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conpri ses g{rocess for the "bi oconversion of a ferientable carbon source to
1, 3-propan¥R Y128y a singl e microorgani sm BACKGROUND 1 PETANONE&i ol is a
nmononer. havi ng potentlal utility in the production of polyester fibers and_
t he manuf acture of poI yur et hanes and cy corrpounds .10 A variety of '
chem cal routes to 1,3-pro @% et hyl ene oxi de
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oxi di zed to nicoti nagt, &ft\ﬁm‘?r ﬁlﬂ% & gk} | a
pneunonia, Citr bacte reuﬁgB ‘%F ost, %& %?Fea%agr?u %ﬁg genes .
encoding the th W'&P@&%ﬁﬁﬁ?t gagtpn@hs%x@? Pat ase (dhaBl -3 or
dhaB, C and2&) a,Beprd)panedlddmwban found for examplepincthe grbungCiwbacpm; ifie
L 3 bropaned: O CRlR Stk B Sdeidr Kb Lfeidbacifds i WalbbEr. | VO -
01112833 PCT/ USJ0 2h :
n each case studied, glycerol is converted to 1,3-propanediol in a two step,
enzyme catalyzed reaction sequence. In the first step, a dehydratase catalyzes the
conversion of glycerol to 3-hydroxypropionaldehyde (3-HPA) and water,
25 Equation 1. In the second step, 3-HPA is reduced to 1,3-propanediol by a
NAD*-linked oxidoreductase, Equation 2. The 1,3-propanediol is not
metabolized further and, as a result,

Glycerol —> 3-HPA + H,0 . (Equation 1)
- 30 . 3-HPA+NADH + H* - 1,3-Propanediol + NAD* . (Equation2).-

accumulates in the media. The overall reaction consumes a reducing equivaient in
the form of a cofactor, reduced B-nicotinamide adenine dinucleotide (NADH),
which is oxidized to nicotinamide adenine dinucleotide (NADf).

35 In Klebsiella pneumonia, Citrobacter freundii, and Clostridium
pasteurianum, the genes encoding the three structural subunits of glycerol
dehydratase (dhaBI-3 or dhaB, C and E) are located adjacent to a gene encoding a
specific 1,3-propanediol oxidoreductase (dhaT) (see Figure 1). Although the
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genetic organi zation differs sonmewhat anong these m croorgani sns, these
genes are clustered in a group which also conprises orfX and orfZ (genes
encodi ng a dehgdrat ase reactivation factor for glycerol de%/drat ase), as
wel | as orWeMA28t W (genes of unknown function). The sp&d/¥§0u22874

1, 3- propanedi ol oxi doreductases 5 (dhaT's) of t hese m croorgani sns are
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dehydr at ase enz ver al cohol
dehydr ogenasés (@ats) of thess migrporganipas arekpewn fabelongite ths.f@ntly Rf type JIE
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(1999) : Tor Yd‘i‘ EF‘Eﬂymetﬁf[%?“?ﬂF E%‘éeig""( i@%“?“
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ki nase (Equati 013215)53 (1999%; Glogdya and\IMot, JuBz&Jl-ﬂhemNADBHz (-1-999EmaBa:ﬂ<n 3) DHA +

ATP -+ DHAP + Ag? t|on 4) 30 becomes avail able for biosynthesis and
f-or supporting generatlon V|a e.g. qucoly5|s In cgntrast to the

1, 3- propanedi ol pat hhpgProdustien phl.Bprgpansdiol Som glycsrol isganemlly perfermed gy to t he
cel | and pr olucedader ahdefobid doaditions inpgatydsfiDak the SolKkabon shukee apd dinlieni ae and .

G trobacterfreu | i nked

activities of g?ﬁgg}é?eoqtf%g]eﬁ%géﬁﬁgge Qﬁgéﬁ?ﬂ rgg‘:‘zteic’>}pane aJthé(om dor educt ase

(dha7), gl yceroPOQ!’é‘F%ﬂ&r‘Bg@n&%@m( efla, appsgliele ( dhak)

are enconpassed pitjiwayfor @lyserobapérates. thélﬁﬁ:dﬁﬁvd’lﬁ@lbbmﬁnon dst‘g{y&hﬂ tel | a

pneumoni ae_and G} 5ARAGLEhe (SIEATEY 4 NaBM2 G RIISPRIERES gfoliGe 2 VO 01/ 12833
25  dehydrogenase, Equation 3. The DHA, following phosphorylation to

dihydroxyacetone phosphate (DHAP) by a DHA kinase (Equation 4),

Glycerol + NAD* — DHA + NADH + H* (Equation 3)

DHA + ATP — DHAP + ADP (Equation 4)
. 30

becomes available for biosynthesis and for supporting ATP generation via e.g.,
_ glycoljrsis. In contrast to the 1,3-propanediol pathway, this pathway may provide
carbon and energy to the cell and produces rather than consumes NADH.
In Kiebsiella pneumoniae and Citrobacter freundii, the genes encoding the
35 functionally linked activities of glycerol dehydratase (dhaB), 1,3-propanediol

oxidoreductase (dhaI), glycerol dehydrogenase (dhaD), and dihydroxyacetone
kinase (dhakK) are encompassed by the dha regulon. The dha regulon, in
Klebsiella pneumoniae and Citrobacter freundii, also encompasses a gene
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encoding a transcriptional activator protein (dhaR). The dha regul ons from
Citrobacter and Kl ebsiella have been expressed in Escherichia coli and have
been shown to convert glycerol to 1, 3-propanediol. Neither the chem cal
nor bi ol o}PLA12832t hods descri bed above for the 5 producPFHESW 22874

|, 3-propanediol are well suited for industrial scale production since the

chem cal processes arg ener I-nk.ensi ve .a e..ni gl ogi cal .processes are
limted to releé’f’?‘f}ag ?WY%“&Y%%W%@“Z&@ESM &Mt eri al ,
gl ycerol .  TheGirolaciertsad Kebsislii tavebeenexpressed imEsdherdchiecdiimd hevpbeenng | ow . -
cugars, o by SoenMedde PRBLE LI ARhROET, 0 2 o & gl ycerol process,
Devel pbment of eit:}gﬁiﬁaﬁbf%5’6“%1P?rq"g?ﬁjfa_ﬁ@eﬂ}?gfgﬁf?%fl?[’?‘@fﬂ’é‘%FQul ate the *
glenet [ cI n?margomnm@mpéﬁdwmemmrmduumalkcaw}ﬁadmnbmsxgt?/per ol fand :
gl ycerol to 1,4s Is : Aok aration o
gl ycerol are ﬁg%a{egﬁTlg, f)vervm%qe%rig ngrla&(r)@?t Qt?o @Fergﬁs&{)ﬁgducers are
yeasts but so ‘fl}g&’ giyely oy diter frpm %u?@{“. -\ B%g"‘ s glyeegl nown. Both
bacteria and yHmsddrawbariisiconldjbe/avercome withaonetiod requjring losoenergyinpuk her o
car bohydr at es ch LSRR in glycolysis
?k)gég ?ﬁg fve Stattin ‘B?Een;ls@cﬂ D&aHeS or ﬁgﬁ:@,‘g?ég S

or the Enbden way ereas; certal e convert

ar nas A
di ssol ved War Hegeasing %@eﬁpﬁ’é’i nGy af 28lyserelipmocesy Dexplopraent of eithst ¢ he
3- car bon i nt ermethodawitlsreqiiretthecabilitly vo mamipubte thel geneticamachimeryaéspshsils, t he

3-carbon 20 i | | gg;e Efq | ﬁg?ﬁﬁﬁh dto '
gl yceral dehydgﬂ‘g@gﬁﬁﬁﬁ%‘é’? Ni C %iggﬁrﬁfbdgﬁ ad) f&dﬁsl-ﬁt r_cong'erted' toits
ket o i somer - di hydr &i9lagiea prreessesip g preparationiof alyceroh erskpown, Ths, cer ol . .
Speci fical |y, dvesvhelihg majoriBacf glycerl piodinen droyeusts barsdmie dadterig othed us :

| ycoper si SM@ ' %899 | ' und in the.
25 hal ot oﬁgr ant ?S%é‘gﬁaﬁéﬁg‘m"é"f?% tlgl%]a\éf;%%t% dr ng{s&g?}bﬁeﬁ%g?or' '
protection _agéPﬁW‘nﬂﬁlws%%@%&FbW Eé&‘?‘ghﬁ .'_"@ﬁﬁi’h%'?ha}‘% various -
oisrrptol e][ a-gt p;%gayin gbmyM|MmqutrMﬁPEn@gr?aﬂmngrW. Most .
strains of Sag E&%ﬁ%ol%@&%ﬁd%&%og eiBbic Blthe GRldhe
fermentation, a thNis can be I ncreased si ol ogically by the application
of osnotic st @ n%m%Fﬁstg‘?ér@ﬁ‘P%Wl%gn%S‘FHFEPE?‘%HS’ e §e@b8R producti on®
was achi evaéd lintemnieeliates phospheglyrariomid dsconvertetvo glyceraldetiyde B-phespbate i ng- .
reagents” mr%ﬁ&%ﬂb@%ﬂil?ﬁt&é&n@é&eﬂ% 12§ ketd 168inkSdihydiéyastaidhet e formation of
.an inactive coppl ex, t%ﬁl{js eef” ng'oglggnts bl ock -or T1nhi'bit the conversion

'of acetal dehyd’ggipgat&aﬂ pately {9 g! ess reducing equival ents (NADH) are’
avail abl e to or "sSpenificllythebactbsia Bapifus livhenifodmistand ha¢tebapillasiuce 35 .
gl ycerol. Thi ?ydBPéA@zQQ}jﬁésﬁﬁh&@&o@ﬁ&ﬁﬁeﬂﬁbﬁdﬁéﬁ&ﬂ?ﬁ%&inCtHe--Of yeast growt.h

€ L&

1 03 o Wi b s o e Br PSR o ST
mechani sm | n high exteomal s4lt concentr8tidnal Similarly, various osmotolerant yeasts - :
' synthesize glycerol as a protective measure. Most strains of Saccharoinyces
produce some glycerbl during alcoholic fermentation, and this can be increased
physiologically by the application of osmotic stress. Earlier this century
30 commercial glyc_éro! production was achieved by the use of Saccharomyces
~ cultures to which “steering reagents” were added such as sulfites or alkalis.
Through the formation of an inactive complex, the steering agents block or inhibit
the conversion of a¢etaldehyde to ethanol; thus, excess réducing equivalents
(NADH) are available to or “steered” towards DHAP for reduction to produce
35 glycerol. This method is limited by the partial inhibition of yeast growth that is
due to the sulfites. This limitation can be partially overcome by the use of alkalis
that create excess NADH equivalents by a different mechanism. In this practice,
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WO 01/ 12833 PCT/ US00/ 22874 the alkalis initiated a Cannizarro
di sproportionation to yield ethanol and acetic acid fromtwo equival ents

of acetal S§§¥9ﬁ33 The gene encodi ng gl ycerol - 3- phosphat e g&ll]%‘g 92? ase

(DARL, GP been cl oned and sequenced from:& di ast ng et
al., J. Bact. 176, 5 7091-7095 (1994)). The DARL gene was cloned into a
shuttle vector Mﬂﬁsﬁdnited a CaitfiZa0rdiSplopoftidnatiot 16 yfel®uRim aidaety oduced

active enzyne. r ize that DARL is regul ated by the
cel lul ar osnot & c enV| ro?l‘l'r%' eggo‘% 5t£}1%§9&n g

gest how t he ne m ght be used
t'o enhance 1, 3- propghemmlmmrm il Oéphaﬁeé’@bmpm@%&leﬁi’g hism 10
QG her gl ycerol has bR QRoRB@ ARl LEHMNBEBRA 8 SBaRMTYEEW QL.Re Bactl mﬂ ated: for.

Ceauenced 170 *@iﬁ?@?f@ﬁ%@i%ﬁé@f e °ﬂ?f&f’s§mh9%fhﬂ%fe”w%' PR B o of

10, 1101 (199&)a)lsfamlEA¢dbewhey¢lemsabn protided a@afelenzﬂmlwangl#talliﬂﬁn()lgw))
%?3%“12“2,“%2?*& e R e ber 1
et al. and eg?‘?c’ﬁ'&ﬁ'i é’s?‘ﬁ@% i’érﬁ?ﬂ“&#&f’@“"?%ﬂ@egul ation
of this gene bmecodrlmnantnmmuggwm how t he gene m ght be used in the
productiongf 1,3-p I . Wi th

19 W%ﬁ;’ééﬁi -3 Hoé'f) té 8 ﬁo Chiise r?ryo %&g@éﬁﬁalaﬁ.

G3PDH, gl ycerol 3- pho tase a ronyces
cerevisi ae and ?‘rfé‘a‘BP -glyeeteln- W&E‘eéif Brpevehas hest dRp éﬁ%“a GPP 1 and

GPP2 genes ( Nostpehcedtfrom SgccHarobyerls cerebisiae (Iavakon & 8.7 Mol Mi&opiol. 10j ke t he

genes encodi ng y %Pgugscygan@m%ﬁgée@gm%ﬁa%ﬁz 9§rm§§g;@9aja¥ Gich flt hough

singl e m croorgani ot her than
gl ycerol or di [feningofSEd}\eneoding 3 glycssplod; drogenasefse IE it has 25
been docunast eGa&Moﬁﬂaw&rMméllﬂmew %ﬁa)phdthAﬁﬁrtymemahdorfE in such

an endeavor. Ii AR Ecooti? [h? {)Eeﬂps vﬂg {}E%ﬁﬂ% %toig&nst paneé‘gat t he

growth of nost rail ns Us &t u
including Gtr (S‘Bh%lgg?ﬂ 'P‘F’élli’rﬁfp? m‘@l‘ B%'E-‘Fﬂm@ﬁP@GFGH‘&tqllﬁcﬁmﬂanEﬂ'@s‘mal di um
butyl i cum and rédoaidiniaat inicrogegemisamni ae, i s di sturbed by the presence of a

hydr ogen donor such ct obaci | l us
brevis and Lact obaC| gﬁj&{gﬁ@;lwgcﬂb%%ha§%§%g(§?tg‘§)aﬁgld| ol in

co-f er ment 201 oecchrramsessepsvisigend thereieia léﬁnv&%mg engesled BY ther ow when

gl ycerol is pr @3HPdenid GPPRIgenesqNerbeck diah, S Bivd. adthera 271, 13875(099%)). illike has been .

shown that res c€L.8 &3 se, they do not
produce 1, 3-pr téll;l) edge '+ ‘thgg %Baﬁ%eé&t%{tm% %h%%déﬁe’rgl oL, 174, 1013
(1992)). 35 Similarky °?$ agle@istoosBRm somiersian of tefle parhonsmutce
pol ytropus, whiotier mamglm:eml Oﬂdlmmrﬂd it 3Wanghqidedesiralﬂe;dt lmgetate are
provi ded, _vjsl | yagl JRARIES thal e hdiftlcuftilh fASVRRmS WPsich ahes ot her
t han egceroI I nc | tgse an
endeavor or examp e, Gottschalk et al (EP 373 230) teach that the growth of
most strains useful for the production of 1,3-propanediol, including Citrobacter
Jreundii, Clostridium autobutylicum, Clostridium butylicum, and Klebsiella
pneumoniae, is disturbed by the presence of a hydrogen donor such as fructose or
30 glucose. Strains of Lactobacillus brevis and Lactobacillus buchner, which
produce 1,3-propanediol in co-fermentations of glycerol and fructose or glucose,
do not grow when glycerol is provided as the sole carbon source, and, although it
has been shown that resting cells can metabolize glucose or fructose, they do not
produce 1,3-propanediol (Veiga DA Cunha et al., J. Bacteriol., 174, 1013 (1992)).
35 Similarly, it has been shown that a strain of Jlyobacter polytropus, which produces
1,3-propanediol when glycerol and acetate are provided, will not produce

1,3-propanediol from carbon substrates other than glycerol, including fructose and
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WO 01/ 12833 PCT/ US00/ 22874 gl ucose. (Steib et al., Arch Mcrobiol. 140,139
(1984)). Finally,.Tong et al. (App!. Biochem Biotech. 34,149 (1992))
taught that reconbi nant Escherichia coli transforned with the dha regul on
encodi ng YQWEHP dehydratase does not produce 1, 3- pr oP&TAEPYI28T4r om ei t her
gl ucose or xylose in:the absence of exogenous 5 glycerol. Attenpts to

imrmr ove t hebyitgahfbsetséib%: A, Qﬂ.?i‘mér%io[. 7901139 1984))) Fiha}s@rbﬁg%t& al.l fpor t eflI |
Forment ab o s ek Bisipen Hiaredh B 134 (505 spsbtibaekombinanChichr iniaedl of o' Nave
been clai med transformed witly thealhiz segolon@neadirtgzglycsrol fiehydratiise dessaiot produce -
Kl ebsi el | apneuﬂ@%&cﬂﬁn&%‘l"ﬁ%&&tﬂ&%ﬁ&s&&%}Eme%s\éﬁ&ro%xc%@ﬂo@ ucose.
(Gottschal k. et laI. supra.; and Tran-Dinh et al., DE 3734 764); but not
for growing ceBW€™¥s Kl ebsiella pneunoni ae ATCC 25955 co-fermenting -
_glj_lhycer ol Ua_nd gl gcosﬁem@ﬁbﬂmpl_owﬂve{éﬂmd lt,c(l-p@ppled,iwi{freniig!yce(ol haigeelzcmgh'z Ph. D.
esi s,  Uni verghéredain Bstiatiss MashbRQOT provid@2seducidg WLRaRAS, tpi ave
been reported égé. Fuee c%?%nng%gg.@o ofpélﬁy ero‘llc" and %h tg%l eH’(S)r _
fructose by a FERSHANS sEws R nelied i She Ripdess. IBpmysmens s vigd Bayeeed o i o ¢
. produced in t hdaieied Eoraestiog callsyf Cirabacrenenndti and Klebsielfsr pmeymoniae DSMeSe ;
~ systens, sjngl £701ceianlARMY YRl afd £1060sE FGSRRMIE @B, sAPra3 A8 UTmEDRh
generati ng NADI—IP@%SZ#{%\Q [ ner‘g%/‘.nagg cgyge n.ﬁlf or cel |. mal ntenance or
-~ growth. These % e ag@é or, g tejls oL Kiehsiglia prgymaniog ne car bon
. stream that = 24T@E28¥Sew-fempning gliersoliapH glhescewhicl produsedwer , t he conversi on
o L o e e, (¢,
Shayhe. has. beetogh: dnfistt Vields b edEiepamRd the eoaBior pEiliemlo. and W0 -
9821341 (US 6Gahdgiutpie. or frustosohyf 4 recatbivant Esdherichja cali; horevst,@bogi cal pr.ocesses
- leading to the ppRlEddid B foduteSnRAOABERE P 1‘({*&:@&&%@&@9% ol or

gl ucose has been't | ow titer of the produc chieved via fernmentation;
thus, an ener ?‘Fﬁ}'sz"ﬁgﬁ’ygglgé‘l}%{P%P‘B?{nﬂ%Sgl&Wﬁﬁj]ﬂﬁﬁ?%P“"cf,°§- propanedi ol
from t he aquecgsgeratingADEL while iveviding energycandicatban forcell maintehanse or bat ch

-

fer ment at | 0ns bl Mekedhsckurls SpResoDANAGAS o laveatel 86 cho i i o7 o 65

g/L 30 by 0S r('idi um but ridfﬂ'l'm ai nt - Amans et al., Biotechnology Letters
16, 831 ( 915‘?,“‘?&"??‘%@)9— ‘ost ri di um butyri cum nutants (Abbad-Andal oussi
et al., Appl. EnviRecentlyNhayrewer, the colpersionof 3arbow9bityatesoathey/tharhy

Kl ebsi el | apneyakass & cet@ﬂe,t%'1-,3-p68ﬁeﬁo§5£iﬁﬁél@hicr& sashuat. 33 121

Fornoht at | ons PSS B He iz e bpsbeen SoeroRD S S 088226 {ne L1 ¢ b
obt ai ned fromW0,2821339; WO AABK20; iand W 9821 3ADCUS/6A13429 Alspecifissed.  The
probl em t hat rRNBeRs ih thetolsgbal Brhcksies 10Mitgto MeProficGed 4, PpRfatefiol :
1. 3-propanedi of o Wl ol et or ehiSose Has bz s 1w Hibr S e Sroaobhibval vid " O™ an S
fermentation; thus, an encrgy-intensive separation process to obtain . :
1,3-propanediol from the aqueous fermentation broth is required. Fed batch or
batch fermentations of glycerol to 1,3-propanediol have led to final titers of 65 g/L.
30 by Clostridium butyricum (Saint-Amans et al., Biotechnology Letters 16, 831
(1994)), 71 g/L by Clostridium butyricum mutants (Abbad-Andaloussi et al., Appl.
Environ. Microbiol. 61, 4413 (1995)), 61 g/L by Klebsiella pneumoniae (Homann
et al., Appl. Bicrobiol. Biotechnol, 33, 121 (1990)), and 35 g/L by Citrobacter
- freundii (Homann et al., supra). Fermentations of glucose to 1,3-propanediol that
35  exceed the titer obtained from glycerol fermentations have not yet been disclosed.
The problem that remains to be solved is how to biologically produce
1,3-propanediol, with high titer and by a single microorganism, from an
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WO 01/ 12833 PCT/ US00/ 22874 inéxpensive carbon substrate such as gl ucose or
ot her sugars. The biol ogical production of 1, 3-propanediol requires

gl ycer ol strate for a two-step sequential react ch a
dehydr at as ogﬁ%%e (typically a coenzyne B 12-dependent ggﬂ%&m?gyge)
converts glycerol to an internediate, S 3-hydrox¥ypropi onal dehyde, which is

t hen reduced th Wmﬁuaﬁeu&hadaxu@asréﬁwbkedr@thewmd) MBBMK&J&I

oxi dor educt ase. Xit f .t ir cessitates
the use of a V\/r?(g?e 8 C:gf”ﬂ’%% loflf)era'gggsél 7 a‘fei’gg?t?)?(’é?gwg’sﬂﬁt utilizes
t'hi s reaction seaueatiaaedction inhwhich »dehydratase mzymempwdbammme SUMVARY OF
THE | NVENTI ON 18} émpéﬂdeﬁ%ﬁyd?am)s&iv&@ﬁgl &fol 36 ai Rebriddieem and the present

01, 5 pr ofan %?’%e?éﬁﬁ%‘%dé”#%%nﬁ#%blfa%?rﬂ% BEGHST ) ob ai ned

to 1, 3- pro an
and with the (NADBF (o NADR :dependeninxidoneduatases The somplexityiefilie eafactonndel

subst:ate and ke Lﬁﬁhien!s%eoegéiflétis%ﬂs@@ff’ﬂﬂ@bc&lpéhﬁalyskibr@ﬁﬁuﬁ&%&%méﬁcssth' S
I nventi on rec . COLI ex SN coO risin
%’% iy afegf%@mltew% prctufidh i BonshElEE | SorTon”

genes that enc
factor, a 1, 3-propanedi ol oxi Gbividk THEBNVENHON| ycer ol - 3- phosphat e

gegydrogenqge Ian? ?\ hb‘&l&rlﬁbe é‘clm%@ﬁ%& ﬁb%eﬁ%h\l@ﬁé reélhtiﬁ@éﬁoho

, 3- propanedi ol__a oac 0

1, 3- pr opanedi ol P/PY ehé?"‘f"B £8E "Bﬁa? }}E’gfl}{‘f;‘?{ (%?“ s invention, the
el imnation of 3vgropanediol atsignificaatly h!glamlternhmmr%vxmbmmmd Brithabe i
results in a S'\Q@bfiﬁﬁél&hﬁcr&rgﬁlﬁémtGl&&se%use&a?’aﬂfo@él%ﬁ@é&'a&'anﬁ@@%lﬂis“cose
Thi s unexpected i ase,i resu b ove ecor}g 6$ns and thus
an i nproved pr d@@‘g ?)wal‘ﬂim ?R‘t%?‘f 8‘? si“‘?“g&bbﬁﬂ’@m"aﬁ‘ €8 gl ucose.
Furt hernord$ t Mppsmmmumo&meﬁmmmysmgw@maﬂnbgdeam&hy@aasmhm,ude any
carbon subst r atfdeh{dib take%eicﬁ%ﬁdnﬁa&&nxqrﬁﬁgpﬁedx&%)&id&ﬁﬁe dRaT)

di hydr oxyacet on 0 n s at | dati,on state of cerol
(e.g., glycerol® q’?"[ﬂi sﬁ?ﬁﬂﬁ’éﬁ"& @&%ﬁ%’g@?é‘ﬁ@sﬂﬁ’b‘%ﬁon.state of
di hydr oxyacet orgluqose t9.1,3-pwpimnediobat\titerahas mpprpacheythattaf ghycergl tpcer al dehyde
3-phosphat e) . MR pRpRskdic) fPmemhtiond. 1, 3- propanedi ol in the dhaT mnus strain

requi res a . jpon- speC| f i c cat al activity nat con 3: HP,

b opandiof 1 ad et afhethpt B vestion) s eliBlne it ihe Rpgindalipia
responsi bl e forgenhmthuneogp@mamﬁ coliresulys in@ significantlyhighentiterofiverts 3- HPA to
1, 3- propanedi ol 3uptdpaneditll frod ghicddse! CHHidheRpecled IndRERORNRELY redults fh & W de range

cont ai ni ng %E°3ﬂ% e hgdiics a?-@?lipé%ﬂﬁfﬁv e Babe e BoAeaR e of i s
non- speci fi ¢ cal.3rpsoparediod fromiglycose. hat converts 3-HPA to 1, 3- propanedi ol
Wil Tead t5 an | NDIFRcmBEQ 8B PheskRinVoliion fayR SehrhBP AsbIRER) +SHAY 22874
any carbon substrate that is readily converted to 1) glycerol, 2) dihydroxyacetone,
3) C3 compounds at the oxidation state of glycerol (e.g., glycerol 3-phosphate), or
4) C3 compounds at the oxidation state of dihydroxyacetone (e.g.,
dihydroxyacetone phosphate or glyceraldehyde 3-phosphate). The production of
30 1,3-propanediol in the dkhaT minus strain requires a non-specific catalytic activity
that converts 3-HPA to 1,3-propanediol. Identification of the enzyme(s) and/or
gene(s) responsible for the non-specific catalytic activity that converts 3-HPA to
1,3-propanediol will lead to production of 1,3-propanediol in a wide range of host
microorganisms with substrates from a wide range of carbon-containing
35  substrates. It is also anticipated that the use of this non-specific catalytic activity
that converts 3-HPA to 1,3-propanediol will lead to an improved process for the




production of 1, 3-propanedi ol from glycerol or dihydroxyacetone, by virtue
of an inproved titer and the resulting inproved economcs. This activity
has been isolated fromE. coli as a nucleic acid fragnent encoding a

non- speci MO0188%4| ytic activity for the conversion of 3PGT/US00/22874

hydr oxypr opi onal dehyde to 1, 3-propanediol, as set out in SEQ ID NGO 58 or as

sel ected fromgtk ] fb?hrgéd f | Eﬁ&' nt,r? ‘Hr’ | id
fragment encodin cggfbﬂglr,fg u s%ﬁ%f@a%lyo@%?)?@%%&%#ﬂt e nlghg%l sequence
of SEQ | D NO 3PPIQUey titerand the rsulting irpreyed esonomiss; agnent that i s -
substanti al | y si m [This activityllths beeni isoldted feain Blcd/ids@ mucleit deidfeagment encodi ng al 1
or a substanti : |0, : WATOET ehGEoAl SEQ I D NG 57; (c). .
an isol ated nu%#"e‘*%%ﬁnﬁfggéknﬁﬁg _erfgglgfﬁ’;ﬂlg%go ypeg?fi%ije of at |east 387
am no aci d® hawpryyRrepipaaldehydetool,dupropaneiel, asget gutin SEQ IDNQS8OsaHf SEQID -
NO 57; 15 (d) sslected frbmithelg tazisistiggeoftl fragnment that hybridizes with (a) .
under hybridi zation ¢ dgr?}igi QO gl 5. S . swashed wth
2X SSC, 0.1% SDS fol | 3§£05n01§, %Wé%% 55 'aﬁa"g;g LRt 0 00
nuclei ¢ acid fragment. t haporfien ofdhganeine acidiseguense OESEQ IDNQEY;, (c), or (d).
Al Iter natively, the nor(sp%gglﬂ?&moﬁdi%é?cid:ﬁa@d&tmhﬁi#subsﬁn@b%dgm@o in the d'
pol ypepti as set out in . 57 chi ner . constructe
conpri si ng%t he isol at ed nai?dfo%tgcpxé@%f acf%@gﬁ%ﬁ%&é@gg%ggﬁ%ﬁ%@%per ably

| i nked to suitable regul aostion afgha aminearid sequence ofSEQRIPNQi8He can be used to
t ransf orm m ci r oor gani@eangsilfted Mskleid R frdpthedt dbdi intillé HfCht Of
Citrobacter, Ent erobaét er, s%g,st r.diu Kl ebsi el_g@yaéigg%}gdggl er sid

" Lactobaci | lus, Aspergil| J8st& cm?ﬁ‘ﬂé}] gl,nggélﬁ?s% AP HyEgac

. Zygosacchar omyces, Pi chi ssequdnesofSEEMRINO;57Candi da, Hansenul a,

Debar yonyqgs, Micor, T8y WnaRslated midbidact thatIbABI2&Y With (aPafdet | US,
Aer obacter, Streptonyces,, Escheri Chl‘g@ an Rli’

Seldonmp Loli, 1s the 30
preferred host. Accordi ngPPrdigghensondifionsof X5 ('bﬁﬂ{?agg%(n%és(éoampeconbi nant
m croorgani sm  useful f owashedwith 23X $5€C; G1%EDS folowedpph E¥iSSC, @.0¥pr i si ng:
(a) at least one gene engpsliaag a pol ypepti de having gl ycerol - 3- phosphat e

dehydrogenase activity, (b). at |east o ene codi ng_a pol ti de having
- gl ycerol - 3- phosphat asid) :fgl%?g?tfiﬂ‘fcfffcic%efﬁe& 15 %ﬂgtgﬂﬁafgﬁg@& ng a -
pol ypepti @ havi ng a dehyl):. &aerdd). sAdteinativaly, thaxonspecifisstalytinaciivbe encodi ng

a dehydratase reactivat i'qgeﬁlﬁﬁ&ﬂiinﬁxe%)pl%epﬁli@ﬁet&ﬁ%SEQQDWW. gene
|

encod ng an non- SPgeY e bl heeiGhlotbr it b latdd i QoL 12833

fragment describe;_d above operably linked to suitable regulatory sequences. This
chimeric gene can be used to transform miciroorganisms selected from the group

25  consisting of Citrbbacter, Enterobacter, Clostridium, Klebsiella, Aerobacter,
Lactobacillus, Aspergillus, Saccharomyces, Schizosaccharomyces,
Zygosaccharomyces, Pichia, Klwveromyce.s", Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Salmonella, Bacillus,
Aerobacter, Streptomyces, Escherichia, and Pseudomonas. E. coli is the -

30  preferred host. ' '

Accordingly, the present invention provides a recombinant microorganism,
useful for the production of 1,3-propanediol comprising: (a) at least one gene
encoding a polyp_éptide ‘having glycerol-3-phosphate dehydrogenase activity;

(b) at least one gene encoding a polypeptide having glycerol-3-phosphatase

35 activity; (c) at least one gene encoding a polypeptide having a dehydratase
activity; (d) at leést one gene encoding a dehydratase reactivation factor; (e) at
least one endogenous gene encoding an non-specific catalytic activity sufficient to

7



convert 3-hydroxypropi onal dehyde to 1, 3-propanedi ol, wherein no functional
dhaT gene encoding a 1, 3- propanedi ol oxi doreductase is present. The

preferred Ljent is a recombi nant m croorgani sm (pref . colt)
where no c}ﬁéw? Jrrg is present. Optionally, the reconbi nz’ﬁ&hﬁg@ggr gani sm
may conprise 5 nmutations (e.g., deletion nutations or point nutations) in

endogenous gert%ﬁverﬁﬂwﬁbﬁgar&ﬁi&m eR$decth 3\ 40prepuAedis], Where no fufidticRalleNe

encodi ng a pol tide havin cer.0l Kinase activit ;,trf.b% ne

encodi ng a pol%%zpﬁﬁ‘%@"ﬂ%vgﬁgﬂg‘)ﬁ?w%f’ o %‘F@ﬁéﬁ&%"‘é ct P 'F%, nd (c)
gene encodi ng embpdinggnt fxtd eonhitzinan qicroorgasap (prefpfablydt. icelfymeheasno datll vity. 10
In anot her e"b%ﬂbf?ﬂ?ésehﬂ"%sdtﬁﬁig iR edoRiblridfiERicRooRMfRiHay Smprde Pr oducti on
of 1,3 propsane 1 ol. "conpri sing: g‘)a,contac,tin& .under sultabl'e conditions, a
r econbi nant® E. mE‘BT“?“Sc(gB‘pFI?lEﬁ‘ Rons oF BYY BRAUNY) In£odeergous 858kt i onal dhaT
geng encodi ngpete;g;&oprth;éﬁgmﬂicﬁsﬁn'gdﬁr(emm%dméﬁmﬁiihmy east one
carbon SourCég KirlaBe %itf,gf) &ﬁé,@b&%ﬁﬂx 'aﬁm, StideHdvi gg £ group

€S, .0 char’i des,, . po

consi sting of nonosacchar I gosa . cchari des, and
si ngl e- car bon deipdpgenasaactvity, and () eensicoeoting g Polereptids havine: ne
1, 3- pr opanedi ofriogepholphate isomefass acti¥Vitg. i nventi on al so provi des a process for

the producigon of f aﬁétﬂér%%@ﬁig{eﬂ{ thb E;@Eﬁt?onriﬁéiﬁ’ci@ laglr ss.rFmC&xQ?Fot‘&ﬁéeﬂo%p"esen .

conprising: (a)_contactin the reconbli nant mcrq g??nl smo

i nventi on wi t hofds3-proRanedioh eomprising:{apeoniagting, undex switableropdifipns de gr oup
consi sting of mesmbkinmt Easo/tmprising goka esphlohiafid lacking a fiytiond drhaTigeme and
si ngl e-carbon glb&k S r%l]ﬁ %E-[@EQF kel qggg' and (b)
optionally rec%‘ver |§§E’?§)e ) %@%’%‘%’ne I.O :}gﬁgigﬁ%:’lgjﬁﬁlﬁ%%{ i | ar | y the
i nvention i nt e1YEce; Whssein hefarbon spuseeis selecied from the grenpqongistingrof

1, 3- pr opanisii omofosadtharides,wligbsaoetiatides, polgsaceharides/andaingld-carbig sgﬂﬁna(eaﬁ
contacting a r I At carbon source,
sai d reconbi naﬁ@qﬂ% r O%I%ﬁﬁg@qﬂl%?’?% %aﬂ:g?%p ré‘zﬁﬂﬁd

) (gs ‘one gene encoding a
pol ypepti de havi ng Bredeyeptiemalsaprovides 3 prpeess

i
e
of theypreductienief one gene encodi ng
a deg_ydrat ase 1,8-pedpanedioldrdoni ftfebmbinaxﬁﬂ;iérbbﬂghniah coiiprising? (@) entiRESNOUS gene.
encodi ng a no (oF: | . . nver t
- 3- hydr oxypr op?%’%gﬁ%é}g%l et @%l%ogé,ab&&og@&%é&?glli;?%\ff\lﬁél?gﬁﬁﬁgtn%&f grgec?a?b(? fal dhaT
gene encod?thg seurce sglegiedsisem dkn groupsonsistingnfmonesaceharidess elignsaccharides.car bon
3 _oEr g e sel eci epblysatinatides, GidGinglecaftonsubshgted Wherehy e,quéopaﬂ@Hiol?né Conal |
i hydr oxyacet on el Qi .3- 13 0 | _Dr e optionally
recovering thepr%,h\‘:.‘:-e Sgraé‘g&":}e‘%{‘o‘fﬁ'gr'%%ﬂ%@&%eni’?A’?‘?ng‘g&%%{f‘??z‘é@'
PCTI US00/ 22574  YetSimilandnthe invsptéen intsnds th pravidearnrocsss for Sipmdyctiaroft he
co-feeding of {B@ropanediol from a recombinant microorganism comprising:
25 . . (a)contacting a recombinant microorganism with at least one carbon
source, said recombinant microorganism comprising:

- (1) atleast one gene encoding a polypeptide having a dehydratase

activity;
(i)  atleast one gene encoding a dehydratase reactivation factor;
30 (iii)  at least one endogenous gene encoding a non-specific catalytic

activity sufficient to convert 3-hydroxypropionaldehyde to
1,3-propanediol; wherein no functional dhaT gene encoding a
1,3-propanediol oxidoreductase is present;
said carbon source selected from the group consisting of glycerol and
35 dihydroxyacetone, wherein 1,3-propanediol is produced and;
(b) optionally recovering the 1,3-propanediol produced in (a).



carbon substrate. In this enbodi nent for the production of 1, 3-propanediol,
the steps are: (a) contacting a reconbinant E. coli with a first source of
carbon and wth a second source of carbon, said reconbinant E. col
conpri si nYO 013833t | east 5 one exogenous gene encodi ng BCHESINRRRMI de havi ng
a dehydratase activity; (ii) at |east one exogenous gene encoding a

dehydratase react | o il AkaF b ivebidiprbB8ifor AOS RARGEBANS gene

encodlng a non- spe IC Ca onvert
3- hydr oxypr opF&RoR by H@etEslt!pssmb%{sawefamppmﬂmloﬁl,ﬁmmﬂwloﬁm dhaT gene
encoding a 1, 3tep§ﬂpa(ngdomhctmgadabﬁdmmeomwﬁthwﬂrstsmﬁcewfeatbahand\ t he :

reconbi nant 1 C el ected
fromthe grougv@onm&sdlsﬁﬁgemq%h % éﬁaéﬁﬁ %P%)% ﬁa#% @dtfea% sai d
second car 60n°§%€i’quénqu§8§'!§¢é€‘t Fpobyn bxsgﬁass@mtg% |
nmonosacchari degast dakle: fgaﬁe dﬁswngomﬂe}gaﬁtd@afea&mno:ﬂﬁ&or,@hy\gileast:ar bon .

substrates, and h 1. t |1
recover ed. Thgneéxo?g °é|'§ eBngo ?B%‘?aq%i%ﬁc “é'ﬁﬁ 6’# c'enfﬁpco-f‘g?gnb?/nant
15 E. coif usédiydwxapromondédwdfg sﬂampm iwhgreinma fanctiopddhel gene (a) a set:
of ex ogenous eRRdg a01031§io§£deaﬁl &indéréducﬁbe ACHORY ISP eﬂ?n'i‘ﬂ:e‘?&%%idaﬂt a :
pol ypept| v p ﬁ hat e de e act|V|t (||) at
R
activity; an ne
(by a set of o ““**“'@r%?“%&“““giﬁ'ﬂ%;svﬁ?ﬁa°s’ ”Y“Wdf'*ﬂﬁ‘d?f vating
n
the gene, theS® @a’r‘? F‘é&ﬁ%ﬁs B?‘ia@w' ?’3@8@”‘8#&8&‘%‘5‘%&@ HE havi gg
Jycer ol Jyenuara ““‘“”W‘”*“"”*mf“%"‘“@” ‘3"““““‘“1 Vpepti d
Y 15 €NEYENARER hg S I eﬁlé‘diﬁprﬁé‘c(i h8qop pol ypeptide
havi n tri1 osephosphate iso f ul t E I
strai gs i ncl ua’g° ‘E‘lﬁﬁﬁ?"ﬁ&ﬂ’?sr%r asﬁﬂa%geﬁt ?gse h recwlig a sefoof
~ two endogenouglygamk3-phesphite gélyérogamsmtlmty,rmlaiﬂﬂaMne geretencaling®y t he gene, -
| L Ihﬁa:gt ag?P\S}: P&lyﬁ%ﬁgéha\ﬁﬁﬁglﬁceﬁﬂﬁ EpHOhaMEd tidity; RAd HiRPM 1daStonb SsBbL . Igl ycerlol .
ng a cero
dehydrogenase 'i’ﬁ°f1§5’gt%:ﬁmngﬁ‘éC&%%g'ﬁg’goé%d’Zﬁ%é%ﬁp#a}gh‘gﬁ?ﬁ gdl ng Zl e
pol ypept i 3@ hdkaBianglopZeand (b3 jshofandegenousciepess eagh sencaviog awiutation (c) at = -
|ﬁaSt hotne eXOﬁﬁ&%ﬁnt : ﬁié%eﬁﬁ“ﬂﬂ@étﬂﬁnsistﬁglgf éieeﬁb%ulngﬁpﬂiy de|-3-- I
osphat ase agt i.vi sm . coli
gtra:on RIS ¢ %%y?‘leégﬁ((?% %cg t3@1(‘3[ cr?g 5er?8{¥§;g‘ vm X%er ene havi ng
a mutation m@twsirozanasagctwmagéﬁé)agmesm Ylnzl) a gene -
encogl ng a poltﬂdgqmogﬂﬁﬁ%mba@ a},gl ycerol kinase activity; (i ![) a ggne
. encodi n ol ype Vi o e R an
(iii) agg 2 e%g ogpﬁ%& %gfb"ggﬁt: cg lhdggm e R cali%&%: 4

av ng rlose osphat e |sonerase
activity. 9 nKLPP3 pamprisSecf zsmpf two endogenous genes, each gene havmga -

mutation inactivating the gene, the set consisting of: (i) a gene encoding a .
polypeptide having a glycerol kinase activity; and (ii) a gene encoding a
polypeptide having a glycerol dehydrogenase activity; (b) at least one exogenous

30 gene encoding a polypeptide having glycerol-3-phosphate dehydrogenase activity;
(c) at least one exogenous gene encoding a polypeptide having glycerol-3-
phosphatase acti\}ity; and (d) a plasmid pKP32 and a recombinant E. coli strain
RI8 comprising: (a) set of three endogenous genes, each gene having a mutation
inactivating the gene, the set consisting of: (i) a gene encoding a polypeptide

35 having a glycerol kinase activity; (ii) 2 gene encoding a polypeptide having a
glycerol dehydrogenase activity; and (iii) a gene encoding a polypeptide having a -
triosephosphate isomerase activity.



