orfW. pSYC0106 (SEQ I'D NGO 74): p-trc (Darl_GPP2) sane

orientation conpar edet @lddtgydetdehrydPogetdsedy operons, p-1.6 long G
(dhaBl_dhaBZ_dhaB3_dhaX?,, and 10p-1.6 IongeeGI (orfY_ orfX orfW. pSYC0109
(SEQ ID NO 75): p-trt (tmepr@pbgteslgwe@q ntation conpared to the other 2

pat hway operons, p-1,6 b % aB3_dhaX), and 15p-1.6 |ong
€ (orfY_ger). pSYCI.)4(5J8%§\@2®|E§ P@eﬁga%?g@ptrc (Dar1_GPP2) sane

ori entati on conparnednbtherleenmidiment, tparécwmybiopet baderip discdednterin
(dhaBl1_dhaB2_dhaB3

short/1ong G@'% §@Pﬂéj'g%g)&gﬁgné?fgig&xbg%%@%%B@LYQ_E{JQE&(VBE‘?&Q&@ oper ons.
Once sui t abl g cRKRAS BRIt TorCaetMIhyasy i ésis AR chH Yeebnvidhey t8r e used
commercially important intermediates by known art in the chemical

10  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 No. 61/187476.

15 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

20 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).

25 Many of the modifications described above to improve 1,3-
propanediol production by a recombinant bacterium can also be made to
improve 3-hydroxypropionic acid production. For example, the elimination
of glycerol kinase prevents glycerol, formed from G3P by the action of
G3P phosphatase, from being re-converted to G3P at the expense of ATP.

30  Also, the elimination of glycerol dehydrogenase (for example, gldA)
prevents glycerol, formed from DHAP by the action of NAD-dependent
glycerol-3-phosphate dehydrogenase, from being converted to
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to transform appropriate host bacteria. Introduction of the cassette
25contai ning the coding regions into the host bacterium may be acconpli shed
by known woaesdusms such as by transformation (e.g., usiPaE/US2012/044088
cal cium perneabilized cells, or el ect roporation) or by transfection using a

be. mai nt ai nedDRaAciyle o MEkARsTerBe guftBFowal B SERRLAD G150 o0 ™

expression C@%&@tumﬁ@rrmymbeovm@gmww of ah @nkz{@ageretivityodr ¢drebdost
bact eri um t hr ough honol ogous or random reconbi nati on using vectors and

met hods wel | de6las tpwatr%@sr@gylaitcwwrﬁenlrtohéil@s ProrBPieéf%i@%ﬁﬁg

reconbi natio 0 t

xpr o5t on cALISTEDFRE Sy so o 8 b e e heastrBUE SR Py ayi ng
single or 5rru|e1nlzphﬂt|mahav|t)ons specifically desi gned to enhance the
production of mecr b| al roducts includin cer ol nd/or its
derivatives may al r%"‘iﬂﬂéﬁ" ‘%@1"”@9 aPorhmegﬁ%r éCf&!?V%@' Y& @i8%RT f eed
stock 1nto nRsRbAgYHiHY BrePRIWRNSIGRE IR IRXNE B IBLARRIT LifdHsidet abol it e

repression may be nutated to avoid these phenotypic deficiencies. Mthods
of creating rindtam-seguiaioroomdowanegwietion bﬁa\genertefdnetman alter)atmnsmmrary of

t hod t U. 7, 37 fi t hod
For coreati ng Pe iR SFARRY Wagntin 6 b hah 8 ety PA R e BIGShel | docunent ed
in the arp. %%odé@'by%ét’@%r% reTAERS PeomrdGdvdl @fabwlsﬂmcéw leAoyfext book

of Industrial M crobiol ogy, Second Edition (1989) Sinauer Assom ates, Inc.
Sunder| and, HNpe actb\rltym‘sthpaxﬁ@tgm sncasied sine coxpmsipongingctes mongilieredhnol . 36,
227 (1992). Qlltgetry glégggenem s has occurred, nutants having the desired
phenot ype ma g éd by a variety of methods. Random screening is nost

comon where the Byeafieryerrd mecbll/édafgn%ﬁlzmbqsbtmwaywr@ edupity to produce

the desired product or internediate. Al ternativel sel ective 20 isolation

of mutants capdyateskioripeipagenye gebvityf theinenseeed 1etipBRll &9 on on
| ect t f
LRI AT o N o

i ndustrial mhosbbelbbogyultiGemy, plhsmidsksunghl @ pBRG2R, wrgaendgerwawaléma et al.

Food Chem 14, 3 1984). 25Fernmentation nmedia in the present invention
conpri se sucrbﬁs'Btle%g@ ddgiodhR CYHEPPATE. Wilh ABPTOPHRATE Qt% at es such as

gl ucose and fsbﬁﬁéﬁ %Yr@éuﬁﬁnbﬁcr@é@é&%tmt ofthellr'énéggé& fiMEtibAs t he car bon

substr at e, 1table fernmentati on nedi um on al ns or exanple, suitable
m neral s, sallthe, ta(gﬁtegetnessnaybbéfrmcbflwdo@Sherbeammambﬂenntrol &fmom to those
skilled in the.art | tures pd pronotion

of the er??ynﬁ‘lalt'lfe ﬁ&?rﬂ 8 H&@gggegrrgquvggprrBW&%r@t r%tm]e n&P?cPé?’BP SRd its
derivatives, chArbeexsraten Liveby @R&RMA Bkletion, and/or substitution.

Alternatively, it may be useful to reduce or eliminate the expression
of certain genes relative to a given activity level. Methods of down-
regulating (disrupting) genes are known to those of skill in the art.

25 Down-regulation can occur by deletion, insertion, or alteration of
coding regions and/or regulatory (promoter) regions. Specific down
regulations may be obtained by random mutation followed by screening or
selection, or, where the gene sequence is known, by direct intervention by
molecular biology methods known to those skilled in the art. A particularly

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

Furthermore, down-regulation of gene expression may be used to
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Particular attention is given to 00(11) salts and/or vitam n B12 or
precursors thereof in production of 1,3-propanediol. Adenosyl-cobal amn
(coenzynewB2a)3/a2528an i nportant cofactor for dehydrat asePatitiSeomp4408nt hesi s
of coenzyme B12 is found in prokaryotes, 5 sone of which are able to

& obor ol 15 <supEoBRERf el Rt R orift PESEMRY iSRRI ABES o whi 1
ot hers can peixprsgsidrast a proteaeiht BNfon-fancaohal, T mexavehecoraplivheid
fabricate the corrin rlnqutructure but is able to catal yze the conver si on

of cobi nani ddok @xaiBplei Rwvild dgleding £90iNg: egirRNscand{ar nasslataBolejametssyl group.
Thus, it is t Y. U vitam n
B12, needs bgggr oV %)ehggmﬂé extoggﬁoﬁseﬁﬂn@%fca%‘a%r%augﬁf& Ihﬁ?@fyﬁgagg ggs added
cont i ngousl yﬁnd/rEgulrademy (prorﬁ@ue]['r)a@gfnnsoeadat) attedog sbdinig regtomoamcﬂcbra?ed as to
coincide with t eeratlo of, cell mass in single or
mul tiple bol &%911935%& Rroger APQRBﬁéJf?r\ﬁX?HIH'% tyl@ai(@ga@ggob%%? Rde
t ransf or ned | Pt her