WD 01/12833 O her useful enbodinents include reconbinant E. coil
conprising: (a) a set of exogenous genes consisting of. (i) at |east one

gene encodi ng a pol ypeptide having a dehydratase activity; (ii) at |east
one gene e‘ﬁeglﬁ%g’ a pol ypepti de having glycer oI---—-:%%phospW\éF@}sMHr ogenase
activity; (iii) at least one gene encoding a 5 polypeptide havi ng

gl ycerol - 3- phosphat 8% ' EHI% ing a
dehydr at ase reacti vg iﬂe{ n'bde ’ﬁ)’?z iggﬁ? one gg’g@%er%eggpjgjene
encodi ng a non%ﬁﬁé’f%ﬁ’@%&?%ﬂswwua&? %omr:@codmg a polypeptide

3- hydr oxypr opi anvingledetydrat8e a&wﬁy;l?(hpﬂdmdm& géne sticodiag A polypéptide havangl dhaT

ene encodin A Y sent in the
grgecorrbl nant gE %lg%?rgffkggsiﬁ%gﬁ&#dgo%ﬁagg&%ﬁf @ﬁ Ir%g%(%%g%ﬁﬁﬁ ‘@5“ ol |
conpri si ng: S (apolspeptide bavingglyepsolphogphatase activily:and (ly) efrlegst 9negen¢ east one
getne etncodl( ng) @rn(:{%@}néli@!{éhicﬂ&a&%&&dcﬂ%ﬂ&'ﬁ&&fﬁd(B)itmﬂt tgﬁdd%eﬁuﬁrge&enase
acti vi ii) _at Jeast on i de hav,

gl ycer oIy 3- phog‘p%i“&saém&@??c&ﬁct %;fal)(é}?&c Y‘B’q? °31?‘}%ng & 8”?(?8@'&%6‘? © yenes
encodi ng t he gédeprppanediol; shefeindivefinctional viab gk encodivg a HApBipaneiclB2, 15
dhaB3 and OrJZoxxa&@dtﬁd@se%tnh Q§ m&ﬂﬁn@ﬁ&i@&ﬁﬂﬁhﬁn z gegy;. encodi ”glg hvd

non- speci fi cat al act| Io con ert r ox opj ona eto
1, 3- pPopanegl ol \/\%‘B?‘g?r?"m? Flad?f'é’ *I’nggﬁé?‘”é‘ @m% ) a,set tof

1, 3- propanedi obxqgendmrgenhsccbmﬂmgaﬁ(x) atil¢agt one gpmeceneoding & pollgpeptldehaﬂﬁtgmnt E.

col I, This ebGedtl-p siﬂ?téen m o%%ﬁﬁﬁfat‘iédsﬂ%?%eﬁ@&ﬁ hpgnt & coll

further conpri Si.ng a genes agc. ene
mut ation i nact PYPSPHge hevingglyceroly °§@F‘a€%ﬂ’§‘|"§¥’l atl aé}"‘%f%}bﬁ?&%ncodl ng

a pol ypeptide penes expodingahe gene prodastieofdiaRveryY ; orfX) ori¥, gibaBl, dlmm;)dl ng a
I dech :
pol ypept i dgs hay), fgs g%%%d(g?ax%?&ﬁ%g&%ﬁ&k'gﬁéé& &Hg ﬁ&%-l i y Th| .

encoding a polypept| ving triose | Somer as
embodi ment st i Patalytic sqtivity o eonyerbd-hy HM@“‘*‘GPY@HE grevppasediek i on of 25
1, 3- pr opanedi owheiiiaio fan¢tivpnal(dhhT gerttencddingoa um@edpaﬁwldl@hidereawgbetlons t he

i medi at el y di | ]z on source
sel ected from ?ﬁivﬂ?}?&#&%ﬁ@%@@&m@?%@&%@har PS@‘E“;‘“‘% 'S‘S‘g'g%sghn des,
pol ysacchar i deBIOCes§ 4S8 AgFesom F‘B‘Ef §Q(b§‘ﬂhﬁ’t"€§1PWﬁégé§§ﬁ of enflogenpyanedi ol i s
produced; a0d génes,@ath gend hhving & amtation ngcﬁw}aﬁng.thagpm@ﬂﬁrsemﬁéxstﬁfgmuced in

30 And al £
(1aé propazed:ﬁo?(3 ggﬁér#ggaing q&ﬁﬁ%%d?ﬂv %eﬁo(iknéa%gngh??g@daé Iﬁgnl C)of t he
i medi atel y di $Rqoding GPé’HﬂPSEH Yigg 8W8Qf°lf ydregenaserasHyis, ang (c)agqne| east one
exogenous geneemvodingiatolypeptilesacing iribeephosphag isontbedy détiiitgse activity; (ii)

at_Teast one exogeneggegsgcﬂm%&%aﬂme@usﬁaxsga&s&isfo&ﬁ%% L ofRLLA, JACt o

(iii1) at least one enousgﬂgene non- sp al yt i c

activity t8é3cohdcmrerasedighrompyisingy P@iﬁ%ﬂ“&éﬁ*}@ésﬁl@bk%mbﬂmm ol, with at
| east one car banmediaelyalisidsediceshmbinaiE, dddi Wifh £ 14a283 ZafBor sddperD/ 22874

selected from the group consisting of monosaccharides, oligosaccharides,
polysaccharides, and single-carbon substrates whereby 1,3-propanediol is
produced; and (b) optionally recovering the 1,3-propanediol produced in (a).

30 And also includes a further process for the bioproduction of
1,3-propanediol comprising: (a) contacting the recombinant E. coli of the
immediately disclosed embodiments that further comprise: (i) at least one
exogenous gene encoding a polypeptide having a dehydratase activity; (ii) at least
one exogenous gene encoding a dehydratase reactivation factor; (iii) at least one

35 endogenous gene encoding a non-specific catalytic activity to convert 3-hydroxy-
propionaldehyde to 1,3-propanediol, with at least one carbon source selected from
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the group consisting of glycerol and di hydroxyacetone, and (b) optionally
recovering the 1, 3-propanedi ol produced in (a). BRI EF DESCRI PTI ON OF THE
DRAW NGS. SEQUENCE DESCRI PTI ONS. AND Bl OLOG CAL DEPOSI TS 5 The invention
can be noWORIEPY understood fromthe foll owi ng det ai | eBCHESWZ2$i on,

Fi gures, the acconpanying sequence descriptions, and biological . deposits

that form parts of this a pI at i ure 1 res s t.he gene

or gani zat i on WHERPYP AN Eﬁmg’?“dt‘ﬁg%mlfﬁa gﬂ’t)é’aﬂ%‘?a!} e pHK28-26. 10
Figure 2 pr eseewwermggheabhpnipamddmlemdneeden(all ar soI ubl e protein (g/L)
conpared between two fer BRIERD @RHS’] 9P TEI WiNgs, described in Exanpl e
7 using a constant ;-o 0 a0 € id lines, the
strain used was y Nior ' I|nes the -
strain usef was K[Wq:mﬂausdtpﬁeﬁﬁ@'efulﬁnﬁdgaﬂoed&omnhsbﬂbmdgmdm of the

cel | viabili tﬁe&ﬁgﬁ&bh qhé scBinp %enmpﬁ%$ﬂd’ﬁ&3§iwp . -
fermentations ,run S$sent 1 al | % as d SCJ’I ed in Exanple 7 I ng a constant_

feed of vitanfifPositsBat iprm parts of thiganp. 84 B lines), the strain used was =~
KLP23/ pAH48/ pKP32.Fxgnretlhne_santhdle gcase‘gétdmhemﬂnmbssequexheoﬁmedhm used. was ..
KLP23/ pAHA8/ pLiLdfdn sdtidHe puik®8HePr €sents a graph of the yield of glycerol

from glucgse conpaged betvveen t r ment |ons ns es lally as
descri bed?én Exanp! BUF? 2 RISFEntS & 2[R °}§’5 gl “Hélﬁ‘ﬁ% or coenzyne B

12. In one casemgaal betwéenites fmnelhtetxcxsmmsnssantmlly asdesciibedit Epahpl8 7TpKP32. | n-
the ot her CaSﬁmﬁi@éaﬁﬁniwmaﬁanes tﬁ@bﬁewgomaﬁms B RAUNALNHDT29. V 25

. Figure 5is I atin bollc conversi on of
gl ucose to 1K$‘P #’B&%ﬁéfa&@ﬁnfe tberézasr fratseh®ah ot with the -
sol ubl e prot eKm.Pﬂ?o/pAfm&lpDTe&.tract ed froma band showi ng endogenous E. coil

oxi doredugsase actgy g&gﬁbﬂhﬁc&f"&xﬁﬂlﬁfy‘ Gna%féde}i /OS5 g native gel.
30 The 68 sequence escr| pti 1St tta(i lgd hereto
will conply 6% Efm‘%‘ft?ﬁ%@“f?ﬁ @B &éi d sequence

di scl osures i nsmgu emtstana'ptpd ofvatemiorBj2adn elmtcaﬁedsalhl lines)3the straiusedRyvas
1.821-1.825 lﬂﬁh?&h&%hse‘l@é&héﬂﬁfck)oﬂé st u@dd W43y Nucl eotide.

Rp32.f _
Sequences and@&@%ﬁg% Sequence Disclosures -- the Sequence Rul es") -
and will be c ith vorld Intellectual Property ‘Organi'zati on
(WPO Staddard STPigared9@ats agriph vfithe yistd ofiglyserol from glpcosecpompanednt s: of t he

EPO and PCT (&th@&@o%eﬁﬁ%ﬁ&ﬁﬁ&ékeﬁhaﬂy AAescribéd ih PrardPie 70bst ifNHeex. C of the

Administratio nbslerrllcS torf ldl%ammt I %Sl or coenzymeoéjun P one]é%se (solid lines), the strain used -

was KLP23/pAH48/pKPB2 In the other case (dashed lines), the strain used was . -
KLP23/pAH48/pDT29. .

25 . Figure 5 is a flow diagram 1llustrat1ng the metabohc conversion of glucose
tol 3-propanedlol

Figure 6 is a 2D-PAGE membrane blot with the soluble protein fraction

extracted from a band showing endogenous E. coli oxidoreductase activity
(non-specific catalytic activity) on a native gel. |

30 The 68 sequence descriptions and the sequence listing attached hereto will
comply with the rules governing nucleotide and/or amino acid sequence
disclosures in patent applications as set forth in 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 will be consistent

35  with World Intellectual Property Organization (WIPO) Standard ST2.5 (1998) and
the sequence listing requirements of the EPO and PCT (Rules 5.2 and 49.5(a-bis),
and Section 208 and Annex C of the Administration Instructions). The Sequence
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WO 01/12833 ;w . PCT/USOQ 22874 Descriptions contain the one letter code
for nucl eotide sequence characters and the three letter codes for am no
aci ds as n conformty with the | UPAC-|YUB stan ribed in
Nucl ei ¢ A&g b{)g g 13, 3021-3030 (1985) and in tHg! Bi oche?n%g?"g‘?éﬁr nal 219,
345-373 (1984) whi ch are herein i ncorporated by 5 reference. SEQ ID NO 1

?Ont ai s ]Ehe miéﬁﬁ,ﬁbm%nﬁmeafﬁeﬁatceaéﬁoaﬁ?uémam udride bhirhcterFaniihe Sall)
ragnent from m.d cant ai.ni n ro ie i ae
subcl oned i nt f°§?ség”§?18%9c§?sﬁ °%’ﬁ§% @.Ix)nthglﬁEUngprK% 26.
Table | furt heﬂandmd%debmbgénd@clmodcldsﬂmd-?ﬁ@ﬂﬁ@@ @38nendinthelent i fi ed

wi thin SEQ | D ndmicalbunat 23, 8452373 (1984)ivHiH dré HereinGficofporfleddppl € 1. SEQ
| D NO 57 cgnt alfns t he nucl eoti de sequence determ ned for yghD. Applicants
have made ?he™&®MSwi ng bi ol ogi cal deposits under the terns of the Budapest

Treaty on the | nt eSBEQIDAN@I cReteing thetnucleotide sequené@aietesmnined froM £ 121 kbr gani sns

for the Purpo Wir ol s the am no
acid sequence gltde)?%f)ﬂe%ﬂ%' g{r’&ﬂ (&Esﬁn%ﬁ%uorlh n gtlgonlH nt'l
Deposi tory Re?é‘?'@'?ﬂ%’e F‘E‘P\P@? % E. coli DH5ct

cont ai ni ng ATWiSH!Q&«&GAWabléIﬁ%ﬁr dé&filsgepes; Mrmmonﬂmgrbesd«ﬁaa’ssi el l a genone

encodi ng he = SRk dafﬁiﬁ_ Bgm.g amﬁéﬂ

cont ai ni ng AT@?\L‘E%%PJ’v %I %35 cogara(r?attté pK Atﬁ con aﬁﬁ%ﬁﬁx ti'on of 25
Kl ebsi el | a genone §ﬁ@39\1853°?ﬂ tains thg ancleptide sequense Astepmined W’[’)IR/BPBB 6 ATCC
98598 25 Novenber ﬁﬁcanﬁ(hagp.’lm&leﬁhe mﬂbwlﬁgd:mdloglal Eépo@ts e he Erthg 025

.’\Iﬁfgfﬁg[u éggr JZ%?SP%Q?&h or at téma@i%nggie%e%?tgbﬂgﬁgﬁvl\?#ﬁs% i‘tgﬁge avai |l abl e
to the public ORs8ismsfF %‘? F'é\‘??‘}/“&?sclosmg it. The availability
of a depodst does BEQ IDdiﬂﬁRanaﬂ:buamkmﬂsaqueﬁEe@tmﬁnaﬂ&‘oﬁMl)subj ect

I nvention in derogation of patent rights granted by governnent action. As

used herein, "ATQC' &ef he America ture Coll ection
international dep Sols (}gé g%%t ;e’d 10801 Un:ers > : assas, VA
X > OTTd

20110- 2209 Uz=: A O ‘tures on
deposi t égl AT Al LED
DESCRI PTI &R G P?Fﬁ@"l (iR P
- encoding the glycerol dehydratase enzyme
| transfonned E coli DH5a. containing ATCC 69790 18 April 1995
cosmit pKP4 containing a portion of
25 Klebsiella genome encoding a diol
dehydratase enzyme
E :éoli MSP33'.6 ATCC 98598 25 November 1997
30 glpK mutant E. coli RIF10m ATCC 98597 25 November 1997

The deposit(s) will be maintained in the indicated international depository
for at least 30 years and will be made available to the public upon the grant of a
patent disclosing it. The availability of a deposit does not constitute a license to
35  practice the subject invention in derogation of patent rights granted by
government action.
As used herein, “ATCC” refers to the American Type Culture Collection
international depository located 10801 University Blvd., Manassas, VA 20110-
2209 U.S.A. The “ATCC No.” is the accession number to cultures on deposit
40  with the ATCC.
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The present invention provides for an inproved process for bioconverting a
fermentabl e carbon source directly to 1, 3-propanediol using a single

m croorgani sm The nmethod is characterized by inproved titer, vyield, and
cell 5 vi MAMBP3as wel| as a decrease in cell lysis dulCAGSPUIUNt ati on.
The present invention is based, in part, upon the observation that

1, 3- propanedi ol fernent _ 5 panedi ol
oxi dor educt ase (dhal) a?ET 2 eé < O 3HPA and ot her

al dehydes and ket ohB&Present inention prpyides fir @ improxed preqess fonbiogonyertisgr ease in -
cell 10 vi abi laiféesmenthble carben snircel direetiyt tod(B-propankdiol sirpekingle). part, upon. the

unexpect ed gk 8’ ThOGeBAR iEbonk o) Shbrovd SR Saflopoonver ting

3-HPA to 13pro ne n en enous on- specl |c activity
capabl e of 5 c&Hbi W%‘Qe ﬂﬂf{?fi@'ﬂ?ﬂ\‘ s duringf ﬁ@‘et"@n&I‘B pr opaned| ol .. The:

present invention Thépresent ineéntiondcshsed, in gasty tponthosbsetvationtatpect ed fundi ng -

that an E c0| I ﬁ@fm jnon- specific :
catal ytic acti v.‘§ an@hﬁaﬂ(’:ﬁ%}lﬁ%énB# ?ssco 5%%3%%3%@?5 in increased cell
viability dur o¥g OFQFWK‘Q’(“QJ?FC& aﬁS‘?‘"?@‘?Eﬁé@gﬂi’W"lﬁPﬁW apd o881 and/ or yi el ds
of 1, 3 pr opan@ldeydes i ketonksintheunedina) whitloisestelaodpy 4 aécfagsan céluncti onal

dhaT.
nas & 20 Gt SEBESS- it paBhelbventiofis TR Bused i1 B Hpfn o dieifBiga T, PO S
oxi dor educt as@ndlagmaw?w%ﬁﬂ“’% %@@WM%’H@Q%%HB&%I ytic activity -
suf fi ci ent . t o 13ptugunkdict Byyaendygenopinonapatifivydalytio a&tnatymwdl ol. In

anot her aspec t Eﬂﬁaﬂ c0|I S é-
nodel host. tw @ggzﬁmpwgs%hﬁy&%jpﬁ en %}zeynous non specific -
catal ytic act Piﬁ*ﬁbefé’eqeﬂilélpéﬂ{uméﬂEdﬁWW‘kﬁn@n&% frweniatipthyde to

1, 3- pr opangdi Eﬁﬂedsmmpﬁs@ﬁmhon&péuﬁddammmuﬁmlacklngatfmicubm activity is

ool ke RATS i QD yAERE ik BBl bRARAL RERBEE Y] 05 2
r econbi nant E conprisin | east
one gene encoatqfﬂfrdforpivdfﬁééﬁrm rtgﬂﬂgﬂ 9W3Pmﬁm@!%ydr ogenase

activity; (b) fisictibd@iaTone 30 gene encodi.ng a pol ypeptide haV| ng :

A T T o
a dehydr aﬂasemu@ézemwwld-&weﬁhﬁwhﬂ&h@et(eé-';n%% ?"‘IPE‘&%'@""M@ R’G us - gene
encodi ng an nagivitpasd Edniprizad Ahot-dpecific tdtalytic/activity suficiert td eoneativert -

o2, Ay PR T e B 0 070U
of this i nvenmodd subsizateanl mcnmbmmt Byroli isa mqalﬁl:hqsta dathigaspectgceliin - this
reconbi nant  Ecorfities i éidogi@dusiibn-shecifié mwa a@ﬁﬁﬂy&%ﬁ?cxd?ﬁﬂ ddnté 22874 :
unexpect eqly Bl ghelylhliSha fhyde o 15 SB5HEHLL tn bEOGHBHAMERR Snd D Pr evi ousty
specific catalytic activity is an alcohol dehydrogenase.
‘In one aspect, the present invention provides a recombinant E. coli - .
expressing a group' of genes comprising (&) at least one gene encoding a
polypeptide having glycerol-3-phosphate dehydrogenase activity; (b) at least one
30 gene encoding a polypeptide having glycerol-3-phosphatase activity; (c) at least -
one gene encoding a polypeptide having a dehydratase activity;.(d) at least one
gene encoding a dehydratase reactivation factor; and (¢) at least one endogenous
gene encoding an nén—speciﬁc catalytic activity sufficient to convert 3-hydroxy- -
propionaldehyde to 1,3-propanediol; use of this microorganism converts glucose -
35  to 1,3-propanediol at a high titer. In another aspect of this invention, the
elimination of the functional dhaT gene in this recombinant E. coli provides an
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attained. The present invention provides an inproved nmethod for the
bi ol ogi cal production of 1, 3-propanediol froma fernentable carbon source

in a singlg,.5 m croorganism In one aspect of the present | tion, an
I mpr oved F}?g?g?gg or the.conversion of glucose ftg:1, 3- p}glﬁ&ﬁﬁlﬂgz@ﬁ S
achi eved by the use of a ‘reconbinant m croorgani'sm conprising a host E.

coi | transfOrmﬁféxﬁ!ctehwmgherlﬁk&%isl afito] R ABcdib thah PEHicBlygenes dhaR
orfY, dhaT, orfX  qrf haBl, dhaB2, dhaB3, and orfZ, all these genes

arranged int genetic organi zation 10 as found in wl di;:‘lype
Kl ebsi el | a pneunoniEhe.présent invention plovidesandmpved methoddortbe bigtogisal process i s

significantly ﬁ}b&k@bnbhﬁﬂ-ﬂpanédi&%nps RYhOHIB1Y carBoPIobRe if Hsingle Si M | ar
fermentation. This inprovenent reli.es on .t he asm d{?FDTZQ as

t he use of
descri bed ih PR m, - 9B A5R5PLet .°Hf??%’ﬁ%‘f°ﬂ§?n’a§a@m°" PIPEEES 19 esent
i nvention, a fthecoreersionnfghedseto d Sepepanediol ig Behidwed by dwbuse bbm  of _
cont a1 i g gensL A ERSRa B SHpAEs ik BrLoh IRSBER R = 20 nd
dehydr at ase re@?fi&&ﬁ’ﬁﬁg‘P@E%@g‘ﬂ%geé’ﬂs% %}"o‘@‘@ s"’(?gioﬁég’ﬁ?@o’nbi nant
E. coil contai M,Msmﬂjmmm@m@d@mmgmwmﬁm@
dehydrat asgy aastﬂﬁmﬁflw@@se KRB HeloRbhibd iR iter OBl 36 the T UnCt i onal
dhaT. The drar’rptlca y 2071 nprov, dmgla(&c‘;g%?s relies on gn ?ndo(g_Fqu us gene
encoding a nontCBERRFrocsLlp gignitic §an ey e R B ILEPaRd AP ol
dehydr ogenase, similaxcfermentgtioas This immproFemend kelies onlthe use afith¢ plasmidpbDI2Bnent i n
the process is ' : | @%éﬁl id7 1, 3-propanedi ol titer as
illustrated i na g&ﬁ)lggs@x%%ég%T e |plrfégr¥'ov_enent | n .the groces is al so
evident as a decr ed8@nptheraspect pithe present guention; g ugthenimprayed propese &n Ul ar 25
sol ubl e pr b§ ei the poodaetiv aftliBpropanediokfrém gheoseads achievied osidg a ebombiaspect of t he
invention is ikl Ustdatsthd ' Gé\ﬂg%t' ' nt in the
process is evjli ea;ﬁcaa réo%gﬁié%&gt%ﬁ Vi a Ta}??%;b%é\gsglrl&%ghc ur\éfg’gf t he
fermentation. ¥4 eh&‘i"ﬁ reagtivation facior.compared tQ,a Process BSing @ gecpmbinapf,r ¢ 3.
Furt her nor e, tEeca?i_mpntaixﬁtgagm§§encodih@aGBDDHsasGBBphc_bsphatm;: aldehydmsgn | ncr ease
'n yield. I'n Egeng@iatasé reRbBatbi factor, ARa dlsc’a RnCRGHAESAY T8¢ Al-ReliRt ase (dhaT)

for exa , E.“coil KLP23 . transforned wth th | asm d pDT129) .. gl ycerol
o e aF o) (R Prors S A eRAEoRns fene tnppind # AoTReEe Cablie o6t | o

E. coli not exmitizityempecteditode pn slpohod dehytirogenase) ovhichuis psant (dbiadl. (for

ot et abol | zeq -t o Ao rkhARpEReltih hepriel st apdifiighase B 1 TEL0 L vy
o Attt but abl b3wborenbich i dsered Bsamales s and bo ot Hmaremsriab the
denonstrat ed byrotéseis alsecavidenbdsa detreape ycerlldysis asaivteghined be theexirddelitar at ed in
Figure 4. %sel x&@#%&%’hé’mﬁgﬂaﬁé%‘/tﬁ@é entdiion Brdthl TS Gépactdtthel O | OW Ng

terns ma r terpretation o qhe
y mventfon is {llr;lxstratg{ intF?gure 5‘ Addittionally, the improvement in the process

is evident as prolonged cell viability over the course of the fermentation. This

aspect of the invention is illustrated in Figure 3. Furthermore, the improvement in
the process is also evident as an increase in yield. In E. coli expressing a

30 1,3-propanediol oxidoreductase (dhaT) (for example, E. coli KLP23 transformed
with the plasmid pDT29), glycerol can be metabolized to a product other than
3-HPA. In direct contrast, in E. coli not expressing a 1,3-propanediol
oxidoreductase (dhaT) (for example, E. coli KLP23 transformed with the plasmid
pKP32), glycerol is not metabolized to a product other than 3-HPA. That this

35 cryptic pathway is attributable to the presence or absence of a functional dhaT is
demonstrated by the lower yield of glycerol from glucose as illustrated in

Figure 4.
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clainms and specification. The terns "gl ycerol -3-phosphate dehydrogenase”
and "G3PDH' refer to a polypeptide responsible for an enzyne activity that
catal yzes the conversion of 5 dihydroxyacetone phosphate (DHAP) to

gl ycerol - ¥®##$MRate (G3P). In vivo G3PDH may be NADH, BOAMSH/22874

FAD- dependent. Wen specifically referring to a cofactor specific

gl ycerol - 3- phOSphatﬁsﬂe@ﬁ&ﬁﬁ@%ﬂ&anMmkﬁfaﬁemeNMMﬂﬁﬁﬁme

gl ycerol - 3- pho gl%enase NADPH-dependent gl ycerol - 3- phosphat e
dehydr ogenase” ﬁﬁﬂlgtaﬁ?__%%_c ep endent glycer ol - osEhate 10 deh dr ogenase”

will be used. As itThedergs iglyegrols3-phasphatesdeh vqlraee erém@ .
NADPH- depende olfﬂe)ﬁﬁdﬁz@époﬁs:ﬂbﬁﬁﬁh%ﬁ@nﬁﬁ&ﬁﬁtﬁlﬂﬂ&ﬁﬁ@&eﬁh@c@b&@loﬁ@fUSe NADH

and NADPH inte n d sA the
Lor ms mm%ep‘&ﬁaéﬁ%%%%*ﬁ&%%e‘gi R oyl PSR ORE, pindP - 1S
dehydr ogenase G}RIPHD@YLIPSM\D}MPMB Herdandd-¢ ependm WMeqﬁeﬂBEnt enzyne 15
E(Eggn éaﬁkl g)74lqr‘e‘feﬁi}fquaféofa£@f sp%&ﬁHEiyﬁekrop% sﬂ)@he}@ d) fHeltethiz ng&glMlSZ)
R o totoatc e o i ot

encoded by gpwqe@ammmmmgmw%mmdmmmy@mmmsm L45246) .
The  PAD: dopendghic SRANEP oG wbi A0 g:bﬁufﬂﬁ%%%ﬁ Aepehilers CenBank

Z47047. x23 or: nk G ABC (Gen V20938) (see WO
9928480 and r &g "‘S%FQ ‘ﬁ‘ c?ﬁﬂ%‘i 1"??8‘?"%{"6?{?&%5& tgyse
ref erence). Th@ADHranﬂ NADBH inteythaBgqablysfurakanslé by the gergl encerted by gps4), '

hosphat ase” pat ase” refer
!too appol ypept | r;ek?ﬁ;%a %‘*}h“?ﬁ?@ﬁ €enderﬁ§lgcer5¥’f H%gt cat al yzes the
conversi on of 4§ °6F‘se3w‘ ysedrinterch %’ﬁ&a ﬁfiﬁ B‘r‘{? Bt EBAANS nor gani c
phosphat e.1503 I'{Eﬁﬂols p.Byis asepded; forenamplethy &m@mmmmwxmﬂsan k-
Cher el n whi cr gt &fa&’em. o &eﬂ*ﬂ*ﬁ%g D pEOEDN ﬁﬁg § i A
ki nase" referdoB! g'()‘{h%g’éﬁr é-g QCPF W&ty that

catal yzes the enonsdedﬂ:yggpm(ﬁen@WMh(ﬂsAmlﬂdmsmmﬁﬁmm@hosphat e and

ADP. The hi gh mﬁhf“ physi ol ogi cal -
substi t ut es (emg&@yﬁggﬁﬁoe pyr @ g; dgg,;%r oﬁg ggé@fﬁm coded, for
exanpl e, 9‘%&# I%1;01) (see VO
9928480 and reﬂmgas):eee Wlﬁ)a99ek480 anﬂmfb:encreeﬂfemingmhmhmﬂqadﬁ&tc

ref erence). 13 __-.. vimWD 01/ 12833 PCT/ US00/ 22874 The ter m

| | deh H f | tid bl g
"glycerol dehy rOQeI‘rl]lgtermse rgelyceer 13 phocphatase y’, A g'1yc§roi-3-ﬁ ﬁatase' 8 a0

“d,l-glycerol phosphatase” and “G3P phosphatase” refer to a polypeptide

25  responsible for an‘enzyme activity that catalyzes the conversion of glycerol-3-
phosphate and water to glycerol and inorganic phosphate. G3P phosphatase is
encoded, for example, by GPP1 (GenBank Z47047x125), or GPP2 (GenBank
U18813x11) (see WO 9928480 and references therein, which are herein
incorporated by reference). o o _

30 The term '_‘"glycerol kinase” refers to a polypeptide responsible for an
enzyme activity that catalyzes the conversion of .glycero; and ATP to glycerol-3-
phosphate and ADP. The high-energy phosphate donor ATP may be replaced by
physiological substitutes (e.g., phosphoenolpyruvate). Glycerol kinase is
encoded, for example, by GUT1 (GenBank U11583x19) and gipK (GenBank

35 L19201) (see WO 9928480 and references therein, which are herein incorporated
by reference). |
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an enzyne activity that catal yzes the conversion of glycerol to

di hydroxyacetone (E.C. 1.1.1.6) or .glycerol to glyceral dehyde (E.C.
1.1.1.72) peptide responsi ble for an enzyme acti yj catal yzes
the conve?%(??)'z"ﬁ% gl ycer ol to 5 di hydr oxyacetone is al soﬁﬁé‘i& 40 as a
"di hydroxyacet one reductase". dycerol dehydrogenase may be dependent upon

NADH (E. C. 1.1. 1. Gﬁhet&lﬁppélirc&%l @ehy&rol;eﬂas@%ferﬁba YolBeptieirapbiditie b 0- . E C.

1.1.99.22). A NADH- dependent cer,ol deh 0, code

exampl e, by gi®H %&YW?@%¥ ‘Wgﬁ Q@ﬁ’o‘jfﬂﬁ%‘ﬂgi‘mgﬁether ein,
whi ch are hereﬁEcC|1nbb6boﬂgy®mlbygln!®(rddéude@5‘.clnl .TR2). tepolypeptidy dr at ase
enzyme" or bfé&@ran%nk}mé&cﬁﬁf tHat edtal &Eﬁﬁé%nve?&édé(f'él%e%d??& catal yzes

th I ol t 0,
2 bydr oxypr p.@ﬁ:éHr@s%@%é?er@alﬁg“mﬁ%%a%%ééh YR S SRS ¢ he

dehydr at ase endehyérogénasd majcbedegbndent upon ¥ADM (B.Catd.1(6), WADPH2. 1. 30) and a
di ol dehydrat@s@ 1(151652),&&11&:;8%0?@(&' n@:@rlelfm%‘mnﬁﬁ &peraent 9l ycerol

and 15 1, 2-pro ectlve nes s have
been identi f| el"‘ﬂdR*‘@S f"é@xm@l‘f’gﬁg @ﬁ?@ﬁ%ﬂ%%y stridium
past euri anum W&)9&2:84!80aldtryﬂ'afmmsrthemn,whlchdfbhhsmahéc@pmatydb;cmferéﬁce)each case,
the dehyd tase | ubuni t,

t he nedi umf(fi Sn{é su uni't ({Pétggr? é’ ﬁh&&m‘a&é}%h?ﬁgﬁ‘)%yﬂ?g o the

wi de vari ati orPcflﬂlt!g Wéﬁﬁ?‘&f%ﬂ”@ @@G"Tﬁ"ﬂ?@“@ the progugt -

conpar ati ve chhhydrosypgopmtaldehydéam‘bethbputpos&af:tuemaémxmxéﬁmnmecat ion. The
genes are als I crobi ol .
Rev. 22, 553 (‘1"'@8 t:f&%’ q;gsrng&%e %‘9&%&%{"?@%@@ 423339 %Egmmssn
(1999)). Ref erdehy P&f@&ﬁ%ﬁqﬁmﬁw@f@l&m " subunit of
gl ycer ol dswydraxpaqﬁnedmjmqgcmlee:@iﬂ;ﬁdandma&zygﬂmmmemdl ng the

medi um 25 or nes encoding the
small or " 5y" 1d¥1tgﬁe§:?;?ﬂ’letbsz{amd$ %gﬁ %gg%%ﬁrd@cggﬁég’g%a@g& s’g’?r eferring to
Table 1, genesPaS{?HC‘G'ﬂf"h Jatmopellapphi mrmmaanddﬂmﬂﬁllv oppoagi. dn eapbiopsh; thease

i ncl ude pduC aduipéidise is gomipssed 6EMEbeRGMinks: memh:mr@&”sﬂﬁxmt,smbuﬁuﬁm ncl ude

PR g PO, 45l BRSO SR b UVl RIS P01° 73
d "M p g % o~-mpmanchiture ysed imthe ifegatyre, o comparanvw@rtds g:yemnd‘ab!@ o+ - .
- facilitate identification. The genes are also described in, for example, Daniel et al.

(FEMS Microbiol. Rev. 22, 553 (1999)) and Toraya and Mori (J. Biol. Chem. 274,

3372 (1999)). Referring to Table 1, genes encoding the large or “o” subunit of

glycerol dehydratase include dhaBl, gld4 and dhaB; genes encoding the medium

25 or “P” subunit include dhaB2, gldB, and dhaC; genes encoding the small or “y”

subunit include dhaB3, gldC, and dhaE. Also referring to Table 1, genes

encoding the large or “o” subunit of diol dehydratase include pduC and pdd4;

genes encoding the medium or “f” subunit include pduD and pddB; genes

30 encoding the small or “y” subunit include pduE and pddC.
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G ycerol and diol dehydratases are subject to mechani smbased suici de

I nactivation by glycerol and sone other substrates (Daniel et al., FEMS
Mcrobiol. Rev. 22, 553 (1999)). The term' dehygrat ase reactivation
factor” r¥@P¥IBH those proteins responsi ble for reacti Pl Uy 22874

dehydrat ase activity. The terns 5 "dehydratase reactivating activity",

reactivating the GRiiishaan: Akl e]refhswaﬁa@nhe%e&aﬂ cigehydr at ase

activity" refers to @p ratase not capable
of catalysis omcavgwwwcerqlenw E‘F bstrates apiel gial s FEMS Microhigdt v at e or
to the phenonmgeez2553 abpby)tmeﬁﬁlw m&m@mxaﬁfa@oﬂe&ﬂwm&e or the

phenonenon of e ten | usef.ul he d [ ase enzyne in
10 vivo. Two [?fo o nép‘%'aﬁ’z fr?ééeﬁcrfvag?ﬁ |Leﬂ a%% #tﬂ’ ﬁ@%gﬁﬂ as the
dehydr at asé@ r‘dehvdrajase resativasiog ectivity’s “W‘QBQ&@ ﬂehmzmw) oand
rleferences t_?%ﬁhrtﬁ?tﬁé‘deh?&ﬁtdﬁ@iﬁ'vﬁy’*@&%@ &ﬂ%.g&mm?smeﬁﬁ gabani el et
al ., supra; To

Tobi mat su et é{eﬁ%’igtase E/D Plﬁf’f“fgls‘s Qf‘fff}g r@(a&eég °3PRéF§%?ﬁ%ﬁgﬂ‘% %nal'abl e 1,
genes encodi ngubsmtecn‘rtwtheppemmsoﬁmlmbmngtlmﬂa‘gtxvat’&mufaladhymﬁppdue and

ddrA. Al'so refe ﬁnea&nexsbn@%k@n&n HERSTulSRR9E: BOhE B a&%@ file 7% he two
prote| ns incl ude Co}er orf

"1, 3- pr opafedido- JWORIPENS ‘ét’s‘g‘ °‘1t?§%ﬁfgf)‘ﬁﬁéfﬁ'l°g'ledaﬁ§ﬁ?§? Yoai8se” or
"DhaT" refer trmctlbm:opdhqque(psa\ﬂ@(%)znﬁzfﬁsmllﬂ%)mreﬁreneeszthemn,wlnt:hw ty that
i s capabl e of ﬁ@ﬁeﬁénxﬂ&g)ow@dﬁ}}%ﬁféﬁ%‘ﬁaﬁél &%l Ofupn %Hpoétyﬂ

g actLvity |s found to be

phystcal Ty or iphiaer 41t Sa 595 ond Sebiieisn b casiesioh TEhAIE i1 1

natural (i.e.,(1999). IRbfd:rylpg:)o Wdl,gg;esﬁmdmgmbﬁtheph&emndudesmﬂ;und within
dh | '
a dha reglis 0“1&%13#& gﬁ;vu@%& a4, mlm}éniﬁé?@%bﬁqs gﬁlelz?n o 'i!ﬂ%”' a.

Referring to nes encodi ng opan oreduct ase

i ncl ude dhaT f§ ® g ProfeipHiscids a7k "'ﬁ{’» BrrgyHand @dxB. cundi i, and
Cl ostri di um past euMhetums “Ed<phopahedid] exidogdunase’, 11t Sejpopanediol ypept i de

bel 0ngi ng 10 gifdbnkitof« mefgumxe}g ksl ORISR BRI LS | 2

conserved iron-Qi.n DH | i nked

i nt er cover si ofcByi %cagﬁﬁeg f ea %‘h@&@”"("ﬁ’ﬁ}ﬂﬂé’éﬁ Iﬂ’rﬁla‘lﬂ n, J. Bacteriol.
169, 205®@0( 195¥piopiedict provided the,gerie(s)Bacddbg snkh actiity xszmﬁidt@be%) and Leurs

et al., FEMS simlar
physi cal prop?ﬁ?’%\ﬂ(:aﬁ(si %g\?g}wcgg@n&}lsﬁﬁ(tééjsg’ae}é’ag%é%%%zgglgwﬁgga%{;l s and

Lact obaci | | us “BifchpRsettipgdeperample, the gene is frynd yathina dhg spgulongsjs the

M crobi ol . 58, camﬁﬁh GrdTH M KIeBktelld Priemnorina Refegrigto Tablefl cgened ehcedxﬁgt of

associ at ed gengpes. e.a?m tas%fx%ﬂﬁédﬁ&'ﬁ@% Pefl%zgyémgh{yeggf[cal
acti vitl es I%{rp t,gnq r;’llﬁde (fﬂf}fml@* @3 se acC | y a

react i vat i%n caI ly a
dha regul on ccrmlypsgudetﬁebmmgno ﬂnﬁmbgoﬁtyputﬂsal@haﬂehmrbgenaﬁéh@?hlbxt@rh ,

or) yvusggftglmcmﬁ&wea%ﬁ%maﬁ@meﬁf fndits 4 GRAGERR Dol 1B Riab+NADM RS 12833
4 intercoversion of 3-HPA and 1,3-propanediol (Johnson and Lin, J. Bacteriol. 169,

2050 (1987); Daniel et al., J. Bacteriol. 177, 2151 (1995); and Leurs et al., FEMS
30 Microbiol. Lett. 154,337 (1997)). Enzymes with similar physical properties have
been isolated from Lactobacillus brevis and Lactobacillus buchneri (Veiga da
Dunha and Foster, Appl. Environ. Microbiol. 58, 2005 (1992)).
The term “dha regulon” refers to a set of associated genes or open reading
frames encoding various biological activities, including but not limited to a
35  dehydratase activity, a reactivation activity, and a 1,3-propanediol oxidoreductase.
Typically a dha regulon comprises the open reading frames dhaR, orfY, dhaT,
orfX, orfW, dhaB1, dhaB2, dhaB3, and orfZ as described herein.
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The term "non-specific catalytic activity" refers to the pol ypeptide(s)
responsi ble for an enzyne activity that is sufficient to catalyze the

i nterconversion of 3-HPA and 1, 3-propanedi ol and specifically excl udes

1, 3- pr opaMeMAR8330xi dor educt ase(s). Typically these enz\PeES28H cohol
dehydrogenases. Such 5 enzynes may utilize cofactors ot her than NAD+/ NADH,

I ncluding but not |[fjmte o flavi such AD or ene(s) for a
non-specific al coha‘k’emﬁé%ﬂ’fﬁﬁ@ﬁﬁg n’%‘c’r“?"r‘ g g &e@b@ﬁm St o be
endlogﬁﬂgggl yTeenpmhﬂﬂe m;neﬁzymmcmmmthmﬁa?‘nmbawyzhmuﬁ;m?va{ﬁor gani sm- E
coi | o the .

A lf'?nd %B&h&&ﬁml 8id sp@aﬁ?m%r | ﬂﬂ&és l%n%roéa?l b

catal ytic actrvrt enzyne I'n a rgy requrredto
performa s pe Oxidpedpgiass(s) JFypically thess enzymes gre efages Suhch an -

activity ndy applnyesnmyatiligeod@iactors otheﬂmuNADf‘MMﬁﬂﬁdmghﬁnpfﬁlﬁhﬁd ion of ..
either pr oductto ﬁgw?su%gﬁ Eszlf@)gg?mp ﬁg&ﬁ{%m%n‘gﬁsﬁ&er g SYbfable conditions.

The terms "pol ypep arLgeabI y. 15 The
terms " car bon dehpEqgenasels) ﬁﬁMFWH‘ ta-beendogepensly epcededapd on sour ce

capabl e of berfmguaﬁllghnpmgedwhmnhhﬁncmocganmgﬁr&osErLPm t he present .-

invention and pariy, akb ﬁ%”“ Eﬁﬁl};ﬁ

consi stin of m)nosacc ari cf%s %PFI a?ﬁﬁcztilral dﬁ%%F sa Cﬁgcrn?ggﬂf’ a d
one- car bori0su B8 ezYmedn altering;the energy W@@rps ormn trrp@crﬁercmagqcn%r |

"host m croor @aauﬁd&swddftmtsﬁahananm\dtyomygfpplyswnreaaﬁmhheqﬁxhbxemwhmg for el gn

or heterol ogo n active.
gene product. M ({hg??ns ér gn%ﬁ{é&(&a&?‘%ﬁ’%%ﬁl\“ﬁ&ﬁﬁ‘?ﬂo oegous gene"
and "het er ol Gepstitionsa" refer to genetic material native to one organism
t hat has 25 been pﬂ‘b@r@dnyfﬁpbtybéptmmmt“pfdtﬁn’bﬂegsedimandmngmy ous rreans - The .
gene of inRkerest J a@aﬁ > ufte® , or a _
synt hetlcqgene Thgﬂ%/mrms% aw t¥, %ﬁﬁ{r&l{‘% r%ﬁs&% er ‘to the

acqui si tion ofapahle\nf B@H&?ﬁaﬁolﬁ’e@@’ W%PF@P"W M?SSFW‘BYF“SP“%I eic
acid. The acqpmaﬁim@eaﬂszm somyesselected gmahegroupéomsistiigofosonal DNA or .

i ntroduced asﬂﬁ’)ﬁe#aers e él cc&%&%%ﬂ%?%&ﬂaﬂgess 4nB chrbon téd JF

"t ransf or mant t rahstor mat i on. eterm
"genetically Hyixtayeg thereo fers to the process of changing hereditary -
material B9 transf Thenatmsithostreeliflardhos mncrb"dngattmn’mfei' tocmiviodanganism

i o1 00T GaN! Sy 38l ot 25 oFtroloSlsHends nd P GOAEEH srn havi ng

.been transfor i t et érol 0 IS or orer gn genes” or extra copies of
honol ogous geFﬂe%m HeR an petys SR hi cr oorgani sns of the present invention
expr ess foreign geThstenmcioleigy gee)cHoreign DNATY) Sirtexdlogd giie” and - : o

“heterologous DNA” refer to genetic material native to one organism that has
25 . been placed within a host microorganism by various means. The gene of interest -
may be a naturally occurring gene, a mutated gene, or a synthetic gene.

The terms “transformation” and “transfection” refer to the acquisition of
new genes in a cell after the incorporation of nucleic acid. The acquired genes
may be integrated into chromosomal DNA or introduced as extrachromosomal

30 replicating sequences. The term “transformant” refers to the product of a
transformation. :

The term * genencally altered” refers to the process of changing hered:tary
material by transformation or mutation. :

The terms “recombinant -microbrganism” and “transformed host” refer to

35 any microorganism having been transformed with heterologous or foreign genes
or extra copies of homologous genes. The recombinant microorganisms of the
present invention express foreign genes encoding glycerol-3-phosphate -
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WO 01/ 12833 PCT/ US00/ 22874 dehydrogenase (GPDI), glycerol-3-phosphat ase
(GPP2), glycerol dehydratase (dhaBl, dhaB2 and dhaB3), dehydrat ase

reactivat | f or (orfzZ and orfX), and optionally 1, 3584
oxi dor edué’f‘ggléﬁ%(?haﬂ for -t-he production of 1, 3«pr opaned| o’ﬁ%r G sw tabl e
carbon substrates. A preferred enbodinent is an 5 E CO|I transforned wth

han e ooy D dehy @i (GPDINEhCOOR) pibhatadt (BPPY, gt enes. and
t he gene for t(@/q{oflﬁ@r} f’f’?’%a‘?"i‘n&% %ﬁ‘gw@??{}‘a?t%@?%@“&%ﬁ{grae‘gnver si on
of 3-HPA and Dbpfiepally:dprdpanedioboridoredustas¢ (dhaRfouihe prpdact®n ofr opanedi ol

expr esses g nsot t°?’§%’z’?)f‘°ﬂ‘g““mn%'%“%§‘?‘e*‘Jf‘q’t‘%‘?ﬁ&*ﬂ'ﬁ’”@ﬁ*‘a‘é“p“?%c”‘éﬁf ng (5
non- codi ng ré 'ﬂﬁg(’@h%ﬁge@ﬁhﬁ‘ %ﬂgﬁ‘gggﬁg'ﬁ The terns
"native" and rmcfcrdrgaypm othexfthan E.aol, gajndsmhetrdnei‘ondedm copthintBe Wi th its own

egul ALOrY S pOHRRGES gendlend 5 e KERP M ecBp gLt Ay 1o e

process by whi 3 e [Tec ranscription and
transl ation, ﬁF‘G@G@W‘@Wa’nﬁBﬁ“& -propangdipls specificallyexgiiddedibod t hat t he
process of enqgaban@m]ambﬁedhctasew(dmmm d sequence includes DNA sequences

that may ijavol ve ba; encoded
am no aci % or, whic |n\?gﬁgggé%gg‘g&ggad%gm%%%&ﬁesm%&lwﬁ}o nor e

am no aci ds, Hoeluding rrgulatory @&FCI{CPFGPWHE‘&(% rﬁ‘ﬁl""ﬂ‘?‘@é‘ﬂ@ following @b“qnne protein
encoded by th&:oﬂlﬂé)meqotﬁng:ﬁgmhi Thstehhﬁﬁ‘mﬁﬁf’&ndﬁdﬁd-&ﬁp&bfbﬁrhﬁhg&iﬁs i nvention

enconpasses n% &19 W@M}eguﬁ?ﬁ;@qﬁé&essequences The term "isol at ed"
n_or se

refers toapro el 'S renoved fromat |east one
conponent Wi th whi cSIPhetqnnssema@ms’amd ‘coding refer Wodhe pracess By whick@ gede| ei ¢ aci d

(rjml ng| e" 1lssdahmguﬂﬁ&neaﬁanm o@traﬁimpﬁdaedndm?nslaﬁnﬁpremioes ar¥dmino acid | "
oubl e-strande | <] 41 r altere
nucl eoti de basgg e?xﬁé I?ﬁ%h%stﬁ@% el aC| g% gﬁi&d} ?aor&)

m of a
pol ymer of  DNequeige ieludes BN Aéwemesmmaymﬁ%bsvégmmﬂmdm genori ¢
DNA or synt hedabs d]lmnge ibtHehedted amino akid)od wiiich ine6ie¢ bask ehatiges whieh aci d

I I wh It i
SUbstitut i on AERplfe? A indrPamiil o2 bﬁ‘d‘“ﬁ&gﬁ%%ﬂ“ﬁ'ﬁ%ﬁhﬁf unct i ondl
pr opert.eszoof ‘bﬁm‘b?@P#déWé%@HAlﬁy%qli‘ée theseforeimnderstoogh that et i a1 |y
simlar" al so ientibs efcompasstsanore ApindhedPecifiv brmnpMig Ekjuences.hanges i n.one or

nore nucl eoti de basgs uif) 4Qja taf»ggtarstwsmmwmgé%&ﬂétﬂaqér%h&ve@m d

nol ecul e to nedi ate aI teration ant1 sense or

expr essi on
CO- SUpPpr essi orﬁ?"@éﬂﬁﬁﬁ%@m%m&wgﬂq’éqm?‘sé‘ﬁm arassosm@e refers to -
nmodi ficati ons of  tAre“isulatédiutleicacit moleaule! ie 8 pollymietief RIMA lof DINA theeist i on (such

oS oue bt B o bl Syl S bt !
nucl eotlde bases. An 1solated nucleic acid molecule in the form of a polymer of
DNA may be comprised of one or more segments of cDNA, genomic DNA or
synthetic DNA.
“Substantially similar” refers to nucleic acid molecules wherein changes in

30 one or more nucleotide bases result in substitution of one or more amino acids, but
do not affect the functional properties of the protein encoded by the DNA
sequence. “Substantially similar™ also refers to nucleic acid molecules wherein
changes in one or more nucleotide bases do not affect the ability of the nucleic
acid molecule to mediate alteration of gene expression by antisense or

35 co-suppression technology. “Substantially similar” also refers to modifications of
the nucleic acid molecules of the instant invention (such as deletion or insertion of
one or more nucleotide bases) that do not substantially affect the functional

h-

_1
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WO 01/ 12833 PCT/ USOQO 22874 properties of the resulting transcript
vis-a-vis the ability to nediate alteration of gene expression by

anti sense or co-suppression technology or alteration of the functional
properti eI resul ting protein nolecule. The i nventBASO¥REYpasses
nore than the specific exenplary sequences. S For exanple, it is well known

in the art. tBajperties 6tRS feRilfing aa@cm ﬁ}ﬁ-ﬂﬁm &e ab:h%ﬁ’d'n‘iedid?e diegutiBh ggluct i on of a
chem cal ly equival e ef fect the

funct onal pr R PR ST S  Fe nbeEn rploni A etelF i “our poses
of the presenﬁmcmhpmmrtlaﬂfﬁhﬂm&ﬂﬁwotam@ld@ﬁlmg&emenmmhanges within -

ST ght 1y ppl ar P AR i e e e bl - pogat i vely
charged residues ahl SCHERIF gﬁ\“ﬁf§§<“° ﬂ'é@ﬁ&atg%)mﬂiwag\? WB’I"E .
positively chmsgem theprioduation of Hclmmlcauygqmw,lmt amin® a¢id at aigipen sike, putat i c, :
pgg nglugg r Sﬁ'edb' ﬁ&reff%itthe fuBstionh! ;ﬁope\'ﬁ?és of B¢ %ﬂcod@d‘ﬂ%teﬁloarg @(I‘Sxﬁﬁoﬁrlﬁff?gé ¢ .

hydr ophobi c aWHéseéegtE}ngt"’é’é‘% d‘?ﬁ“f‘ﬁ‘f’mg efiped a3 ﬁ@}%maﬂﬁg anot her

| ess hydr ophobaeofitiesfollowingdive groupss gl yci ne) or .a nore hydrophobic residue:

(such as line, |leugin ? grpphi ch :
result i anubst ituti gn %;fﬁg?ﬁ%g%@@ﬁmgﬁ%ﬂged akgeéild}jifjsemsorsrwanot her (such

as aspartic-acid for gl Yaci d) or. one positively charged residue for
anot her (such as | ysiZne Pblar, negagivelyebirgairasidies endrtheie apites:cAsg, dspr oduce a
functional ly equival ent Qﬂ ct. In many cases, nucleotide changes which

result in alteration of e2’5 N-t er minal , and -t erm nal portions of the

protein nol ecul e woul’d g Pﬁﬁf‘vﬂ%a‘“é&?g --:t@*a*‘[geﬂ'%he activity of the

protein. Ehch of the 4pr hprpsatiphmtic) donpoldriresivines: sMee Leu,\dle} Wal(Cy$)eandout i ne

skill in the art, agi taﬁfmdﬁb?éfdu Pﬁ& tﬁgt i on of biol ogl cal activity
e s

of the encoded products reover artisan recqgni zes that

substantial |y simi THs 95‘?9& agﬁ“‘b%ﬂﬁﬁ%"sé yergphobicaming aid Ay are al so-
defi ned by t his substitated byawdohyehcodﬂ:gmptherrlelsslhydxsphobmgemﬂua:(smﬂhak| ons (0.1X

SSC, 0. 1% SD§ maﬁﬂqrm obili (5 A 1SS, ) bY O- 1X SSC;

0. 1% SDS) uence reln. erred substantially
simlar %‘&I e 'E“‘é‘r‘,ly:cf §esB§rr"Fﬂ’«?s Pn‘??ﬁgé'i‘\‘fel%?h%egms{q%se nucl ei ¢

aci d fragment for afotises (ﬁ)bﬁ\amgmﬁumd fomighutamtic heidsdr oﬂé)f:bsxtd&l}{clmgbd to 35.. the -
U] of o aci d friditor UG oo Pés e RERERE) LM EHPRIE f pebl eSaUEL?eeQ *
the nuclei c Bostipnallyepmvplent produstt ed herein. - Most pref er red are nucleic
acid fragnments 21 Inmany cases, nucleotide changes which result in alteration of the .- :
25 N-terminal and C-terminal portions of the protein molecule would also not be
expected to alter the activity of the protein. _ :
Each of the proposed modifications is well within the routine skill in the
art, as is determination of retention of biological activity of the encoded products.
Moreover, the skilled artisan recognizes that substantially similar sequences
30 encompassed by this invention are also defined by their ability to hybridize, under
stringent conditions (0.1X SSC, 0.1% SDS, 65 °C and washed with 2X SSC, 0.1%
SDS followed by 0.1X SSC, 0.1% SDS), with the sequences exemplified herein.
Preferred substantially similar nucleic acid fragments of the instant invention are
those nucleic acid fragments whose DNA sequences are at least 80% identical to

35 . the DNA sequence of the nucleic acid fragments reported herein. More preferred .
nucleic acid fragments are at least 90% identical to the DNA sequence of the
nucleic acid fragments reported herein. Most preferred are nucleic acid fragments
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WO 01/12833 PCTI USOQ 22874 that are at |east 95%identical to the DNA
sequence of the nucl ei c aci d fragnents reported herein. A nucl ei c acid
fragnent is r}%l di zabl e" to another nucleic acid fragrr?e,? as a
CDNA, genm or RNA, when a single stranded formo nucl eic
acid fragment can anneal t'o’the other nucleic ackfragnment under t he

appropriate c m@g‘g apﬁﬁﬂ,?ﬁ"gﬁ iGRRAR f. tHeDNA qeq%eﬁ.%etdf&{e ruRfRicCacRE fraght3:

Hybri di zati on ons are known and exenplified in
Sanbr ook, L, TemME  F and Maniatis, T. Ml ecular Cloning: A
Laboratory Manu aI ASmclcrwthjﬁagnmnt is “li;dirxdxﬂxle’f tocanbkhebmucldiadrod fagment,Pr ess,
Col d Spring H@ﬁn?l nr%lgi{(thr@qu?WA Jv@m%@ %ﬁrsu'l&deﬁ%m-rﬁi% 11.1

therein (entirely incqrpora her'el The ¢ ndtlons of
tenperaturé amycl P‘Sﬁ?‘g%@ﬂ“@ Ei?erféhetrﬂﬂ‘ﬁe‘gta?‘ﬁ Fragmenbunder
hybri di zat i on approprigte edndmanaoiltempemmmamgsbhtlommmlsugngth Huhtid)zauoam ds, |ow

ised g %g%“%&%d@“@%% O TR R T

30%
formani de, 5XEiE Maniatiso T IMelecular (

g: ALaboratory Manual ea?rg’aﬁlﬁgqp,
condi tions corcohbmnigHmbca'LabongmyPr‘Ess, Celdgﬁpnngﬁmuoo(ma) garticedartyh 5X or 6X

SSC. Hybriygi 2gi, fleagﬂ'faﬁfétl}%ougﬁreigne RUfLEE BBy AL

conpl errentary se glijr!:ges g@gs E é}sltg nggeegc%looé‘efgfe

hybri di zat | on,Th
stringency folhylitydizatxdnzFagarahminenycscaemdgfodbmougommublb& aeigdgow of the 20

The art.  The ‘Gifielc B%Pﬁ&%%n%n&@émﬁ%ﬂ%@% o 3R ian e bted oV
nucl eotide s@uRcRIC, 0:17a SPSe0.28% nille andiq formamide; ar 30% "rﬁ?’m@séﬂ nucl ei c
aci ds havilgg t8scse. SV&Smstemdaate‘Ehmgmb&ybmﬁzasﬁoﬁbmdnﬁqns@:Gmspemmrad| ng to

hi gher Tm) of C WEH ng order:
RNA: RNA, DNA: ﬂ@gg)g efﬁ?ﬂ% a’Efr' Q)rg gre?fbﬂd?ﬁ é‘gl‘nu eoti des
in | ength, eq&lmwrwclp@rmdésw&ﬂna?m W‘Hé@@eﬂ%“é dingonsanbr ook et
al ., supra, 9 .thdst@ngendy) of theliybrididation] misuistches bethexﬂhSéstm possiblee Mhe aci ds,

i) | A 0o S RN T

and the | ength I Cl (see
Sanbr ook €0 amnucleigagid e#&a&e#)wmphmweﬂ%vmww owpinthegdth for a
hybr.i di zabl e rlmelgﬁafer&ﬁlddgﬂeéoﬁilmnaﬁtybrH&mlbgyl&twmabveawelaﬁie Preferable a .

I t t 15
nuCl oot | des mishos, ¥ piexh 8 phiie B ?%%a?ﬁdz%fhﬁ% b s,
preferably t héeqt@w@ﬁhm%reéahvpéta@!ﬂy:{eommvém&ta etlm) ofawuglgicacidt he skil | ed
artisan wi || hybhdigitiondedrbaes inlthe folloWiag atdef: eRNAdzNAsDNs\olkNA; on salt

conceDt o ko SFor Wb i 15 ke ABEF Aol BRI, 307
nucl eoti de sedgaleplating Tihaye iwnﬂm‘@égsee ﬁw@wol@ﬁt alheremidad-2edFeequence of a
pol ypepti de Omybtidizatidd with shorter nucleic acids, i.e., oligonucleotides, the position of
mismatches becomes more important, and the length of the oligonucleotide
determines its specificity (see Sambrook et al., supra, 11.7-11.8). In one
30 embodiment the length for a hybridizable nucleic acid is at least about 10
nucleotides. Preferable a minimum length for a hybridizable nucleic acid is at
Jeast about 15 nucleotides; more preferably at least about 20 nucleotides; and most
preferably the length is at least 30 nucleotides. Furthermore, the skilled artisan
will recognize that the temperature and wash solution salt concentration may be
35 adjusted as necessary according to factors such as length of the probe.
A “substantial portion” refers to an amino acid or nucleotide sequence
which comprises enough of the amino acid sequence of a polypeptide or the
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WO 01/ 12833 PCT/ USOQQ 22874 nucl eoti de sequence of a gene to afford
putative. identification of that polypeptide or gene, either by manual
eval uati on of the sequence by one skilled in the art, or
conput er -WOPYHBIRd sequence conparison and identifi cati W’Héﬂ“ﬁ@”‘él gorithms
such as BLAST (Basic Local Alignnent Search Tool; Altschul et al.

W0l BioL 5oL A0%dA0. &Jagggﬁemm o Wb M LBLASTI) . I

general, a Seque ntlguous Am RO aC| Rirty or
more nucl eot |oasgne,slﬂlehbwl§wlyv yation efthe sequence by pueskilied ym’a

pol ypepti de %cﬂﬂ@hﬁr-ﬁut&ﬁmdd mmammsomamﬂmmnmngalgaﬁnmmproteu n or .
O el oot Shh SBIASF ARG obsl ANdiEdSelitn TRO0URAGGRx BN B BES | ©

ol i gonucl eotl SI n contrgtious €s may be

used in séqu@déﬂé%l-éib@ﬂ@em; SM*W@?“MM@LASTEMIFGW“@@ g., -Sout hern
Coloni es or  ELlRaS drit HundiSodit %“afﬂr?‘?%‘?t&mm‘ﬁ?m‘f'mwﬁcéﬁﬂ des of
© 12-15 bases "REFSHRE M%%%E“%Fy‘k? @hﬁ%?rnucﬁcg&%seﬂi) OAsr to obtain
~a particul ar hoxmtdgeus:toadmwwnpmmegeo@nMOrOQVWgwﬂh@Spﬂct musleotﬂdﬁcor dingly, a
"substanti al %{heﬂ A eﬁ&s?&fﬁc%lgblﬁicﬁﬁﬁdﬂﬁo&ﬂm gugagough of the.

sequence to arfor entifi,cation /0r i SO n,. of a nucleic
- aci d nol d0ul auelsatie F&ﬁ%ﬂ’ﬁgm?@ﬂ%ﬁgﬁp %Weﬂ’é’fl%?ﬁgeg‘b’é’a 1? 490 on teaches’
partial or cqepl Sowthenhybridization)end isolation (ecg.. iul site byhuidizetion of heseiiislg one or
mor e parti culggionfdk 8t ﬁdc&?loglyﬁe phlfhes). 9 addifién, SRk oﬂk@ﬂﬁdﬂnﬁéﬁfhﬂﬂgf it -of the

B o s o e smplPedion BPHS S P iR priBo PRGOS el | B T
art. Accordi ngblpmabidemlemﬂaadommmgﬂtelpumemnﬁgnwmmhéswaéte - sequences
gg repor ty3d 'tpﬁnmeoﬁ&ﬁ&mawae%n%s drioBik Hthe GuiMeb to d¥ford SUDST ant i al .

0se se nges e above. The t conpl rrent ary" S
descri bes théP?"éﬁca‘E‘F‘%ﬁ{;H g ?fh anyicleipacid 015?3%‘?’rfpﬁg$ % capable to
- hybri di zi ng tsequenee arimumusﬂéaﬂcmmbkspmuEwmwb&MImamd aden03| ne is-

conpl enent ar th RAcedREoaip R BEmbie paRitilafpeRIn! Yhé skill@uani ne. .

Accordingly, I sol ated nucl.ei c aC| d

| -
- ol ecul es thé‘f“sa?’ée I‘anlsfﬁ' ee‘?‘FB?ﬂeQ%I o3 awsosé%%yrge?}e?ghaxgxgg\gugsﬂ %rported in
. the acc@@pamhgarﬁammmeoﬂihesdlsqhge@seqmws tastheipurpesedmownimthoss |y simi | ar

. nucleic aci d giHd4 U%Cﬁécorc-ﬂ?ﬁy,ttﬁéiﬁktaﬂﬂﬁﬁﬁﬂén éonipisési tie condfletkNOWN N -the -
- art, is a relations Bg%agg n " two or. nﬁ?‘ﬁ@ ol.v. Rg%tldel equences or two or,
“nore pol ynuclsé‘lﬂePEFé%B"df 1€ aCOmpFRYINg 8“%‘;’ the seguences.
2ln the art, submmdpdm@ssﬁﬂnmqumasd&ﬁedebwe sequence rel at-edness :
bet ween pol ypept'%e?ém Pk *éécmuﬁrmﬁonsﬁébaﬁe&mwae may: be, as

oi 1 ar (4% e g ap %Sﬁvo“@e?ﬁyﬁ A ghoriatc o SHBPRE ot B gt
not limt ed tmsIAmbaosutmss canpleméntary @dhmmamd)cmsmezscomplementary to - ao
guanine. Accordingly, the instant invention also includes isolated nucleic acid
molecules that are complementary to the complete sequences as reported in the
accompanying Sequence Listing as well as those substantially similar nucleic acid

30 sequences.
The term “percent identity”, as known in the art, is a relationship between

two or more polypeptide sequences or two or more polynucleotide sequences, as
determined by comparing the sequences. In the art, “identity” also means the .
degree of sequence relatedness between polypeptide or polynucleotide sequences,
35 as the case may be, as determined by the match between strings of such
sequences. “Identity” and “similarity” can be readily calculated by known
methods, including but not limited to those described in: Computational
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11111 WO 01/12833 PCT/ US00/ 22874 Mbl ecul ar Bi ol ogy; Lesk, A. M, Ed.;
Oxford University Press: New York, 1988; Bioconputing: Informatics and

Genonme Projects: Smith, D. W, Ed.; Academi'c Press: New, 3;
Comput er A*&PV&F? of Sequence Data, Part 1; Giffpn, A Pﬁﬁ]gor? iffin, H
G, Eds.; Humana Press: New Jersey, 1994; Sequence Analysis 5 in Ml ecul ar
Bi ol ogy; von LD 4 AC \ CORLRPBN . Sequence
Anal ysi s Pri mrél@é@y@lg@?@ﬁkt ghgﬂ%’er egﬁéﬁlﬁw%\%gs@@g%g t%’n@?’.?’ess: New
York, 1991. Priiecamputing chifpseratiosand Leaoms fediqctss Aty DoWe gcﬁﬂ%"t 0 give
the |argest rPatssiNoeYorg1993) CompaarAnapsis ofSequikncd\BataoPart 1, GrifiiheAm ne
I dentity and g ' r il ' 1 V@, ut er
prograns. Pre e'ﬁdg?%%i}%p%t(g’fﬁ%%(ﬁgram r;l'g?sﬁﬁsvﬁ %%ﬁ’eﬁg%#ﬁg%%agnﬁ?y and
si m | ari tySbetinddalecuiss Bialegye venddeinig Gy Ed.; Agademis Bresss New; Yorkel98Y:andi ne  GoG
\F/)\:u | euE p:‘OgI’_a{Seﬁm_ﬁdAhﬂyﬁm_ ik p$ GRSV 0. mﬂm@&ux,ds,im?.; Btoektda Peisenan  and

nsch al gori ei .
penal ty=12 anﬁ‘u’g%go%ggéeﬂéi%erﬁ%naﬁgdgig?%\%‘?éelﬂkﬂgfa%ldf,gig%l‘}g{;gﬁ%lﬂ%i ds Res.
15 12: 387- 395 lgrge majch betweerr the sequenfesjtesiedd FASTA (Pearson et al ., Proc.
Natl. Acad. Sci. NfAhdistededctminti8ertity&id)similirity BleAddified frogiblelyi S publicly
avai |l abl e ;f,rom N%% arl)nd }h%r Qu f: i I%s};%lh&y g I.l %1 fnyet. al ., Nati.
Cont B oren Replable ARbuf) BReraf PEclS o Bl BB mehh B e iindl
20894; Al t schiflengity and similaritybetwees; tyio sequegees m:ludecbut awgo) limjted togthgl et al . |
"Gapped 20 Bh&;‘ﬁfgmgu dgm'diﬁmc?, 89g '{gﬁt? ,uﬁ%@ﬂ?%s&i@ﬁl&?ase Zearch
prograns"; ucl.ei.c Aci.ds. Res...25:. -3 3 not her preferre
nmet hod to det éf‘ﬁ’f&‘” ﬂF‘é"&ﬁf‘W‘@e%ﬁ?‘ﬁiz;d“f‘@ '%Vﬁtt'ﬁg“e tE5’?‘3c‘j"re(g'gmbNASTAR protein
al i gnment  pr otpendlty=U2 andygapteitension penaltys: verowx etiaka NuaddieAeids Bes. , Met hods
fEnzyrrlo! : 11%3é ﬁ&@sgéh@?@é%%i %iLAlsﬁe,fmA$1;m,?ﬁaF?.tsqmgéago&ég'm.ﬁ%g o?dﬁ?égbﬁet hod
or alignnents, ar,e, . :
| ength penal t 84 §¢b F gg"%‘f 63?%%9%%%&9@“&&95@%” lustration, by
a pol ynucl eot iavaildble/frory NCBiaod ether wercse@IARRMaimmiAltyclad et dadatl. f or
That the nucl qpqaoiedinol it Nofl SpRES Bel (NCBININ N Bt e o The
ref erence seq?@hé‘g @%ﬁﬂﬁhﬁ“’?’h@"b@ﬁ%@%ﬁﬁﬁ@? ’étﬁf&g é{'ﬁgfﬂpp‘?ﬂ:l ude up
to five 3@0poiBLASTIamd PSIFBLASRT: asmwigefdttionnflpeni¢in databasé sdalvh pregramshce .
huct ot de S COURNGE Acikil ResC3 193008 B1007f). ARbAbDréfeRl HEMGA Bl Ng 2

(0]

nucl eoti de sequence .at, | east to a, reference nucleotide
sequence, up t '“S%‘S?n%ésalmm E’Gﬂﬁoeégﬁﬂﬁcst I‘fé{l’rf"éf'ﬁ?'gﬂ@é“%‘lfﬂ‘é‘ﬂ@@n&ay be
del eted or sulth¢ Jdtud-Heinwigokittan(Hdixeet ahpbfesbodls Byzymalr 183:626:645€1999)). nucl eot i des

up 10 5% of t iS.eh Sarliérh R ohe Yo kieih fRof ¥ BB AUCRE Suipil ™y bE

equence iy GUBHME BRBSIS-cH. E2p IEay kI Db AFBTSS SFERMEL of or once
nucl eoti de sdduperse Awandliysivatiore bp e polyaucl¢dtide havisg anuckiotidosiquiemeas,
interspersed gl {iemt least, for example, 95% “identity” to a reference nucleotide sequence it
is intended that the nucleotide sequence of the polynucleotide is identical to the
reference sequence except that the polynucleotide sequence may include up to five
30 point mutations per each 100 nucleotides of the reference nucleotide sequence. In
other words, to obtain a polynucleotide having a nucleotide sequence at least 95%
identical to a reference nucleotide sequence, up to 5% of the nucleotides in the
reference sequence may be deleted or substituted with another nucleotide, or a
number of nucleotides up to 5% of the total nucleotides in the reference sequence
35 may be inserted into the reference sequence. These mutations of the reference
sequence may occur at the 5’ or 3' terminal positions of the reference nucleotide
sequence or anywhere between those terminal positions, interspersed either
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24 WD 01112833 PCT/ USOQ 22874 individually anpong nucl eotides in the

ref erence sequence or in one or nore contiguous groups wthin the

ref erence sequence. Anal ogously, by a pol ypeptide havi ng an amno acid
sequence WAMIARP3AL | east, for exanple, 95%identity to ECTIUEHER®Mce ani no
acid sequence is i ntended that the anino acid sequence of the 5 polypeptide
I's identical referen except that. the pepti de
sequence ray ?ﬁ?h?@@aﬂ’ﬁngﬂu‘%‘\?gﬁaﬁl% %Eﬁ“&e%?ﬁ?“é’f’%?‘i‘l}ﬂgeﬁ'g‘?‘ %ach 100 ami no"
aci ds of t heontigubesgroups veithimibe seferenceisequendse Analogonsly, bmaqmltvamﬁda

pol ypepti de Wh@&lﬁﬂlnoﬁﬁh@éhu%ﬁde%aﬁﬁguﬁ%?fél-texbxﬁﬁl%t%g/@ndbhtﬁt?%iCa' to a

reference am no acid.sequ u f. the am aci d si dues in- thé
ref erence se(ﬁ%&ﬁ%@ %@%ﬁqam%df“%&ﬁéﬁfgﬁte W%S{tﬁ%r ani no acid,

©or a nunbér @blypeptide isddemisalip thegefofeneefsequrace axotp khasithe polypeptider esi dues i n

the 1 ef o1 oo S gl indIibk il 8 Bhihboid il ahdi pef LR 107GRmISAENCE, | These

alterations o e am no or car boxy

uence cur
t er m nal pospf%ﬁ%felﬁ?cet%n?%q“ie@r‘?w&’ﬁf ’ot°3 @@&Pﬂ’@ having 3R wher e
bet ween t hos emimracidseduepcsaticast 5% idetitiaktp @refertne antine adidisiquerttealpl y 15 anong:

Cff'hf’ﬁefh;“ré %Z"r éﬁf;‘%;mque%ﬁ% 3% B e e dlen Ty Bl > © O or
pol ypept i 1c subs ﬁ?ﬁ&?ﬁ?’a‘ﬂ"waﬁ d&ﬁwmg“qﬁa%%a&@ﬁua&f%@ The =
i nvention i nmdtaldﬁsnmacufmmdmmMefp:emhsequegcema;nhdm@ammwthbel ns o
vi a-reconbi n %”%Qﬂ%clt :igg %@}eg&fsr Leg c99¥t defers to

the extent of am no segence e pept | 7 Wen a o
first am no &64NP XEY %’Wctémi“ﬁ ipgditie e‘&“"esaé@ﬁ‘hﬂf“ Fﬁqﬁﬂ‘cﬁefd sequence, |

t hen t he f| rahyﬁm&@ﬂ&ndhmﬂambpaﬂx@muﬁameéxi&abuﬁxy@ﬁﬂ% honol ogy...: The
honol Ogy %ﬁﬁ%ﬁ&ﬁu&s‘@ﬁ’ﬂﬁ%fé&ﬁ%k&ﬁ:ﬁd&:ﬁo&g dridre Eottighdd sups the total

nunmber o (g “"E‘ no -acl I'ven position in-eit sequence,
e.g., 25 if N%‘th‘ ¢ refSRence RAMFNKuber of am no acids in elther of the two L
-sequences are theThanm“hdmhgohé’mfnmtoa@mmmoepnlmpumwa-mnhallyt 50% . b

honol ogy. %rﬁi}éﬂibstéeﬁf The invéhtidh WRIMIBNRRTddR % Siking COde
permtting garlatlon of. the nuc| eot. segﬁ‘ nce w thout effectlng t he
anmino aci d sBeHeResgroteing,via pregmbinans INA, fed) Accordi ngly, the instant

i nventi oR0rel at esnmmwmntlmml@”mﬂrdtme @ctaitefamimpaeidaeqisaccal | or a
substantial pfanfity®BrwREn m‘;peiamo vﬂsalti R Rid s%éue'i@é :sfl&ahhl;m tda SEQ I D.

.NO 57. The skill d.artl an is S i bited by
‘a specific h§¥e® ‘&‘P‘Iﬂolaﬂ JERGEC @E}fg%ﬂl‘g%“y@&&ﬂ@?% ﬁ/e"gg’q given
-am no aci d. T0e6 bbmology. WHerhomplagydstween anytwoalypésides wprdnvdduMpneﬁsi on in
a host cell, et:othﬁlmawﬁd%@u&gnamghaasata@»&ﬁpeslmheimtseqdeﬁcefegquency of |

host cel BS  MTRIRE I R Ege gl il akither B 52 6l ERucbBGate 883885 1 oo, or
subst i t ut i onthen theitive swqm@m seillite exhihittiyechomoldgt changes t- hat do not :
“Codon degeneracy” refers to divergence in the genetic code permitting '
variation of the nucleotide sequence without effecting the amino acid sequence of
_ an encoded polypeptid_e._ Accordingly, the instant invention relates to any nucleic
30 acid molecule that encodes all or a substantial portion of the amino acid sequence
as set forth in SEQ ID NO:57. The skilled artisan is well aware of the “codon-
bias” exhibited by a specific host cell in usaige of nucleotide codons to specify a
given amino acid. Therefore, when synthesizing a gene for improved expression
in a host cell, it is desirable to design the gene such that its frequency of codon
35  usage approaches the frequency of preferred codon usage of the host cell.
Modifications to the sequence, such as deletions, insertions, or
substitutions in the sequence which produce silent changes that do not
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25 WO 01/12833 PCT/ US00/ 22874 substantially affect the functional
properties of the resulting protein nolecule are also contenplated. For
exanple, alteration in the gene sequence which reflect the delgeneracy of
the genet MO Q@3 or which.result in the productéigin of XTHETPEH!y

equi valent amno acid at a given site, are contenplated. Thus, a codon for
the 5 amno a .glaﬂ{' | | Lo Q) i%h - lfédié%é'wt ed by a
codon encodi %‘g’ antl)% e&ﬁe@%ﬂﬁgﬁmﬁéﬂaﬁ ue,tﬂ'&ﬁgl&l‘&ggﬁog ﬁci ,I;Ee’ or a
more hydr oph#®? eontemplated Farexample, altgrafionin the gene sequenge whigl istleqt the
Simlarly, chasgeaeacyéfithdigeneticiédde, or whithyesultin therprafuctioreofachermica®y y char ged
resi due for apgk & | g ' ' or one
positively chgﬁg‘;e%é?%’?*ﬁg}g@%ra%g%g_%l}iléé%e%ggtgﬂi)@%dégﬂﬁ?gcﬁ%&%&grgi ni ne, can
al so be expecamiporagidplanines a hydrpphobis@ming acid, mayibe spbstifutedhyafeden Nucl eot i de
changes V\Ih} Cheﬁd@&iﬁhhn@tﬂeﬂéfs@ﬁd?bﬁ&bial&si&ﬁbesd‘éhfaeglsiginaJ orafifbre C- t ern} nal .
portions of the, protein.qaolecul e SQ . e C alter the
activity of tﬁ%dﬁvl}?%"éﬁrﬁs'd%s‘gg%%g’elgmﬂef grrrlggq/&f‘crlun?f ?é‘ﬁﬁgb}?%‘e%gersabl e to nake
nutants of t whichaepultie subistitutionioffone pegatively chavgedaesidug fonanothier,sheltason on t he

bi ol O|g: cal ﬁ%ép}(éﬁfc)écih&?@é]uﬁaﬂﬁq ﬁd}b@bﬁipoﬁava%:eﬁargéaaeﬁgﬁat%ﬁﬁﬁmp,%éﬂ c ?t i ons
is we inthe routine ski in the ar as_is.determ nation o
retention @f B‘T%F‘B@Foééfgl%lgf’icw?lflo%e’?ﬁcgedetﬁc%@élaeab‘r"g’ﬁf@ﬁ%.eqme@gver, t he
skilled arti sprednesc diynleotide chaages whichassult in dieratiop o theN-tepmingband i nvent i on

are al so defi pagmkalipdftions 8Pibk pioteit MolR¥ile Wulitlso4dEBE expeétbd @SiMer theondi ti ons
(0.1X SSC, 0.1%

DS, .65 C). h t he seguences,,exe | f.i ed, herein. 20 The
term "express : 0" gene
: Ay oL peothi. {hseme caspscf AY RURCLLE Jerablrap FPke g
product from af the seuenntiin grdento shidy tecdigetrof elterttienn the hiologicabistivity The ter s
"plasm d" 15" V8Eihe proteif "HachCF Werbfosed Bbdificdtidndi viliwithin GRQME A el enent
often carryi ng] ehes \tm‘ép(%h are noj_ part o b.t hefager}}; ral. _metabolismof the
cell, and usu q%?aft’r‘?st‘% qrgtinatign ofsefeptipn.of biglogieal activity i thg e 5 nol ecul es.
Such el enent s prodyctiseMatsouerpthe skillpd artiganirecgiiaes thaGeqicnss enwapassed by
' ][lt egrati ”lg Sﬁﬂyﬁg&ﬁ%n aR A B %Eﬂiﬁéfﬁgﬁfﬂiﬁ?gﬁe} s&tAfgeht Or circul ar,
of a single- or,doublecstir & Q wderived from.any. squrce, in
which a nunbg?ndbtfonﬁgéf’égﬁcgg‘qg éeé)’i\”é the,SeaHences ?{‘8{5‘%&0 herrbi ned i nt o
~a uni que 2@onst r ucThotermfiexpression’trefess o shegfansoriptionl and wapslation torgsner  f r agnent
an;:l DNAl 3? 33%8%&5&&:95 gé’ne'i:_%hﬂg?ﬁih Ripsente ?ﬂHﬁ%ﬁr@pﬁﬂﬂcﬁM t Pt appr O]E)r I at S 3
untransl ated “sequepce rnto a.gell . "Jransfor i QN cass e" refers to a
specific vector cOmt SRS ﬁ’g‘“&‘“‘foﬁéﬁ?@ﬁ g‘&ﬁ@a%fﬁ‘&’ Hﬁ@fﬁgﬂn&‘%ﬁent s in addition
to the forei gehrgeosomsl glementofidnicamyiag gencsiwbich areanor part offthecqatrak i cul ar host
cel . "EXpresgictiboksh® 6Lihk Sell, afid Gsulilly 1 thePfofih OF titdufar UEEBIQEtranddd BNAI Ng @ .
foreign ggge ang ht’iVI \% %ierrepst S_i,n a%dl ti ‘(135?1 t Olit Igle 35 forei non%gne t hat
al | ow f or “Anh W% -x§ DGR Ipe: e APogRmansieRlicalpg Fetss £ WO
01/ 12833 PCT/ irtegyatingsgquences, phage or nucleotide sequences, linear or circular, of a
single- or double-stranded DNA or RNA, derived from any source, in which a
number of nucleotide sequences have been joined or recombined into a unique
construction which is capable of introducing a promoter fragment and DNA
30 sequence for a selected gene product along with appropriate 3' untranslated
sequence into a cell. “Transformation cassette” refers to a specific vector
containing a foreign gene and having elements in addition to the foreign gene that
facilitates transformation of a particular host cell. “Expression cassette” refers to
a specific vector containing a foreign gene and having elements in addition to the
35 foreign gene that aflow for enhanced expression of that gene in a foreign host.
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I sms Construction of Reconbi nant Organi sns Reconbi nant organi sns cont ai ni ng
the necessary genes that wll encode the enzymatic pathway for the
conversion of a carbon substrate to 1, 3-propanediol may be constructed

usi ng t eCMADYIR833 wel | known in the art. Genes encodi ng BCT/US0022874

gl ycerol - 3- phosphat e dehydr ogenase (GPDl), gl ycerol-3-phosphatase (GPP2), ,
gl ycerol . dehydrat ase haBl 5 dhaB2 isnaltnd_d_haB?_,) , dehydratase reactivation.
factor (orjZ=5 = o edi ol oxidoreductase (dha7) were

i solated froma Recombininsorgapismp centaining theingrassprpgenshtbetmillentadss and used
to transf or mg0gtymhticpdtiwayStofihe BenvErsiondf b cRbISEAbsthed BA(3-prdp@Riol or KLP23."