%hgﬁgé%}f @?%Eﬁlbtb‘?éjrupﬁéﬁé fha Be @taﬁ%% Rfof ﬁlﬂiﬁo

bacteria, capa novo vitamn 1 |osynt so be suitable
producti on cdbllesvethidy sbr@esmdng' o1 mediomidramoasesmhemeltrhegeneaeqwm@esm Il be
to 40 Cin an

20T | 1 t I I 2
aobronr at 5" e AnaRn cohrdli it RtioRs 588 be Blinel BYRiZet Pt En{ion i hSed o
for use hereifolae@af BIHIBYY HRABRIsGrW 1o Plo8Eakeidd TR thelagUpasgicligiya Bertani
(LB) broth, Sabouraud DeXtrose (SD) broth or Yeast nedium (YM broth. O her

defined or sysehemeihgd iwtie arlgiien abgigalisantemayeis, ofaedinchwegiBippr opri at e
medi um for gr t teriumw || be known by soneone
skilled in tﬁgw\géci}trgéylagqergr@éqr@@%@%gfo ernmentati on science. The use of
agents known to nmbtha@seocalt@mj FdoonMBRARSFoRn 8kpreskion are knotirect | y,

e.g., cyclic adenosine 2' - nmonophosphate, nmay al so be incorporated into
the reaction thess skiles mhgrary an@kﬁelﬁ@@ﬁeﬂg’éﬁﬁg iR BAREYBOE 8RN at e

enzymat | CisaCtBn?ﬁ‘etchﬁé g )t O”thﬁos‘é'g Heﬁ)Béé?@ﬁql' @%8%?§ﬁ%%9gce”em of

1, 3- propanedi ol "produ may Be useéd I'n conjunc or as an
aI ternative tdeHpsedt,iet alrranh Bad:tar/olo(l@%)tﬂ&SOl?;(Bl—QaISmradhedundlKqéHsdxdgpt i on

strains. tale r s efer nttlo.rebt en pH 5.0
Co pH 5.0, wiPEChIOR BNy IR0 B2 Ses, Gar Qe BiEpeh CaNa < i on.
SReactions may.{gs. %Hflﬂé”@tdalurlﬂgac?&fd?%éozﬁ‘ﬂ@%'s‘? 30r anaerobic conditions
dependi ng on the requirenents of the reconbl nant %acteri um Fed- batch

f er ment at i ons nmy Recoperihanttealtteia noratarrtuwthaampesfsary eb@lgflse'n gesnebon

b | d f d hod.
O nosi aarbpaiekraLif SistaBo i S0goSp IR Dbl iliSn R FETERR L oneni {1 on_of

the medi um i $roducts including glycerol and glycerol derivatives, as described above,
may be constructed using techniques well known in the art, some of which
are exemplified in the Examples herein.
The construction of the recombinant bacteria disclosed herein may

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

30 employed. Suitable vectors can be derived, for example, from a
bacterium, a virus (such as bacteriophage T7 or a M-13 derived phage), a
cosmid, a yeast or a plant. Protocols for obtaining and using such vectors
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set at the beginning of the fernmentation and is not subject to artificial
alterations during the fernentation. Thus, at the beginning of the

f er ment atwonpie28aedi um i s i nocul ated with the desiredPoaatsesizomoasnd
fermentation is permtted to occur adding nothing to the system

15Typi cal ly, [y ch' [ tat | ' at.ch w respect to the
addi tion of @g%gﬁﬁ‘% otﬁ.“g‘zg,e Qﬂ@iﬂ@%ﬁ%ui%]@b@p&é{ 52'&8@‘5%{)' controlling
factors such as phhigagorPsyates regiopendr plontsterd, ivHien afe gystlieiEdriviehe

nmet abolite and bi omass conpositions of the system change constantly up to

the tinme the %rﬁmw@ﬁ@dim@r%i@%wth "risﬁ:!ar,a{ iB‘é@@K’nciUItgﬁld%i,re@@Pﬁ% 2_0
moder at thr%‘é%rﬁm?B?émhﬁm'e?&sogﬁzﬁ?arﬁ@aﬁtﬂhgge%rkm%'?n T hf\‘ﬁﬁ%ﬂiﬂ finally
ase r S S f

to a stationary p ere grow ate I's dirmnished or halte
unt r eat eds cenlypromotdrecapiable oheviving Bapessidnl is euiabledbl yselhereifieFlos i n | og

phase generally are respopsi ble for the bul k of production of end product
or intermedi zﬁ’%m%@Wa‘Fﬁtg?ipéﬂmQF?@Wéteﬁ SrapReYseystemis the

Fed-Batch system riegdBalohbdrfoTRadiahd ﬁ&ﬁ%séww@aeﬁh 98rigyd t abl e for

use herein and conprise a typic at stemwth the exception that the
substrat e i s geddedative itotreepreiesedbostse Optioratly ad termipatoyr eits ey Beed- Bat ch

systens are useful when catabolite repression.i to inhibit the
m);t abol i sm Opnggpﬁ%sac%nfp%w%\(ﬁf, W‘%?@SFqu?grrﬁgi}i'PaHag to have linited anmounts
of substrgte in thRyrEkdctve MedsORRITth@ instdiet polypEdtideybsidiébiRie

ti
concentration in Fed-Batch systens is difficult and is therefore estinated
on the basi s S€OUENERS eneastieG thef PelypeRticas areflnkedopesaldy through, di ssol ved

oxygen and the.. t] ress f St Bat ch and

Fed- Bat ch femﬁﬁﬂ #@%&aﬁeseg%ﬁﬁﬁﬁxﬁﬁeésw ?c?rﬁﬁoé\?#&gﬂg%gﬁﬁ}qt and exanpl es
may be found dxpr@sﬂﬂknes@upnratheﬁ@matim@ﬂﬁhe‘gmmpti_ate‘ MBssenget RINAN system
where a defined fernentati on mediumis added continuously to a bioreactor

and an equal anmpurtaréguledyupeiubindaersaseh nentoRredne vetiraneousl y for
processi qgl g%@i{}f@:@ﬁ'?ﬁ;,sp %E%%%S%@Pdﬁ%?ﬂd' ﬁ?f”@mto@ BSsditedCiil g es at a

const ant ensi ere cell's are prinmari ["dbg phase growt h.
10Cont i nuous Hatemteod.at,3dMh,5818] and plSMC O4e0/MiROatesaribed oSt atent or any

nunber of factor affect cell growh or end product conceptration. For
exanpl e, one NRUAGREPD; T aroerRLEIPTaN hRas KPERFS SR ATAET FoMcar bon
source or ni ttrﬁé’%ﬁ@ régl!(l%h i§6|al%dfﬂ'ﬁggég%i@/@ﬁﬁe%bﬁ%eaér{d fbher parameters to

noderate. In other systens, a nu factors affecting 15growth can be
al tered cont iSagpohsromydas eerevisiace | Eactovecior centains, thenopsarreddiby t he