10 Isol ation of .Genes t.hods, of .obtaipin L[ e enes f a bacterial ..
genone are cdRAYIF constRCled using q?eﬁvw{eﬁécn%&gtké%l %‘é’}fﬁ'ﬁ?wg‘?’g} ogy. For
exanpl e, i5f tghwemdGephosphatsfdehydregenasa €GPR1 ) glyogrol-3-phasphatase (EPR24 ¢ | i braries
may be creat gfylayol B dbdisk (MHaB1 MBI Rl arsE3) Hebpdritatedttivativh \fadist SCreened .

Seauence. 1 s (PERRE 84D T PR REgOLETE rﬁ%@ﬂgﬁ%@ﬁf%%& or | e

di rect ed anplnafivetust sich peKlebsfellasarSaccharoyoresnnd rm hosbtmaingn ( PCR)" -
(U.S. 4,683, 20d) ast® coR DM, BODRY, A A2D0,ONKIPast abl e for transformation
usi ng appr.oprlate v ors. Alternatively, cosmd. libraries may be created
where | ar'ge RS 50 genoni ¢ DNA (35- 45kb). may be packaged into

vectors. and used Mehadsafigbtaining desited gpnes dom hbacterial geneme are gRBMORS are
Lo e Bt s A ey, S et L)
heeded Tor pabeEBF RN SUBYEATIERLS AL et Sy SRRABAL O 1o 1
~addition to tendomwkasatigestioreand meay e sereensd withiprabesicomplementasy to thos an ori gin
PSP, iy o Okt palaiguon g esie? 2 961
he tr ansf orpiEadstprider BERRY amRRope Refed B pIR L Gl 0%, |
Sambr ook, J. redctih (PCRNDL.S @16183,202)/to abtaig amaunts pEPNAGmitablefosal | “Second
Edition ( 198%5@},&@9%@@ appropriagy vebROr at or y Press, herein incorporated by
1 Tgated, using 1 ndikmalyeth oupaTpaRey ray be ol ek dandlin 0 B0\
. cos regi @0 ofgenomicdMN4vi(35-43kb) mey be maskaged infe vectars andgsediorirangforme | i neari zed
bact o1 ophaga P e e e o o e eaved and
t ﬁg f or ng ng ﬂw‘r‘ies ngbgge(gﬂ’leﬁﬁgc? id ﬁeecgoase%?tﬁglr%?s? gl?]e C(S)Oﬁ ?ﬁtggggsct'_ erial viral
particle. TheBNApequenes whichisametded forpackaging and subsqquent cirenlgrizatignofhost cel | s
such as E. CQhi forGREONAN IR 3o ©ithe dob Sequbride theséPectoré willrlsodhtairci 1 cul ar i zes
e N gt of Foplichion saeh & CATEY ar iy rebitabel riarkBONEh od 25418 27

| resistant to ampicillin or neomycin. Methods of using cosmid vectors for the -

tratisformation. of suitable b_aé_terial hosts are well described in Sambrook, J. et al.,

Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring

Harbor Laboratory Press, herein incorporated by reference. - - :
30 . Typically to clone cosmids, foreign DNA is isolated and ligated, using the

appropriate restriction endonucleases, adjacent to the cos region of the cosmid.

vector. Cosmid vectors containing the linearized foreign DNA are then reacted

with a DNA packaging vehicle such as bacteriophage. During the packaging

process the cos sites are cleaved and the f_dreigh DNA is packaged into the head .
35  portion of the bacterial viral particle. These particles are then used to transfect -

suitable host cells such as E. coli. Once injected into the cell, the foreign DNA

circularizes under the influence of the cos sticky ends. In this manner large
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WO 01/ 12833 PCT/ US00/ 22874 segnents of foreign DNA can be introduced and
expressed in reconbinant host <cells. . Isolation And d oning of Genes
_Encodi ng cerol Dehydratase (dhaBl. dhaB2, and dhaB3) ase
Reactlvatlvﬁg W8 Pors orfz-and orand 5 1.3-nr opanéii ol deh %'ngé%%@é dhaT)
Cosm d vectors and cosmd transformati on nmethods were used within the
context of th S A O4h PeQnttd RABE dndleRfress £ Gopm ¢ DNA
from bacteri gﬁgﬂgegﬁeraort%?ﬁtgﬁposgess genes capg%fmg o?nprocesm ng

gl ycerol to 14 Spr opanedi ol . SpeC| f | cal l'y, genomic DNA from K. pneunoni ae
was i sol at ed Isblatiby And ey off L 3

restriction e

}A’ a\ﬁﬁctor Supercos 1 and
packaged usin ' owrng construction of
t he vect ordE. Sd@yqig weretransforrred with the cosmd
DNA. Transf or mant sCus’mle veameeme@bsfmu trafisfopmation méthiodsovep@used Mithisl gieer ol to

svai Yo . el oﬁ@@%&gﬂ%&g@@g@ S dlselpedl SPARGRIHN e 2
1, 3- pr opanedi @ctﬁ@&g%qewémwar%mmsws finableof progessigg ghgeroht®  cosnmi ds were
naned pKPI and 3p;ifEﬁanedablA Specificdlly] gemoim PINASEbne XTI privsindsiae vasblagy to t he

gl ycerol hy t,hese
transforngﬁts% gﬁwnencoaar{&%defl“@@?@%ﬁ%&lﬁydg%s%éﬁuéﬁe

Cther 1, 3-pr oﬁﬁmlﬁeﬁcﬁw vegter Wrmkqseéﬁangﬁwpm t he cosm ds
were named ppitkaging extidefs. Follwing certiaition of theaattorE.IdoR X 1bBae MROS i ds

carried DNA | | r e tant

i nvention uti F@%gg%‘?ﬁ%'ﬁf%&%ﬁ%g“ﬁ%}s‘%m% \?\?atnﬁ%%%% %&geqe a‘cosmid,

al ternate souﬂ@@bﬂmtowenym&lr%%bﬂwm@déumwaﬁ@ colls indhect i vat i on
factor gemss prséndd of gittrolané anddyzing the inedia fier, 1, plopaieadiol ﬁahnatﬁnost ridia and

Sal nonel | a (see T se The
present invention prg\‘/)l}%lﬂ%e an'éﬁ}SPéLa eﬁgﬁl}‘f‘%ﬁgexpr ?%‘ﬁg'gtﬁ &PDH and
G3P phosphat asesmidy verenpaed piPlhandpkP2e HNA sgmemaersve@lﬂé@utengvmpm are
known. For exhsipblogy foRhY glyosioliRRydrathseQend £6in'C. Fafhi; Gétacr shand has the

base sequenceﬂ% W Bﬁxﬁ@lﬁ%& en&'&%%%@%y&rﬁﬁ é&&gém sequence

given in SEQ ‘activity has
al so been? 930%%&:%9’9?@5&8@?&\“&% themopmids grereet al .

Mal . M cr obi ohaméd/pKi4 4niHRP5) Dl\ﬁﬁsﬁﬁéndx{g&ewreﬁm&e&f costisRaeRENt b: nv]t;nt ion
NADH dependenPrES Bisplk s N adSRResEBER 10 B P Y PP L act ity i's capabl e
of catalyzing the Alhoughdh eo\nstgft invgntion utilizes the isolated genes from within a
Klebsiella cosmid, alternate sources of dehydratase genes and dehydratase
25 reactivation factor genes include, but are not limited to, Citrobacter, Clostridia
and Salmonella (see Table 1).
Genes Encoding G3PDH and G3P Phosphatase
The present invention provides genes suitable for the expression of
G3PDH and G3P phosphatase activities in a host cell.
30 Genes encoding G3PDH are known. For example, GPD1 has been
isolated from Saccharomyces and has the base sequence given by SEQ ID NO:53,
encoding the amino acid sequence given in SEQ ID NO:54 (Wang et al., supra).
Similarly, G3PDH activity has also been isolated from Saccharomyces encoded
by GPD2 (Eriksson et al., Mol. Microbiol. 17,95 (1995)).
35 For the purposes of the present invention it is contemplated that any gene
encoding a polypeptide responsible for NADH-dependent G3PDH activity is
suitable wherein that activity is capable of catalyzing the conversion of
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WO 01/ 12833 PCTI USOCQO 22874 di hydr oxyacet one phosphate (DHAP) to

gl ycerol - 3- phosphate (G&P). Further, it 1is contenplated that any gene
encodi ng the am no aci d sequence of NADH dependent G3PDH s correspondi ng
to the geWeIMMBE  GPDI, GPD2, GPD3, and gpsA will be POHEUPGHIF in the
present invention wherein that am no acid sequence 5 may enconpass am no

aci d substitutg ' b 14t t functi on
of the enzyne. hexgiti&gﬂ@lr@%mﬂi*ﬁ %ﬁ%@?%’tﬁe&?ﬁgpgg gﬁﬁnhéé’rrligodi ng
G3PDH i sol at eds FaRiFRRIR \?‘3%96%38‘2553“6\? 1pg Fg’ﬁ“’}?é‘c@l.?F‘!‘%?B‘I’e@ﬁ@ﬁ‘ Hze in the
present i nventdepemderBI3PHHEs catspunditgfo the gegds DARE, GPDY, GRD2SGPP3ranéxanpl e, -
GPP2 has been j ' . LS| ase . .
sequence 10 gigég‘ﬁbvgm%%&&%ghﬁ%%@?%@%ﬁnﬁges ?lﬁgaxg%lgr?%agﬁ%ﬁ%egquence
given in éEszqqeévwsimmséeﬂs'&sﬂ%W}s, §§f§m9ﬁ9r=t§48wnsmqo notalter (1996)) .
Fﬁr tﬂe purpo_slagsﬁ;gétiohhﬁtlprepzﬁmal. Theekitied personawiyl appreciate de0géney a GﬁP
phosphat ase a ; . at- L
activity is %%ﬁ%’f%‘%”?’%&?féfe?zﬁ% rllrI &Pﬁleég %ﬁ@?‘%r@%@&e@@%w@?phosphat e
pl us H20 to glPjRsentanventions| Genes enspding (G3P phesphatase are kngwnn Eer examplegene o
encodi ng the BAP2hasbéctl isotatedfae S@dcharonycdd leerailvat anthas GRbasseaqidics1g t o the
genes GPP3gand: GhBY sHig i 6.5 Wlfith BidBhes thearhls ol SGMcclalRR 1 ON [ NI Uding.
any am no ‘aci @ sequénce that enconpasseés am no_acid substitutions, o

del etions or $EQ 1 NA:S6Nameeket abi. Bial dehernd’h FHEBIGWEN the  Gap |
. ggosmpgat ﬁse ﬁnzyrrEFpthhiepﬁbbdek Bﬁh@?ﬂ'eﬁdﬁﬂin%dtion,adwrg_eﬁd @t@uiﬁgwﬁmgenesbfnc ?di- ng
phosphat ase. i sal at. . er. r . e suitable for
use in the pPhgsgﬁ?wﬁeﬁﬁﬁﬂﬁﬁgg&gmegﬁolﬁ m@?w&&éﬁ%ﬁnﬁnﬁ%ﬂw@g I's for the
reconbi nant prapsblsiaf satalyzing the-convspsioncafislycerol-phesphate plve HyPrtoBlyesrot i ¢ or
teﬁkar y?_t I qsanﬁlwﬁdr%m]%liﬁﬁl{fﬁg Fafther, dhy _bﬂibleenb&ﬁir:]g mehiniéﬁ_lutcidlshqueiﬁ& ?f25 ﬁqor ess
e active en r e - propanedi 9 uit.ahl e .host cells
w1 be bact eGPk R ereesnsaBg R i oBPS PRI R Boncdiy |
Kl ebsi el | a, Adnxtiprsent inventiandncluding any anipmecidseqnence thebensompassgsces,
a; hi zos?cchar @niodRid suwnam%ﬁﬁgrﬁﬁwa&diﬁ@smtao n&:atm/tﬁé ﬁﬁﬁh‘ﬁ&ﬁofﬁﬁa_ﬂdh da,
nsenul a, r es Of g | S, . A r sgheri.chia,
Sal nonel | a; %@féﬁ%@w 45 Ot @gégﬁ%%lgﬁﬁggﬁ%%g@%ﬁ%?@ lé]& in the
~present i B0entG38phaspbatage isalased from othst spurege wilkalembe suitable focuseipithect er, and
Aerobacter. Mprs@ftidniionTs can be converted to a high titer 1,3-propanediol-
producer by i he foll ow ng. general protocol. 1. Determ ne the
presence in a fiti al host organi sm of an endogenous 35 dhaT-like
activity that al Beiablethost qelefor theaebpmbinantpredistiomefilai-propanstiohmepkec  or.
i nhi bitory | eyfher plokdryblidor cikirhictng W8 b€ liditedlody by the BostcOPMIRGIS! - 29
i1 25  express the active enzymes for the 1,3-propanediol pathway. Suitable hostcells ~ '
will be bacteria such as Citrobacter, Enterobacter, Clostridium, Klebsiella,
Aerobacter, Lactobacillus, Aspergillus, Saccharomyces, Schizosaccharomyces,
Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia, Salmonella;
30  Bacillus, Streptomyces, and Pseudomonas. Preferred in the present invention are
E. coli, E. blattae, Klebsiella, Citrobacter, and Aerobacter.
Microorganisms can be converted to a high titer 1,3-propanediol producer
by using the following general protocol. : S -
1. Determine the presence in a potential host organism of an endogenous
35 ~ dhaT-like activity that allows for the steady state concentration of a toxic
or inhibitory level of 3-HPA in the presence of 1-2 M 1,3-propanediol.
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WO 01/ 12833 PCT/ US00/ 22874 2. |If such an activity exists in the potenti al
host organism performsuitable nutagenisis to delete or inactivate this

activity. tion of a non- functional or deleted d ctivity
can be dete F‘é@%ﬂ the I ack of 3- HPA accumul ation.in thg@g}!é&oﬁs‘lg of 1-2 M
1, 3- propanedi ol . 5 3. Express appropri ate genes for a) glycerol production,
if glycerol is @txfkﬁ&m%ﬁa%mqsep&amﬂi%% anidR Perionh aa@prNd the
associ at ed mai nt enance égi’n E‘?“‘f‘g t% C‘@gm der’at i.ons,.whi ch woul d
need to be taken V\P‘Pﬁg‘?‘%@%@ et ordpacfivaty this getiyiy,  Copfirpatiop 8RR ¢ e
expressi on or reprfwetiomml afdeletadodelidiie activity cini beadetet@ddiysheniaek ofidder t he
condi tions for 1, SHPAGRARHARI iRBRBAELAGRE 1 HMI%-Ho gmedﬁhso i nclude the
presence of gl y& g q%l ucose or an ergé)ll Si Vet fs and Sg{) ﬁHSI on
Cassettes The presE¥HreS3DRIPIAREHES IO é’F‘?dé‘FV”bf glyserod fsgtog

t ransf or mat i on andcareonmoess; b) glycerob dehydmtase andahe assdaiated inaintehanteng,

transformation andsgepr @sfs9gnd! 15 &PDH, G3P phosphat ase, dehydrat ase,
and dehydr at ased(;ea. tl\latl N factg I nt sujtabl e host cell. Suitable

vectors will gratipnis yphich woyl Hﬁ?&'tt?gFE‘k faseect i3 ¢CFaiBr gani sm
enpl oyed. Sui nnﬁbm'gmnﬂnmomcemmdmpmwonmdcpréssmnefﬂldogmouﬁ dhaif-Bke bacteria, a

virus (sugh a&.ﬁfﬁﬁ 6iide? B229Rgifidns' qEr r £3 Brobinddtl pHAflctR2 Thise fighitd . 2
yeast or a plan r ot 0col s g and using such veetors are known
to 20 those i Mcludethe; ua?seormemﬂwar Cl oning: A Laboratory

Manual - vol uie ofsan& §ng Harbor Laboratory: Cold Sprl ng
Harbor, NY, . 1988)d AEYe) Lgd ns
sequences directing t asr?gtcr|étﬁi%}l %védﬁ%jgweg‘?ﬂ{wﬂs@%ﬁe approprl ate gene,
a sel ectabl e FERFRSSION casgeftes s gthy gloging “&‘ER"&r‘PB fsxressiopiof cat i on or

chronosomd$ | GBEDHAGBB phosphatasehdchydramie und dehgdiatasereadivatigli factobinted  t he
gene, whi ch N&libfiethobicail Stitdbld PRk willthlitsb GMlich Af¥ doflodeinle WA ik 1 007 01 3

of the DNA fragnent contro transcription tion. I s nost
preferred V\heﬁn‘HB?fﬁa'E%ﬁn&W% ‘B‘HEleé(P‘é“Gé?‘!M“V%ﬁ‘?fg’éﬁé@ekfmmpogous to

t he transfornbabtémsavmisl(huchSHbimtcrmphagalTW@glms deed phage) kecodald, wed from

the 30 genes Rﬂp tion host.

Initiation co tro %éeg}togl?t&ggq%{dg%@ﬁgﬂﬁngaﬁ a£e usgfﬁ{' o&drl ve
P A g : ! To g A

expreSS|03 of tho
respectivel y) volumhilb, 28 ¢Cold Spting Harbet Labafaeorywcerdcs;ﬁmgmm%a,rmw ar to those

skilled in theggyf. Virtually any pronoter capable of driving these genes
is suitable for e .35 present invention jncludi ng but not limted to
CYCL, HI S3, GAL 1, Typigally(the vagtayor casseite coplains segnenoes dirgoting trampiptionRA3, LEU2,
ENO, and TPl aad iiiskifion efiBSappedpriateQiene] 48¢éctable marker, and sequences
25 allowing autonomous replication or chromosomal integration. Suitable vectors
comprise a region 5' of the gene, which harbors transcriptional initiation controls,
and a region 3' of the DNA fragment which controls transcriptional termination. It
is most preferred when both control regions are derived from genes homologous
to the transformed host cell. Such control regions need not be derived from the
30  genes native to the specific species chosen as a production host.
Initiation control regions, or promoters, which are useful to drive
expression of the G3PDH and G3P phosphatase genes (DAR1 and GPP2,
respectively) in the desired host cell are numerous and familiar to those skilled in
the art. Virtually any promoter capable of driving these genes is suitable for the
35  present invention including but not limited to CYC1, HIS3, GAL1, GALI0,
ADH]1, PGK, PHOS, GAPDH, ADCI1, TRP1, URA3, LEU2, ENO, and TPI
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(useful for expression in Saccharonyces); AOX1(useful for expression in
Pichia); and lac, tip, RPL, XPR, T7, tac, and trc (useful for expression
in Kcoil). Termnation control regions may al so be derived from vari ous
genes nat WROVRE3t he preferred hosts. Optionally, a ter ACTAHSIYR8E t e may be
unnecessary; 5 however, it is nost preferred if included. For effective
expression of the instant enzynes, DNA encoding the enzynes are |inked
oper abl y t hr o(ugeful for expaession inSehoherovbresk A 1dtsefol foraxpiession itont r ol r egi ons.

such that exppesm)QRdIRseh,HP; | WPd, 9, he)andit ReRf fof BHraBRh MPEI @l  nessenger
RNA. 10 Parti cul ar,i. usg.lful in the E)resglnt -|@ven h_onf ar.e the vectors pDT29-
and pKP32 whi oh arEPRBPR Rl fein L B b SF ROm RS ResIRS Che
essential el tribeprfenied boSTR Optivaaliy @¥Iminationisiteimaychefunoenessary; dha r egul on

i sol ated f§omyodibveR i€ hdost pREYEYEIR itRide®DT29 cont-ai ns the open reading
frames dhaR, orf Y, al,” orj X, orJW., dhaBl, dh and. dhaB3, nucl eoti de
t he sequences of V\Eﬂrfﬁg‘fg’eg?@%ﬁﬂ&%ﬁﬁéﬁs%ﬁ%wwe%g%ﬁEP‘N%:“E ® bKP32 contains
the sanme set efzympeareliokel opgrablyrthioagh ingtiafioncodonstoseld@ed exprassion he sane 2
source, with efiofiS S Bhat BitresSioh Redultd i tHeFolntifiofl B #ﬁgﬁ%és the = .
vehi cl e used [f‘g{rﬁogﬁgfo' tﬂr}ogbact I'on- of DART: g*r% . &D-Pgﬂ;gg es | ;c\to t he host

cel | and nor eMEHEREF FfRE4Y | y conprises the DARI and GPP2 genes isol at'ed from
Sacchar ony@es cer eRarticuleely Wdéfullindhesfresentinventiomdire thei veetorspDFfPtand and - - -
5222Eff'eS”a?fepl(:@g’r%?‘#*’?%’é;if@ﬁw”%“%éhd&%jo““%‘?‘.’i’"“ R e
cells. Introdﬁ‘E‘F‘F‘Hﬁ"fgﬁ% : Q&gi?"é%&%ﬁdzﬁ%% ‘h@g@@ﬁésg ng - G3PDH, -
G3P phosphat aKkbsieltdprumbriae, pDTRY cdntaind Krtopecreading framed diaR, brff;t or into .25 -
t he host cell ¥ ORkRY SBS Alevy e ushkeh, .
transformati O‘I‘il é‘.’gz,&ﬁg’i;ng %:;J?'glgfj%}x%gr mé%ﬁﬁ%gg%gﬁ S, € g‘?‘f‘%porat ion),
or by trkhst @ecomspinedwithin SEQIDING; InpkP32f0ntstns fhe same st ol gpengrading o)
supra). | n thframéseesdoindionpBTR2D ofom desame sourcepwith thedifférenct timnpKP32n t he E.

: il full ' iefagls Ny B \ 4 it an In
. ddition to 1 %gﬂéﬁﬂ"g@ii’mﬁ'%‘ﬁ;:S;ﬁ“.ﬁ?ﬁ%%%%@iﬁaﬁ&??% “oresent |
" nethod will bEPEREeRes B’%@EB%S&%‘ Yid mere F@“ﬁ%&ﬁw%“ﬁ@%e #‘Sﬂ—d‘r@ ple I
" nutations sp6BP2gaes isylattd ffognSwckavomydeascarevisidee pr oduction of - .. . o -
di idn b SilitabRIJHR!ahd EQUEIch of GeAds T i PRAuSHAGE 1Nt -
non-productwi pa_ﬁéi,'or al’ exnroi > Signifrcant carabolite
repression c ated to avoi d these phenotypic deficiencies. For
exanpl e, many w | dOnogsuitabld dassetiescars cinsteusteditheyaag usod ta transformpr essi on from - .
gl ucose and b ﬁﬁwﬂo& cefls. tTRGodiR b Pofaikabetté Sontdithe tHelgehdéntdagig 31 WO
01/12833 PCT/ ﬁj ,2 é?lz ghosphatase, dehydratase, and dehydratase reactivation factor into - ,
25  the host cell may be accomplished by known procedures such as by - ' - .
transformation (e.g., dsing calcium-permeabilized cells, electroporation), or by
transfection using a recombinant phage virus (Sambrook et al., supra).
In the present invention cassettes were used to transform the E. coli as
fully described in the GENERAL METHODS and EXAMPLES.
30 Mutants o L
- In addition to the cells exemplified, it is contemplated that the present
method will be able to make use of cells having single or multiple mutations
specifically desigried to enhance the production of 1,3-propanediol. Cells that
normally divert a carbon feed stock into non-productive pathways, or that exhibit
35 significant catabolite repression could be mutated to avoid these phenotypic
deficiencies. For example, many wild type cells are subject to catabolite
repression from glucose and by-products in the media and it is contemplated that
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mut ant strains of these wild type organi sns, capable of 1, 3-propanedi ol
production that are resistant to glucose repression, would be particularly
useful in the present |nvent|on Met hods of creating nutants are comon
and wel | RY@WMA28H the art .= For 5 exanple, wild type cel | BCHE§®R274xposed to
a variety of agents such as radiation or chemical mut agens and then

screened for txﬂ&mﬁ@&mh@df@b&nﬁtdytmormmsé@ambmmwﬁth through
radi ation eithe

it abl o sior (oot B @b bl ool WhRieth, W3 R RERUPCL (|
the range of 2bopmsent Bves®nnm V\/nere 254 nmis preferred. U/ radiation in
this 10 wavel engthMéthéuélowa}ehﬁhgqammsa&h&mﬁaamdmllanminah@amcn-‘d sequence

from guanidine a to nce cell s have
DA repa 1S mESPARIeS A Dol st ee lpdtEd R etk uh A BaBlion 6 Lon <
such as caff@hnmlcamutangandthhnmmﬂéfmﬂgcdwtmnbtme |Wh@r0r@pngthe repair
pr?clfss and %@B ﬁ&melmtrﬁﬁ&ﬁa&mw B {GhiZinY Yad 1ah6}{"ﬂal o
mut ati ons usin n n re, a p055| e
but are gener :’:{‘EF% {agg§h %WP&W\)@@@M%%WWW&E?@ %\Wﬁ]@h tﬁﬁ’ﬁ ess used
i n conj unct i orthewanpe of200omsto IR0 mim whare 254 ks prefepred r AV eadiatipadn thisat i nt er act
with the ' ive for
generati ng rmt‘ngénuteE’HE(Ei h&g%&rﬁfuse éEsu St g&‘?elgﬁf’akﬁ%gﬁ& caI s that

af fect nonr epl§uanidinggneyjosipgio aderine and thyrgiding § Sigep Agepaifgent s
that affect rapédhanismthabDibuld rephir aostidV iisthuoed nlymaonsnagenislsuchfasr causi ng

frameshift nut y &F?‘J I ng

radi ation or c emﬂga ég%ﬁ.mﬁlb‘forgﬁxmg%@%feﬁiom&%ﬁﬁfﬂ:@ e art ee for
exanpl e ThonagnaximZesheaumbepptaficctivesnuationsALong warsJRV grutationsusing i o

M cr obi ol ogy, lﬁﬁcﬁnﬁeﬂlﬁmm«m&ﬂ&hg&raalsepoﬁmmaf@ne:hmpmta%

Sunder| and, - My, 4y Uve YR unfess uoRBh < gwﬁﬁ%thwaﬁchnol 36,
227 (1992) he;leltn |nq%ga;pora]'tee ggﬁrtleu% K nmut agenesi s has
occurred, mnut AFHYARE W fpreralge dygsdha ﬂﬁ@%t"? PW-be selected by a
variety of nethods Mﬁiagsi@mwhemlm agents T ako Gﬂéﬁméfor\ghﬁi&nkhﬁltﬁﬂﬁ ageni zed

| | legtied for f t
Chter modi ate. 9 copmaply BE0 ARtahdcy Rl ERBHER bdfaRESldnRRBtal A 1 O
per f or ned ¥y gqugbm@Nszd QHzeq)w?Jbaswgmwmﬁfws@pl@@m&ENﬁewhamere only
resistant col %hﬂﬁleﬁzék ﬂ&ﬂlﬂéﬂﬁcalﬂﬁiglﬁaﬂﬁaslﬁﬁnmﬁtﬂﬂ& SpcHicimetibde fsr hi ghl y -

|-

devel oped - and kN 1 art al obi ol.q See for
exanpl e Br ock, € #ﬁ aetrmcﬂ %’tt we{pfﬂ£ 1%1?4 35 The
el i mnation ofmars@ﬁq@gamwmm@ E\@skmmytemlm npl i shed by

dlh srupt Ik on o; In Micih JitBEcﬁﬁé’xV msbad&s,aﬁ@ knownI to8 2
those skiljed A, 2 Detfindel FARL VS AR RO SR ©

(1992), herein incorporated by reference.

After mutagenesis has occurred, mutants having the desired phmotype
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

30 productor intermediate. Alternatively, selective isolation of mutants can be
performed by growing a mutagenized population on selective media where only
resistant colonies can develop. Methods of mutant selection are highly developed
and well known in the art of industrial microbiology. See for example Brock,
Supra; DeMancilha et al, Food Chem. 14, 313 (1984).

35 The elimination of an undesired enzyme activity may be also
accomplished by disruption of the gene encoding the enzyme. Such methods are
known to those skilled in the art and are exemplified in Example 4 and Example 8.
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Alterations in the 1.3 _propanedi ol Production Pathway Retresentative Enzyne
Pat hway. The production of 1,3-propanediol from glucose can be
acconplished by the followi ng series of steps. This series i

repr esentM@OYE88¥ a nunber of pathways known to those SWT’V%’B’Z?W‘the art
and is 5 illustrated in Figure 5. Gucose is converted in a series of steps
by enzynes of the. . .droxyacetone phosphat e ( DHAP)
and 3- phosphd- teration Tot—=ts then formed by either
hydrol ysis of DHAB oErodution of ldcpropanedigh fimoon,  or

_rrﬁdu;:]t Llonl of m%gteéﬁbe%é’ ligiled% Rﬁ%ﬂb@kl@ sérﬁ%'a}'st |‘I‘I&Y§%€n&|}i? hlydr ol ysis.

e hydrol ysi's step . can C cel Ll ar

phosphat ases, BT "a?efw@w?ﬁvaﬂﬁ%ﬁ“ vé’ptgrce%sfléh ‘{’H%? e%aélgt’s to their

substrat es, atlusﬁamdanl“lgnretﬁ; @lacosk és donverted ircestrienofstaps by cnzymes pfthe -

reconbi nat i 0 f S«‘t&&lh?&r@;&a&ééhe%o b H‘M")Qdﬁﬁ -(or  NADP+)
(1

| i nked host e {}mt(%lw‘}(ﬁ@ #‘gl@’ tgaﬁrcl% O@W&Cgrgr 15

reconbi nat i orﬂyqefa
dehydr ogenasednhﬁrﬁya&etorfe(DHAE))folidwdbga&dabt}mlegrmtmeoﬂDHABlt@ reaction of -

Equation 3. % BBho: sphafe 1S, Dhe h y@isi’te gt H+ -+
(Equat | ot  ceslyeed b amspuie: %ﬁué%was%%%e"sswbﬁa“’* mnthe

i nternedi at e sisemﬁdmhyesppntmhanaibdwsseomeam;tya@mﬁmldt9§b¢| bed in
det ai | above JeBS bR Eh 2 rhe redudilo sep catl BibatBaed bPaNaDtqer ol , Equation .

PN iy SR e ST AT o5 b FErodiee égﬁﬁ@?ﬁ?& can be
gl ycer ol dehydcmﬂhnﬁxo@EltﬁSnﬂa&emaﬁbédhmaﬂomedmsatMQE C. 4.2.1.28) or -
any otherye “Z%eﬂfmag%xﬁsé@@qt@imkmmrmmﬁm&e&ﬂmasﬁmregm L

dehydratase di ol dehy ase, is. encoded by the

1, 3- Propanedi ol is prod d f P gquation 2, by NADP+) . .
| i nked host enzyne or tlt@e rgtﬁp‘gagldz |ntroducgd i nto "t he h%st by 30

reconbi nation. Thi §-IflPAd1N4i@Hc'tH'bnﬂﬁPF‘P@n?ﬂ'@dﬁﬂﬁpon of (Equptigndhanedi ol can

be catalyzed by 1,@lybéoPeNatitch DihyMNADHREEE (E C. 1. (EquatiodB) or ot her
al cohol . p¢glehydrogenases. Mitations and transfornatlons t hat affect carbon

channel i ng b SorVertbBHb 3 Y.profHcAiBO AR iEm ARIY hytdrfhg var [ ations in
the 1, 3- propanlg’gérb*el c |on .he present

i nventi on. Farropiguaids 3?9\5,\‘/8‘%?? gf‘“&#?ﬂ&@%‘ﬁni‘wé% 1&'3 ner ase

mut ati on (t p|3-HPMkprddh®drﬁmglwegdrEmm1 ,bya dohylease enzymeghaticam i's an
exanpl e of t IOseeﬂfbg'i‘lherﬂgs%r'c%béiﬁtrb&ﬁaé&%?oﬁx@ﬁos@ﬁﬁfé&éﬂﬁﬂ%nbmuscar bon

channel i n

pill 5 dehydra ecmbe%&ngygg&eléé QEZ le%ycﬂal({eﬁ)?fonm ble for the 33
© (E.C.4.2.1.28) or any - other enzyme able to catalyze this transformation. Glycerol -

dehydratase, but not diol dehydratase, is encoded by the dha regulon.
1,3-Propanediol is produced from 3-HPA, Equation 2, by a NAD*- (or NADP+)
linked host enzyme or the activity can be introduced into the host by

30 recombination. This final reaction in the production of 1,3-propanediol can be
catalyzed by:1,3-pmpahediol dehydmgenase (E.C. 1.1.1.202) or other alcohol .
dehydrogenases. -
Mutations and transformations that affect carbon channeling. A variety of mutant
microorganisms compnsmg variations in the 1 3-propanedlol production pathway

35  will be useful in the present invention. For example the introduction of a
triosephosphate isomerase mutation (fpi-) into the m_lcrqorgamsm of the present
invention is an example of the use of a mutation to improve the performance by
carbon channeling. Triosephosphate isomerase is the enzyme responsible for the

33
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WO 01/ 12833 PCT/ US00/ 22874 conversi on of DAHP to 3-phosphogl yceral dehyde,
and as such allows the diversion of carbon flow fromthe nmain pathway form

gl ucose t?Y(g}ﬂyl?&r and 1, 3-propanediol (Figure 5). Thuge %@tgﬁ, ljetion

mut ati on enhances t-he overall netabolic-gffici ency 0 desired
pat hway over that described in the art. 5 Simlarly, nutations which block

alternate pat Q&@éﬁsx&ﬂfﬂ&ﬂ?%@?h E@glﬁerﬂdéﬁydelmﬁtd%rsﬁﬂ?ﬂws(ﬂhe pr oduction

pat hway woul d al so ?’S # nt ven |on gf rrpl e, the
el i mnation ofdM§f SRIORR Qg’ﬁoﬁ? Qjﬁ' e{ﬁ ot yf’?’S GBP by the
action' of GSPl[;ihpmpmdahﬂ’,lgdre6)11'131@5nlged@etmommmdlpt-@mﬁhqmraﬂexpense

of ATP (Fi gur%n/iab%héefﬁcfeh ﬁdmé akymw&kcrﬁéamQQﬁnase (for 10
exanpl e, gi_dA or med “from d’%t i on of NADH

) pre ents g
dependent g y(,sé‘FBF-YB B%‘é(g’é lé’ﬁ alt<sppls, pathways ‘?)‘rﬁ“ﬁéﬁ" Wted to
di hydr oxyacet diBepropangdiobprofluction wrm;: wosldalso bb @saflrte tequlesentiaverition.
structural geng, Bﬁ&aﬁétﬁe%lgfmﬁoﬁ umr e{nlaeeﬁsc b oo o2y TRl | C
I'T atisg

activity or can ect e ory in g pronoter
regions and riGERyfhe ation o 83 é é{l]ﬁ)r essi on

| evel of an erxpensé 6LATR (Figurt ). Also,lthe tlhmnatixmrdfglypérat dalhy&bgﬁnase (for

t ransf or gy ol O | AP g.particular
enzynme act|V|t|es gﬁb"{)ﬁﬂ %g& eng;}‘?m&?rﬂ&?f‘% progqﬁ]e%f%ofigmA uction. Thus,
it is wthin meenéeqs;sbvcewl-?rpbowhé@éﬁwdrwmﬂfmm ¢1BE SonVerts

nodi fi cati ons dilydfoxplicetone (Rilre St Mulationsdan b directell towarda stmcmﬁagaﬂ 20.

product i on of o8 St B BE fBbve o0 g BERLer AR &R ﬂéahasau%wefe”ed

pat hway for the pro rom ar substrate where
the carbon fl dow#de mwm%wwm&mwg@mm aibgsarpepinding gifes, an( '

finally tasl, 3opswracdtitothe eXfressiundevehbdf aneneghaticiactiviet. r ali ns have been
engi neered to maxi ieléﬂlgefa&}témﬂ tmafmﬁ{sfohﬁ mm&u&&ﬁb@ng@t hway by

i ncor por ati ng vari ou I ons t at , prevent | verS| on of

carbon to non-gmbingd CoORFR) pRtisularsnzwes aqtivities fqs thegnbagcemgntiaf o m
conversion to 13!=Bbeph;ediol pmdﬁmonat[‘hmzttisawﬁhlh e schopd/of die animmgbycer ol

dehydr ogenase ﬁﬁn&kﬁﬁ&%? ,ﬁ&*&ﬂé@fﬁhﬂéé&f@ﬁﬁ& AR R

4t -
Accor di ngl e presen ‘product f'on strains “contaln etlon mut ations in

the gi dA dgar @Bﬂf@#mllarly DHAP may be diverted to 3-PG by |
triosephosphate i sdhepmmthnmmMzesmﬁdémdpatlmhydbimeprddumrogani sm al so .

t del ti |1
Cncor por at es LR }w@?ﬁf a”’t"’f‘hb‘“?né“ga”“?&a“ﬂﬁ’co%ve‘r"‘s*‘.r%"ﬁ”?g’?’ SREAINENE A,
whi ch functloﬁgq e@?@e&fy“ﬁﬁ"f m%w&%@?@ﬁ"?@%‘?o eéﬁ’é@’éled by orfX

and orj Z of trpocﬂbﬁoﬂagﬁbmavdlﬁegmgn&)edtﬂdahmjgﬂmeﬁnembuhmfﬁcxmyﬁ t he 3HPA

to 1,3-pr anetﬂé eieﬁggg'm\’dnﬂmathmjeprg\leﬂfﬁlgmvnd ol

oxi doreduct ase ent net o @?S non- s ;{*é atalytic

activity that 9§ rpé%‘l“éP"‘t‘?WE‘l n a'gyaf oMl product, 34
conversion to 3HPA by transformation to elther DHA or G3P via glycerol

dehydrogenase or glycerol kinase as discussed above (Figure 5). Accordingly, the
present production strains contain deletion mutations in the gld4 and glpK genes.

30 Similarly DHAP may be diverted to 3-PG by triosephosphate isomerase, thus the
present production microorganism also contains a deletion mutation in this gene.
The present method additionally incorporates a dehydratase enzyme for the
conversion of glycerol to 3HPA, which functions in concert with the reactivation
factor, encoded by orfX and or/Z of the dha regulon (Figure 5). Although

35 conversion of the 3HPA to 1,3-propanediol is typically accomplished via a
1,3-propanediol oxidoreductase, the present method utilizes a non-specific
catalytic activity that produces greater titers and yields of the final product,

34



WO 01/ 12833 PCT/ USQQO 22874 1, 3-propanediol (Figure 5). In such a process,
titers of 1,3-propanediol of at |least 10 g/L are achieved, where titers of
200 g/ L are expected. Alternatively, an inproved process f or

1, 3- pr opaMeNA2833r oducti on may utilize glycerol or di hPST8RIUREMone as a
substrate where the pathway conprises 5 only the last three substrates,
glycerol -~ atf-ﬁmpme&oti(mgxﬁaamdls@dha process) dtersofll[prepanediohef avleastor educt ase”

is again eli f catalytic activity, _
(expect ed tonﬂoogg%én a{lﬁﬁo{t &%ﬂ%{lﬁi‘?ggg fB@ \ﬁg:etglder the need for deletion"
nutati ons are nul IAPF&H"Q&XA@HEP@M @f?ceé‘b 5l duronapestiel psedustion May gl ycerol to
the culture. dumizé: rﬂ?or ﬁih?&ﬁﬁﬁac&tbh@m substratedvlitiOha paftivay cothprizés | east 10 7.1

0L a1, 25 Yt SR ROR  PhS AEHg  S
i cr oor gani srpsoqesﬁamewawereﬂmemam edigningied: in favarofithe non-specifigt at | on of the

. dhaTacti vi tychﬁlﬁtb@&iﬁyl(ﬁﬂﬁe@té&doBeﬁrﬂédhﬁﬁdbﬂy&bg@mﬁllﬁ%ﬁerﬂ@{eﬁ@xggm e, .
ntcroorganls e a

- regul on, r}s%d%% t‘ﬁ? lgge&wse%ﬁé%&?g FE"PRE a‘@tg gene encoding

the 1, 3- propawwtotbacldmda@n%pmﬁsmof Thpeopanediol ofatdesst sns wil | -be,

. expect ed 1190 m%%acﬁlé\&tl%ewtﬁérﬂﬁwhk% ctbﬁ 1, 3- propanedi ol , nedi ated
by the presence o

al ous C tIVIt ecgted to be an
al cohol dehydr oge%&ggaﬂy@%&m e%@pggfctﬁe g%rﬂl ggr&'“ﬂ%ﬁ‘gﬁ de but are not
limited to K|velﬁ@fp@|mlerosqsamsmszmathaw¢ bm@ﬁed;by thedeletion os mutationof sp. Media
. and Car bon SylsiHaTabvifydb tRAVe Hpdved ESLpfophitlid] PRodRERS. EFr ekapIB) | ON . Must

g(r)gt ﬁlot] Islwrrt[ ahl e car bonsvg]ég.rt‘){%hr%@es SU|t bI g ?S‘ﬂsc%fttéeélﬁd'eg‘ﬂ |ncI ude but

ol i gosacdhar |ba@mmbwdagasmmwteﬂiesibefmen@:qxdh%&mmq!es such ‘as
star chbfr ]?e|dxid€)ﬁbﬂﬁct§§’e aaﬁonwmssetxﬁte.roeﬁgtamaadwnmapédt@no pfﬂd’ﬁ&dﬂ fes from .
renewabl e fe 0 eese corns i quor,. sugar

beet nol assegumkﬁﬁﬂﬁge ff pﬁ%}’&"?lgh‘%&ﬁ{}gﬁeﬁ’eﬁgﬁeﬁ?ﬁegﬁﬂgtrate may “al so
. be one- car bogndegenqus satakytic antivity.expenteddn belamaleaho! debydnegenasmol for which
met abol i ¢ coBam le@ﬂfduali fhidfGotgdbished ifdTudeDut are herliBitidas Kfebb@Ha HREN

denonstr at.ed. C I uct | on from si ngl e carbon sources (é
met hanol | % rcf‘é?bcfg%é% CI’F " has been reported in nethyl otroph| c

- yeasts (K Y aigataanatl ar ) B| ol. Chem 53(2), 541-543 (1989)) and in
_bacter| a (Hunter Fénneﬂianonﬁt:dlﬁhﬂl{tF&E&tnﬁ&hoﬁhﬂﬁtdbﬁﬁ&(ul@ﬁ&:ﬁrboﬁrhese

m croor ani s

e SNt Wi A5 Rl sifpdt A el B R0 IRAM o ARl "

pat hway of canthnas gluseserand fuctose, ebgosmhmdpwghashms@géucmn 0 p hosphat e,

b

through gseri gﬁlys%h&ﬁéﬂ&ﬁﬁas}%bﬁ &&ﬁﬂﬁlﬁé&&?hﬁ%ﬂﬁreof’mﬁng &, Bacterial,
Met abol i sm Second .Edi tion %&dtngk w Yo 8 t?e The 35
mixtures from renewable stocks suc ; ey permeate, COrns

liquor, sugar beet molasses, and barley malt. Additionally the carbon substrate
may also be one-carbon substrates such as carbon dioxide, or methanol for which
metabolic conversion into key biochemical intermediates has been demonstrated.

30  Glycerol production from single carbon sources (e.g., methanol, formaldehyde or -
formate) has been reported in methylotrophic yeasts (K. Yamada et al., Agric.
Biol, Chem. 53(2), 541-543 (1989)) and in bacteria (Hunter et. al., Biochemistry
24, 4148-4155 (1985)). These microorganisms can assimilate single carbon
compounds, ranging in oxidation state from methane to formate, and produce

35 glycerol. The pathway of carbon assimilation can be through ribulose .
monophosphate, through serine, or through xylulose-momophosphate (Gottschalk
Bacterial Metabolism, Second Edition, Springer-Verlag: New York (1986)). The

35
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[T APl WO 01/12833 PCT/ USOQ 22874 ri bul ose nonophosphat e pat hway i nvol ves
the condensation of formate with ribul ose-5-phosphate to forma 6-carbon
sugar that be&p&ps fructose and eventually the three-c Bﬁ ct
glycerald phosphate Li kewi se, the. serinezpathway assimlates the
one-carbon conpound into t he glycolytic pathway 5 via

rrei Ey: e?et eL I 3{bafse hdhapdspHate ﬁﬂﬁa&hxﬁ)&l\feﬁﬂﬁ&ﬁndﬁﬂgat{oﬁﬁbfmmm%bﬁ r?t etsh

nmet hyl ot r ophi c, Cr.0 are. also kno utild ze unber of other
car bon- cont ai rf "Wg‘; é&%ﬁ%ﬁ’ﬁ%inz ﬁ"f%?r ‘3?8“’ &’Stgﬁerﬁnﬁe and a variety
of ami no aci dgvemallyrﬂac ﬂwqacboamducts}ycemﬁehﬁd@rph@phﬂm hikewise,dshi ¢ yeast

are known to vt'd}easﬂiﬂulﬁﬁiihﬁféné E450, hadnnwme?lyfca aftl‘ﬂb@l ose or
gl ycer ol el I l,on t G owh C1I Conpd I"nt , 7th
(1993), 41 32"“@8&‘?"8??‘?‘%‘3“"’3'%?”‘?3%‘1% . Collin; Kelly, Don =4 PubI i sher:

| nt ercept, Andover In ad(;moxﬁombamdgﬂooadzonénbtratspmﬂaéot(qph@andi da will

met agglgl zigggqﬁk ﬂs%&l%ﬂwﬁ&%t?l&?a%m%rofoﬁkﬁ@mbm%&ﬁ@ﬁh . 133(5),
Gt i 7ed i n o IR oot sa e RnS AR Ak Ve R S0 oRI% 5 e bon-
cont ai ni ng subnetalaﬂlescta\nt! ot ¢xample/nbélquhnph1eued§yare keo\mhtoumbzmﬂle

Bbove ot Cone oo ot sy lauiclo i halofs & UIGBITP (B & 8P ot O e
Yoo 1t D Bomte - i) S ORI War el Il 37

gl ucose, fruct@adby; Kelly; DemP. Rublistet:hbntasteptyidardever HIK). Fimiledy, variousnds t o

P ocess ant | i “’*"“‘?“““”E%‘"*““mﬁ“”“ﬁ‘é?""‘é‘e”“‘°‘m‘“&re" WA it on Lo an
appropri ate caﬂ[‘){laf %10{#]@ &{50'4%11?931» @Plﬁ%hwﬁﬁﬂ“%‘iﬂft abl e

m neral s, kal t@rbonmhhmdanﬂ;e Hresefitdneentionimay mpmpaespowémvmety(ofwawono t hose
skilled in thegg faimn%sﬁb&?ﬁéseanﬁ%nBl'il?bghﬂl%(i‘bf’ﬁletcﬁﬁc@b!*lﬁéfo%&aﬂﬁﬂld?rOm)t'On :

of the enzymatic pathway necessaryf 3-propanedi ol production
Particul ar at tRE®®™®n is given to Co(ll) salts and/or vitanin B 12 or
precursors thereof AlMagiosgdcootnhmlmmat@ﬂoéthzythe&lm)mmmnessent i al

cofactor for %Qb&&'&b\é%&hﬁa&ﬁre@ﬁé&fééé)mereﬁyweﬁﬁﬁb& iR the 84D iTentod,2 | S found
i n prokary, 28)tes g;qe 01?0[51 arelabl e.to seynt hesi ze the c E%gd de novo,
for exanpl FEE‘% EARPaR su ?t?fetséﬁ’g‘ﬁ%%?f“%tﬁ 2 SUSTSES 9 Methanp r species,
and C ostridi mm@peemteadstmuwdme am¢ridegenousglyreolf andrglyrarol oal reactions. E.
coli, for exanghgiro mpémeg.to@eswﬁm@%a celol Br dihydiblydEdlonePUt 1S abl e

to catal yze tgé onver5| on of cobinam de to 35 corrinoid and can introduce
t he 5' -deoxya syl group. Thus, it is knowmn in the art that a coenzymne
B12 precursor, suclinaddition @mnnppBtgriataeasbbniseurpe,dernmbathtiom media omist

f er ment at i gNS. ¢ontain suitable minerals, salts, cofactors, buffers and other components, known to
those skilled in the art, suitable for the growth of the cultures and promotion of the
~ enzymatic pathway necessary for 1,3-propanediol production. Particular attention
is given to Co(II) salts and/or vitamin B, or precursors thereof.
Adenosyl-cobalamin (coenzyme B ,) is an essential cofactor for
30 dehydratase activity. Synthesis of coenzyme B, is found in prokaryotes, some of
which are able to synthesize the compound de novo, for example, Escherichia
blattae, Kilebsiella species, Citrobacter species, and Clostridium species, while
others can perform partial reactions. E. coli, for example, cannot fabricate the
corrin ring structure, but is able to catalyze the conversion of cobinamide to -
35 corrinoid and can introduce the 5'-deoxyadenosyl group. Thus, it is known in the
art that a coenzyme B precursor, such as vitamin B, need be provided in
E. coli fermentations.
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36 WO 01/12833 PCT/ USOQ 22874 Vitam n Bl2 additions to E. coli
fermentations may be added continuously, at a constant rate or staged as to
coincide with the generation of cell mass, or may be added in single or
nul tiple WOI0M42838di tions. Preferred ratios of vitanin BRSTUBMEHed to cel
mass (OD550) are fromO 06 to 0.60. Most preferred ratios of 5 vitamn B 12

(mg) fed to cell n,éggénﬁﬁsq?‘}f&??ig takiBnm#Pbe ﬁd%ﬂﬂuo‘ﬁhl&am n B 12

is added to the tra resent; |nv§nt|on It

cont enpl at ed menétﬁﬂéﬁteﬁf stagrdiag i roipide with fhe.generption of \Pi‘f‘s%mi?ay
bi osynt hesi S ¥k hddedlisBsingle osmultiple! bolus additiantsi Brefersidiraticarod vitdwsinBsli ti on of B12

to these M crey a{?&% lfnah (O 5t) HRRBGAROC00.60L ba plebrieg CRRILE | OnS:

Typi cal l'y ceI r own roprilate e erred growh
nmedia in the iﬁﬁ%@erﬁlzi(fﬁgbﬁ{lm?“d?f’és hate Siomd-14 19 048- or epar ed nedi a such

as Luria Bertani Ahﬁ’au ohvithiklin B3 ioadded 1d thietdnsfotrted Bldolilof dielprasentYeast nmedi um
(YM broth. thet .fl ”ﬁ}%%mﬁ%&kﬁ&#@ %ﬁ@%@mmqg%lé'&yde%%%be used and

the 15 appropﬂvﬁ?téo m croor gani sm wi | |
be known by bmmm:sswulalse&esmtabh@rqﬁusn@fceﬂwﬁdbwﬂ ofB1z torthesait at i on

sci ence. The Hﬁ&o&gm,mnpbmsg‘a@ nodul at e cat abol ite repression
directly gé indirectly. e g., cyclic adenosine 2':3'-nonophosphate, may

al so be i or@m%&the reaction nmedia. Sinilarl y, the use of agents
known to nodul at e Eypisakytcells are giowntat 3%°C ia agpropriste mediap Brefersdggawth t hat | ead

totﬁ“hanceﬁen eﬁ{ a ir the ] mﬁt;&i#e&ﬂﬂsﬂmawl aﬂmbdiaswcﬁrasunctloP
Wi or as an_al.terna 0 et c, gani 0 g anges for
t he fernentat PBH@F@%&M ’iﬁ'ﬂgqjsﬁ)lb‘{ﬁ H 8.0 is
preferred as bmmﬂxenddﬁned)omkyhﬁmmgrmibamedwmam$ws fmsd under

aer obi ¢ 0fs a”QﬁﬂrBﬁ}#a‘fexﬁE’& particulaf BRI sﬁfwﬂllfeﬂ&@%ﬁ?' C

condi tiona> ar & pre

ch]c r men erformed with
carbon feed, meoggalﬂ{;;émtﬁ 1§ro 1 WP&%“’BF&%}P@@?,‘%M’BJ?’EHS% Cont i nuous
Fer ment ati ons ageﬁmwasenmdﬂahcmblmpmgsmnahﬂseﬂm inditeothy] e, cﬁdtcrre ntati on.
A assi cal 30, ,43L60 5 . Hiofh ﬁfokﬂﬁtel Safalsd RSAch eoMhe &@cﬁ&iﬁns@&mos ition
of the nedia I s set %te tghgom ng of lt he T ernent at.l.og an s, not o
subj ect to ar Simiaclyathe 35¢ ofagenty knows o modulateenzymatic aghvItes (¢.2. m‘?'h&ls at the
begi nni ng20f wivtogks) thatriesattd enhantrmentafi 1:3-propanediol pradustionmay be neddesi r ed '
m croor gani Smc&ﬁ ﬁ%%?ﬂéﬁ@mﬁ&ﬁ’vét@@%ﬁ&%h@ﬂlah&w perm tted to occur o
. addi ng not hi ng ﬁ f‘}é‘i - fgﬁhcgfmm \s[b(?b’f’ p?'%érg{ mentation is
batch with respects‘fl fb BaersPIgne BATSSSHTER P are often
made at cont r edhederpH 6.0.¢d pil 8.05s piefered petheiingtiabggngétionconcentration. In  batch
systems the metabopifsoaaPbePiainddARQ SkiobiRI6? afderdbitconfifibMWiihange
25 anaerobic or microaerobic conditions are preferred. '
Fed-batch fermentations may be performed with carbon feed, for example,
glucose, limited or excess.
Batch and Continuous Fermentations: :
The present process employs a batch method of fennentatlon Classical
30 batch fermentation is a closed system where the composition of the media is set at
the beginning of the fermentation and is not subject to artificial alterations during
the fermentation.” Thus, at the beginning of the fermentation the media is
inoculated with the desired microorganism or microorganisms and fermentation is
permitted to occur adding nothing to the system. Typically, however,”batch™
35 fermentation is batch with respect to the addition of carbon source and attempts
are often made at controlling factors such as pH and oxygen concentration. In
batch systems the metabolite and biomass compositions of the system change
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37 I'INLITT WD 01/12833 PCT/ US0O0/ 22874 constantly up to the tinme the
fermentation is stopped. Wthin batch cultures cells noderate through a
static | ag phase to a high growth |og phase and finally to a stationary
phase wherWO@¥Bh rate is dinminished or halted. |f untrd&TEP0EBM4 s in
the stationary phase Wil | event ual ly die. Cells il og phase generally are
5 responS|bIe for t buI roducti Qqn of end roduct or .i nternediate.
variation on t‘f?é‘s@? ‘E:ﬁ‘g EW‘?%‘SFWBP%(W%%‘@PFC%?@E‘E%“ I¥ed- Batch
fermentation pnodarateﬂuoughmstdtlsdagiplnseatblamngh*grbh'fhlpgﬁmmndﬁnaﬂytoa)n and

conprise a typigh rBﬁlé BitniR¥RaR: hatkdt ?@Ing% prate is
added in increnent a rment,a%;té on_praogr esses. atc system; are
useful when 10t Eé‘?ﬁ%ﬂﬂ@s‘? vl eveatpally die. G f“f‘@?ﬁﬂﬁ#ecﬂepeft‘%éafﬁet abol i sm of

the cells a&nd mk}mnmbletfonthebdksfpmﬂﬁmohmfhmqﬁoducﬂbﬁlﬁdnﬁaﬁmﬂtS of substrate
in the nedia. Meas # e tion in
Fed- Bat ch systens %@%ﬁh ch{e @%%h?%&ﬁ%gf@%%g{%n the basis of
the changes ofFefeBach gp@tm@epmcgssmalggsgﬁ ledn the present invsptjepeandand t he
]Loart ial pr esswcmpri‘se weypical Batchasystemorittothe %ptx&&hﬂhh@d&dsﬂi%is Bddedlin 15 o
erment ati ons r may be
found in Broc su ra. Kﬁ}ﬁmﬁ‘lﬁa&@%&%ﬁﬁr@e %a’g%ﬁ%d I n
batch nodeld ¢ Gatp oeemmﬁﬁqoa@w tormhlbttlths mmmme@emmmmise to
\(,:\gnt i nuogsf f erdesinibdé todiave Hiﬁit&_MﬁounﬁthshﬁmtéSnﬂﬁmﬁt ﬂéa@uﬂeinént%ﬁtlﬁgen Syst em
ere a define c a bioreactor
and an equal a%ouégfljb%ﬂggénﬁéd{ tf%} Wé% ﬁe‘%ﬁ ﬁyge?‘éﬁoﬁgﬁagﬂfﬁ#@ﬁ%%sl y for
processi ng. Cowtimated on therbasigefithe changespfimegasurable fagiors surings pHyalissalvedir es at a
gg”fta“t hi ?h d@gammméml f@hﬁ@oﬁﬁ@tﬁaﬁé%ﬁ%ﬂ% co,f Immifﬁa%ew -
nti nuous,d er n WS modu i on e fac any
number of Pact%%ééﬁlgﬁsgg 053?‘1’ ﬁlpgﬁﬁ 6 Fs%é%f?!‘?‘;tlon. For

exanpl e, one nipBveck. #H¢¢. maintain a limti ng nutrient such as the carbon
source or nltrogemlheugﬂthabreaeritm%ﬂhdxﬁ& edld Rh@hddeGfiGeT paraneters to

noderate. In oth rs affectl owt h can be
al tered conti riOBtF 'quﬁ%%ﬁqie Tﬂg‘)‘ggﬂﬂd eé?“ﬁ?f‘““ﬂ\‘-ff‘%ﬂ%@%? nedi a
turbidity, is methedsc&ioptizueus feaﬁe!mmnmmppnsymmmmrsmrdeﬁmed 0 maintain

st eady st aige %ﬁﬂ%ﬁtﬁﬁﬂﬁﬂh'l@iﬂﬂe@&%ﬁﬁi&ﬁl}l@% bl&@éc{Oﬁw&%&%ug?@ a being

drawn off nust_be. .bal ai ngt. the ce r owt
f er ment ati on. ?WB%{J}B# ﬁ?%@ﬁ‘g'w&f'?"iuélﬁlf %ﬁ%@%ﬁi‘?ors for -
cont i nuous ferfmmmpogelprabb'mﬁmnaﬁlemltﬁrematcenslnntmghﬂerisﬁywmre m zi ng the

rate of produygllsf@piRiati nfd‘ h\ggél MOWn in the art of industrial
m crobi ol ogy and a 5 var| i ? 3{1 g(ft ajle by Brock, supra. It
i s conterrpzlsat ed th nfﬁ'?—? E’H? q {e(de] Ylatiop of e l'u%lb’ng bat ch,

number of factors that affect cell growth or end product concentration. For
example, one method will maintain a limiting nutrient such as the carbon source
or nitrogen level at a fixed rate and allow all other parameters to moderate. In
other systems a number of factors affecting growth can be altered continuously
while the cell concentration, measured by media turbidity, is kept constant.

30 Continuous systems strive to maintain steady state growth conditions and thus the
cell loss due to media being drawn off must be balanced against the cell growth
rate in the fermentation. Methods of modulating nutrients and growth factors for
continuous fermentation processes as well as techniques for maximizing the rate
of product formation are well known in the art of industrial microbiology and a

35  variety of methods are detailed by Brock, supra.

It is contemplated that the present invention may be practiced using batch,
fed-batch or continuous processes and that any known mode of fermentation
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fed-batch or continuous processes and that any known node of fernentation
38 WO 01/12833 PCT/ USOQO 22874 would be suitable.. Additionally, it is
contenplated that cells may be imobilized on a substrate as whol e cell
cat al yst sWEM1283bj ected to fernentation conditions for PETYS2B¥4nedi ol
production. ldentification and purification of 1.3-propanediol: 5 Methods
for the purlflcatlon of 1,3-propanediol fromfernentation nedia _are knowr
in the art. Peeuldbasitable. ﬁfi@)‘ﬁ‘aﬁ"é‘cﬁt 15 contemplaged that cellsmeay beimmobilized nedi a by
Zubj eflti ng tftﬁds&bﬁfz‘m Whoi’dulleaﬁalystexi;]dai(bjdcﬁdtd\fehﬂerﬁdhoﬁ)lb&ﬁmxdhsfdﬂ velnt |

I sti ation tography (U.S. 5, 356, 812 A particularly
good organic sgﬂ’\?e Jtdwgmﬁpﬁggaprocess is cycl ohexane (U.S. 5,008,473). 10
1, 3- Propaned|I tifig PRI 3-propanedialy subnitting the nedia to high
pressure lIsiquid cbnanak@@*@pﬂmfkﬁ%@flmy@e&ozﬁaﬁfé@éﬁ@%mﬂe&be present

on- " exchang TS S, Tk Bl Blpalbaui{af vs SuRAR) KR el RR 7T 1) 7

i socratic f@wuncn@mawmnmmmewmnbs f or

phosphoryl at’ Idmmuémamwﬁﬁnaﬁ&:ﬁtbaaﬂiyqumtsmssm QA pificularl ool in the art. .

Techni ques sujtable fo h may be found in
Sanbr ook, J. %K solve%ﬁog@mpé?cegig 0 CQ%CQQB? §§ﬁ§{"?§1\/anual Second 20°
Edition, 180l d Spr ilsPrapaniediel manbe idensifipd directly by sulgnitting\he mediatoshighd net hods
sui tabl e for gr&deureBighidRRdREM Hyamw@)hna&sns bﬂ@feﬁ‘édﬁl'th&pﬂeieﬂf es are wel I

known in the.art.. Techn us o] WI ng exanpl es
may be found Pﬁe R/&'ﬁﬁé‘lm%ﬁoﬁeﬁeo%?%ﬁm@ﬁgfaﬁmgw g’f%ﬂ IB% Lipp -

Ger hardt, R egchapge ealuma psingmmpbilephagenfi0i Q133 \amsqe@tler Wllis 25
A. Wod, NoelfadBionKri eg and G Briggs Philli ps eds) Anerican SOCI ety for

M cr obi ol gy, Washi ngt on, D. C. (19%%%E§omas D. Brock in Biotechnol ogy:

A Text boc} | ndustrial M crobiol nd Edition (1989) Sinauer
Associ at es, IW, MA. Al reagents and materials used for the

growth and maint Prete@aesfor plivspivkylaions,9igationsain® traddforina@shs redklA dri ch
Chem cal s 30 l&owkﬁfﬂggﬁ g u%}sﬁ%lé‘fo?%%ﬁ%e‘fg

(Gait hersburg
ot herwi'se sp @Wﬂl@&mbmnblnﬁah Moleeular Cloning
hour (s), 2om rEdmdii?ealasishﬂnge(bsr)LabomayPreaeaDw)second(s) d means day(s),

"m." nmeans m | I 1 E&aﬁ%rﬁalsgnhgng%ﬁ%&n%ﬂ%%r :ﬁ%néﬂllg% "S%f‘%mf anpicillin, and

LB-50 anp is
the tables tthac le calfpreszra el ébfsaﬁar'@clygwssm l¢ for yse in the
following examples may be found in Manual of Methods for General Bacteriolo

(Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W. Nester, Willis
25 A. Wood, Noel R. Krieg and G. Briggs Phillips, edé), American Society for
Microbiology, Washington, D.C. (1994) or Thomas D. Brock in Biotechnology:
A Textbook of Ind@stria_l Microbiology, Second Edition (1989) Sinauer
Associates, Inc., Su’nderland MA. All reagents and materials used for the growth
and maintenance of bacterial cells were obtained from Aldrich Chemicals -
30  (Milwaukee, WI), DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg,
MD), or Sigma Che_mgcal Company (St. Louis, MO) unless otherwise specified.
The meanirig of abbreviations is as follows: “h” means hour(s), “mi
' means mmute(s), “sec” means second(s), “d” means day(s), “mL” means
milliliters, “L” mea.ns hters, 50 amp is 50 pg/mL ampicillin, and LB-50 amp is
35 Luria-Bertani broth contalmng 50 pg/mL ampicillin.
. Within the tables the following abbreviations are used. “Con.” is
conversion, “Sel.” is S§lecﬁvity based on carbon, and “nd” is not detected.

nl ess
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conversion, "Sel." is sel ectivity based on cér bon, and "nd" is not
detected. 39 WD 01/12833 PCT/ US0O0/ 22874 Strains and vectors used and
construct | efoll owi ng exanples are listed in the W,
STRAI N/ PLX@M’%Z%LETI ON ORF/ GENE KLP23 gl dA gl pK RI8m P@E"";g}?dﬂ& Tpi
pAH4A8 GPP2 DART pDT29 dhaR..orff dhaT orgX orfjWw dhaBl dhaB2 dhaB3
orf2 pKP32 dhaR oBSfrains and vectoos dsedwndcioagitcted e follumﬁBexamplezarES ENZYME

ASSAYS Assays Eﬁ& Qy‘gl&p@a&@. enzynmes: Dehydratase activity in cell-free -
extracts was et e#ﬂrjn@‘ne using either glycerol or 1,2-propanediol as

substrate. T by SCTEX 6 pt i on
using a frenz-pufsT D'Epﬁmmmari S.
The assay, bdsed on Iﬂqgﬂr eactiof of al&ldhydes with
met hyl benzo- 3-t hi azol one hydrazgne, ha&lpﬁeen descr{bed by Forage and foster
(Bi ochim Bi dphys. ARI8mb569, 249|(1979)glddHonda et hl. (J. Bacteriol .13,
1458 (1980)) |di scl ose an assay tlhat gipK
Ipi
pAH48 GPP2
DARI1
pDT29 dhaR

_ orfY
dhaT
orfX
orfW
dhaB1
dhaB2
dhaB3
. orfZ
pKP32 dhaR
orfY
orfX
orfW
dhaBl
"dhaB2
dhaB3
orfZ

5 ' ENZYME ASSAYS
Assays for dehydratase enzymes:

Dehydratase activity in cell-free extracts was determined using either
glycerol or 1,2-propanediol as substrate. Typically, cell-free extracts were
prepared by cell disruption using a french press followed by centrifugation of the

10  cellular debris. The assay, based on the reaction of aldehydes with :
methylbenzo-2-thiazolone hydrazone, has been described by Forage and Foster
(Biochim. Biophys. Acta 569, 249 (1979)).

Honda et al. (J. Bacteriol. 143, 1458 (1980)) disclose an assay that

measures the reactivation of dehydratases. Dehydratase activity was determined
15  intoluenized whole cells, with and without ATP, using either glycerol or

1,2-propanediol as substrate. Reactivation was determined by the ratio of product

formation with versus without the ATP addition. Product formation (3-HPA or
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measures the reactivation of dehydratases. Dehydratase activity was
determned 15 in toluenized whole cells, with and w thout ATP, using
either glycerol or 1,2-propanediol as substrate. Reactivation was

det er ni neWoOWy/1283% rati o of product formation with ver sBSTHPOREEH t he ATP
addi tion. Product formation (3-HPA or 40 WD 01/ 12833 PCT/ USOQl 22874

pr opi onal dehyde when gl ycerol or an‘ﬁgl ol |s ed as substrate,
respecti vel y)pm@n#g%{ygeggeraglymlwl2@9&@ igused as a‘F*}t%ct ly, usingt he
met hyl benzo- 2respectivedy)oves rﬂmpsirratdxmtly,emgg mlPLCAbt mdmtly,\ming theor oduct

formation wa L NG 5hB hyde to its
respective 5 g‘ﬁ@'gﬁ’g us?’ng " OHQ E co d@%‘gé%%gﬁ’é‘?é&gnd
noni tori ng t h&as¢g a’V&ﬁ‘t‘iﬂmSﬁhWH“F’s‘% ﬁﬂ'ﬁ @ to3ts {pSPECiiYEdi o

oxi dor educs aSQcohBhesmg:immyhmtedmcahcnﬂammasb mm«nctﬁtomtgmease somet i mes -
referred to a%'ﬁ}’i’ E%gm%ol dehydrogenase was determned for cell-free
extracts in s |on I'n s|lab gels using 1, 3-propanedi ol and NAD+ as
substrat es ha& nedioloxidorednetaser | n, J. Bacteriol. 169, 2050 :

(1987)). A '([jer n |wﬂ¢tllw lqmﬂbpimdmhoxtdlfredﬁmscﬁmmxﬁ%ﬂfem toas h 
1, 3- pr opanedi Eé?‘«B{ﬂS&E NADH, T e
sI ab gel assa&gﬁ?@% %&% "gas %;r%;e&#b? 1N ﬂﬁg’e activity of
1, 3- pr opahedi @ﬂmé%badﬁéﬂ%iéwm%ql)m@ tq%at‘bstrefps *‘R?r""'% esgribed fic

al cohol dehydgemgaﬁmsl,lhy.l Battetisl. 069, 30506(198Tp)a rAltermtivel ¥, the comversien nol ecul ar:

wei ghts of 1 fi’f]?R%ﬂ&ﬂl‘A%H?&‘i %tog,gt%toggxg@gﬁhmdae%m @bact er

frendii, Kl eb eur 1 anum are unusual | y
| arge, on the WWO Hémboiheé abggl ewlaaﬂmﬁ ntigl advaptage Pf | us brevis and

Lact obaci | | ussepuatiiethe aanrttyafmqndip,admlmﬂomamwma) frod-thatopaonedi ol  20: .

oxi doredu as %Hﬁ% 1, 3- pr opanedi ol

oxi doredug s“‘ﬂaﬁﬂ‘??‘ﬁ {%ﬁqsgs?ﬁﬂl{/@%?ftgf}e osph%oe %ﬁ drogenase

activity: A pm@@dﬁrr‘éelﬁﬁ%°% W@%P’F’fl@ﬁd‘l‘}@sﬁ&dk‘?‘% n Toubl'i shed by
Bel| et al. ﬁandn‘ambszezmmmaﬁae atld ERstituADdsteuriman are uivemtallynvol ved

| noubat ing 2 the ofdeP ¢ 361008 1 448 laatdng ﬁa&m@tam;ebetm&ont ained 0.2
mV NADH, rh I OX acetone ate an yme in 0.1 M ‘

Tri s/ HCL, pH #a%obaﬁ%l W’fFPf@‘ @ 3 Wﬂfﬁﬁﬁof 1.0 nL at 30

C. A backpe ouaddﬁredtmtasesfvwﬂtmopmtslmmufthescpfkmmnmw@lahm first S

determ ned at é&gmag&r(
subsequent |y 2 an 30 chaneover time was further o

noni t ored f.or A Lo defined by subtracting
t he background ratkpfdcedurd:WasMamodlﬁeibeksmﬁwnfaonet@rymrbhdled:byﬁhbsphat ase:

act1 ;g Y The.as SRBiS IR 2507135 (1995, THiS el frbiVRd id¥bdrig WRAI NG the.
25  free extract sample in a cuvette that contained 0.2 mM NADH, 2.0 mM
dihydroxyacetone phosphate (DHAP), and enzyme in 0.1 M Tris/HCL, pH 7.5
buffer with 5 mM DTT, in a total volume of 1.0 mL at 30 °C." A background rate
of the reaction of enzyme and NADH was first determined at 340 nm for at least
3 min. The second substrate, DHAP, was subsequently added and the absorbance
30  change over time was further monitored for at least 3 min. G3PDH activity was
defined by subtracﬁng the background rate from the gross rate. '
Assay for glycerol-3-phosphatase activity:
The assay fer enzyme activity was performed by incubating the extract
with an organic phosphate substrate in a bis-Tris or MES and magnesium buffer,
35 pH6.5. The substrate used was either I-a-glycerol phosphate, or d,l-a-glycerol
phosphate. The final concentrations of the reagents in the assay are: buffer
(20 mM, bis-Tris or 50 mM MES); MgCl, (10 mM); and substrate (20 mM). If

Ieast 3 mn. The second substrate, DHAP, was.::
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wi th an organi c phosphate substrate in a bis-Tris or MES and nagnesi um
buffer, 35 pH 6.5. The substrate used was either 1-a-glycerol phosphate,

or d,l-a- cerol phosphate. The final concentrations of nts in
t he assay é*l@ 28331 f er (20+pM bis-Tris or 50 nMINES); ]Eftl'gﬁo%"ng/) and

substrate (20 niM. If 41 ttllll WO 01/12833 PCT/USOO/22874 Ak the total

protein in theps ?dmlp?ot%‘ﬁfin h{é‘%nﬁﬂg Wadlow ﬁidﬁlo%ﬁﬁl@ﬁfe@iphﬁidn‘ﬁ%c% GithspW th an

acid quench, the San@biﬂ % nveni eng | ssaeﬁed In’t iﬁi\f/ﬁﬁm Thi s

met hod i nvol VA& PETVas FIgKTBICY FPQ“’GEYF@F'[ %ont ai ned 20

mVl substrate x(lﬁﬂvtdmﬁﬂ&hng@nerﬁﬁmqmm{s;nﬂ@vmwmbmmm&ﬂﬁnﬂdbuffer The 5

fi nal phosphatﬁ%&ﬁé@@?%mbmm V‘ﬁﬁmﬂlﬁmﬁtloml‘/&g)’?ﬁ 4 frNrRY sanpl e was
Ve

added to the r xture; ‘the conte evvere m xed and
then the vef??agpil%‘? @éﬁﬁy"’ﬂluﬁ‘ec‘,"faFa I'&E‘ F&WF“’B‘&?‘H‘“&””FP w88 C for 5
to 120 mn, t helded trthe teactiontmme:]dpsmdtemg oﬁﬂle\mhﬁthaveré fixef hndtheaties e
act|V|ty|nt Q 2G.0 zymatic
reacti on was h&vﬁt‘?{-}%ﬁa&?%ﬂﬁﬂ ﬁggg'?lla{oe?l o e3g |§°H{p1§8y}ﬁ’t§€agent (0.4
n.). Amer the msr-}smwnspe ¢r theyphospl a}”&ﬁﬁ“’éﬁ’é‘!ﬂ’f’%ﬁ’“ﬁat er (1.5 ml)
wer e added, t@n@dﬂmﬁgﬁrﬁmzmmdlmhnvh&dzmmMﬁmkqchdtw 10 min,

t |1 fiH | d at
560 1 un uskthy e pliESENS W%‘s”yb@%%‘cef‘?mﬁff B Ak de SiskofibbgRope® (P00 T
phosphat e r el e&agsat é)a‘smg'bﬁ'}%ﬁﬁleﬁ Waten( é%‘@%ﬁ’&@r*@ edy thesoluion wammixedepar ed by
using a stock dndallgwsd to qzoelophAfier 19ahi] toallow (Gl Eslordévelopitlent/thpar i ng 6

standards wt t ging fromO0.026
to 0.130 tnol ﬁ?&br%%ceo'?ﬁ{e%%ﬁ W% naseo"[a%ig‘{élrhvdlE hw;gvg‘ﬁ%roprl at e anount
of enzyne, typiPeetraph O@HE’-@FI q”é@“é??fd@’&?ﬂ’ﬁ‘%ﬂ%“@é%d@ﬂ?@@ reaction
m xture corg a|mmaﬂﬂcmataai%sgﬁbpﬁwbﬁﬁﬁﬂga%ckﬂﬁbrgﬂﬁbbﬁésﬁhateaaﬁhdxﬂbel | ed

gl ycerol (99% ?Kq 295 Tris-HC, pH 9
for 75 mn at (9? E&F%lje Veggl%tghﬁa@?{@ftﬁ’ mﬁ‘% Q%Jha 3- phosphat e was
detect ed by 13%nfgntratiqnssanging fror 0.0 qm bpom 8 J= 41 Hz ‘and 72.66
ppm t, J= 41 Mhﬂwhate (62.93 ppm 8, 25 J= 41 Hz; 65.31

ppm br d, J= 43 Hz, Uggm gI ycer ol
dehydrogen%ags(e %gts"i%?%i%f%}( d gly C)P'Pg:a%éarg%qnase ac |é\}he'gs (gldA) in
cell-free €ktr regstiop mixtyre §‘?F%H MmN ot ei n
separati on by uniforrdiynidCusbelled glperrol $99%,) (aumbiﬂggﬁotopb Bﬁbdritﬁl‘i&p,aﬁds The

conver si on of @} XSOk giPo MDY lif S €. PMEICBINARG B fycRlot > PRRRINES

coupled with the co ver5|8
di met hyl t hi azot-Phesphate yasdetectad by} ‘F‘é‘{Mgibﬁ MEzkr gyserd G3dtmpond. a deepl y
col ored J =41 Hz and 72.66 ppm, t, /= 41 Hz); glycerol 3-phosphate (62.93 ppm, 5,

25 J=41Hz; 65.31 ppm, br d, J=43 Hz; and 72.66 ppm, dt, J= 6, 41 Hz).
NADH-linked glycerol dehydro assay: _

NADH -linked glycerol dehydrogenase activity (gld4) in cell-free extracts
from E. coli strains was determined after protein separation by non-denaturing
polyacrylamide gel electrophoresis. The conversion of glycerol plus NAD* to -

30 dihydroxyacetone plus NADH was coupled with the conversion of 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) to a deeply colored
formazan, using phenazine methosulfate (PMS) as mediator (Tang et al.,

J. Bacteriol. 140, 182 (1997)).

Electrophoresis was performed in duplicate by standard procedures using

35 native gels (8-16% TG, 1.5 mm, 15 lane gels from Novex, San Diego, CA).
Residual glycerol was removed from the gels by washing 3x with 50 mM Tris or
potassium carbonate buffer, pH 9 for 10 min. The duplicate gels were developed,
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f ormazan, using phenazine nmethosulfate (PMS) as mediator (Tang et al., J.
Bacteriol. 140, 182 (1997)). Electrophoresis was perfonned in dupli cate by
standard procedures using 35 native gels (8-16% TG 1.5 mm 15 | ane gels
from Nove¥WO @4A838j ego, CA). Residual glycerol was renpPEA/GSPYIBThe gel s by
washing 3x with 50 MM Tris or potassium carbonate buffer, pH 9 for 10 mn.

The, dupl | cat &y fipk Wk eEbNGffox AdplVB RNITREFIREETAREI0L 1350 i L and

wi t hout ¢l ycer concentrat| 15 L of

gl r,OX tel Oﬁnj%d

assay sol uti off as¥salptionepntaning SOrmM ’bfr°r|§’8fa§%‘§?‘ﬁ#be%'%8ﬁa?e 0“‘§H 9,60 ny
amoni um sul famoniuih suiaté)ABmg NAD+ DS Mg MT B raid 0.5mmgBMBVS. The presence or
traine (g dA) wad EpRaie b Blstloe SENAPIPIRRARE, AR ditydheetit By 01 |
el ect roph%r edpé. c‘t!ystfaer&égriéhwmlwfgm@%rfyio“ammmgn\dasgled to purified
K]c Engurmnl aael@hyplmmlis, Hﬁfépdi@gﬂﬂﬂﬁkyc(dﬁhﬁﬁhbodﬂ?ﬂs?ﬂ;@ﬂnﬂéﬂj [ genlt i fication
0 pr opan rol to pr opanedi ol was

noni t ored by ﬁ?ﬁ@m"fg@g yses We e pe@ d using standard techni ques and
material s avdsolaiong - R 0% SepfPIODAREC '“- ~art ‘of chromat ography. One :

sui t abl e met hod umbnmmnwmolwﬁ-mpMomﬁmmmmm W (210 mﬁ

and R ect lum (8 .
nun x 30 to Ar%ti}’rcﬁ?‘gsehg‘?rom %%%W %gs%%% ?ﬁl%)?e]t% ga Shodex
SHI| O1 1P pr@éblluwﬂle@mﬁshromatpm e suiteblomethod pilized aWalers ed at 50 C,
using 0.01 NMaﬁﬂésaamclsyaerﬁhﬁﬁguwzlwnﬁ)awmateﬁc@&n Bamples weten. Wien

quant | tati ve AaLY s s B8 S8 6 col HINE G Y306 mup LERALES (1 2 Known

anount of tri acetlc acl d as Stan I cally, the

retention ti r?ﬂ%te’é‘iM&fQIé;d‘éé) mpmét“@btalsbﬁ‘}ex %@QHPWCOM@M&nedl ol (R -
det ecti on)s, 250Gnt} rteﬁpebathraeaitwnem@ﬂso°Cwélmoﬂqr1§s0§@§mmemﬁwat15 27 mn,

20 20.67 mn, £6. 3 [ | r N
1, 3- propanedi% otf V\%gﬁglo[lbfl rmed %%Mmu&?ﬁrﬁ&&fsvyﬁd&mﬁ _&%ﬁfé&#&% usi ng
standard teclp® mﬁxﬂmm@moan@fmmﬁmeece@dwwlgmdm in the art. of.
GO/ M5. One sulryba;hnﬁ, aia%&ﬁdonﬁméslorgﬁmasemwmoﬁagl&a&a b89eopasedicts |:1 gas.

gg;gg?g;’g;gpagfj B4, B GG MO B2 L 1

m cron fi20m dlklnelﬁs()smmmndrﬁ@rmmdﬁsneﬁﬁ@bnd mass spectrum of
1, 3- propanedi ol g@prsfudicbf 1y rﬁpﬁ@ﬂi&ﬁﬁ&d:oﬁﬁtnieﬂ%y(}ﬂw

tAi@lYésOvere -
1, 3- propanedi 0l te nvolved
derivatizati ¢n rfgngmetdﬁlgmggtan ?"Atecéﬂql%s 6‘“{ n‘E‘ Mgﬁ%bﬁgg, ong f% u%'e
Super nat ant ) afeef GEMSd Qe syitablsr meshork-witizpda Hawles@a(hoﬁ/é&%ﬁl\s;n?;dl gl oric aci d:
Af ter m xi ng,chfonutcerdihl cBupledt ofarmﬂat Pd%ﬂarh)ﬁmﬂf\s&rieiﬁﬁss seledtive déftemwre of

bis(tri nPZtShyl(Eb aXé ZIHIJIHW nt ?%géhdb 9?1!&1130&9 (HS Mitzon film
thickness). The retention time and mass spectrum of 1,3-propanediol generated
were compared to that of authentic 1,3-propanediol (m/e: 57, 58).
An alternative method for GC/MS involved derivatization of the sample.
To 1.0 mL of sample (e.g., culture supernatant) was added 30 uL of concentrated
30  (70% viv) perchloric acid. After mixing, the sample was frozen and lyophilized.
A 1:1 mixture of bis(trimethylsilyl)trifluoroacetamide:pyridine (300 pL) was:
added to the lyophilized material, mixed vigorously and placed at 65 °C for one h.
The sample was clarified of insoluble material by centrifugation. The resulting
liquid partitioned into two phases, the upper of which was used for analysis. The
35 sample was chromatographed on a DB-5 column (48 m, 0.25 mm LD., 0.25 pum
film thickness; from J&W Scientific) and the retention time and mass spectrum of
the 1,3-propanediol derivative obtained from culture supernatants were compared
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added to the lyophilized material, m xed vigorously and placed at 65 C for
one h. The sanple was clarified of insoluble material by centrifugation.