bi di f th ' ' . Conti i
R AT e L Y R
medi um bei ng NiDay, Gk, DARY, BRd @d’laﬂﬁﬂ@ngééliirﬁ‘ﬂ{reé@%pﬁﬁtﬁ ogéﬂyﬁsh Trde in the

fermentation. Methods of nodul ating nutrrents and growt 0 factors for

conti nuous f éwgeetideiseAupnerseekerSYeO MYl PSYEQ HhmMY(e9106r maxi m zing the

i crobi of ogy a8 0% 4l oSYPIRIAALRIRE el B3 e b NITA R 11 i
cont enpl at ed IDINO: 7A3) SEQ ¢ NO:74n8ET IDNOEYS, bed SERID ¢NO:765i Nng 25 bat ch,

fed-batch or conti nuous_processes and that any known node of fernmentation
woul d be 28ui %‘P%Q“V%YdiTh%ﬂ'ﬂ?f‘%ﬂ,ceﬁtbthe%m%ﬁﬁq?tafsearec 'Hﬁ%tr&,‘téﬂl'%thﬁay be

forment at 1 on ShSRd P eH s BaRIieAES o HBhPHE e BhEh FHOiRg ks
derivatives, contdines withBr gachpdngtregresent the composition of an operon]:
pSYCO101 (SEQ ID NO:72):
p-trc (Dar1_GPP2) in opposite orientation compared to the other 2
30 pathway operons,
p-1.6 long Gl (dhaB1_dhaB2_dhaB3_dhaX), and

p-1.6 long Gl (orfY_orfX_orfW).
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30l n one enbodi nent, a process for making glycerol, 1,3-propanediol, and/or
3- hydroxypropionic acid from sucrose is provided. The process conprises the
st eps of woOl2owa2eg6a reconbi nant bacterium as descri be#CTAalseme/ 044088 t he
presence of sucrose, and optionally recovering the glycerol,

1, 3- propanedi - ) ropi onic acid produced. The product may
be recovered p§¥%gqﬂé?§§§s@ﬂ$&zgfn the art. For exanple, solids nay be
removed fromthe fefreeDaat IGPPRESHHE0BENERIBHh domgREd o thd biHerat i on,

5decantation, or the like. Then, the product nmay be isolated fromthe

ferment ati on nedi BHNWHY ERSIPAS. been treated to renpve solids as descri bed
above, using nethod LSk ] | guig~ 11 quid extraction, or
menbr ane- based seg)af'gtﬁlagg.Cﬂ%%&kﬂa{@t%aég—%ﬁé%’rée@gnt invention is
further defined i mp-1BdohglGlqarMgoEXaodi\gs. |t shoul d be understood that

t hese Exanpl e i indi catin referred enbodi nents of the invention,
are given by R%(ﬁ\gﬁbgldsgg\ &5&%'%4 only. Fromt he above discussion and these
Exanpl es, one ski \J.f (D81 tPPEY s ok BARABHICArBE 15 4ReBiHeR

characteristics o I'S invention, w t hout departing fromthe spirit
and scope ther eof pattamayrageronsr i ous changes and nodificati ons of the

invention to adapt jt. to ri,ous, use n di tions., 20GENERAL METHODS
St andard reconbi nz?ni%Mgﬂddﬁﬁé&ﬁéfﬂqﬁﬁ%h?ggmﬂdques used herein are
wel'l knowp in the %k |8Rg Gr(BrfYesaxi Bad)by Sambrook, J. and Russell, D.,
Mol ecul ar C oning: A Laboratory Manual, 'Third Edition, Cold Spring Harbor

Laborat ory PR&E0t09 ¢SBRY IthYG#édor, NY (2001); and by 25Sil havy, T. J.,

B o caod B3 et BB R e e TR R 5
Ausubel , F. M et pathway 6b@rl’dnsPr otocol s in Ml ecul ar Biol ogy, St h Ed.
Current Protocols, and Sons, Inc., 2002. Materials and

John W]l ey N. Y.,
net hods suit abl e fof-6tlaeg @h(ﬁh@%&@%&f@aﬁmha&, ABhi crobial cultures are
wel I knowg in thega{_g.ba'&(é]%ﬁqeaﬁ%{i table for use in the follow ng
un

exanpl es may be f as”set' out 1 n"Manual of Methods for General
Bact eri ol ogy pRCO4OPAGRONSER IDRIOGG):E. Mirray, Ral ph N.  Costil ow,

Eugene W Nester, WIIlis A d, Noel R Krieg and Briggs Phillips,
Fe ) e Arer i can SBATR(DRTGCH O sane PHg) 0BT HATBH © BiEoteidod) ) : or in
Manual of Industri[g%lth%\)%gg,idplgogy and Bi ot echnol ogy, 3rd Edition (R chard
H Baltz, Julian E. Davies, and Arnold L. Demain Eds.), 5 ASM Press,

Washi ngton, DC, 2@10.6 lohg Glddpel sghaBtdhaft3 dha¥hzantes and material s
described for the g h i nt.enance of bacterial cells may be obtai ned
fromAl dr’ch Chempéi'%gg?%ﬂﬁ]&aﬁgegﬁﬁw), BD Di agnostic Systems (Sparks, M),
Li fe Technol ogi es o RookaHor/IBNg @)(scrk/%%p%&bg[}_ﬁﬁﬁeﬁla@ibﬂ%n(&ﬁéértd) Yhe VW), or

Si gma Chem cal Conpany (St. Louis, e meani ng of abbreviations is
as follows: "sec" DAty ORE®RN&(s), "m n" means ninute(s), "h" means

U T er (ay, T R BIERIE Rl rbssiof s SRRES o CORicRdd. Shey pfusd®ole,
"g" means gr aotrahsformgdpprepristeiast dgcmas ) Introdgctionesftae wassgttean(s) , " bp”
TeanS PSS Pionian

aining the coding regions into the host bacterium may be
accomplished by known procedures such as by transformation (e.g., using
calcium-permeabilized cells, or electroporation) or by transfection using a
recombinant phage virus (Sambrook et al., supra). Expression cassettes
may be maintained on a stable plasmid in a host cell. In addition,

30  expression cassettes may be integrated into the genome of the host
bacterium through homologous or random recombination using vectors

and methods well known to those skilled in the art. Site-specific
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15" kbp" nmeans kil obase pair(s), "rpnf neans revolutions per mnute, "ATCC
means Anerican Type Culture Coll ection, Manassas, VA, "0OD' neans opti cal
density, wQ2omsams6ét he gravitation constant, "HPLC' neam€ThiSgé2petoB®r nance
| i quid chromat ography. Table 2 Prinmers used in the Exanples Priner

I Lty L SR e e R S R R el S A

TTTTCAGT TCGARKPFISSASHASISSTEATA 116 al dH check _up TGAGCGAATCCCGATGAGCTTACT
117 al dH check _dn ATACGITCGCGGATGATCTCACCA 118 yi hP cscA .
ACCATTGT GGCGATGGGIT eddtition Agles celispugroplifindaaeisbavicosimgis or mudfinleo

mutations specifically designed to enhance the production of microbial
5 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.
Methods of creating mutants are common and well known in the art.

10 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
(1989) Sinauer Associates, Inc., Sunderland, MA., or Deshpande, Mukund

15 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
produce the desired product or intermediate. Alternatively, selective

20  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
et al., Food Chem. 14, 313 (1984).

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

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

30  components, known to those skilled in the art, suitable for the growth of
the cultures and promotion of the enzymatic pathway necessary for
production of glycerol and its derivatives, for example 1,3-propanediol.
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yi hP cscB TTACGGGCTTCTATCTCTTCCACAATGCGG ACATACATCTGAATTCGCAGGACCGTGATA 120
yi hPA For TGC TGG GCG ATC TGC TCA ACT ATT 121 yi hPB Rev TAA TOO CGC CAT AGT
AAG CAG (WD 2030258BEXAMPLES 1-4 Integration of Sucrose Gemas@astess in the
E. coli Chronosone These Exanpl es describe the integration of

sucrose gene | L N t | ti _t.hi .gen of i, at the
al dH gene or %éﬁ@b@gﬁgﬁiﬁ'oy%ﬂ"geﬁé’ Qﬁ@')gﬁﬁgﬁﬂﬂ%’mg{&%ﬁ'%ﬁZe%)EF%&rg% ose
utilization. ' Ind gene clusters fromE. coli
ATCCD13281 méﬂ%@?’ﬁﬁ%rﬁﬁggﬁéﬁ éf?y%%%p%ﬁ%@ﬁ?i ng strain TTab pSYC0400/ AGRO to
enabl e PDO pr oductAdemobylecotslamosEoekzyrmelB1-9tis animpdetbnp SEERAGOOAGRO, a
PTS minus strain, was constructed as follows. Strain TTab was generated by
del etion of tdebydiad@seyaelvityr Gndhesis of Taenzunel B 2de fauridisdrokanyoes, Pat ent

No. 7,371,558 (Exanple 17). Briefly, an aldB deletion was made by first
repl aci ng31. $ORKpOLWhiChare aliehtp $X6HNezethexrmBPrPrNE dedtiqvo, farxeRMes1655

with the FRT- - : t ; ) ; and Wanner,
Proc. Natl. Aca eﬁ@g?ﬁ%ﬁéﬁe@%i%g‘g%ﬁ%@?ég%g?%%rr@g%{ngggéﬁn@m cassette was
amplified w tClostheiuzd speciesywpite othSEQchDpiBolE pantial SEECdDSNE . 5D/iiforng pKD3
as the tenplate. The priner SEQ | D NO.58 contains 80 bp of honp|ogy to the
et or SAEPREBDAOSEaRHS S5 f B0 MG TR Db 25T SRS
contains 80 life ebniaRInAsedbmdrfiBiedo cBithdil aRlitBnafodfedhenomol ogy to
pKD3. The PCR products were gel-purified and el ectroporated into

MGL655/ pKD46 St-dapeyadenosgl groupU. ThusPitisknowo in thesart (B &) cogRyownBi pant

strains were selected on LB plates with 12.5 ng/L of ]
precursor, such as vitamin B42, needs be provided in E. coli

fermentations. Vitamin B42 may be added continuously to E. coli

fermentations at a constant rate or staged as to coincide with the
generation of cell mass, or may be added in single or multiple bolus
15 additions.

Although vitamin Bq2 is added to the transformed E. coli described

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

vitamin B12 to these bacteria will be unnecessary.

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

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

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

enhancement of 1,3-propanediol production may be used in conjunction
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chl oranpheni col . The deletion of the al dB gene was confirned by PCR, using
the primer pair SEQ ID NGO 60 and SEQ ID NO 61. The wild-type strain gave a
1.5 kbp PEBR2pr3odszsst whil e the reconbi nant strain gave aPchasacmudosgic 1.1
kbp PCR product. A Pl |ysate was prepared and used 10 to nove the nutation

to the TT al dA,s in.t Qr.m t .al Aal dB: - Cm.strain .

chl or anpheni g@hééﬁ 5'9 gﬁ&@“ﬁfﬁﬁ%&ﬁ%ﬁ&%ﬁ”g '°’b§eW8ﬁ1Hc§B@P@etdh°'t he pri mer

pair SEQ I D Nep@tondst@mes.! D NO. 61 to ensure that the nmutation was present.
The chl or anpheni col resistance marker was renoved using the FLP reconbi nase

(Dat senko and \Wanrssttablapiiaanges o5 the érmentation ars: befveenib S t hen
transf or med v 4 fort i | Fabowa® then
U S Paront i 997 BEPERE! €T dF 80, WbEal b e ol plicitan Cpsert bed I

pSYC0400/ AGRO. Reactisng esay bdedrformédendet aerobid, @nericesr anbdermbit TTab is a
derivative of E. coli,6 strajin F% ATCCO No, 5f3%11r) coBt ai nibng t he follow ng
20nodi f i cat i| GREMItions depgagipg; PIhtherreghprmegiu e tbagigruat-cA, mysA,

qor, ackA, Pl BAEA remteRbEhIfRGD SAERMAR Pc;’ B it kanftyi®R  PPC,
and yghD genes; and downregul at i 02 (%Ll)%sz gene. SE° Pl asm cfgpS\E(l 400/ AGRO

cont ai ns genearorcadisigte, lghyekooexgessduct i on pat hway (DARL and GPP2) and
genes encodi ng a erol dehydr.atase and, associ ated, reactivating factor
(123, _dna, - oHetGt lepnentaliR o SimBiegun Boh wdiony CRRslE brftHase
(scrK). The védserdtdion & a élo‘ééﬂ's@@ferﬁk&ﬂe@é%@@@rﬂﬁééiﬂéh%ﬁtﬁé Aadem ¢! i 30
ATCC013281 was integrated at thé al dH gene or the yi hP gene in TTab

pSYC0400/ AGREEb§t thedbaginmitig oRkéte fasmestation angd i notsiubiest i artdisicbnos ol

Coonks gene. GLAoNS TR B8 TereniS6l. 4R Ts A FELEEMIg Bl o pBlR cscmia
(SEQ 1 D NO 12drmentahibs thuascdiomsit linsdLested witheser ddsiedi badrumlapdl of U. S.
Pat ent Application Publication No. 2011/0136190 Al. The variant sucrose

gene cl ust er feomeriptiemip ReMEtied Hroesw asiding Rethinghir thewdyiséiMat codon 61 (L61

P) in the.cs D. ld £ ; ' te of a TTab
psvm4ooﬁi\mg§$%‘raa§?’nﬁ‘§iré éaanésrf o%@q%r%%ﬁﬁaﬁgﬂééséiﬁg "tg’;'lEeHrleeB | Stsﬁbgﬂrh%f romE. coli
ATCC@L 3281 ataddit®nadfdidripemeounsk ahd axteimpts eck efibrantaetd afrconittolling sucr ose.