The resulting liquid partitioned into two phases, the upper of which was
used for X¥QWMNIBBZ  The 35 sanple was chromatographed on ZCTHBIM2tum (48
m 0.25 mI.D., 0.25 pm . filmthickness; fromJ&WScrentlflc) and the

Obt ai ned 1 l)mmi%ﬂraf obfaiicy %@‘?%2“““‘%?‘3&8%‘2@0%‘%& O PustRrtaRh Ve
PCT/ US00/ 2287 4+3-prpanediol Cotains fbe charasteristic e o4 20 ’t"a?n ﬂ@]ﬁ%mss spectra

of TMS-deri vat _d_ggg _’L 3- propanedr ol contains the characteristic ions of

205, 177,43 0 and gg,]PL WES by
measuri ng the ext race ﬁ% tb#‘e‘ héasugﬂ%{heeﬁ%%cggm rgtﬁl&?)r{ nﬁl'?he
fermentatidn (sPBReptratanindhe B@’ﬂheﬁ%ém%‘?fts?‘i‘? ware; centrifuged

centrifuge (t)msla@ﬂcteyltnfﬂgé(typmllp,t:} iﬁnﬁ)ﬁt(lzmpﬂrpmnamlﬁmeﬂdniﬂﬂwodelvbdel 5415C

i oro centrifugele hﬁcrer;eiﬁﬁfug O SRR p?ns 0 1 ik LhRhabliPRAN21 ANt vas

anal yzed for protein concentration a for using.a

conmerci al |y aalyradfer proteingoaprntp E‘P‘bb £ m‘rﬂweéla'ys agpgmeERplly ey cul es,
CA). 10 Vi abi Iarvmlablaa-hdgem(min Rnd?ronﬁsAdsay,dBmRaddthulpé,ﬂA)ng, at appropriate
di l utions, llocel\h tal ned fromthe fernmenter on non-sel ective LB agar

pl at es. etween fernenter experinents |fnueorrpar ed by using
the ratio of viabl &eEérrqb@!l%@rrﬂs dejernynediby plating.<t apprepriatedilntigay cels 0D550 (AU) .
15 EXAMPLE | W@oﬁﬁefmﬂm&a@rﬂatesFMvﬁﬁhbS WTH COSM D

DNA FOR THE Q,E % t medi um was
used in the %ﬁ%@gﬁ erra ﬁ?@h&bﬁﬁ%@e%&f@rﬁa‘o ity to
make 1, 3- pr opdmesf frmenter broth divided b3 QRISALAUX0 v anmoni um sulfate 50 v
pot assi umyshosphat e buffer, pH 7.0, BEXatPM3¢12, 0.7 nmM CaCl2, 50 pM MnC12,

| M FeCl13,1 pM
t hi am ne hydroc@ll(-(\érl‘"i’I Ak4r3d| um W&gﬁﬁfﬁ@%%nen at | on con5| st ed

of: 10 mM 25 amp&OSMID DNAFROR THE BXRRILSS b NEDIGH
pot assi um phogedigt e buffer pH 7.5; 2 M Ing12 0. 7 rr1VI CaCl2; 50 M IVhC12 I

ey e
vitanmin B farie abilitygo mkaﬂré-pmrdm AR\3msdivomgontsinsh18anMi t h ei t her 0. 2%
30 glycerol Oranfnciter b€, 50 M1 PEtalkivil phosPhatCMERr,3H 7.0 RHinMeNgCLLE! | S:
0.7 mM CaCl,, 50 pM MnCl,, 1 pM FeCls, 1 pM ZnC), 1.7 pM CuSOy, 2.5 pM
CoCly, 2.4 pM NayMoQy, and 2 uM thiamine hydrochloride.
Medium A used for growth and fermentation consisted of: 10 mM
25 ammonium sulfate; 50 mM MOPS/KOH buffer, pH 7.5; 5 mM potassium
phosphate buffer, pH 7.5; 2 mM MgCly; 0.7 mM CaCl,; S0 uM MnCly; 1 pM
FeCls; 1 uM ZnCl; 1.72 pM CuSOy; 2.53 uM CoCly; 2.42 uM NayMoOy; 2 pM
thiamine hydrochloride; 0.01% yeast extract; 0.01% casamino acids; 0.8 pg/mL
vitamin B1,; and 50 pg/mL amp. Medium A was supplemented with either 0.2%
30 glycerol or 0.2% glycerol plus 0.2% D-glucose as required.
Cells:
Klebsiella pneumoniae ECL2106 (Ruch et al., J. Bacteriol. 124, 348
(1975)), also known in the literature as XK. aerogenes or Aerobacter aerogenes,
was obtained from E. C. C. Lin (Harvard Medical School, Cambridge, MA) and
35 was maintained as a laboratory culture.
Klebsiella pneumoniae ATCC 25955 was puxchased from American Type
Culture Collection (Manassas, VA).
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Kl ebsi el | a pneunoni ae ECL2106 (Ruch et al., J. Bacteriol. 124, 348
(1975)), also known in the literature as K aerogenes or Aerobacter
aerogenes, was obtained fromE. C. C Lin (Harvard Medi cal School,
Carbri dge WOAYI28R4 35 was mintained as a | aboratory cRGWNS802@I4bsiel | a
pneunoni ae ATCC 25955 was purchased from Anerican Type Culture Collection

IS A R O SRl

Kl ebsiella pnﬂwrmsmﬂd)bl&ltximlm KtabslellapmgmamagA'ﬂi‘@C(ﬂS&Sﬁg)mamngat her a

gl ycerol or (36% LB di % m,as%nainy rol
dehydr at ase p osm ontal rmng the

di ol dehydr at 1(55'?5 B'gﬁ%mgggas F?J d DHsa cells
were ident§fi eahtﬁmu@ﬂﬁ&ﬂlﬂ%ydrdﬂsﬁanm%eranﬂnﬂéﬂas pKP4 TEnfthﬁdeCL?O? :
( Sprenger et ined from E.
C. C Lin (Ha?,\h/{arcfékfe‘gﬁ(@: ?&%ﬁ%@gﬂhg@ﬂzﬁ%éﬁﬁf&dﬁ?ﬁa SI4$11’| larly
transformed with cBsefif qg)lqumﬁgﬁ["é%sr’e@’& Miprobiohi3acl 25T KI989) vors

transf or mans ghtaiged ﬂantB Ol edLingHECardMedidaPS¢hoal) Camblidgt/ MASRAd waont ai ni ng

th | | K di ol
5,5 i A D R A b Tl o .
( Ander sonl@t tansformants werengdentifipd ey ECIe707-pKIY and BCE707-pKB2,sonteininged from t he

E. coil Genet i ghicerokdehBrafaddidene and@tﬂmmtﬁ)h&iblﬁé‘ﬁ&vdidﬁi{aﬂdragé and was
t ransf or ned W|th KI eb5| ella cosmd DNA to give the reconbi nant

m cr oor gani snB*ka2 PKPl and AA200-pKP2, containing the glycerol
dehydr at ase gene, M@cmxngmwmﬂgwmm .at ase gene:

DH5a: 20 Si XJW&”M&M)’BIISPMNW wab Prdhd3bd o Y K by Gefdtit Stod®00 col oni es

S i Le bl i e Fpe %ﬁm“&é?@“q@%%é@%%@ﬂ%@“ﬁiﬂiﬂe%éS
in 5 nL LB nmmerNquow@ recompbinant org@ismsAA200:pKRlandul ated into a 15

nmL  tube contaiAnb m%om&%ég mnddﬁyduﬁdag&ae%mgkp 40? ln? ger m.
was | e

of 25 vitamn_B 0 xtract + 50 anp. The tu

wi t ht he rredlfﬁﬂ%?%mgﬂ‘(g%f ié%lﬁ%%%asegpped wth par afil mand i ncubated at 30 C.
A slight turBH3ty was observed after 48 h. Aliquots, analyzed for product
di stributpen as @ﬁmmammﬁon?&nhgmﬁﬁaeibloaan:eloaiesbfl ve for

L 3 propanec: o fishh i pbERLE SR IR GBS
production, wemdlR medmwndmtuﬁlsgd aFh¢ hepteriawers mléﬁtﬁr_dané@esamn daddnes in
order to isol ghft 5B RIRNCPLIPEErES An aliquot (50 pL) was inoculated into a 15 mL
tube containing S12 synthetic medium with 0.2% glycerol + 400 ng per mL of
25  vitamin By, + 0.001% yeast extract + 50 amp. The tube was filled with'the
medium to the top and wrapped with parafilm and incubated at 30 °C. A slight
turbidity was observed after 48 h. Aliquots, analyzed for product distribution as
described above at 78 h and 132 h, were positive for 1,3-propanediol, the later
time f)oints containing increased amounts of 1,3-propanediol. -
30 The bacteria, testing positive for 1,3-propanediol production, were serially
diluted and plated onto LB-50 amp plates in order to isolate single colonies. -
Forty-eight single colonies were isolated and checked again for the production of
1,3-propanediol. Cosmid DNA was isolated from 6 indépendent clones and
transformed into E. coli strain DH5a. The transformants were again checked for
35 the production of 1,3-propanediol. Two transformants were characterized further -
and designated as DH5a-pKP1 and DH5a-pKP2.
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Forty-ei ght single colonies were isolated and checked again for the
production of 1, 3-propanediol. Cosm d DNA was isolated from6 i ndependent

cl ones and ormed into E. cola strain DHsa. The tr f wer e
again checwgc?lla%? 35 the pr; oductlon of 1, 3-pr opanedl ol . %’\%&"ﬁi’%i‘bnni ant s
were characterized further "and desi gnat ed as DHsa- pKPlI and DH5a- pKP2. 45
oral (r)r WO 01/ 128331 2Ckb HeON-Salibiragmeft ﬂ:&nigKlpln SubeiBhedSatolpIBI3AQIBINt f r om pKP

1, subcloned i L9 | Bl31 1 Bl 0 5 quenced and
termed pHK28- % % Iﬁﬁ ’fjeb %X%stﬁgnm ng rdevegpgmzﬂg%?&igf t he
rel evant open N@’eléh ﬁglupmme@vwedtthrelocm&vs@v% operciseling framescaf thy

dehydr at ase ang,epees eRGdnESAYkrol BéhyiRtist aid gees SeckRhgfor regulationSEQ | D NO

di hydr oxoadet ﬁr&ewpﬁﬁ@ﬁ@éﬁﬁ\@(ﬂhﬁ%@"ﬁ@ s UL
readi ng frane abedingdibpdioxypcefoyeiinase isfoundiat bawen 4399 (eonmplemant)athepases
1010- 2107, the%;ﬂ?éadrn %Mh&b%ﬁ& R Qeliydeogehe iCBntbA Basek S f ound at

bases 2209-4 O-fé ,Fég Egaifn %&ﬁgﬁ orf nCOd' ngﬁgfﬂ%cf)attgﬁﬁgsopen

unknown functi
readi ng frane m9*l%MmrmmMrmmpmm dr\mbnmrefunctlcm found at

75 b oparial of Fapt JoPBGE A2 40k Gon e AR b e 618rg&%§ g rent):
t he gpeﬁ r eadi 4 ?’Vﬁhﬁﬁée ’E?P‘FW““MB’GW@PQQHEFBW@%&% fonis

found at basesoped tadigItniecdini encoding)1, 3-pmparm¢mhoméqrddu¢gtsdﬁ fémvdrw dhaBl

encoding the glhas ow%lrgég]coﬂ.{p)e?&fﬁﬁ dgondiaty
7044-8711; the open re r.a 8 %‘5 su uni t gl ycer ol
dehydr at ase i sOfBkpewy f“‘"ﬁ%’é% %“?n;ﬁt &2 f% ?W&l’?@dﬂ’ﬁaBB
encodi ng tshe mrdhcﬂulmmdmghydphaadubdnhglglcmlaiahydrstasfeoslfwndtat Haaases

9311-9736; they x di@%gﬂ%ﬁ
reactivation pr‘%’??rlll |t§é1§ll(k)eﬂqedJI baségelg@ an ra ment of the
open reading f9ehndratasg is found abbase$744-9408; é“i&!@P lﬂgt '?F'i'qP & protein
is found at bathegaritiha 26buhit blfeerobdehyiiatasois doundat bises9314 1786 the dpeldl ue MR

transfected w ocul at ed
into mcroli te%gmme?wg%‘fﬁ%&ﬁqug gﬁ%ﬂg&??{mgl um mﬁT%drlélum sul fate,
10 mM pot%%3||!ﬁ$¢9(976§ﬂﬂépe%¥ﬁéemem2 he, ppen rgading figpne wewdyes#er pH

7.0, 50 mM My&yeeroldiptide fAcilithter proteif isfdund/btbhses 131626:02146£C13, 1 Znd, | M

coson, 1t COELE e O e i g ARS8 .
50 pg/nL  anpi BNA from & nnqmvmap vererigoquinted-intorpicratifer yyeils sontaamnast er pl ate
contai ning 30 Z@;ﬁpoﬁ@ﬂ Mdiurf (Eemoniae shifit€; d 0 ndNI} potassiam phodphatebuffen s
wi thdrawn 20d a6y § bhiOGRPsk GBHn, T 6 SORNEMEERS £RA'GCE, N0 a 0.2
Y 0.7 mM; MnCl,, 50 pM; FeCl, 1 uM; ZnCl, 1 pM; CuSOy, 1.72 pM; CoCl,,
2.53 pM; NayMoOy, 2.42 puM; and thiamine hydrochloride, 2 uM) + 0.2%
glycerol + 400 ng/mL of vitamin B, + 0.001% yeast extract + 50 pg/mL
ampicillin. In addition to the microtiter wells, a master plate containing
30 LB-50 amp was also inoculated. After 96 h, 100 pL was withdrawn and
centrifuged in a Rainin microfuge tube containing a 0.2 micron nylon membrane
filter. Bacteria were retained and the filtrate was processed for HPLC analysis.
Positive clones demonstrating 1,3-propanediol production were identified after
screening approximately 240 colonies. Three positive clones were identified, two
35  of which had grown on LB-50 amp and one of which had not. A single colony,
isolated from one of the two positive clones grown on LB-50 amp and verified for
the production df 1,3-propanediol, was designated as pKP4. Cosmid DNA was

46



filter. Bacteria were retained and the filtrate was processed for HPLC
anal ysis. Positive clones denpbnstrating 1, 3-propanedi ol production were
identified after screening approxinmately 240 col onies. Three positive
clones weW@MABARified, two 35 of which had grown on LBPSUUBME2¥M4d one of
whi ch had not. A single colony, isolated fromone of the two positive

| t f
T 3 propanedi e ESR 235 %sﬁé‘g%%wﬁ%%"aﬂ%@%%% 01/12833
PCT/ US00/ 228 feansforraeds t Anjinfependant trans qrmsntr@mgatedmlaﬁlm-p@ﬁw and E. coil"

strain DH5a V\&ﬁﬁedfoalﬂfépwdmﬂondﬁ‘lflﬂdgﬂﬂmdﬁnt transforinant, designated as -
DH5a- pKP4, !% [‘Ifled for the production of 1,3- propanedl ol. ECL707: 5
E. coil strai 707 was transforned with cosm.d K pneunoni ae DNA

corresponding to (ﬁwéolbwqm@Lmﬂprﬂfﬁmedmﬂﬂmﬂ&drféWUWMWAal one and.-
named ECL707-caksEpondifl ¥ oiepKpRP1 mggkm fome and €spectively.
ECL707 is defecti h t he ATP-dependent _
gl ycerol Ki ndgee d@ﬂ&?ﬁ%&‘g@@@ %é'i? W %@Qf@@ﬁa %0 enzyme Il for ™
di hydr oxyacetl‘mecmlﬁ HRCLTA isslefective ip\eink deamia:pdhm engade thehot r ansf er ase -
system respemr eﬁdeni EEerc%iaBﬂN?\I@"Qhﬂ&ﬂ cibl & &ogaﬁw Mransfomﬁt'of‘ -
and five af th vect \%& &nﬁ%ﬂgﬂl’ve control) transformation,

i sol at ed rorﬁ KR! e ph yarjate-gependeitt or 1B-50 anp -
pl at e. ThesePhewhamferms@&m;msn&wdxted for their ability to convert . = -
gl %cgrolt to 1, f pr?&ﬂﬂ%ﬂig@coldﬁw@Bf'%hE&nﬂ&&%%rﬂﬁtmﬂIndtﬂ"\‘z%)bfﬁﬁ”t ai nted ot
dehydr at ase i Vi re transte sterile

t oot hpi ck to%CHP???ﬁ%F@FE\B?"a{" X%ﬁ@f’h%ﬁmh %‘ﬁ%ﬁgb AWhpl enent ed
with either @lﬂ%ybwmwoanm@B@mHﬁMSMSmlﬂegmm After - :
i ncubat i qg fw&omaraﬂé;g,towﬁm@gm&am 1€ ﬁx!;gbﬁﬁeﬁlbﬁh%}de}ﬁfde@rﬁfrﬁ vel I's were

e

The ! Tecurt < ihey e puiueh | T Fon e BB BR < o o

#sion of
gl ycerol to stegletoothpink th ricratijer plates comtaining 20CLULOF MediuanAf or mant | gycer ol *

gl ycerol plugy laﬁaﬁa*wmfémamﬁ% Bc&roil&/o?% c&@l 1&@1%71)-@1&8&48/ 2020720,
ECL7077. pKP4

| sol at est nurrt‘)ﬂl r (ﬂc Olgfzfggfrﬁght?gg?&g) %ﬂ%ﬁg "Ecm gﬂ’l éﬁelél%hv\éeﬁmoo was

transfor @8d fitered drovgha é pmistonoiyloniltorand chromatographed by HPLC. The
results of these tests are given in Table 2.

| TABLE 2
Convcrsmn of glycerol to 1 3-propanedlol by lransformed ECL707
transformant - glycerol* glxcerol plus glucose*
ECL707-pKP1 -~ 1920 | 19720
ECL707-pKP2 . 18/20 | 20120
ECL707-pKP4 020 20120
ECL707-sc - o5 /5

="(Numbe_r of positive isolates/number of isolates tested)

AA200:

25 - 'E. coli strain AA200 was transformed with cosmid K. pneumoniae DNA
correspondmg to one of pKPl pKP2 pKP4 and the Supercos vector alone and
named AA200-pKP1 AA200-pKPZ AA200-pKP4 and AA200-sc, respectively.
Strain AA200 is defective in tnosephosphate isomerase (tpi-).

Twenty single colonies of each cosmid transformation and five of the

30  empty vector transformation were isolated and tested for their ability to convert
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corresponding to one of pKP 1, pKP2, pKP4 and the Supercos vector alone and
named AA200- pKP1, AA200-pKP2, AA200-pKP4, and AA200-sc, respectively.

Strain AAzg efective in triosephosphate i sonerase (tpi-). Twenty

singl e col gwélézsg? each cosm d transformation and five ofPGI/S00/22874npt y
vector transformation were isolated and tested for their ability to convert
47 WO 01/12833 PCT/ USQOQY 22874 | ycerol to 1,3 propanedi ol as described for
E. coli strainglpegrelgel 31979)’4"6@9? sdewbe‘”?égecqbe%‘la?%@e'mgr@ﬁr?s}lﬁtsqfabl e 3.
TABLE 3 Conver thesertestd arg givesfirDTable3.1, 3- pr opanedi oliby transformed AA200
transformant |ycerol* glycerol plus glucose* AA200-pKPI 17/20 17/20
AA200- pKP2 17/20 17/20 AA200- pKP4 ZI@QB%_E/;ZO AA200-sc 0/5 0/5 *(Nunber of
positive isol at est nunber of | sol at es ) 5 EXAVPLE 2 ENG NEERI NG OF
GLYCEROL KI NASE_MJT@enversign of g qu»%prmmdmmgsfmeMWCERo_ FROM

GLUCCSE Constructrmtbr@‘aml nt egrati asm d for gigbersisIN olliddiese gene
repl acenent in F @&ngg : 10 E. 3 FMb ( ATCC 839%3 enom ¢ DNA was
prepared using t ene DNA I tion Kit (Gentr stem;

M nneapolis, W AA20®Gp fragh®¥¥@ containing pari%a0 gl pF and gl ycerol
ki nase (dl pK) gemo arrpl ified 2by PCR (Ml lis andjggpoona, Methods
Enzynol . 155, 335 (?&c)) from FI\/B enomc DNA usi ng imers SEQ I D NO 2
and SEQ I D NO 3. kb DNA 15 f ment contai ni ng %rtlal gl pK and glpX
genes was anpl T@umbersf positive isolatesimnmberaof nolateseted)isi ng priners SEQ I D NO 4
and SEQID NO5. A Minl site was mcorporated into primer SEQ ID NO 4. The
5" end of pyinmer SEQ 1D NO 4 was thgxh g conpl ement of primer SEQ ID
NO 3 to enabl e sybseguen ﬁé{—_ e Lcing by

overl ap extensi o LECH “&ﬂ]@%ﬁ?&ﬁ %ﬁﬂ%ﬁ@% MXxos (1990))
was used to generate & X ROND LHGOSEove two PCR
fragnents as t egmbalish diflediidiiSmiERr bR §encietiadcheif>: TS
fragment repregented a . ' gi on of the
1.5 kb glpK gef&ef?Z&M¥al |, this fragrrent had 1.0 kb and 1.1 kb~ flanki ng
regi ons onl&ither sEcbehG‘MStMé‘G@iﬁld)gnmmngNAem(smdphredusxhgt}pnart ial glpK)

to 25 allow f opy& g RiatigERE Mﬂgu FEPBRianat i on.
The above 2.1 kb ' ag ment ‘AYa%? - ena= bean
glp. cero

e

2

gment con ng parti gly genes was amplified
by PCR (Mullis and Faloona, Methods Enzymol. 1 5_5, 335 (1987)) from FMS
- genomic DNA using primers SEQ ID NO:2 and SEQ ID NO:3. A 1.1 kb DNA
15 fragment containing partial glpK and glpX genes was amplified by PCR from
FMS5 genomic DNA using primers SEQ ID NO:4 and SEQ ID NO:5. A Munl site
was incorporated into primer SEQ ID NO:4. The 5' end of primer SEQ ID NO:4
was the reverse complement of primer SEQ ID NO:3 to enable subsequent overlap
extension PCR. The gene splicing by overlap extension technique (Horton et al.,
20  BioTechniques 8, 528 (1990)) was used to generate a 2.1 kb fragment by PCR
using the above two PCR fragments as templates and primers SEQ ID NO:2 and
SEQ ID NO:5. This fragment represented a deletion of 0.8 kb from the central
region of the 1.5 kb gipK gene. Overall, this fragment had 1.0 kb and 1.1 kb
flanking regions on either side of the Munl cloning site (within the partial glpK) to
25  allow for chromosomal gene replacement by homologous recombination.

The above 2.1 kb PCR fragment was blunt-ended (using mung bean
nuclease) and cloned into the pCR-Blunt vector using the Zero Blunt PCR
Cloning Kit (Invitrogen, San Diego, CA) to yield the 5.6 kb plasmid pRN100
containing kanamycin and Zeocin resistance genes. The 1.2 kb Hincll fragment

30 from pLoxCatl (unpublished results), containing a chloramphenicol-resistance
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nucl ease) and cloned into the pCR-Blunt vector using the Zero Blunt PCR
Coning Kit (Invitrogen, San Diego, CA) to yield the 5.6 kb plasmd pRN100
cont ai ni n kan&gxcr n and Zeoci n resi stance genes. The 1.2 kb Hinell

f ragnment bLoxCat| (unpubl i shed results), contai nP¢RJUN0/22874

chl oranpheni col -resi stance 48 WO 01/12833 PCTI USO0/ 22874 gene fl anked by

bact eri oph

2000 T B MG PG fi ISR o (.
Munl - di gested 9 kb plasm d
PRN101-1. A 37Mubledifésted(aid blamrended) ptagntdhﬂlbﬂ@&t@yxemrﬂie $8 kb phgnid | ed by PCR-
2575 2555 (Looty ST i 376 b inibed BB AN orignn WRChRRU by bER g
and |igated tHompke wetor R‘ﬁPm;iMHmaéMekﬂm@neé#eﬂem 1. Gé%f-%isént ended)
frgm pm\llol 1 61988))’u§1|1gjprixﬁ€i? SEQ Ibmoisaﬁarssonﬁmtz Bluﬁtcaaf Hed, and) ake'anarrym n

and. chlora | origin
regi on in pgﬁiﬁgﬁd ﬁ:ﬁﬁﬁﬁ W%ﬁ%ﬁ%ﬁ%ﬁmﬁ@rﬁg%ﬁm@ﬁl o

i nvol ved del et¥? plagmidiRN 1°R ramphenigolst for
ERNt102 1| repglﬁahtggzﬁ B géids. Subsiitition SY e ColBY drigi regiondn PRIAOIRDN G4th the

acterio .necessar

for the fuhct ?%?gﬁlgf’ﬁ g‘i%{?}eo‘rﬁréz' ?0%"‘1*1@11{1?]@2%@#%%0#Qﬁn&tgfﬂ{%%o se nut a%t '
e sAw ot e K doRaHNEE) g ol Y37 QUAlen, | P s
el ectrot r ansf ofndeMekalahbs, I;rrmmm rzeolzsa@nsseeam))e@man téitaindthe piFigengd RN102- 1
and transformants that e ﬂ?g@?ﬁ?r gol -resistant (12.5 g/nlL) and
kananmyci n- sens‘f%%ry?%' %'7“ lﬁ%‘er scr_eelned for ) glycerl '

non-utilizati o) ainecning of 20 EcoR

di gest of ggen .r om one such rrut ant RJFl Om when probed with the
intact gl pK gene V{l‘g &ME‘M&J&EQ& On-iJ hMHve 98, 503- 517
£ i T

(1975)) indicated e crossover n r?R gene
repl acenent ) ﬁmépkwéoz-&m@m&@mwﬂetwawmpbemwm were. |
observed, ow mzsmgﬂmwmmm-mlﬂw@ddmmwemamﬁamthr n the .

- cingl o Bxpect &Y ‘%@"‘ﬁ%qﬁﬁ’%&g‘?ﬁ?W%ﬁﬂﬁﬁﬁ ané]ﬂ‘y%o}l‘s e e
“confirmed 2thatZqoRI digestiof genomic BNy from auc-yuch prytant, RIFL Qmy, yehen grobed witho| . and
ATP to gl ycer ohe itgehglpRipehevia Shithers lapafysis (Semthempb Mol. Bibh 28, SaMlx/zed by

20110 ana Szo %ﬁzﬁﬂ%ﬁ%ﬁ%@% B&R%*é&%nﬂﬁ%@@%%%ﬁ%%ﬁ@ﬁ y.SEPd'eS |
the expected Ximreihs twp expacted 7 aads wers ghssrved, owigg ke i vel y.  The.
wild-type contlrredence oflafl additidial Emﬁoitedltﬁn&ddhldmmemicbheﬁmrgm SEQ -ID -

IS L e B Bl 9 e T
analysis of mutant Om confirmed that lt was mcapable of converting . . .

13C-labeled glycerol and ATP to glycerol-3-phosphate. This glpK mutant was
further analyzed b_)r genomic PCR using primer combinations SEQ ID NO:8 and
SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:11, and SEQ ID NO:8 and SEQ

30 IDNO:11 which yielded the expected 2.3 kb, 2.4 kb, and 4.0 kb PCR fragments -
respectively. -The wild-type control yielded the expected 3.5 kb band with primers
SEQ'IDNO:8 and SEQ ID NO:11. The glpK mutant RJF10m was '
electrotransformed with plasmid pAH48 to allow glycerol production from
glucose. The glpK mutant E. coli RJF10m has been deposited with ATCC under

35 the terms of the Budapest Treaty on 24 November 1997. .
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gl ucose. The gl pK nutant E. coil RIJF1 Om has been deposited wi th ATCC under
35 the terns of the. Budapest Treaty on 24 Novenber. 1997.. 49 nniec WO

01/ 12833P 2874 Eri ing Bering of glycerol kinas F10 with
chl or arrphg% g% si st ances=“gene i nterrupt renoved:s, Afte&%% growt h
on YENB nedi um (0 75% yeast extract, 0.8% nutr| ent broth) at 37 C, E coli
RIF I Omin a pat:el..Sk elicel dekistd

168 (unpubl i sh& the bacteriophage P 1 Cre

reconbi nase gef@EIWE BO¥E8ntrol of the I PTG inducible lacUV 5 pronoter,
a tenperature- sen5|Aﬁmeowaﬁﬁ‘gtit@ﬂowtbpilﬁmmedmna(&%%r}'pastﬁxtﬁchor&?!m st ance

gene. Upon out gi %éﬁ tﬂ)§@9°&eﬁ'dbﬁ‘m1(ﬁ91&wa&fﬁﬁ pénsfollak s were sel ected at
30 C di
ol Shent 65 wplesratpsarred il Masrba P 165 (musiBhidiahue) bt chilgREE) 1T ™
over ni ght tran&fc&ﬁ&eﬁéplﬂg@PEdrmécmblme pencemderithé euitrolof thelPTCH C on fresh
LB agar medi U SHOBICITANE froildh £BRRERLehkive RS 10T Gictn, apd ier o al low

exci si on of thgl FOmDSoMma eni co Sﬁf,é &nce 8&1)5 Vi a
r econbi nati on amplcﬂbnmgsstansqz@s Hﬂ‘éﬂ%ﬁtg& WHing nase (Hoess and

15 Abrenski, Jtrar\éfénnaﬁts@bere%bted&ﬁ%%@eﬁﬂi@ﬂﬁét}emp&amﬂfoaplww oni es were

replica pl te ddd N and

| PTG and L 6 ?m%t %&Mﬁgﬁéﬁ%mhem cQ l?%fg:%&?bas’g E) t o identify
col oni es that )béIWYQﬁeﬂﬂll emight transfars efpooled cplonics Wersicaried Qlhsi t i ve

i ndi cating mar Iseso ﬁ?&?ﬁedlﬁm)ﬂg’&- mediimOsuppleimeited With Carbeditillineand IPTG & such

col ony was used | ate 2 30 Cto
QD (600 nm of © éto&r(i}%v%e 813108Lﬂ9f1%(r%lé‘mmm£§£| n?ﬂ%gﬂﬁe@ﬁh CHggﬁsé ov%ﬂ%t

Several dil uti oscomiinationatthe:lexB sites mediatadhydhe Gresepambinase (Haeasand; he pl at es

i ncubat ed qyer Wughthskil ##1. Bidlt e, B&ﬂ362i(¢988))351{esﬁltdneamaﬁeiweréphéa-pJ\/\168

replication) oI oni es ver e r medi um
and LB agar rre;fqi":#‘gﬁﬁg‘l She St SPFP n(?ée#r en| mﬁcﬂn?%iﬁ% 0 identify
col oni es that \agarsupplementedwith chlombmwéuﬁ peMEJq 'ﬁgﬂqugg%‘ﬁs fasnid pJWL
68. One such giypke Eibéaitillintrddistad and'Ghforhr Kehﬁ:bl—se%ﬁﬁ%’ﬁﬂﬁ:aﬁhglﬁﬁk jefic PCR

using prinmers S 11 an ted 3.0 kb
band confirm nf’%&eﬂﬁmgg&ﬁ%ﬁm’@f 8%?u§ﬁ %%nfl”gf‘gﬁ Iza ?éﬁ& y mutant
RE 10 was @0nf i10medoflB imediun f Uppnagrewithah 30.8C to QD600 o) ofldf 4h ®ent ai ni ng 1
mM gl ycerol . TQﬁF&b%s MeuBAtd K37 20 overighe S%%xﬁp&lﬁaﬁiﬁé fhtedidoh pl asmid

g

D 1 b et R i B 58368 oW iz -CROEACT! O F
- permissive temperature for pJW168 replication). Resultant colonies were replica-

plated on to LB agar medium and LB agar medium supplemented with

25  carbenicillin (75 pg/mL) to identify colonies that were carbenicillin-sensitive
indicating loss of plasmid pJW168. One such gipK mutant, RJF10, was further
analyzed by genomic PCR using primers SEQ ID NO:8 and SEQ ID NO:11 and
yielded the expected 3.0 kb band confirming marker gene excision. Glycerol non-
utilization by mutant RJF10 was confirmed by lack of growth on M9 minimal

30 medium containing 1 mM glycerol. The g/pK mutant RJF10 was
electrotransformed with plasmid pAH48 to allow glycerol production from
glucose. -

EXAMPLE 3

CONSTRUCTION OF E. COLI STRAIN WITH gld4 GENE KNOCKOUT
35 The gldA gene was isolated from E. coli by PCR (K. B. Mullis and F. A.

Faloona, Meth. Enzymol. 155, 335-350 (1987)) using primers SEQ ID NO:12 and
SEQ ID NO:13, which incorporate terminal Sphl and Xbal sites, respectively,
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35 The gl dA gene was isolated fromE. coli by PCR (K B. Millis and F. A
Fal oona, Meth. Enzynol. 155, 335-350 (1987)) using priners SEQ ID NG 12 and
SEQ I D NO_13. which incorporate term nal Sphl and. Xbal sites,
respect i v&{QOVIBH3\0 01/ 12833 PCT/ USO0/ 22874 and cl oned PCT/USMze8%3 | s ( 1982)
Mol ecul ar C oning: A Laboratory Manual. Cold Spring Harbor, Cold Spring

Har bor, NY) between e Sphl, ites.in pUC 18, to nerate pKP8. -
pKP8 was cut éf‘gl\?’hée%' B{g@aga&%%ﬁ@gke@ﬁw%ﬁhabmw Mﬁ@“%g (@K gene, the
ends fl ushed \Siptihg Karbon\CoddhSipring| Haglxir 24Y) bedweenithe§philrand Xb@Psitepirb del etion in
the niddle of g &BE BRPEADK POV oot atift HiGue ] ariiNGDL shél BRIET 21 ©
pKP9. A 1.4 k@q%ﬁ’?&ga .n? cont al nj tﬁe n err.ing kananycin

o the ear Trgheftynith Kie

| , cop
resi stance (kapHgid4 gens theiendn W&%ﬁﬁ gat B‘ﬁ§¥f‘°eaa]rﬂ9§’ﬁ’ the -

transl ati ofal dsletion inchelmiddieaf gédxbark rdgeGerhiion offa ubidie Salinsité, tegenesite t he .
Lrans ati onal &8P ACPERH DN ol Arkbhibg HOGOITpRakidhabbiRyaen,  Madi son,
Ws) 10 by PCIgusm rlnessg(ﬁal 45 SE 5, which o
i ncor por at e t""é‘ﬁtﬁ“ﬁgﬂg%laﬁl wely ga@m@%pﬁ ystream pEthEni que Sall site.
of pKP9, to gemansliational staéReolidn andl dboit 10D bpS DN A glownstreamgif e ng 204 bps.
downst r eam of ' | I X i bps
upstream qf ”t]nrgﬂs‘?? ,ts??i’n‘__gé’Pg‘??}aﬁgs’f’Q{% f’é’%{ ﬁéo’%%%&%g@%%%%’% e kan

i nserti on,l°m§yf@ﬁwmﬁ§%&pw’l%§“dlfé§H%Nﬁ’él'sng’" FRABROFROTAE-5 | D NO 16+
and SEQ | D NOtermjnalBalt sitéshamirspbeladed idte theiunigjue SA site of pKPh tol gepérbtes, . s
respectively, S by : wn&ﬂaq g yn pMAK705
(Genencor Int é’m?l ngrﬁ%gf\o tQ, “E?gh-é’ggr%r &e p é%@éld% coli FMb -
was transfor M%W%i&iﬁ@&tlgwwa&ﬁ q&ld4 transigtiopal i ch i s
t he perm ssi vetopetdon; aidcontainhig thé/Ké€iGsertionp ivacizolated frof pKRIGIby PCRVAS 20

expanded Qxernight. o Bl ieau i %EEEE it b /nL kan..
ApBr oxi ma'(ti gl y%‘gg Bﬂﬁ%ﬁ@ﬂvgpem%?{g? g'gqgn %9‘3&}), arﬁ&gi#cié I?‘rlllgagbgt ed for 16"
h at 44 C wiphandsXyalsites Eespactively, avas sphslansd Egtye@dhe Pradiepd Xbakp| i cation. -
Tr ansf or mant s siggsQipMAKR054GekenbarIntemmhtional, Balo A leg CA),ad genetate pMP3X hr onpsone,

occurring at EHAE "g{ s ' e . ?ﬂﬁg tAeRN bl ot -
(E.M 25 Sout éIr_:{]l,. li % |_o| . %&l%iﬂi &8595(2:2@? gﬁg&vs\grg" used to .
det er mi ne t he Whihtitthe Pgrmissive tEHPIHBEIRRR ?gé?all on.cOndgolonypashe -
t r ansf or n@at s expshdédooverniginat 300G liguid nicBiadapplemented with 20 pg/mINah] . Acad Sci .