Integration at the al dH gene s achi eved u?i ng dH csch\rg%ilé r 10(SEQ ID

NO 115) and PGS 7 PHoand GRGEFAUSETEBIOR oM BRINRYS fig homol ogy
for both 1 egirfaangIbsfieniBinds8 Lot AR Ml SJRRTERIRTOESsthilfyear at i on of

the sucrose gene cluster at the a gene repl aced the al dH gene with the
sucrose gene upltodhetimd thedgraen@tiobésvstoppethdVifhinajemeulturest ¢éadlsyi h0 gene

was achi eved usin i hP cscA, 15priner EQ 1.0 NO. 119) and yi hP cscB pri ner
(5201 D b 15O IR Lo SRRPRE RSP 6dyoF oYL HRESE A5, “The Sucr ose
gene cl uster finafy td1a StdtRMaR} pRase Whefd §FswthGaldis dimismadial harsl.off yi hP

wi t hout renoving the yi hP sequence fromthe chronosone. Pl asm d

PBHR- cSCBKA, Unireaiad, sells by thesatationag phasewl eventually diee Gele indapl at e for
the wld typ@gégg'g‘éﬂe‘ﬁ‘élw SrE'rbSp SR8 N2 BUIR ok BrdduRYBS b EHE 'RBaldt cscB of

t he sucrose
or intermediate.

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

30 the cells and where it is desirable to have limited amounts of substrate in
the media. Measurement of the actual substrate concentration in
Fed-Batch systems is difficult and is therefore estimated on the basis of
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cluster were used as the PCR tenplate for the variant cluster. Hi gh
fidelity Pfu Utra @Il Fusion HS DNA pol ynerase (Stratagene; La Jolla, CA)
was used WO 2013802PBR reacti on. PCR was perforned using tireTfuskéiomi4e88 cycl i ng
conditions: 95 Cfor 2 min; 35 cycles of 95 C for 30 sec, 60 C for 30 sec,
25 and 72 Cf

wes stor ed ats ctafiofbRebIERIL Bolus Yo AR da JSRiE St
Puri fi cati on pairfial ((kb&eies of VRlsengages §oh ad DOF Batphashe FeddBaten ect r opor at ed
into the TTab pSYC0400/ AGRO strain containing the pKD46 plasm d (Red

reconbi nase perasentdtioriadacdmion. aridbweB@néawa48 TS art amaicexdinmpies amdyda
r econbi nases, ffol Iggw gg t he | anbda red reconbi nati on procedure (Datsenko,
K. A and Wanihg&OURd|N Brogo§UPitoc. Nat|. Acad. Sci. USA 97: 6640-6645). The

transformgtion moddHiRuBES ferPheHtslorPR ér\]‘?@eaﬁgs%t@ﬁ{ WH%&% iﬁ’%jeﬁf"?@él aining 10 g/L

sucrose and 100 pg/nlL spectinonycin. T S mninmal plates contained

1XMOPS buf f efferfTesatiov medionlis stded can)nuaushptondvbidre®cor amdenrenuss), 50 pg/ L
uracil and 1.5 &%ﬁqﬁactﬁgagar. Pl.at es were incu@?t ed aLY]S? C for. 2-3 days.
5Col oni es gr G\ CRMIEPIEY OYRUdgP SeD9 Ve PN IANEoYSY8" BIRISEPLS- by
streaki ng on ddatpRens fareattatiorPhat&@@ily hdie@in thercurégt $densant gene
cluster at the al dH ?ene was confirmed by PCR using prinmer aldH check_up

(SEQ | D NG high demgitypwhensr celiscare nieeaily i logebase diowin.g) . | ntegrati on of

t he sucrqse gene - i i ene was
confirnme ﬁby PCR %ﬁ@ﬁ%y?ﬁ%&ﬁe&ﬂ%w‘g@\p{@gﬁB}{%ﬁ&ﬁ&%ﬁ%%%;c?r r yi hPB
Rev (SEQ | D MayiRMberldfdactoreirataédeiseair growtiyenend lpisd gat consestwatiorr. ned by
sequencing to ensure that the isolated strains contained no unexpected

nutati on. Th&%ﬁxampéemesmﬁmdewﬁ"ameinﬁjww&i@a nuieryisueh #s the Tabl e 3
om0 SRS b TR 1L % BHgah A ppape Cone Ouste

parameters to moderate. In other systems, a number of factors affecting

15 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
rate in the fermentation. Methods of modulating nutrients and growth

20  factors for continuous fermentation processes as well as techniques for
maximizing the rate of product formation are well known in the art of
industrial microbiology and a variety of methods are detailed by Brock,
supra.

It is contemplated that the present invention may be practiced using

25  batch, fed-batch or continuous processes and that any known mode of
fermentation would be suitable. Additionally, it is contemplated that cells
may be immobilized on a substrate as whole cell catalysts and subjected
to fermentation conditions for production of glycerol and glycerol
derivatives, such as 1,3-propanediol.

30 In one embodiment, a process for making glycerol, 1,3-propanediol,
and/or 3-hydroxypropionic acid from sucrose is provided. The process
comprises the steps of culturing a recombinant bacterium, as described
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bet ween yi hP and yi h0 2, Conparative PD03084 wild type aldH 3 PD03096 L61P
vari ant between yi hP and yi hO 4, Conparative PD03097 L61P variant al dH

20EXAVPLBSO 2&r3026186 Rat es of Reconbi nant E. coli Strai nsPCT/US2012/Dki088 Exanpl e
denonstrates the enhanced growth on sucrose of the E. coli strains having a

compar ed o EPOUS: b F R, S IRE bt e BB ER e Petliar 0 ot
the al dH gene.3-phsparrdidluan@/op BiHYdkGty@sosibnicheid preilicatiediHe prealtt st rai ns

I n sucrose containing mninmal medi umwas determ ned using the Bioscreen 5C
i nstrunent ( Blasee secpvered spingi mettodsangyn mibe iaglo| arexampit elids

I ntegrated s ' | : T le | rakns uwere
i ndi vi dual | ytrg%og\neﬁ\f}?wa%&rjm%g?t e%e@gﬁbﬁ%?ﬁsdIPB@BFS%@?@)Q%&%PS/Q@?P%H ract,
0. 05% sodbumdelchntatida) orcibietlkieni Treen] G paidulct arasdbe isorated froat tHe700 f or
fermentation medium, which has been treated to remove solids as
described above, using methods such as distillation, liquid-liquid

extraction, or membrane-based separation.

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

It should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From
the above discussion and these Examples, one skilled in the art can

15  ascertain the essential characteristics of this invention, and without
departing from the spirit and scope thereof, can make various changes
and modifications of the invention to adapt it to various uses and

conditions.