PO o300 (197 ApbrotRartly 85 006 col HoR Tl AR 1B P EUbllAIACHGW S 20

e
protein, the OlLdA 1S roduced.1n { ranstformants. An
activity assapta, udush iy the gestrictivg mpgiRireoF p ogéﬂl’ﬁ?u%eh-ydrogenase |
activity remaiTrasformartdigrotvingras 44 PC have plashiid integtasediinto tigd cheomicsbmelehydr ogenase

ol Us NAD+ fo SamiE ¥TRaab bRty 08801 DR B SERBUFEIS MY DY O Ui
Gye, MIT P5-(SoubemebMafiBiph 53303317 (1975) snalirywempradae Astswamna e br om de] t o
a deeply col onstrefofitligrchéomosainalintefratiazévents in the transformants. Western blot !
analysis (Towbin et al., Proc. Natl. Acad. Sci. 76, 4350 (1979)) was used to
determine whether glycerol dehydrogenase profein, the product of gld4, is
produced in the transformants. An activity assay was used to determine whether
30 glycerol dehydrogenase activity remained in the transformants. Activity in
glycerol dehydrogenase bands on native gels was determined by coupling the
conversion of glycerol plus NAD* to dihydroxyacetone plus NADH to the
conversion of a tetrazolium dye, MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
* diphenyltetrazolium bromide] to a deeply colored formazan, with phenazine
35 methosulfate as mediator. Glycerol dehydrogenase also requires the presence of
30 mM ammonium sulfate and 100 mM Tris, pH 9 (Tang et al., J. Bacteriol, 140,
182 (1997)). Of 8 transformants analyzed, 6 were determined to be gld4
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35 nethosul fate as nediator. G ycerol dehydrogenase also requires the
presence of 30 nM amonium sulfate and 100 MM Tris, pH 9 (Tang et al., J
Bacteriol . 182 (1997)). O 8 transformants anal yze

det er ni ned™ ?%“’B%’%ldA 51 WD .01/ 12833 PCT/ US00/ 22874 knog’fg&sﬁ(’.’e’{%" coi |
MSP33. 6 has been deposited ™w th ATCC under the terns of the Budapest

Treaty on 24 N?(}qggéagé EO0 MSEAEhhs hen SENSHANGH ACCAN o ol F STRAIN O

W TH F1nK AND 6 DNA fragnent containing the gldA
gene and i ncl U@QQHMEE@W%2W m of the translational start
codon and 220 bps of DNA dovmstreamE)(AMBg #@r ansl ati onal stop codon was

isolated fromE. coli by P %%IF@’H r A and SEQ I D NO 19,
whi ch i ncorporate termn nal % %%@E@Q&%resct ively, and cl oned
bet ween the5Sphl and Xbal {8 gidA4 & RYES pON2. pQ\2 was cut
at the unique Sall aamislws@m'&a cmﬁlhingtﬁég?dzggdﬁagdh&ludidgézzsmps fl ushed

w th Kl enow and at ed S in the mddle
of gl dA and re@éﬁﬂég?%ﬁa‘l}ﬁﬁ* Mﬂ%gnwmkpga@ q’g’éﬁgir)a . Al.2 kb
DNA fragnent calmmsnnangoﬂtrmtrgmhgonabﬁpnmdongvawo ‘;s)(t: nce (kan),
and flanked by ds Noipéﬁ{dﬁsh IDNO: m,%mriaco(-;ﬁmet&mtnal

| nt t |, t hol hed

W th K enowd ; nﬁrﬁa\a@%&ﬂ@) oty 4 o e g Son X1 Bled of STV
Kl enow, to gengUCHs, p@dﬂerat&pozm mmwsrwagtnbmmwﬁa& andmgcoﬂrsge%K origin
gf :epl ' ?:at '1%‘ ghﬁggﬂ i ft%@&ld?.@ﬁ?l%ﬁp Wit Klefidw antCrelyiited, fd@iting 80a 0 d seq
acterio an

I D NO: 21, whi cl"llq9r"06ﬁﬁ8‘i“§’tlgﬂleé%%pﬁ§if @mﬂgé"ﬁg e)%ﬁt 5??’8@93#5%5 Rvely,

and |igated to gehera p)Ndb ABpL2IkbIINA fidhtheriticontaining thogenaiconfeminghe gl dA: : kan
cassette fram H@'ﬁrr. éﬂr& éédcﬁn yP4tid4tankéd by 19x#§1te§>%s§semmcont ai ni ng the

g.c en| co

gene conferrin

B o o opes qaiée@héléfaq?%eécﬁéﬂwﬁéivlﬁéafﬁa TN as an

Xbal fragnent,ends ﬁuﬁmbwnhrlﬁdmmhmd pibidfedsinto QN4 2lithd Sall sits, aﬂeoﬂm ate-
PfZﬁgf oFﬁegoiMl t Ic?eg?éé PﬁXWhﬁb@NA t eéhtlmzﬁlt kacharrS wer'e
i sol ated, indi c%&ﬂ‘?i@ B‘éﬂﬂ‘%“ W?ﬁa §'69 Hsﬁﬁgé}?gl}"f a‘%ﬁ?@;}r‘%’s confirned by
sout hern bl2zo an aiay&nsl 1 za 95‘&?—25831@983&}1»{9@9 usispringers SEQIIDANOR20asd ays (as
described in EX@@@ ; hes% &gte lh%a)wf{gfé‘s%sww/ggepf_z%
the chr ohosons. sk liggied g’i@% DPYA pgiaent RS UHBASRR bo | o
Exanple 2, to pdsasﬁhwe&ost pQNSL t«gm&ie ﬂﬁﬁr a 1.0&b DN 4 fragment gonthigingtas ot ype
kanS demonst r at £, R8nfdlrih ShidtanRBAUES1 FEMERMES (R, aidl Hinked BY loxP sites was
25  isolated from pLoxCat2 (Genencor International, Palo Alto, CA) as an Xbal
fragment, and subcloned into pKP22 at the Xbal site, to generate pKP23. E. coli
strain RJF10 (see Example 2), which is glpK-, was transformed with pKP23 and
transformants with the phenotype kanRcamS were isolated, indicating double
crossover integration, which was confirmed by southern blot analysis. Glycerol
30 dehydrogenase gel activity assays (as described in Example 3) demonstrated that
active glycerol dehydrogenase was not present in these transformants. The kan
marker was removed from the chromosome using the Cre-producing plasmid
pJW168, as described in Example 2, to produce strain KLP23. Several isolates
'with the phenotype kanS demonstrated no glycerol dehydrogenase activity, and
35  southern blot analysis confirmed loss of the kan marker.
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35 southern bl ot analysis confirned | oss of the kan marker. 52 WD 01/12833
PCTI USCQO 22874 EXAVMPLE 5 PLASM D CONSTRUCTI ON AND STRAI N CONSTRUCTI ON FOR
THE EXPRESSI ON OF GLYCEROL 3- PHOSPHATE DEHYDROGENASE ( DAR1) AND/ OR
GLYCEROL FYPRPEBHATASE (GPP2) 5 Construction of expressiRGTGs0882804 es f or

gl ycerol 3-phosphatase (aop2): The Saccharonyces cerevi siae chronosoneV

| anda cl one 6592 (GenBank, accessi %gﬁg 13x11) was obt ai ned from ATCC.

The gl ycerol sphat e phosphat as& ge 2 was cl oned by cl oni ng
fromthe landa P g NBDa@,ON FRECTIGHN AN $ UGTIONEOR | D NO 22

with SEQ ID 10EXP113§810N\9W019{@ER@9 3mcmrnﬂfnfﬁsﬂ>ﬂmioemﬁssmhm 5' end
and a Smal site at the D < ed into pCR-Scri pt
(Stratagene5 Madi son, \/M sace=t he plasmd pAH 5
cont ai ni ng oGP : gXpie 2} : RS (appale i n the inactive
Barr N Srml o ex?“??%"&”‘%k mme’"ﬁ* aﬁﬂﬁm‘“"*‘”‘mﬁ&;@ nserted.
into pBl ueScr;’i ?‘&P anlg; accgssiopy g!%éﬁ?)p Mﬂﬁﬁ&ﬁe%ﬁh@“@ont ains the .
GPP2 gene in tBHﬂxosxﬂxatethsphaiameae (GRPZ)mclenqdrbysahnmg fromo thetlimadd ac pronot er.
The Xbal - Pst| cfgnago@ide vaas inserted .

I :
o o L e e e eh oSS GAERF oo o

dehydr o genas ¢he ABAd. : THeARIduatwas sabtlartied dnth pCRcSeript (GnatagederMangmnm c.S.

cerevisiae D%tth@?iﬁ‘ﬁte% 1841318 ﬁ“’ﬁ’“"m{'ﬁ‘sﬁi@gﬁ‘#ﬁﬁz wﬁ@g& | D NO 25).

Successf ul oni ng a&&% R1 where the
ATG wi thi n Nc@AH1S e &eRR %%&W%Pm"m%ém expregsion fiom gheq of . DARL
a BanH site i pwrhmeduq;ém-smpt BKwi Fhe BamHI-Smakfragmentfrompaif18t or . The PCR

f t t
withint ﬁegﬁi‘é‘?’g&@. B GHP fhadoll W%ﬁ%ﬁ‘%ﬁ%’fﬂéﬂ@sﬁ%‘%ﬁe N to o ve
pDARLIA. | n or@ g%t@e@%ﬁﬁcenmnms GEP2 2ene i the,cosmes o 5' end of
DAR1, an xB%thtﬁellai@bmobt arhaed:abystaﬁw fromPAHI9et i c priners

(SEQID NOZ ite of pDAR1
Ato create @%%ﬁ@ﬁ?eg@’ﬁ éﬁgl‘—’ég cont é‘?ﬁ?ﬁ@?rﬁ%%g anm gene-i'n the
correct or|e aPﬁHR“leH5% %mﬁoﬂl"ﬁﬁ“ﬂhe trc prom)ter of pTrc99A = . .
(Pharmaci 20 RoastAicHsm g : Roge foh : hydiogendseR1A and an
.second set of el - RBS—NcoI I|nker obt ai ned by anneal | ng synt heti c
prinmers (SEQ 128 L

_ DAR]1 was isolated by PCR cloning from genomic S. cerevisiae DNA

using synthetic primers (SEQ ID NO:24 with SEQ ID NO:25). Successful PCR
cloning places an Ncol site at the 5' end of DAR1 where the ATG within Ncol is
25 theDARI initiator methionine. At the 3' end of DAR1 a BamHI site is introduced |
following the tanslation terminator. The PCR fragments were digested with Ncol
+ BamHI and cloried into the same sites within the expression plasmid pTr¢99A
(Pharmacia, Plscataway, NJ) to give pDARIA. : S
In order to create a better ribosome binding site at the 5'end of DARI1, an
30 Spel-RBS-Ncol lmke;' obtained by annealing synthetic primers (SEQ ID NO:26
‘'with SEQ ID N0:27) was inserted into the Neol site of pDAR1A to create
pAH40. Plasmid pAH40 contains the new RBS and DAR1 gene in the correct
orientation for expression from the trc promoter of pTrc99A (Pharmacia,
Piscataway, NJ). The Ncol-BamHI fragment from pDAR1A and an second set of
35 Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NO:28
with SEQ ID NO:29) was inserted into the Spel-BamHI site of pBC-SK+
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with SEQ ID NG 29) was inserted into the Spel-BanH site of pBC SK+ 53 WO
01/ 12833 PCT/ US00/ 22874 (Stratagene, Madison, W) to create plasm d pAH42.
The pl asm\g ﬁ%ﬁ contai ns a chi oranpheni col resistant g:ene Construction
of express! onvé®&ettes for darl and gpu2: Expression casSa{iS8¥2¥% DARL
and GPP2 were assenmbled fromthe 5 individual DARL™and GPP2 subcl ones

descri bed abovg, usin nol ecul g BanH - Pst |
f r agment from@ﬂ?ﬁ?@oﬁ%&n‘?ﬂ’ﬁgl)%‘gwﬁ? P@gg'gﬁél%‘g #&F %“ ddtspé';']%%gS) and GPP2
gene was i nserconthinsra chlqrihpl@nicol wsigantgenAH43. The BanHl - Pst| fragment from
PAHL9 cont ai Ni BghstR@idReoP et % ted into pAH42 to create

pAH45. 10 The Trbo P nodi fi ed as
%@ ﬁ;%\é\ﬁf‘etlcprlners

follows. A BanH - 2y
GATCCAGGAAASCAGM(VEEQ DDRN@:&GPPM&H@IWM ilT@@TﬁngSﬁQiard mold@llaﬂ) to the

Xbal - Pst| fraggg F e%&mf_pgt ehpﬁo,gél i’{lg%ﬂﬁtmn‘ﬂ el nserted into

t he BanHl - Pst | as 15 contains the
DARL gene, t he“‘?ﬂ?ﬂ‘i“?]ibé ‘P&Ste é%ﬁ?‘ﬁgé%“ﬁ@ﬁ% gﬂ%”é’@ﬁ“g creglei ent at i on
for expressi onpAH43N TheBamKI-Pstbfiagnent fiém pAHI9 eonthiningtheBBE and GPBZ at away,

NJ) . Transforn?etnbgas &d&@f 4@9‘,&&@ g descri bed here were
transfornmed in f A}f: 20 a sin ndar nol ecul ar
bi ol ogy t ethni ques. ThFH@%?%‘T’]E‘P@P&ﬁ‘I‘E? Iﬂ_‘?@‘% tfdlfﬂ\ﬁ RFLP
pattern. EXAMPABatHBICREN-BpEITinket, Mﬁﬁ%ﬁbﬁg%ﬂﬁmm USE I N

PNEUVEN AE. dheC R P At f@é‘%mwtﬁ MR CHRORGISTIEECRSIIE0 & "rhe &
colt expressi of? MO 0'6‘?% Aﬁﬁ icARtaining fhe &E&Eé gengepyas

( Far abaugh, Nainw&diﬁtdtlﬁﬂi’a'ﬁ)m-ﬂﬁﬁsﬂﬁﬂpAHW&)@emmhﬂé& Rlasmid pAH48Amann et

al., GCene %s]‘ﬁ gdka%% a@e}g site EcoRl
of pBR322 }i% ( cll ? é %ﬁ%ﬁmg%&$6 %Bgﬂgmglk 77-90
(1979)). A wl?@%On&rﬁmglgqg@nQ}?dmtm'ﬁwﬁ%ﬁa PREBIBEIBEQ | D NO: 32)
repl aces the pPisc@avaysNfjuence from EcoR to Sphl. Subcl oni na the glycerol

dehvdr at ase gepgs coiA? The open.reading flame for the dhaB3 gene

was anplified PCR usi ng_priners (SE%l’{D NO 33 and SEQ
| D NO 34) incor pora %”&Hds@é%mexk averg trangformed igiof. €9l DHS%EMSsit e at the
3' end. Thgo pr afiKLP2Sasingsemiad esblecular biology techniques. The transformants were

* verified by their DNA RFLP pattern.
EXAMPLE 6
CONSTRUCTION OF EXPRESSION PLASMIDS FOR USE IN
‘TRANSFORMATION OF ESCHERICHIA COLI WITH GENES FROM THE
25 : - KLEBSIELLA PNEUMONIAE dha REGULON

Construction of the expression vector pTaclQ:
The E. coli expression vector pTacIQ was prepared by inserting laclq gene

(Farabaugh, Nature 274(5673), 765-769 (1978)) and tac promoter (Amann et al.,

Gene 25, 167-178 (1983)) into the restriction endonuclease site EcoRI of pBR322
30  (Sutcliffe, Cold Spring Harb. Symp. Quant. Biol. 43, 77-90 (1979)). A multiple

cloning site and terminator sequence (SEQ ID NO:32) replaces the pBR322

sequence from EcoRI to Sphl.

Subcloning the glycerol dehydratase genes (dhaB! 2.3, X): -

The open reading frame for the dhaB3 gene was amplified from pHK28-26

35 by PCR using primers (SEQ ID NO:33 and SEQ ID NO:34) incorporating an -

EcoRI site at the 5' end and a Xbal site at the 3' end. The product was subcloned

rJo
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54 WD 01/12833 PCT/ US00/ 22874 into pLitnus29 (New Engl and Biol ab, Inc.,
Beverly, MA) to generate the plasmd pDHAB3 contai ning dhaB3. The region
containing the entire coding region for dhaBl, dhaB2, dhaB3 and dhaBX of
the dhaB oB2AY#E% om pHK28- 26 was-cl oned into pBl uescri pPETHSHN/22875
(Stratagene, La Jolla, CA) using the restriction enzynmes Kpnl and EcoRl to

NP wi i Apal ARGPLIIRLD (Y Engln Diohe, oo Betssr MATER gshair hF ARG |1 i t

t he 325-bp ApabDmecohtaamgadHaBﬂ.r om pl asm d pDHABB to create pM 1

cont ai ni ng dhaBl1, d g‘ g me‘lggg ,{fg@‘%@g %}E@% t he dhaB__I.
ene was anmplifie r é‘ 35 and -
%EQ ID NO [{2) PWE °P?4Pﬁ pi?"g&%%;%l'}sscfl!’%%%ne -

binding sitg a(Sttdthﬁé LerloilaaﬁA) asm@)thle restrioeomenzymes Kpnl3ind EooRI tdlefeater oduct

was subcl oned P{g?asgllﬂpw?s% (New Engl and Biolab, 15 Inc., Beverly, M\ to
generate the plasm cont ai ni ng dhaB1l. A Not I - Xbal fragment from pI\/IlI

containing part of ThrdheBXREngWasremoyed bydigestingplssenic pM7iwith Apalad gene was .
|ns§rted |bnto MY pirifying @ 39 ki fragheiBandligatiog it Wl tid 325BpapabXod] The

Hi ndl I | - Xbal D2 was

i nserted into %ﬁ%ﬂ?& to%a@éﬁﬁﬁﬁ%gggééﬁgél%gﬁ%ﬂgﬁt%ﬁ?g dgg%? anedi ol -
dehvdr ogen¥@e @eal8.CaLaj T: The Kpnl-Sacl fragnent of pHK28- 26, cont ai ni ng
tgle 1, 3-pr olo?nedl oIThe,dg;b,y Bémmféﬁwm%mwm plifibd FrORQIK B

p uescrlpt I

PCR from pAHI @Fﬁﬁﬁg

| D NO 38) i ncoHsH l&slrmdz&omn%albomeebmn&mastheé' andja Xbaksitelat si.te at
tS hfe 3" end. Thelegraﬂuqhep@auctwbemmddm&imﬁﬁaz $NewPEnglad rmgﬁ9$ne)That the
rf site t ge r m nt ng dha e "
pl asm d p ﬂl%ﬁ?ﬁ @ ﬁ#@tgg "fg%etrl%gpila_‘%m%qﬂ)e r| g ﬁ'ggkat ion for =~
expr essi on from t heANeg- Mﬁﬂg@fm ifsonprivkl kpantaini AbexihaBd gerg, the dhaT gene
in the opposi t&hmgeﬂéﬁdltﬁéldhﬂhﬁgeﬁﬁ)ﬁéslﬁaﬁbﬂmfd;ﬁm‘mtcréateqmm'“\m :

?ﬁ%“‘*ﬁﬁbr ?ﬁ‘n%%@?'g%@@'ﬂ%s@”p' I?,f7I o EySEQ |

contai ni ng the ®slal E%Ral te plasmd S
pAH3. The Hi nd %Ilﬁgl? Sﬁ%m p,& %%c%ﬂaﬁﬁ@%s and dhaT gene
was inserted i HaBlhapliesses P%Matsé“sﬁﬁt P@PHMtPcr“tepDé,Ignstruct ion of an -

expr essi on2@¢ asSsliclonideahe ..'...~:; sellicil . T8 pr ession cassette for
Gpeand shas(T. 2 i S5l o ﬁm *’& @% @‘eﬁéﬁaﬂaﬂ Giagy
met hods. A Spefieh¥drogenas tge%l‘i‘laéﬁ énes from pDT3
was inserted ipthsmidpAHL. ameﬂmg“qnelwaSamphﬁndtngcmﬁmpAfH apﬁﬁﬁ;late . _
DNA and synthetic primers (SEQ ID NO:37 with SEQ ID NO:38) incorporating -
25  an Xbal site at the 5' end and a BamHI site at the 3' end.- The product was
subcloned into pCR-Script (Stratagene) at the Srfl site to generate the plasmids
pAH4 and pAHS containing dhaZ. The plasmid pAH4 contains the dhaT gene in -
the right orientation for expression from the lac promoter in pCR-Script and pAHS
contains dhaT gene in the opposite orientation. The Xbal-BamHI fragment from
30 pAH4 containing the dhaT gene was inserted into pTacIQ to generate plasmid
‘pAHS. The HindII-BamHI fragment from pAH8 containing the RBS and dhaT
gene was inserted into pBluescriptIIKS+ to create pAH11.
Construction of an expression cassette for dhaT and dhaB(1.2,3): _
An expression cassette for dhaT and dhaB(1,2,3) was assembled from the
35 individual dhaB(I;2,3) and dhaT subclones described previously using standard
molecular biology methods. A Spel-Sacl fragment containing the dhaB(1,2,3)
genes from pDT3 was inserted into pAH11 at the Spel-SacI sites to create pAH24.
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55 1191,' WD 01/12833 PCTI USOQ 22874 A Sall-Xbal |inker (SEQ I D NO 39 and.
SEQ ID NGO 40) was inserted into pAHS that was digested with the

restricti s Sall-Xbal to create pDT16. The |inker_destroys the
Xbal si teo‘g?f?zﬁﬁggb Sal | -Mul fragnment from pDT16. was t héfT ’qsﬂg%s?‘ed into
pPAH24 repl acing the existing Sall -Maul fragment toicreate pDT18. 5 pDr21

was constr uct ot Ry ESAKEAGEYD Noto sk fm@@ﬁﬁgwﬁiﬂ@rﬁ@ﬂm Aqd the

Not | - Xbal fragnent fro CL.192 cose
i somerase pro %mé&eﬁ%@‘#%ﬁ%“rﬂé’ £ g‘ﬂk ®cl oned by
PCR and i nsertdnhkerrdestrdisdﬁxwliﬁ | Thesli kbeSalle¥lys fiagment feont pDTOhwas then pDTS.

10 EcoRt - puyl ST or A %m"ﬁﬁﬁ a‘ﬁ“*“ﬁiéé“g%%g P, O e
Hi nDI 11 -M uPl fHDJ(ér‘réWCB‘fs"Bﬁ?‘% P!\FQ@‘ |§&‘31r11‘?°§¥§ﬁ ﬁwb‘iﬁ?aﬂ 1 into
the HnNDII- Xﬂ@dﬂ-xwémgnknm:ﬂaw intop@I 11 920c(SEQDINOatT).eXhe glagisen cassette
for dhaT and d gﬁg‘e I SaII
Notl figment f ?%ﬁe}%%) 55 é& tl&flﬁp&}&? rma% nt ? rfj %eﬁ(’ﬁl

pCL1920 ( SEQ | [3@369‘)4111)156 éB‘FFéP ée from
Strept onyces ( PBRIPES méba}.trmwahmnﬂﬁ B@yRPEﬂxIBﬁagmmepr'ﬂS initg the

EcoRI - Hi nDll! o was

construct ed1 by%ggftg'lhsnbgﬁ%!?ﬁ%\? E{;????Hn%%%tmg@%_r to_the ECORI-Pvul
site of pCL 192 ull fagrmews o5 pP 91\4%!1101%% aglﬁémﬁpmﬁbm thet ul |
fragnment of pD'IHiﬂ;DHMKbhrﬁteMﬁﬂCmas fragrrent of pDT21 into the

H nDI || - Xbal si 3 pI3 s| on cassette for
dhaR, orfY, dha 9 as constructed by

inserting the Sacl - B wag y 1 50 Bicroge sites
DIRi afawsm%h mﬁestwk%al& ofl ffagmeal.from ik} 8

of p\?\/_19§5 dlﬁogzmdlﬂ(etNaRXbﬂ fragmenpires pMTrintopCEA920(SEQ IDINOEI1).0Ther. or f é(

ori Wan a Jucted in

whi ch al | exce;ﬁ}u‘%ﬁgy |rstpq§5b%€§eh‘¥|&c€ %@%@o&%%g{%@?zgﬁqgﬂodon) of

the gene dhaT vilened b PERAd dgsered intp usZgtoronstErckd overl ap

extensi on. Usi iDTOPLL1A25 wmah&tedbyﬁnsmﬁgﬁcmm@ﬂa@ﬁmtwmgenerat ed

oo’ seq o W BRIR el ke i e rey oro

TTA ACG3 ; 295 dJtinPIIbMil fragment of pBT2 bandthe-MinXbef fragmpnt pheDE2 Lintrthe ATA
TACS3; HmDIII-XbaI sites of pCL1925.
Construction of an ex; ression cassette for dhaR, orfY. dhaT, orfX. orfW and
dhaB(1.2.3

pDT29 was constructed by inserting the SacI-EcoRI fragment of
25  pHK28-26 into SacI-EcoRI sites of pCL1925. _
Construction of an expression cassette for dhaR, orfY, orfX, orfW and
dhaB(1.2,3. X): _
A derivative of plasmid pDT29 was constructed in which all except the
first 5 and the last 5 codons (plus stop codon) of the gene dhaT were deleted by a
30 technique known as PCR-mediated overlap extension. Using pDT29 as template,
2 primary PCR products were generated using the following primers:
SEQ ID NO:43 = 5"GAC GCA ACA GTA TTC CGT CGC3";
SEQ ID NO:44 = 5'ATG AGC TAT CGT ATG TTC CGC CAG GCA TTC TGA
GTG TTA ACG3'; -
35 SEQID NO:45=5'GCC TGG CGG AAC ATA CGA TAG CTC ATA ATA
TAC3";
SEQ ID NO:46 = 5'CGG GGC GCT GGG CCA GTA CTG3'.
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SEQ ID NO 46 = 5'

CGG GEC OCT GGG CCA GTA CTG3'. 56 WO 01112833

PCT/ US00122874 SEQ I D NO 45 was paired with SEQ ID NO 46 to-generate a

product of 931

uni que- ¥R 1’58?31 e) all of orfY, and the first five cPEWHSV02E87dha3 SEQ | D

NG 43. was paired
enconpassi ng nucl

ps and enconpassi ng nucleic acid including 5 dhaB 1(to

with SEQ ID NGO 44 to generate a product of 1348 bps and

- 5 |ncI ast five codons_(plus.stop
codon) of dhaT, aﬁ:’ééﬁw#& tg%h&g%ﬁéiét%gem?‘f’g“ﬁﬂfque Sapl~—
site). The 193 bgsasd atcoimpassiig mcldlccaéld&ﬁ@dmg_wﬂhdm (tewiigueiScaksitely tai | t hat
Sor ar |y, L O 0 0 018 offong B o REQID RS Bt 0”1
that is the gﬁQiﬁggggmeé‘ﬁ@ﬁ‘taW“ﬁW 1@4% SPeImpAsSing Q8840 44. Thus,
the 10 2 Primehding@he hastd'dacb@nmeﬂtms}qyaodoh)toﬁgbﬂhel[obdtﬂérallaﬁa@‘m| ng (via 26
bp tail- ove )Y V. cleic acid
product of édggwl;ps t lfgf?rbékﬁcﬂﬂﬁ% a@?ﬁgg?w%b?ﬁ Sapl and -
Scat and Ilg"é’c"étbt“?erﬁtﬁ' g’%‘fe&‘?cﬂﬁ‘ge ‘é%@f%ﬂ? SEQID and Scal to
gener at e theNOMssrﬁmhlarly,mémmases/althhS'mdbﬂﬁEQlIB{NO uS)canﬂ’tﬂ&ateﬂcept for the

PROCESS 185

Aﬂhe/ pDT29 and

R peogductswese joined

o g eggﬁ%w i B BRI S5 O

KLP23/ pAH48/¢x}éH31§a axﬁeﬁendxmh)umm,rtegenemaﬂmﬂeﬂclagaadflmdmmfer i n—2YT rredl_um

(10 g/L yea a g,ggl&& enk aining 200
ng/ L car ben?%:zlsﬁ)bﬁjg ?ﬁ‘r arrpl c an g?géa%}lﬂﬂa gépﬁgctl nom} At
KLP23/ pAH48/ igterpIXb25 whi Fluwmﬂ}l@aﬂlgqs it Sap ?ssmldthat dhaT is

del eted. Cul ;sxma@ whith@s idéntichlad pDTDONekéept fon tlﬁtlm@k,ﬁn-friﬂ%l&bﬁﬁx Within
in 500 nL of nediumin a 2-L Erlennmeyer flask, grown at '35

cryopr ot f%t aglr
S

-Cin a aker at
reached and used-

12 g citric acid,
anmoni um ci trat e;

250 rpmuntil an_ QD550 of approximately 1.0 AU was

to seed the ferRAMPLEY) Fernenter medium The fol | ow ng
conponent s wer e SCONVERSIONI@F)GLUEOOSETO h3-FROPANEPIOVUSESG: 45 g KH2PO4,

12 g B@%ﬁ%@ﬁpﬁ/ﬂmmﬁ@b 2.0 g ferric

ﬁ: :ﬁﬁ Eﬁﬁgiﬁ é 3,5acl2. 2H20, "and 7.3 m.
sul furic acid. The PG pabsePiids and the - - - 35
fol | ow n2p cdrpdivittes were added: 1.2 g carbemC|II|n or . arrp|C|II|n 0.30 g

specti nonycin, 6
--- 60-67 wei ght
gl ucose ---

0
seeding a/ Jll%gl(lj rin2 medlurt]r? &Ldl ‘yeast extract, f/é) g/E rgptvggé and

HolRRKER2A/pANRSAKPIP RS piutiieagase (from a

I on, the Landthe

10 g/L NaCl) contammg 200 mg/L carbenicillin (or ampicillin) and 50 mg/L.
spectinomycin. KLP23/pAH48/pKP32 is 1dent1cal to KLP23/pAH48!pDT29
25 - except that dhaT is deleted.

Cultures were started from frozen stocks (10% DMSO as cryoprotectant)

in 500 mL of medium in a 2-L Erlenmeyer flask, grown at 35-°C in a shaker at
250 rpm until an ODs5q of approxlmately 1.0 AU was reached and used to seed
the fermenter.

30  Fermenter medium:

The following components were sterilized together in the fermenter vessel:

45 g KH,PO,, 12 g citric acid, 12 g MgS©O,4-7H,0, 30 g yeast extract, 2.0 g ferric
ammonium citrate; 5 mL Mazu DF204 as antifoam, 1.2 g CaCl,-2H,0, and

7.3mL

sulfuric acid. The pH was raised to 6.8 with 20-28% NH,OH and the

35 following components were added: 1.2 g carbenicillin or ampicillin, 0.30 g
spectinomycin, 60 mL of a solution of trace elements and glucose (from a
60-67 weight % feed).  After inoculation, the volume was 6.0 L and the glucose
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57 11318 WO 01/12833 PCT/ USOQ 22874 concentration was 10 g/L. The
solution. of trace elenents contained (g2): citric acid. HO (4 0),
MSO4H20 (&, 8})1 C1(1.0), FeSO4.7H20 (0.10), COCl12- 6H20 (0.10

Znsos. 7H23P ’16‘%? CuSO4. 5H20 (0. 010), H3BGB (0.010), andCTUSOVERH 2120
(0.010). 5 Fernmentation growth: A 15 L stirred tafk fermenter was prepared

with the rredr ‘5 hgppgc@ ie%l'fﬁt‘é@ﬁtan at 35C
d 65‘%%0% C T W S, ME%O | |
e i R N Yo OB

standard | it er6¥,00.10), Z)xSGMHQ(QI(@ am)pt:usogsmmmd@mg (00b0)amd val ues of
bet ween 350 amﬁ%\’ ) set so that dissolved oxygen (DO control was
a es re

initiated when ched approximtely 140 nmmol / L/ h. Back
pressure was dgppentatiopgrowthy 5 par. DO control was set at 10% Except for
m nor excursions, @ 10 strredaankiinidnter was prepared edthetie méligh destfibedl0 g/ L Wi th

60% or 67% f dded ted

gel OW. o Fer rre(r?p&%er' (;Izng%x?;f\]éﬁ%ls E%Z’@Fd ﬁggﬁ%ﬁﬂgﬁr Esge'ﬁrpg@?vg f:r rrgflt g?r gn

summary of théZQ-aﬁwembr%hwe#usgﬂsmweolmﬁath& ﬁmttab&ﬂm@qax(ﬂmer) usi ng E.

coli strain Kl(maiﬁﬁﬁiﬁ&hnaﬁ’e’@oﬁb%w@semrsnamzstI@daIrﬂuépsp&ﬁlaryhﬁdBéi&t&O 075 g/L,
3

200 7 T S e bl 15Ty

gl ucose
consuned) and dassolrvcdaq»xyeen GX))grbntro_l was(initinte wlieOURawlues teactieded.  TABLE 4

Repr esent atlve e&mwpg)ummwnmmc@bre&dae%%ﬁﬁalea@t@Bbqll ysgse_to

13- di , St KLR23/ pAHA8/ pDT29 Ti h
Gbssb (D) Dospurlanee bt Rxcet e mingt ko siacoupvpt meliained ) 150 1 o

0.00 6 17 8(be®rden9g11:and11)@/142v1m&‘7801‘162‘%5(v8)fe&d& VYitamio By, or 12. 6 32 24 136
11 32.8 1250 % n\%g,yrg APy, 32 152 11 12.5 14.3 65 38 159 11
1.5 17.2 68 §8 12 %&E@T’ﬁ&?’ﬁ—ﬁ%ﬁl

rmentatxon
A representative fermentation summary of the conversion of glucose to
1,3-propanediol (1,3-PD) using E. coli strain KLP23/pAH48/pDT29 is given in
Table 4. Vitamin By, (0.075 g/L, 500 mL) was fed, starting 3 h after inoculation,_.
20 atarate of 16 mL/h. The yield of 1,3-propanediol was 24 wt % (g
1,3-propanediol/g glucose consumed) and a titer of 68 g/L 1,3-propanediol was
obtained.

TABLE 4

Representative fermentation summary of the conversion of glucose to
l,3-propanediol_ (1,3-PD) using E. coli strain KLP23/pAH48/pDT29

Time () ODS550(AU) DO (%) Glucose (3/L) Glycerol (/L) 1,3-PD (g/L)

0 0 150 12.9 0.0 0
6 17 80 83 . 31 1
12 42 53 2.8 125 9
18 o8 - 9 5.7 " 126 32
24 136 i 32.8 12.0 51
30 148 10 123 133 62
32 152 1 12.5 143 65
38 159 1 1.5 172 68
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Simlar results were obtained with an identical vitamn B 12 feed at tw ce
the concentration or bolus additions of vitamn Bl2 across the tine course
of the fernmentation. The highest titer obtained was 77, | npr oved

f er ment at WORMR8H KLP23/ pAHA8/ pKP32: 5 A repr esent at i vel’?ﬂpﬁﬂgﬁ?gﬂl on
summary of the conversion of glucose to 3- propanedi ol (1, 3.-PD) using
E,. coli strain K [.pKP: ]@F],ﬁ B }2 (0.150
g/L, 500 nm) 1- asg‘@ﬁmprgl_gtrépp °%§¢1eﬁa {hagqﬁlér?ggﬂl a |ol§i12fééhta%%e of 16
m,/b: After thecencenimsioner balusadgditions of yitamin BraACEoss s tmESPYS ®purged in
order to all Omhﬁ@ﬂatiohem@li‘@h@uﬁldrﬁﬂdnédlmwwlgl ucose feed. The yield of 10-
1, 3- propanedi gl ) . a85Rpe)./ 9 gl ucose consumed) and a
titer of 11273 S=propa “es-optarnad. TABLES resentat|ve

f er nent at i%n summwpmsenmelfmmwwg b convergionof §

éDgSSroRanedl /ﬁé,aﬁem Qs: Ecwzﬂmmnmmsmmm/mmawgama Ti rreo((r)\) g
12. 8 o(ouz) DO[ AL ?3%?% 1@’35?05‘6‘59‘% 4‘?" %3 66 43 53 5.9 24

24 161 9 0.2 aasameflemm3éh2ammWIY§da%ffm 012 fgth?”'”@s 42 202 2
0.1 15.5 98 eliglﬁoﬂ&rﬂoﬂlo%oﬁh&&&uﬁwﬁddamoneﬁglhcmf&d.eThebylalldméd with an

I dentical it fee rus

addi ti ons!%f 6?‘? ggw% /h@tl ﬁgﬁ%g&gggg@g&g#ﬁ#ﬁ&faggne% ati on. The
hi ghest tit erofddRg/lnba- pmnqil was pbtaissh\VPLE 8 ENGI NEERI NG OF

TRI OSEPHOSPHATE | SOVERASE MUTANT OF E. COLI KLP23 FOR ENHANCED YI ELD CF 20
1. 3- PROPANEDI O FROM GLUCOSE Construcpépnggf pl asm d for triosephosphate

i sonerase gene epl acene in E. col Tolo] ]

prepar ed usi ng Repeesgip 5& n§

M nneapol i s, M), A-31Prop

of tri osephospnﬁ{eqh) S QIS505AU) 1D@\I%peﬁhmow(g/L) SGlMelelbl(gW) O;BﬁHD@B)
PCT/ US00/ 2287%

0 0 148 128 00 0
6 2 8 69 33 0
12 % . % 97 04 7
18 66 43 93 59 24
2 16l 9 o2 25 46
30 200 10 02 60 67
36 212 10 12 9.7 88
42 202 2 0.1 15.5 98
48 197 2 12 238 112

Slmllar results were obtamed with an identical vntaxmn Blz feed at half the

15  concentration or bolus additions of vitamin Blz across the tlme course of the

fermentation. The hxghest tlter obtained was 114 g/L.

E.AM&
ENGINEERING OF TRIOSEPHOSPHATE ISOMERASE MUTANT OF
E. COLIKLP23 FOR ENHANCED YIELD OF

20 | - L.3-PROPANEDIOL FROM GLUCOSE

Constructlon of plasmld for trlosephosphate isomerase gene rgplaoement inE coli .

KLP23: : : |
 E coliKLP23 genomic DNA was prepared using the Puregene DNA

Isolation Kit (Gentra Systems, Minneapolis, MN). A 1.0 kb DNA fragment
25  containing cdh and the 3' end of triosephosphate isomerase (tpid) genes was
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amplified by PCR (Millis and Fal oofia,” Met hads Enzynol . 155, 335-350 (1987))
from KLP23 genomi c DNA using priners: SEQ LD NO 47" and SEQ ID NO 48. A 1.0
kb DNA frag ?El &Gontaining the 5 ‘end of - thA yifQ and the 5 end of yfiR
genes was arrp % ed by PCR from KLP23 genoni ¢ DNA usi ng ﬁﬁTH@P'gﬂﬁEQ ID 5
NO 49 and SEQ I D NO 50. A Scat site was incorporated into primer SEQ ID

NG 49. The 5 \%g-ﬁ bPRC uﬁ%th@am %lémsgnﬁm{o?%.?%@S% nt of

ol icing by o P oL ey SEQ DN ad SEGIANG AR e o,

528-535 (199(1)()khmmﬁmmcgmmngﬂmsaeMdfm,jz@gmaﬁkSbemdl?xtﬁzﬂm ng the

NS0, Thiy (A ““9’“’ %:g P??Q'nﬂ‘o‘#ﬁ%?sﬁggf‘hg%ﬁpa? oA

struct ural gerPe %E@é Qfﬁ\?‘ﬁgé 'ﬁtWﬂﬁg&mPO@t?@anmﬁ §QIBYyi ons on

ei t her side ofN©OHe. %aﬁ'endbﬁmmgSﬂQH)N@l@rwsthémwa@ééd lethgnit 8 to al | ow
ng

for chronoso LEG 15 The above
bl unt - ended ﬁ&%%gwg%mﬁ%ﬁsw ) @&B & %ect or usi ng
the Zero Bl untSPliing by sysria aeﬂFW‘{q"ﬁﬁhﬂt%@H?ﬂOﬂ%ﬁl:Q@% niqes)3, $28-§3%I1 d t he
$h5 IIprIk asm C{lmm%t%e&tbrgemmﬁgd%ﬁdyxﬁnﬂbﬁPldRﬁﬁﬁgmabéth@R?e tgenes

e i (g%{g | Eﬁi containin
a chl orangk?enl CA e&fgglgg orrllaé;es Hhﬁ}n% %ﬁgg@ggﬁ “5362 | oxXP si teg
(Snaith et al .fragmenireprsesntedn lfvlqneff@%w)‘ﬂre bpipet geme: upt the tpiA
fragment in plowdly taehb@ienhday] d)klgﬂm%ﬁ mh@on'iﬁﬁstarsildmeesbapl asm d

Ridb3

PRIIO6-2 U Vi ghind 1 i A ) B b RS B Bt o 26

tri osephosphate’| ase
Usi ng pRN107- byhemologonsaeeorabisationi mers SEQ I D NO 47 and SEQ ID NQ 50, the

3.2 kb fragnent cormhaabdve®hinberdcll 20Uy PCR 586théH Was Bidndd JRto thox P- CR- | oxP

tt P KLP23
Cassette 105 R AL ik B 26K i St . ano

t ransf or mant s G4k yigld @eéml&mmmé-z e«ﬁtaymaakar(mcm and Zgddin and
kananycin 30 &esiﬁtaﬁce‘geneé3%€pgﬁ%Hzﬁ&fﬁgﬁtﬁfﬂ@ﬂpﬁﬁi@@ﬂ@ﬁpﬂﬁhsm mi ni mal nedi a

f | l. t -

it 1 oot o ot bludfil b SfloRbhphedtd R AFABE ecnk Hanf W e iglREE 1 ot o
phenot ype 9 stl?"%?’? ¢Sngith etpl.yerq We”@l‘”“&h”éébms wied txsintesupttheioni ¢ DNA
from one such Mfmginenﬂﬁ&lasmawmlq&mﬁ}eﬁba%§ It té baulidiested plagthid gene vi a-

Sout her n anal ? &ﬂ?&ﬂe@k asm"%‘? ltalﬁ 98, 503- 517 (1975)) i ndicat ed

that it was a ossover egra 4 gene repl acenent) since the
two expect ed GDEHEEIRES sephosphateisemerascanuiant RISm by lineayiDNAt 0 t he presence
of an additi ortmhsﬂinn&ﬂons te W t h| n the chI orarrphenl col 60 WD 01/12833

PCT/ USOQ 33874 Using pRN107-1 as template and primers SEQ ID NO:47 and SEQ ID
NO:50, the 3.2 kb fragment containing fpid flanking regions and the
loxP-CmR-loxP cassette was PCR amplified and gel-extracted. E. coli KLP23

. was electrotransformed with up to 1 pg of this 3.2 kb linear DNA fragment and
transformants that were chloramphenicol-resistant (12.5 pg/mL) and kanamycin-
30  sensitive (30 pg/mL) were further screened on M9 minimal media for poor
glucose utilization on 1 mM glucose, for normal gluconate utilization on 1 mM
gluconate, and to ensure the glycerol non-utilization phenotype of host KLP23 on
1 mM glycerol. An EcoRI digest of genomic DNA from one such mutant, RI8m,
when probed with the intact £pi4 gene via Southern analysis (Southern, J. Mol.
35  Biol. 98, 503-517 (1975)) indicated that it was a double-crossover integrant (tpid
gene replacement) since the two expected 6.6 kb and 3.0 kb bands were observed
owing to the presence of an additional EcoRI site within the chloramphenicol

—
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resi stance gene. As expected, the host KLP23 and wild-type FMb controls
yiel ded single 8.9 kb and 9.4 kb. bands respectively. This tpi A nutant was
further analyzed by genomc PCR using prinmers SEQID NO 5l and SEQ ID
NO 52, wWAYRPEI ded the expected 4.6 kb PCR fragnment WMGHUSOWRBT4 he. sane
prinmer pair 5 the host KLP23 and W|Id type FMS strains both yielded the

expected 3.9 kb.PCR fra rrent -free e rom.t pi A nut ant
RI8m and host TRIS5S® geliee e(-) ﬁfﬁﬁ%ﬁﬁ"{’}ﬁ'{y ﬁéﬁq BFR er al dehyde

3- phosphat e ayielded singlet89 kmm@%kwmsmmﬁmemwmmmnme tpi A
production 1 r““@ﬁa‘om%%ég“%“ﬁﬁf’gf“m prnct SEQ SRS %"?@ R b29 or
pKP32 to all O\Xthc fﬁ&%ﬁ@wmsgﬁ%i’g& P'o‘ﬁlﬁlegtﬁ’i%ﬁ 1S PFIfReT pair

chl or anphefi cdie hoetsKIsRBrandmﬁptkmFM&sumbumﬁeldﬁmeemeRmeﬁka@ ve RJ8.
EXAMPLE 9 15 STRAIN
R08/ A8/ pOTIBERRS TE") %&%E!ﬁ%ﬁ&%éé@?@%@%ﬁ%@ﬂ@hﬁ%ﬁ&% e Qul ture:
RI8/ pAH48/ pDTested for (pidccyityusingalysoralgehyde - E%Sétsb%‘fe, noAEHVIRY  a -
fermenter as «asobseived with RISaNThe (pi4 mutar RIS \WiSdlgoiofiansfermed ovithi cal to 20

/ /
e
gr owt h wad0 as plesmids pAEYS apd pRE2rPKP32 se-allow kstOPPmdiqlarod%gcuﬁ e

flow rate (seghbssenThe chiorarpheiicol fkistandesikierwas elimmatet HodPRIBnd ot €1 s per

m n) and agitgtv?kﬁpeed (set to m nimum val ues of between 300 and 690 rpm
were set so th3 I'ssol ved oxygen (DO control was. initiated when OUR

val ues reached between 60 and 100 EXAMBLEY Vitanin B 12 or coenzyne B 12

was added as n@ENVEREION OFGIECOSP To! I, PPROPANERIOLIUSEIS RO A

represent ati ve fernent > gl ucose to _
1, 3- propaﬂ%di ol (1, 3- PM %ﬁ%@ﬁ?wwg pDT29 is given in

Table 6. Vitanmin B 12 was pERQCESSUSING RIS/@AHAYPKP3s of 2, 16 and 16 ng at
2, 8, and 26pR-Cilgsfectively. The y| el d of 1, 3- pr opanedi oI was 35w % (g

s bl ok MRS B ANt Bt
a fermenter as described in Example 7. RJ8/pAH48/pKP32 is identical to
20 RJ8/pAH48/pDT29 except that dhaT is deleted ' -
Fermenter medium:
Fermenter medium was as described in Example 7.
Fermentation grgwth:
' Fermenter growth was as described in Example 7 except that initial values
25  for air flow rate (set to minimum values of between 5 and 6 standard liters per
min) and agitator speéd (set to minimum values of between 300 and 690 rpm)
were set so that dissolved oxygen (DO) control was initiated when OUR values
reached between 60 and 100 mmol/L/h. Vitamin B, or coenzyme BlZ was added
as noted below. =
30  Fermentation with RIS/pAH48/pDT29:
A representative fermentation summary of the conversion of glucose to
1,3-propanediol (1,3-PD) using E. coli strain RI8/pAH48/pDT29 is given in
Table 6. Vitamin B, was provided as bolus additions of 2, 16 and 16 mg at 2, 8,
and 26 h, respectively. The yield of 1,3-propanediol was 35 wt % (g
35 1,3-propanediol/g glucose consumed) and a titer of 50.1g/L1 3-propanedlol was
obtained.