20 GENERAL METHODS

Standard recombinant DNA and molecular cloning techniques used

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
25  Silhavy, T. J., Bennan, M. L. and Enquist, L. W., Experiments with Gene
Fusions, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY
(1984); and by Ausubel, F. M. et. al., Short Protocols in Molecular Biology,
5™ Ed. Current Protocols, John Wiley and Sons, Inc., N.Y., 2002.
Materials and methods suitable for the maintenance and growth of
30 microbial cultures are well known in the art. Techniques suitable for use in
the following examples may be found as set out in Manual of Methods for
General Bacteriology (Phillipp Gerhardt, R. G. E. Murray, Ralph N.
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16 hours. For the Bioscreen assay, the fresh overnight cultures were

10di luted 1:100 into MOPS m ni mal nmediumcontaining 2.5 g/L, 5 g/L or 10
g/ L sucrosearsh2iBe pg/ nL spectinonycin in a Bioscreen Romasecanivifpbat e.
Vitam n B12 was added to the nediumto a concentration of 0.1 ng/L. Blank

was i aced 1 G Tt B et s e SpatRcRrisd Bpia g™ P! ot
manuf act ur er 'RhillipstEdie}, iAmericah8osieat r WMisrobisiodpt\Wwesiaihg®s, ©.8i t h const ant

shaking and the OD was recorded every 15 m. n. The maxi rrumlgrowtrh rate
(prax) was ediPHNeQr indarpal 9é IndustéaliMigrabielearand Bigteckpnologhedbackgr ound
was renoved : : i a val-ues .\ h s from
t he OD val uets%(l)wgﬂgﬁ%’ﬂg%' %\gﬁ’s‘mﬁ%‘ﬁﬁfbaﬁ%es’%Pgm?‘ﬁﬁélgﬂ'é% p%,rqumafér was
est i mat edsusiABM &P rebs,diViaghingtam\RC 0261 (5t Alhgeagfents, dasiriction Bhayfhes\eedi ng 2
hours of growth) b itting the data points to an exponential curve using
non- | i near ré@@tégé%d;ﬁscr'he&&rﬁﬁ@|graw angl medRienanee 85 PaeiglialCYISdNRY: rate
was recorded inbt A diri i 5 gest val ue
fromall the b(régu%%t?’c?feeg fg@gﬁlﬂrlﬁgggm\/\%slé g%@%%qﬂr/ﬁéh%ggggégﬁg bot h

i sol at es of &ysterss (Sparkar BIDYi Lide Teohfalbyies4Roskvibé, MdD¢.diewi Erigignd

i nt ti .t | t bet th i hP dth i hO
gene snowed IPES (GEGHA WAS 8% Siute Cemicel aMrens it dahd ofe o uet or at
the al dHigene, partreCibaning cFtabbPaVistisiisOis s BNENS: “sEb” nfedMd LE 6

Production of PDO and d ycerol by Recombinant E. coli Strains G own on
Sucrose Thi SeERads) e niesmeaneMinbie(pk ouuvepas hotr(epOnandeAnscer ol by t he

ol ar yi el {ENOBIGSEt 1on BRept it s Redhe B BeRS el et ake
flask studi e$iter@2§?rhNIO‘v‘1$éerﬁsQ|ﬂillirﬁulafr,UWE”Sm@éné heol&r, “§0nkeahs grahe, ey’ e

inoculated into 12.5 nL MOPS nedi um cont ai ni n? 10 g/ L sucrose plus 100
ng/ mL Vi t ani AMEATS AIFOIEN(SY/ ‘AL BIREEEINTERPEITN (o bph MeAns Rasedpsige).100. 01.

Cells werge gk b i e 00 : Al es

wer e centlsi fu% @Iﬁﬁﬁfh@%ﬁl?%g?ﬁgggn@“ \;\ar/tgre éﬁgé%\ggb@cg{sooﬁﬁ g]%&%pﬁ?éﬁ?
centrifuge t ubearis Atnerisal CypeiQgturaColleCiomiMgnaddds, ¥id “OBritmednsged at
10,000 g for 1 _mn, The filtrates were analyzed by HPLC using a Waters

Al Tance 20o@PBEe Yol (VeaTts DeGRPBISUGN oSt L Meads Mg am nox
HPX- 87C HPLC?%% Hpbsi m (Bi o- Rad Laboratories, Hercules,
CA, Cat # 12 -Oogrg)aﬁﬁéég?gg to %fl%’toérféﬁﬁ% separated Waters TCM heati ng
chanber. A Bio-Rad carbo-C micro-guard colum (Bio-Rad, Cat #125-0128) was
used before the analysis columm. The nobil e phase was conposed of 0.05 niM
CaO (Sigma, #208159), 0.5 20 mM MES (Sigma, #M3671), 0.05 mM HNG3( EMD

Chem cal s, G bbstown, NJ, Cat #NX0409), pH 5.3. The flowrate was 0.5
m./mn. Typically, the retention tines of PDO and glycerol were 17.5 mn
and 19.3 mn, respectively. The retention tinmes of sucrose, glucose and
fructose were 10.3 min, 12.5 mn and 15.9 mn, respectively. 25E. coli
strains containing the sucrose gene cluster integration between the yihP
gene and the yi h0 gene showed slightly higher nolar yield for production of
PDO and gl ycerol (i.e., noles of PDO and gl ycerol per nole of sucrose) than
the strains containing the sucrose gene cluster integrated at the al dH gene
for both the wild type gene cluster and the
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30variant gene cluster, as shown in Table 4. Table 4 Gowh Rate and

Mol ar Yield for the Production of PDO and d ycerol by Reconbinant E. coli
Strai ns wOTRals/dsasbved strains cscAKB* Location G owt h parTas¢Ramx4oshou( 1)

on sucrose 2.5¢g/L5g/L10g/L Mol ar yield (nol PDO+ Ay / nol sucrose Exanple
1- isolate 7 wld type between yi hP arrgbyei 510 0.127 0.165 0.197

Primers used in the Examples

Primer Sequence SEQ ID
NO:

aldH cscA | TAGACGTGAAACAGGAGTCATAATGAATTT 115
TCATCATCTGGGATCCCTTGCCCGCTGTTG
aldH cscB | CATTTCAGGCCTCCAGGCTTATCCAGATGG 116
TTTTCAGTTCGAATTCGCAGGACCGTGATA

aldH_check | TGAGCGAATCCCGATGAGCTTACT 117
_up
aldH_check | ATACGTTCGCGGATGATCTCACCA 118
_dn
yihP cscA | ACCATTGTGGCGATGGGTTGCTTCTACAG 119
CCTGAACGAGAGGATCCCTTGCCCGCTGT
TG

yihP cscB | TTACGGGCTTCTATCTCTTCCACAATGCGG 120
ACATACATCTGAATTCGCAGGACCGTGATA

yihPA For | TGC TGG GCG ATC TGC TCA ACT ATT 121
yihPB Rev | TAA TCC CGC CAT AGT AAG CAG GCA 122
5 EXAMPLES 1-4

Integration of Sucrose Gene Clusters in the E. coli Chromosome

These Examples describe the integration of sucrose gene clusters
in two locations within the genome of E. coli, at the aldH gene or between
the yihP gene and the yihO gene, to enable sucrose utilization.

10 Wild type or variant cscAKB gene clusters from E. coli
ATCC®13281 were introduced into PDO producing strain TTab
pSYCO400/AGRO to enable PDO production from sucrose. E. coli strain
TTab pSYCO400/AGRO, a PTS minus strain, was constructed as follows.
Strain TTab was generated by deletion of the aldB gene from strain TT

15 aldA, described in U.S. Patent No. 7,371,558 (Example 17). Briefly, an
aldB deletion was made by first replacing 1.5 kbp of the coding region of
aldB in E. coli strain MG1655 with the FRT-CmR-FRT cassette of the
pKD3 plasmid (Datsenko and Wanner, Proc. Natl. Acad. Sci. USA
97:6640-6645, 2000). A replacement cassette was amplified with the

20  primer pair SEQ ID NO:58 and SEQ ID NO:59 using pKD3 as the
template. The primer SEQ ID NO:58 contains 80 bp of homology to the 5'-
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end of aldB and 20 bp of homology to pKD3. Primer SEQ ID NO:59
contains 80 bp of homology to the 3’ end of aldB and 20 bp homology to
pKD3. The PCR products were gel-purified and electroporated into
MG1655/pKD46 competent cells (U.S. Patent No. 7,371,558).
Recombinant strains were selected on LB plates with 12.5 mg/L of
chloramphenicol. The deletion of the aldB gene was confirmed by PCR,
using the primer pair SEQ ID NO:60 and SEQ ID NO:61. The wild-type
strain gave a 1.5 kbp PCR product while the recombinant strain gave a
characteristic 1.1 kbp PCR product. A P1 lysate was prepared and used
to move the mutation to the TT aldA strain to form the TT aldAAaldB::Cm
strain. A chloramphenicol-resistant clone was checked by genomic PCR
with the primer pair SEQ ID NO:60 and SEQ ID NO:61 to ensure that the
mutation was present. The chloramphenicol resistance marker was
removed using the FLP recombinase (Datsenko and Wanner, supra) to
create TTab. Strain TTab was then transformed with pSYCO400/AGRO
(set forth in SEQ ID NO:55), 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
modifications:

deletion of glpK, gldA, ptsHI, crr, edd, arcA, mgsA, qor, ackA, pta,
aldA and aldB genes;

upregulation of galP, glk, btuR, ppc, and yqghD genes; and

downregulation of gapA gene.
Plasmid pSYCO400/AGRO contains genes encoding a glycerol production
pathway (DAR1 and GPPZ2) and genes encoding a glycerol dehydratase
and associated reactivating factor (dhaB123, dhaX, orfX, orfY), as well as
a gene encoding a fructokinase (scrK).

The wild type or a variant sucrose gene cluster from E. coli
ATCC®13281 was integrated at the aldH gene or the yihP gene in TTab
pSYCO400/AGRO by the Lambda Red method. Figure 1 shows the

chromosomal regions where the sucrose gene cluster was integrated.
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The wild type cscAKB gene cluster (SEQ ID NO: 123) was amplified from
plasmid pBHR-cscBKA (SEQ ID NO:124 ), which was constructed as
described in Example 1 of U.S. Patent Application Publication No.
2011/0136190 A1. The variant sucrose gene cluster containing a leucine
5  to proline substitution at codon 61 (L61P) in the cscB gene (SEQ ID
NO:95) was amplified from an isolate of a TTab pSYCO400/AGRO strain
transformed with the cscAKB gene cluster from E. coli ATCC®13281 at
the aldH gene, which exhibited enhanced growth on sucrose.
Integration at the aldH gene was achieved using aldH cscA primer
10  (SEQ ID NO:115) and aldH cscB primer (SEQ ID NO:116) containing
flanking homology for both regions outside of the aldH gene in the
chromosome. Integration of the sucrose gene cluster at the aldH gene
replaced the aldH gene with the sucrose gene cluster. Integration
bewteen the yihP gene and the yihO gene was achieved using yihP cscA
15 primer (SEQ ID NO:119) and yihP cscB primer (SEQ ID NO:120)
containing flanking homology for the yihP gene. The sucrose gene cluster
was inserted at a site close to the C-terminal end of yihP without removing
the yihP sequence from the chromosome. Plasmid pBHR-cscBKA,
linearized by Pstl digest, was used as the PCR template for the wild type
20  cluster. Cells containing the L61P substitution in cscB of the sucrose gene
cluster were used as the PCR template for the variant cluster. High fidelity
PfuUltra ® 1l 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,
25 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 QlAquick PCR
Purification 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.
30  AY048746), encoding lambda recombinases, following the lambda red
recombination procedure (Datsenko, K.A. and Wanner, B.L., 2000, Proc.
Natl. Acad. Sci. USA 97: 6640-6645). The transformation mixture was
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E. coli Strain

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

5 Colonies grown on minimal sucrose plates were picked and purified by
streaking on LB spectinomycin plates. Integration of the sucrose gene
cluster at the aldH gene was confirmed by PCR using primer
aldH_check_up (SEQ ID NO: 117) and primer aldH_check_dn (SEQ ID
NO:118). Integration of the sucrose gene cluster between the yihP gene

10 and the yihO gene was confirmed by PCR using primer yinPA For (SEQ
ID NO: 121) and primer yinPB Rev (SEQ ID NO:122). The integrated
sucrose gene cluster was confirmed by sequencing to ensure that the
isolated strains contained no unexpected mutation. The strains
constructed are summarized in Table 3.

15

Table 3

Recombinant E. coli Strains Containing an Integrated

Sucrose Gene Cluster

Example Strain cscAKB Location in
Genome
1 PDO3083 wild type between yihP
and yihO
2, Comparative PDO3084 wild type aldH
3 PDO3096 L61P variant between yihP
and yihO
4, Comparative PDO3097 L61P variant aldH
20 EXAMPLE 5

Growth Rates of Recombinant E. coli Strains

This Example demonstrates the enhanced growth on sucrose of the

E. coli strains having a sucrose gene cluster integrated between the yihP
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These Exanpl es describe the integration of sucrose gene clusters in a

non- PDO producing wild type E. co/i. Integration between the yihP 10 gene
and t he yWbQompanssal so resulted in faster growt h i n sucPeTaISLII2/044088
i ntegration at the aldH gene in this E. coli strain. I nt egration of

t he wildtyp t t ug 0 gene in
E. coli stral I@'ﬁ?tﬂ%ﬁérbe'@ %@@%ﬁ% 8@%&%5?5}5139\?@% %P%ﬂggxarrpl es
1-4, except igeak @stgpinltegmfe@jattﬁy@/dya@euged as the 15host for integration.
The colonies were _also purified and cured of pKD46. The integration site

was confirmed by POR BAYMUB gr‘h\t"@’g'iaé@%gf@I%@@W@teﬂefec@/eﬁh@'ﬁtﬁé@ to ensure
that no unexpeefad &}httz§1h| g;t%ﬂﬁr?\ @%giyr%m%@etéﬂhﬁ%dqsﬁiﬁe%sgr%r ved

strains on sucrose were d 08 Creen hssay Cas descri bed
i n Exanpl e 5.C iNstrunesitl(Bostreen, Heﬂmekm‘émnrerﬁﬁ)nd”vm motaesifrdeveadh on of
triplicate determnations) are n TabI 5. The strains having the
sucrose gene ||&tegga[t@$strgmweqe{.,glcée$$’ttb%@sgﬁﬂ h?eEvﬁ‘Pf§t|ﬁ@'n§(¥‘f?éecl uster,

i ntegrat ed b%d}@ena@fg@wmr’ RLOAA ridtu (1% aenexb'é%gegsmm% growt h
rates than strains e sucrose gene c u er Integrated at the al dH
gene. 10 Tabl00%% s@dmymrchl?atdei) cohtaihing dI00 |/ mai spGét!Boanmm@cBE‘tG forns

Contai 1 19, SATHTS, BoP bR Bl AOSLIAS P bbb ey e, e,
(Prmax, hay(1digfdsHe 00380 MOPS RitikbPeidditm dBntiRidg2.Big/d 3 YReor 10

g/L sucrose and 100 pug/mL spectinomycin in a Bioscreen honeycomb
plate. Vitamin B2 was added to the medium to a concentration of 0.1
mg/L. Blank wells containing the growth medium were also included. The
honeycomb plate was placed into the Bioscreen C instrument according to

15 the manufacturer’s instructions. The plate was incubated at 33 °C with
constant shaking and the OD was recorded every 15 min. The maximum
growth rate (Umax) was estimated using the following procedure. First, the
background was removed by subtracting the averaged OD values in the
blank wells from the OD values of non-blank wells. Then, the growth rate

20  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
estimated growth rate was recorded only if the fit was good (i.e., R*>0.95).
The largest value from all the recorded growth rates was the pmax. The

25  Mmax Of both isolates of each strain are given in Table 4. Strains containing
integration of the sucrose gene cluster between the yihP gene and the
yihO gene showed faster growth on sucrose than strains containing the
cluster at the aldH gene, particularly at low sucrose levels.

30
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EXAMPLE 6

Production of PDO and Glycerol by Recombinant E. coli Strains

Grown on Sucrose

This Example describes the production of PDO and glycerol by the
5 E. coli strains described in Examples 1-4 when grown on sucrose.

The molar yield for production of PDO and glycerol was determined
in shake flask studies. Fresh overnight cultures of the E. coli isolates were
inoculated into 12.5 mL MOPS medium containing 10 g/L sucrose plus
100 ng/mL Vitamin B12 and 100 pg/mL spectinomycin to an initial OD of

10 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

15 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

20 mM MES (Sigma, #M3671), 0.05 mM HNO3 (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.

25 E. coli strains containing the sucrose gene cluster integration
between the yihP gene and the yihO gene showed slightly higher molar
yield for production of PDO and glycerol (i.e., moles of PDO and glycerol
per mole of sucrose) than the strains containing the sucrose gene cluster
integrated at the aldH gene for both the wild type gene cluster and the

30  variant gene cluster, as shown in Table 4.
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10

15

Table 4

vari ant
vari ant
PCT/US2012/044088

Growth Rate and Molar Yield for the Production of PDO and

Glycerol by Recombinant E. coli Strains

TTab-derived| cscAKB* [Location|Growth rate (umax hour™)| Molar yield
strains on sucrose (mol PDO+ Gly
2.5g/L 5g/L 10g/L | / mol sucrose
Example 1- | wild type |between] 0.127 ] 0.165 | 0.197 1.10
isolate 7 yihP and
yihO
Example 1- | wild type |between] 0.124 | 0.183 | 0.185 1.14
isolate 8 yihP and
yihO
Example 2 |wild type| aldH ]0.102] 0.151 | 0.234 1.09
Comparative,
isolate 7
Example 2 |wild type| aldH ]0.084| 0.146 | 0.228 1.08
Comparative,
isolate 18
Example 3—-| L61P |between]0.251] 0.258 | 0.255 1.26
isolate 13 | variant |yihP and
yihO
Example 3—-| L61P |between]0.253]| 0.276 | 0.263 1.26
isolate 14 | variant |yihP and
yihO
Example 4 L61P aldH 10.233] 0.272 | 0.275 1.25
Comparative,| variant
isolate 15
Example 4 L61P aldH 10.232| 0.270 | 0.275 1.25
Comparative,| variant
isolate 19

EXAMPLES 7-10

Integration of Sucrose Gene Clusters in a Wild Type E. coli Strain

These Examples describe the integration of sucrose gene clusters

in @ non-PDO producing wild type E. coli. Integration between the yihP

gene and the yihO gene also resulted in faster growth in sucrose than

integration at the aldH gene in this E. coli strain.

Integration of the wild type or the variant sucrose gene cluster at
aldH or yihP gene in E. coli strain FM5 (ATCC® No. 53911) was done as
described in Examples 1-4, except that E. coli strain FM5 was used as the

host for integration. The colonies were also purified and cured of pKD46.
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integrated at the aldH gene.
10
Table 5

Growth Rates of E. coli strain FM5 Derived Strains Containing

Sucrose Gene Clusters integrated at the aldH or between the yihP gene

and the yihO gene

Example Strain ¢cscAKB™ | Location | Growth rate (Jmax, hour'1) on
sucrose
1g/L 2.5g/L 10g/L
7, PD0O3257 wild type aldH 0.107 0.235 0.444
Comparativel +0.004 1 £0.001] = 0.007
8 PDO3085 wild type | between | 0.133 0.284 0.456
yihPand |+ 0.004]+ 0.008] £ 0.012
yihO
9, PDO3094 L61P aldH 0.229 0.415 0.448
Comparative] variant + 0.012]% 0.004] + 0.004
10 PDO3099 L61P between | 0.259 0.428 0.439
variant | yihPand |+ 0.002]% 0.003| + 0.009
yihO
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1, 3- propanedi ol and/or 3- 10hydroxypropionic acid produced.

1. A recombinant bacterium comprising in its genome:
(a) one or more nucleotide sequences encoding a polypeptide or a
polypeptide complex having sucrose transporter activity;
(b) a nucleotide sequence encoding a polypeptide having
fructokinase activity; and
(c) a nucleotide sequence encoding a polypeptide having sucrose
hydrolase activity;

wherein:
(i) (a), (b) and (c) are each operably linked to the same or a
different promoter;
(i) (a), (b), and (c) are integrated into the genome between the
yihP gene or its homolog and the yihO gene or its homolog; and
(iif) said bacterium metabolizes sucrose at a greater rate than a
bacterium comprising (a), (b), and (c) integrated at a different

location in the genome.

2. The recombinant bacterium of claim 1, wherein the
polypeptide having sucrose hydrolase activity is classified as EC 3.2.1.26
orEC241.7.

3. The recombinant bacterium of claim 1, wherein the
polypeptide having fructokinase activity is classified as EC 2.7.1.4, EC
2713,orEC27.1.1.

4. The recombinant bacterium of claim 1 wherein the bacterium
is selected from the group consisting of the genera: Escherichia,
Klebsiella, Citrobacter, and Aerobacter.

5. The recombinant bacterium of claim 4 wherein the bacterium

is Escherichia coli.
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6. The recombinant bacterium of claim 1 wherein the bacterium

produces 1,3-propanediol, glycerol, and/or 3-hydroxypropionic acid.

5 7. A process for making glycerol, 1,3-propanediol and/or 3-
hydroxypropionic acid from sucrose comprising:
a) culturing the recombinant bacterium of claim 6 in the presence
of sucrose; and
b) recovering the glycerol, 1,3-propanediol and/or 3-

10 hydroxypropionic acid produced.
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