61

nam




TABLE 6 Representative fernent atiori summary of the coiversion of glucose to
1, 3-propanedi ol (1,3-PD) using E.:coli strain RI8/ pAH48/pDT29 Tinme (h)
OD550 (AU) DOézﬁ G ucose (g2) Gycerol (g/L) 1,3-PD (g/L) 0 O 140 10.6
0.1 0.0 6¥808%¥33, 1 0.5 0.4 10 16 90 8.5 1.7 1.3 14 PSTEB0022879 4 5 9
19 38 53 3.5 5.9 15.4 2553 38 0.1 9.2 26.7 31 54 10 4.5 7.4 39.0 37 37
23 17.2 6.0 45.0 43 2113 9.9 7.7 50, Iggroved fermentation with

RJI8/ pAH48/t) KP32: A represgntative fer i on summary of the conversion
of glucose to 1, 3Rspesenttive ntationsymepary pftheconvgrsiongf ghicose to

RI8/ pAHA8/ pKP32_i s gl.3wropapedipl{ B{PD) psing/; eal siralyiRISmAH4 e 2%d as bol us

add: Ij l o]pslo; 43‘1:&61(11)1Q)D550€(hU)aﬂN)Q% ”@l@oye(%ﬁ,)amy&ﬁﬂ (g )rleﬁm‘gzme'y The

yi e (0] - Propeal V\d "VA 7 opareur o

consuned) and a tter of : 14, 3-pr i ol wdkl obt ai ned-TABLE 7

Representative febnentatién sunmd®% of tHd.li nproved @Hnversi on0d4f gl ucose

to 1, 3- propanedlpd) (1, 3-Rl usinggg. collggtral n RJI%/D AH48/pKPi3§ Time (h)
01

OD550 (AU) DO (¢ Gucos (g/ L) cerol %/6L) 1,3 (glL) 50 12.6
0.1 0 6 12 113 026 5°12 24 0.0 1 0 18 #4476 2.4 289 0 24 78
82 2.4 44.2 5 309114 7038.8 26.95B3 36 351 72 0.05%.0 57 44139 65 0.1
21.9 69 48 157 36 0.1 2&34 79 5% 158 254Q.2 21.4 9)421 64 1692&4} 0.1 15.8
113 72 169 12 0,1 13.4 {9 74 1b2 14 0. % 14.8 129 10

39.0
37 37 23 17.2 : 6.0 45.0
43 2t 13 9.9 7.7 50.1

Improved fermentation with RJ8/pAH48/pKP32:
A representative fermentation summary of the conversion of glucose to
1,3-propanediol (1,3-PD) using E. coli strain RI8/pAH48/pKP32 is given in
5 Table 7. Vitamin By, was provided as bolus additions of 48 and 16 mg at
approximately 26 and 44 hr, respectively. The yield of 1,3-propanediol was
34 wt % (g 1,3-propanediol/g glucose consumed) and a titer of 129 g/L
1,3-propanediol was obtained. -

_ TABLE7 _ _
Representative fermentation summary of the improved conversion of glucose
to 1,3-propanediol (1,3-PD) using E. coli strain RI8/pAH48/pKP32.

Time () OD550 (AU) DO (%) Glucose (g/L) Glycerol (/L) 1,3-PD (g/L)

0 0 150 126 0.1 0

6 12 113 6.0 2.6 0
12 24 99 0.0 10.6 0
18 - | 76 24 28.9 0
24 78 82 24 44.2 5
30 114 70 3.8 26.9 33
36 111 72 0.0 20.0 57
42 139 65 0.1 219 69
48 157 36 0.1 224 79
55 158 25 0.2 214 94
64 169 14 0.1 158 113
72 169 12 0.1 13.4 119
74 162 14 0.1 14.8 129

10
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WO 01/ 12833 PCT/ US00/ 22874 EXAMPLE 10 | DENTI FI CATI ON OF THEE. COLI

NON- SPECI FI C CATALYTIC  ACTIVITY (vahD) IN THE | MPROVED 1. 3=PROPANEDI OL
PROCESS Denpbnstration of non-specific catalytic activity in

1. 3- nr oparfeAPHIZF oducing 5 fermentations with the i rrpr%?més"%%s&‘? yst: A
whol e cell assay for 1, 3-propanedi ol dehydrogenase activity was used to

denonstrate that the non-specific c&m@activity in E. coli is present -
under fernmentative conditions aft tion of vitam n B12 and the

production of 3-. IDEWTFM&&L’]IT%QFn’EHIE%Q'GéINQNI-SHI}CIFIﬁJCAﬂBLYHéﬂore A

QNOHTE ﬂMFROVEHﬁ-PkW)?ﬁMéDI@L PROEESY and
1, 3- propanedi ¢| - roduct| n ODKP37Z, Eespec.‘t_vel y, was

grown in 10 L Lfemonstatic " s s 2L 7, but in
t he absencé offennenmtmggvﬂt}ﬂtaelm muﬂ 12 bolus ' (48 ny) was added when -
the tanks reached %R%d?éizéﬁeagfabr%rlpf’ 101&1: L‘ﬁ“‘%éﬁfﬁ uggg?ﬁattaken

fromthe tanks |m"red| at e ore a ion. The

cel I's were redemenstg té‘é’ﬁPPTsP ?W& Y‘E’s‘ﬁ ’o‘éﬂmﬁ‘a‘t ~ original -
volume in PBSfémfeﬁmﬁvmnﬂlaom ai‘grﬂ;’é@dcmjbmhf \mhinhrhﬁmhdmmdyddcﬁon diﬁn-bl t new

protein synt hgzaﬂgéyp%@a&%@egg# (?tl-g’f}’)ri)d{'ﬁﬁt&ffoéhﬁr&ghﬁﬁﬁﬁpﬁ%l iShint reat ed.

cells was add asks contai,nin reactlon m xture (PBS

buf fer codPai Wﬁ@%"@ﬂ&ymﬁ&dé‘m It E}PW@‘?‘B‘I‘PN‘F“"F@?EME‘B’éﬁzyne B 12,
and 150 20 p. Wsehapxmnﬁespeouobly mgrdnatmtlloe.femmiters;@kseﬂmms 50 nL at an

OD550 of  appr Ty tﬁﬁfn q@@akn re shaken
at 250 rpm at dg%hg%lﬁﬁk 818t7s gﬁhﬁéﬁ n%eo‘gﬁé/m S vyg 8 g)gg%ﬂklbg\r‘% ne.

Ti me- dependen{? S'BSbei%wbﬁ“ ¥ 100 PRsgos - Aliqugisai ning
cells recover eﬂcélkmdthmmmmemﬁtdybpﬁo&andalmxst-wwntmlm B 12

addi tion. 4kn I leﬁm anedi ol wér"e
observed orkﬂ y%& %ose%ﬁli@ ont alY’ %g{ng@flb&merés % aeﬁ%%lot he
ferment er poserginalyofumein B§ T eomtainipg L0 Ghloragphenicalitg inlubit; 5| v ¢

activi'ty in cebwptotée syhesiac An:appropriste vdugebfthet:hlmamphanml e#tabay was used:
to denonstrat %el&%s%ﬁ@é&'t&b%mﬁ%ﬁieﬁtﬂaﬂcs%ﬁthm Béréd%n&? nggxtracts. _
Cells .were . recoyered, m— ng? {B‘EOSt Vi Fn 12 addl i on, I
representativ ﬁcﬂmf”é‘ Qcel BlyRese ’rﬂﬁ/fjﬁ ygerol FW@ 1% 879 ral ns
cont ai ni'ngot hp.ggmlyddommphetwusbnlmhﬂaﬁmamohmweﬁmwm@Bshoofl on . :

pl asm-ds, pAHg réﬂﬂxa{% ,le?ﬁﬂécﬁfoté@ﬂedﬁ-oﬁrl {3t Qlete sﬁﬂ&ﬁaﬁﬁdxﬁﬁiaﬁﬂ’ere

orepared bY S g P&&t@& SR BY A  Ee Ei TIPBSIA oy opoant
(dhaT), and npi-uductioarof 3&mmewgmbssttvad1maﬂadb opptamingyells !edoﬂemdaﬁ'nin then out on " -
native gradi e@éme&lae/aﬁw ré-rargsst.\m%ﬁ hiadiga. SIndreg: cbﬁ@a{it, QPBE%% to either
the substrate pyopane g%’l mtgoseqpa&swnmmn 2l As expected
in the gelzg wiFé( iéI’B‘? %fir\‘g(ﬂ ¥ g :
recovered from the fermenter post-vxtamm Bi2 addition.
Detection of non-specific catalytic activity in cell-ﬁ'ee extracts:
A native gel actmty stam assay was used to demonstrate non-specific
catalytic activity in cell-free extracts. Cells were recovered pre- and post-vitamin
30 Bj; addition, ﬁ'om representatlve 10-L fermentations employing recombinant -
E. coli strains containing the glycerol-productlon and 1 3-propanedlol-product10n
plasmids, pAH48 and pKP32, respectwely, and cell-free extracts were prepared by
cell disruption using a French press. The cell-free extracts, a preparation of pure
Klebsiella pneumoniae 1,3-propanediol dehydfogenaée (dhaT), and molecular
35  weight standards Wem applied to and run out on native gradient polyacrylamide
gels. The gels were then exposéd to either the substrates 1,3-propanedio! and
NAD or ethanol and NAD*. As expected in the gels where 1,3-propanediol was |
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110181: WO 01/12833 PCT/ usoa 22874 the subst rate, anactivity stain for
DhaT was observed which m grat ed-gn.the ' native gel at approximtely 340
Kdal . Th| ? 51'1 3y wasfobserved only in l-anes where pure Kl ebsi el | a
pneunoni ae propanedi ol dehydr ogenase was applied. | FIOR0Y2ET4 where
1, 3- propanedi ol was the substrate and post-vitamn B 12 cell 5 free

extracts were ok served at
approxi mat el y gggk%a{m %%ﬂlet? an 1t Bt oégggeg‘g@g%hﬁéatt@gg ﬁ%l t her the

s use
DhaT band nor DFti¥e 8ebatapproximately %&15 1 TRIS aetivity;was observedigalydndanss bl e, but a
separ ate band whee ﬂlmﬂbqidlk!-pmdorﬁml 3-prdpamediol Belil;ﬂ:dgédasb waagilied.

approxi matel y ir?rgﬂ _ ﬁ%ﬁ ?Pesstu al cohol
dehydr ogenase speme}gg:‘itlpr e({?ovvar S eP%%%M s° h &gs i's
typically f%un ¢ PRUERCYS V1Y ‘§¢r§n°ﬂ'ﬁp@lﬁ‘eﬂa cgemwyswbsmaé proteins are
separ at ed by nappmuhmelymnw mrenemamwabesearazumsuﬁtemtﬁébﬁar of fered

greater sensit gyt lon

1, 3- propanedi oPAﬂd%rE{ése cg ?Lfél?gzdt]ﬁlc “E?ﬂ%&g”éw {’Ed#ug% gerleanflhe
activity is |iR@ upd proe and RAst-Kigamin WWGM%WMWW%@S 15 with
speci f i ci ty t onew tandahbs likély acpresets ar flbshol Hﬂﬁrdib@ﬁﬁs@ﬁﬁﬂsﬂ&iﬂcn?har acterized

for E. lg&%n | Lo enase assay works on

t he. pr| nC| pl e@va%dgst hf‘ag%ﬁsg%{aeggﬂctgﬂ@qlvﬁe}@fﬁgﬁ% By of electrons from
1,3-. propanedi ol n%}ﬁ? %FQVQWB?@PMWPMWMMM@@M

net hosul f at e) prigito ﬂmﬁmxo@sﬁytsfep,rbﬁem@éa@ér seRitVeg andaddntagyth @

tetrazolium br

[ 4, 5-di met hyl t hi azof‘gél- apf%o%gfdlz? Rmm/’fefi ‘é’! t%‘?%ﬁ“&?ﬁ‘%‘?‘aﬁﬁ'%?wﬁm‘efw forms a
precipitate i naady Qj%ﬂle ‘t@rlsbk‘ﬂ)éw belistinct fiomp theraldoholdehydrbgenases n t he

E ubz trat ets r1]5 t hﬁllthgpéciﬁow(iow&&é'&%b[hsrsﬁ?@&‘éﬁ tlizﬁ%ﬂﬁ! Ee'in k1 cRhdiRd ﬂ?l-e-bl At o
ands on the g s .an i enase an, i nsol ubl e bl ue
dye forns. Varlg‘ofz{%gg%“ﬁdqggﬁmgfwgmﬁw&‘g lfsd??(fh%y Johnson and
Lin (J. Bact er Prnciple 8ot m&ongga)alyzzsmpmsfmmegmmrﬁtm tantification of -

the non- tsloeclf pﬁﬁﬂibuﬁrloﬂxeﬁﬂbéhbll YQ[NHDE PMS Ephél&ﬁé%th%@ﬁk @%”'all
purification o n | Vi er on_cells
har vest ed from ul? 3%5%&{'3“{ tg'g HXQ?%?“S;? V\@W‘B’E’BH%“C‘E Tl dn as

descri bed 2 t HeS-imathylthinzelrZyl-25-diphenpitdtiagsltinpboride) WhR A fafnskxanpl e 7.

Th Il [ O nL of
The cel | ﬂgpe?’:gé %fﬁ%tginmegelmeegfmummmﬂ%am SPthk SRR atkd] e 0

Th | | t | db
sonicati on %’SM*‘S‘P‘@&% TERAVP I g %“‘%Bt"gte & &ﬁg@ﬁn%ﬁ%ﬁé\ﬁ‘g’ﬁ%yﬁS myn
20, 000 x g, 10thele is smaktivh delydpgevase, an insolablefbluct dye formsaVaridus dspets afldi t i on of
250 ng of protagiag gﬂé'lfeéﬂﬂesﬂhﬁeh@%lﬁfsbxg%t rin%%afms:f Sﬁgi%{ﬁ) obt ai ned

by centri fg,gat o r ract. ona passage
through a SIS - GEHOD.0 : AetyIp ;
equilibrated with Heltwgemrefparuallﬁnaﬁﬁamnefnm#spé@ﬁmtapﬁdhcmmpwwl | ected and

an aliquot of ﬁéfct*mwén EARTEREE £ neeas Xf]é %sﬁmaf 8 Srapahddtbl pbaddRaMV cut of 1
Centricon(r) me nbr bgn{ zln%e 1&11%ro%§3 a%cess using KLP23/pAH48/pKP32 of Example
7. The cell pellet (16 g) was washed and resuspended three times in 20 mL of 50
30 mM Hepes buffer, pH 7.5. The cells in the suspension were lysed by sonication.
The cell-free extract was obtained by centrifugation (15 min, 20,000 x g, 10 °C)
and the supernatant was further clarified by addition of 250 mg of protamine
sulfate with stirring on ice. The supernatant obtained by centrifugation (20 min,
20,000 x g, 10 °C) was fractionated by passage through a Superdex® 200
35  preparative grade column (6 x 60 cm) equilibrated with Hepes buffer. Fractions
of 10 mL each were collected and an aliquot of each was concentrated twentyfive-
fold using 10,000 MW cutoff Centricon® membranes prior to assay by the native
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64 WO 01/12833 PCT/ US00/ 22874 gel activity stain. The non-specific
catalytic activity was identified in fractions 107-112, and the peak
activity in fractions 108-109. A larger aliquot (7 nL each) of fractions
108 and 10 M83concentrated fifty-fold and | oaded on ROT/UNNR2STHf a
12-1ane native gel. The gel was cut in half and one half was stained for 5
dehydrogenase activity where a dark bl ue band appeared that represented the
non- specifi c gekactivigy staina The non-specifip catalptic adtivityl waeidentificd in fraptious t op to

bott om wi ;hdt ?O?-l%h%ﬂﬁﬁéﬂlﬂkaoﬁ ﬁ;mﬂahsvm 1?9t AQfrg &mtkm Tﬁ[fb;?_@h el | t hft
corresponde non- spe a | v e gel s r|p
was pul veri zec?ggﬁgl’oé’?)?%?ﬁﬁg?&eéﬁ‘ﬁ’% %&'g‘i?ﬁ?’ z@f%&& WM‘&# F

pul veri zed par@ilaneastiveeged. Thegel whs cubin kalfandpne balhwas sainedfornt i ng to 95 C for
S m n, andscegbky QRVIY WHRRI @k blge BRI appdatddthR dhted the MBANAt ant was
| oaded onto an_is am&(ﬁ]n %g st%%rl &?pre(ip th&&

pol yacrylamd EA © 'b‘ﬁ r ?‘%Sé ﬂ ﬁ‘g R ‘hlzﬂ o escri bed
for 2D PAGE ofstained goli and @ bandiwassut on the gnsteinessged thaticorespended to the band
(http://ww. e%Pﬁ&#s;febﬁi@Qi’tﬁl&mﬂBﬁﬁﬁ&'% elwlplﬂaﬁgmw&%emm bidprdffD- 1971 15,

(1998)). The as. t.ransi erre to. a ctroblotting. The
menbr ane was gfai #W(B’ g‘é nggﬂﬁxgﬁgag M€ stain. The:
stai ned HB0ot bufferdheatingtst °|¢ ﬁ)hérmru@ml mnylfusatlonéo wmvsqbeeclrpamth alytic

?Ct 'hV' ty i Sf S}Iﬁ&\@u}ieﬁm{aﬁtwl&&doﬁﬂ?hzso\éﬁ&ﬁcfod@iﬂgdﬂl% GripFor® St i’;lndar dt (s t
echni ques for,. anmino ternm.nus | u i ngl e spo po

A) encoded foF‘%ﬂ“&S’QP&@P‘é‘&@’E‘E“SSQEF@ %@Bﬂﬁ%}‘é’&%&%‘f% of Spot A
(Figure 6) vyi dembethfor@n%&%oﬁﬂitvyh mastslbshe Swiss 2Brdembasecar ch tool with the
am no-t er m Nughik// WA lexpa chZEP"ﬂonél&%‘ﬂaf Eib@tr&%oré‘sfsngQM-WleUt ative

encoded by’ ZE@% a‘heéﬂwaﬁ@%@gq%e%? Fpshsstt A Sence

is given in S@m&@emmﬂmmwmsﬂdmmdedtsm The stdimedgene 25

e D s | e e i ani no
.t erm nal alrc:1 nO'& %ygpé’%.l lélglséadarﬂfgﬁmwgﬁ °§ JGEIRYS o ytic

‘activity may p@t@n@m Qfﬂ)éaﬂngbémt (?nma)gmdedfmmoxlwcuse unknown -
function epcodaivig. Mikadehe dlssaifsgatwmgxﬁasjﬁsme&ammmbﬁwﬁm&%ym al cohol
dehydr ogenase r%%altures éﬁn S0 t he ?@a eund|| and

Kl ebstel | a pnft etl?ﬂi W8§‘@ 88‘6”8@‘1'{% dhaT =
- gene. To di sfrapswmmgm@ndgreﬂmﬁns@ Gwndﬁwslmlmla&#l@wnﬂ\ﬁlrsequence
-and 906 bp of g prb tba@hed&d%ﬁ)&gmmmmmh sieq@rrbspondifg DY t  KLP23

(Exanmpl e 4) genom ¢
priners: (SEQTHENS By
NO: 60) 5' 2BCCadiBriacAeadiTacumvEiOSABHFdepaRicst butanol dehydrogenase 2.

Gene Disruption of yghD in E. coli KLP23:

Biochemical assays and amino-terminal amino acid sequencing suggested
that non-specific catalytic activity may be encoded by the E. coli yghD gene. This
gene of unknown function encodes a hypothetical oxidoreductase and contains

30  two alcohol dehydrogenase signatures also found in the Citrobacter freundii and
Klebsiella pneumoniae 1,3-propanediol ciehydrogenase' encoded by the dhaT gene.

To disrupt this gene, yghD and 830 bp of 5'-flanking DNA sequence and
906 bp of 3*flanking DNA sequence were amplified from E. coli KLP23
(Example 4) genomxc DNAina PCR usmg Taq polymerase and the following

35 primers:
(SEQ ID NO:59) 5' GCGGTACCG'I"I‘GCTCGACGCTCAGG’I"I"ITCGG—3'
(SEQ ID NO:60) 5'-GCGAGCTCGACGCTTGCCCTGATCGAGTTTTGC-3'
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65 WD 01/ 12833 PCT/ USOQ 22874 The reactlon was run at 94 C for 1 nin, 50 C
for 1 min, and 72T for 3 min for 35 cycl es ¥l | owed' by a fi nal extenS|on
at 72 C for 5 min. The resul ting 3 7 Kb DNAfragrrent was purified,

di gest ed WOPIEE$ and kpnl and ligated to similarly di REIGsE0/22874

pBl uescriptl!l KS(+) (Strategene) for 16 hat 16"C. The ligated DNA 5 was

used to transf%&&ctn&%&s@hﬁ@(@f%%ﬁﬂsb@%i%%ﬁ@%“’@%r@':ﬂﬁ%ld

DS ER agar (por ouiot P A B Rl 27 RIS b et SRR o

Plasm d pJ SPZQEMﬁ@g}gﬁSM pwrifiéd, digestéd withiSadd end Kmﬂanbhgatbétoesmmﬂlybp DNA
fragment COWP” e?tgdﬁﬁﬁle gﬁchg %%i@eﬂé)%‘rmﬁ@°ép Ehgateég King DNA 10
el

sequence. e remal was puri |gat ed to
t he 1,374 Kfalsluf @%ﬁ‘r ﬁﬁ%ﬂxﬁﬁﬂ asmidy esi st ance

gene from pLomm weelﬁdatedfrohmmﬁ:rmandémo@&hﬁng%mmcoﬁh)ycbmrox% h at 16

T. The Iligate expect ed
pl asm d, pJSP% Ro éﬁ?as"t(‘)lﬁ%t e@lyogjrﬁ%a rans ormag w@e?z' ‘ed on LB agar
nmedia 15 conta W&@R a3 tigestest Wit 17 ans] Ndattoliberatoa 408bpBNAus di gest ed

wi th Kpnl andﬁsgmentanmpnmgsemsoﬁmemmedesﬂmbmscﬂm BNwas purified

d | t t .00 4
Bact er ol - 1970 sobtie, Ty ferfid Szfg?g f’%%@%ﬁ%ﬁ‘%ﬁsy‘ﬁ@h@%@w was used
to transform E1374bpABIENde! DN} fragment pontaining thekgnamyrin Rsistangei gohe

170: 2575- 2583 (frbﬁﬂ;ﬁ)okacGénbmoemma@awh%rM)f&i@ﬁ%?le y@sThes Ol at ed

froma transfo LB. a taln | kan cin (50
g/nmL). Plasm dIi rg%ﬁs %M%Wae@)&x Eﬁ a'fyansf or mant s
were sel ected & Iﬁﬂ%lgamemaéﬁdﬁmammmxe@edpgmmmmme 200
kananyci n- ngsi sammngncammrmowm PRiAGH pISPO2-BARRRHg e@&&%ﬁx'?é%nl

anpiciilin-sen ted.for double- ver

reconbi nati on gi\llée%%?resupgtsﬁ§%? ﬁ%ﬁ’é’gg‘?{b‘fﬁ “'chﬂ B e‘%\P‘th the yghD
di sruption casSailagy diggstedipG: Zqﬂt%ﬂer@ndmmnfmrmsmaﬁs»zssad by PCR -
usi ng genoni ¢ (1988Y)iferall6at aﬂdﬁﬁcorm&hga&mm&ds%@&f@&ﬁﬁ%ﬁnﬁs oth*s?{j npl ate,

and Lhe O oot el MR 0230 250 S ot B

5' - CAGCTGGZAAT Plasiid{ miSe32 W@esolat@d fl‘QISEQamﬁom@nﬁs})ected on LB agar media

5' - CCCAGCT GGCAA %Mé&o edmtoE coli
5 - GG ‘CCCG“ 1 cte&e o tain
5. _ CCGCAAGATT (~ on mmg nam cm

(50 pg/mL). Ofthe 200 kanamycm-remstant transformants screened, two
demonstrated the ampicillin-sensitive phenotype expected for a double-crossover
25  recombination event resulting in replacement of the yghD gene with the yghD
disruption cassette.
The disruption of the yghD getie was confirmed by PCR using genomic
DNA isolated from these two transformants as the template and the following sets
of primer pairs:
30 Set#l:
(SEQ ID NO:61) 5'-GCGAGCTCGACGCTTGCCCTGATCGAGTTTTGC-3'
(SEQ ID NO:62) 5'-CAGCTGGCAATTCCGGTTCG-3'
Set #2:
(SEQ ID NO:63) 5'-CCCAGCTGGCAATTCCGGT’I‘CGCTT GCTGT-3'
35 (SEQIDNO:64) 5'-GGCGACCCGACGCTCCAGACGGAAGCTGGT-3'
Set #3:

(SEQ ID NO:65) 5'-CCGCAAGA'ITCACGGATGCATCGTGAAGGG—3'
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- CGCCTTCTTGACGAGT TCTGAGCGEGA- 3!
- GGAATTCATGAACAACTTTAATCTGCACAC 3'

5|
5|

5'-GITTGA

Expand Hi gh Fidelity Polynmerase (Boehringer

Super i x CSEQIDN®66)FCOTCTTOTTOACCAGTICEBBAGCUGGA4' C for 1 min,
Cfor 2 mn for 35 cycles foll onwed by a

roducts wer e .anal
@gﬁ?&é@mﬂﬁ(?w ACH \muarized in Table .
GW’GAUGC(YMDAMGCTTA@QGGGOGU@BW mant s.

(R RS BEDHR LA besrt

Do gg ey

1 mn,

Pri mer
wi | d-type
product 2,

deletion r
amno acid

andS
72 C for 571 n;
el ect r ophof¥EQ D NO: 6])5(}6@%/’(

8 10 confi (SEQIIIHWGB)IS'

et ﬁ&g@}y w%l'e
Mheim) nbpqgnm BCR Sungmix
end of yghpy e s 14gin) S0 ‘@fd?l) niih, afd 72 PE T 1glin foNdSEyeRE FslloWidby gaquence.

52@%00fi§mg & seﬂu ncmre@@)

(SEQ I D NO 66)
Set #4:
(SEQ I D NO 68)

(SEQ I D NO

67)
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remai ni ng

yghD codi ngelsqum@esisnnmé’o kefnhagprase Th,esbstltawmnawdsrehléem asmi ds pAH48

and pKipg2 &&ﬁﬁn@&dﬁsﬁﬁﬁ&féﬂﬂ@fb
contai ni ng both plasm ds were se

(100 g/ nL

tested fof

f er ment at
Denonstra
producti o
producti o
Exanple 7
test for

30 A repr

e

n LB agar

non- speci

fle i boBDkdnstokbznts. (YOhD-) and transformants

20 containing anpicillin

r the

flbed in
ler to..

ction.

and spectinonyci-n (50 A representative transformant was
It ty tlo- covert HEQPS 74 3- propla
Ons%elﬁﬁ ét t hc ot Coﬁdgev _ adggé‘l:uc of VI %gér{gédﬁ%&’g)
ion that vahD |SW’Q}@F§E‘E@P‘!0 . ¢ 1l 3- propanedi ol
h in 2% E. coif . stqumoKLPZB pPAHABbkIdEG2: Her nent.gbomns fd
T 3- eal of € perfjorned, Ssentfarty:
1 —glol : %Gn BI D‘ 3 /\gg de y 6 oS
he effd8ct of tlhe yqﬂﬁ%l srupti onngmrod!;yts prlopaned?,§94 pr odt
esentat gve | OL- feﬁ(;ﬁmﬁi'on usi ng; Jig§g knockout aiggphe

T bd.Ld.IyLIb

is shown in Table 67
The yghD disruption deletes the 3"end of yghD, mcludmg 46 bp of 3'-flanking

intergenic DNA sequence. The deletion removes 363 bp of 3' yghD coding . -
sequence corresponding to 121 amino acids. A stop codon is present 15 bp
downstream of the remarmng yghD codmg sequence in the kanamycm resistance

15

20

25

30

cassette.

actTvrty,—

p4

S—yghDyrpAH4S8

Plasmids pAH48 and pKP32 were co-transformed into E.- colz KLP23 .
(yghD-) and transformants containing both plasmids were selected on LB agar.
containing ampicillin (100 pg/mL) and spectinomycin (50 pg/ml). A
representative transformant was tested for its ability to covert glucose to 1,3-
propanediol in 10 L fermentations either in the presence or absence of vitamin

Bia.

E. coli strain KT P23/pAH48/pKP32:
Fermentations for the production of 1,3-propanediol were performed, -
essentially as described in Example 7, with the E. coli strain KLP23 (yghD-
YpAH48/pKP32 in order to test for the effect of the yghD disruption on
1,3-propanediol production.
A representative 10-L fermentation using the knockout of the non-specific
catalytic activity, E. coli strain KLP23 (yghD-)/pAH48/pKP32, is shown in Table

67

Demonstration that yghD is required for significant l,3-ggg_panedibl production in

pKP32,
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IIAIi|. WD 01/12833 PCT/US00/ 22874 9. The organi smsteadily accumul at ed

cell mass and glycerol until the-‘addition of.::-vitamn B12 when the QJ 50

exceeded 3@, 4 h). Vitamx B12 was added as a bol us addition of 8 ng
at 10.4 h aoﬁ /?#greafter vitanin B 12 was conti nuously f@%'mfﬂm’%? 8ttt e of

1.32 nmg/h. In the 4 h that followed B 12 addition, glucose consunption 5
sl owed, thé. d‘hggmganmwteadmtaoomnulaleécdtmmaddglyderbhmtﬁatlmﬂdmonbﬂrt her

i ncrease | gl | t d the gl ucose
concentr at ?nﬂﬂhﬁaw}ﬂﬁﬁﬁﬁﬁ Eﬁéeg@@d‘u{? Hesi titer o?da&
I, 3- propand PB'F’%‘B?%‘? gk 0t E“‘g'i‘E’ cafter | pivesromipuewsbtfedd for its
viability byamiedfilt82 mg/Hi Inthe éhtlmﬁblmedeli bdditietl, pRicose Bom@aiptiph at es

cont 21 1510 sl B Ok RGNSl Bt B8 kRS E cth you0al e o

24 in a i.ncu no vi abl e colonies on platefrom
t he fer men PBHGabAensity. é‘e‘@é?t?tl%quyc(’ww ARshihg glugegezoncentipfion in 1 .

contrast, tHcetmﬂdcbu:ﬁulsme.nfhﬂﬁgﬁdsﬂﬁtbﬁofqmpmpéneﬁianbbtilﬁedll a4 §§LVI tam n Bk12
was added r o .unt 10-L tan
was full gﬂm"ltg%?'ﬂe&ag(%ﬂ&ﬁ&t@ ad#?ﬂgﬁ@ﬁﬁﬁﬁg‘ d’fﬁ%‘b%eé“’? uti on (Tabl e
10). An ag8nagaryp qmsap@tamm@mmﬂ}mmwmxcun platéswereon series of the

;:ﬁl![ Sluﬁpettﬁ:u&[tecﬁfol?&ﬁ :zmﬁgémmmi@?%mﬁameﬁi%@biﬁ ce||t coimt
al was C e op i ca
densi t va Eh ta %CQ' Qéq ‘f@éﬁﬁﬁgﬁ I X}T summary of

t he fa?ll ed convBY semsrastgthegellisuspension fronga cantroptanipterwhiclvho vitangnPD) using E
?8} L)sglrslcalfwea&ldé&a&iﬁﬁég&%%@éﬁ%s J%j;?&luﬁﬁﬁﬁ@lé—ﬁ % ?'32“55097
0.13 0 4. §ﬁ%‘ g‘%‘?"ﬁ%@"@“ﬁ@“@“’ﬁ%‘%"f‘% fifos (b3, 47 ot 3 37 5 149
13. 1 2154 platpviability determigationdy dilutiorpserigs of thocellzos@ngon & theléndnf, 4 22. 3 0. 42
é?’ 8 33. t6 ﬂﬂ@feﬂ?edatﬁﬁsﬂov@ed@vmlﬁ@cé‘ﬂoﬁ%ﬂ%&% chifsTstedBakh afe&c?llﬁl ceﬁABLtE 10
epresent a n su [0) C version o gl ucose (0]
g|5cero| h‘{éﬁy‘ﬁeg’ 24 1Y o Dol BRisty, ?Fg‘ﬁ%'?‘? AHA8/ pKP32. Time (h) OD550
(AU) DO (%9 gl ucose (g/L) glyceroramt/dg 0 0.2 148 9.5 0.06 2.2 2.8 128
8.9 0.13

Representative fermentation summary of the failed conversion of glucose to 1,3-

20 propanediol (1,3-PD) using E. coli strain KLP23 (yghD-)/pAH48/pKP32.
time (h) | ODsso (AU) | DO (%) | glucose (g/L) |glycerol (z/L)] 1,3-PD (g/1)
0 0.4 150 113 0.05 0

23 3.0 134 10.7 0.13 0

43 10.8 85.0 8.2 1.41 0

8.3 23.1 81.8 0.9 10.0 -0

16.3 372 149 13.1 214 041
18.3 47.6 149 18.9 21.6 0.39
20.3 396 149 244 22.3 0.42
23.8 33.6 149 254 22.0 0.41
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4.2 10.4 58.5 7.0 1.4 8.2 21.6 57.6 2.7 11.2 16.2 76.8 10.7 0 40.5 20.2
117 10.2 0 52.9 23.7 154 8.5 0 63.9 36.2 239 10.1 0.1 122 5 TABLE 11 of
viability \8' ate counts from endpoints of fernentations Representative
sunmary of using E. coil strain KLP23(yghD)| pAHARITUS82287h t he
absence and presence of vitamn B 12. vitamin B 12 tine (h) at endpoint

OD550 (AU) viable counts (cfu/nL)  nqaHi.R1239 2.1 E11 yes 23.8 33.6 0 yes
23.8 41.2 0 69_nam %%01/ 833 P 22874 |1 NDI CAT| ONS RELATI NG TO
A DEPCSI TED M CRERERERR 1en Swnnagy; of fhe conversion of glucoss 9 g CHRle bel ow
relate to the mcr oor%@msmmlfr edlestraguKEB23 (rghDrp/pAH48pKPS2.0n on page 12 . .
line 18 B. | Bﬁﬁ [ t'h N . tified on an-
addi t i onal Sh,'i':hmle%k ot (ucr,co.l?rgi%) A udp %MTYPE CULTURE
COLLECTI ON Address®of dbposP2aryli nsdf#® utjbn !iﬂcl qul ngd8éstal code and
country) 108Q1 Ur2|2/ers 'ty Bgvd. {Managgas,| Virgigni a 201@@3 2200 USA Dat e: of
deposit Accesgrom Nomh IW‘T —g?z—ﬁc 57 Tﬁzzg 89——C TIONAL | NDI CATI ONS
(|eave bl ank ffnnf4 ppL ca Io-7 TP_L _?nr r’trj : Ls nn'lrJ?llmd n rut
addi ti onal shget @2 1n yes@ddt off th¥eé desi gra¥i on$ i nIkdi ch] a Eur opean
patent is sought, sanpl e Rl thé deposi teld m @roor gani w [ be nmade
avail abl e unti 2 Ifc.@ts. 8 ﬁzﬁ.c G?‘.) o—-Re—agrart—of the
European patept_o202unt | tHE date ol-%hich th® app icaﬁ%n hlas been
refused or witthdragw .pr. 153 deemsdgtso be vvitlodr awmh, ogg¢y by| the issue of
such a sanpl e [TO g —EXpeTrt um d[e e peTSorTeEgUesStTIng t he sanpl e.
(Rul e 28(4) EiRC) #9-2pEd angPRD AT e (&1 ol caTi#ns ARE MADE (((t he
i ndications are not for all deS| ghat ed St at es)

5 | | TABLE 11

Representatlve summary of vxablhty plate counts from endpomts of fermentations
of glucose using E. coli stram KLP23(thD‘)/pAH48/pKP32 in the absence and

. _ presence of vitamin Bj2.
vitamin B2 |time (h) at endpoint | ODssg (AU) | viable counts (cfa/mL)
no 36.2 239 ~ 2.1E1l |
yes 238 33.6 _ 0
yes '23.8 412 0
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Eur opean patent or until the date i t he .application has been
refused or withdrawn or. is deerrecf%eﬁ&lﬂ)t hdrawn, only by the issue of
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(e) an isolated nucleic acid fragment that is conplenentary to (a), (b),
(c), or (d). 20 2. The isolated nucleic acid fragnent as set out in SEQ ID
NO 58. 3. A pol ypeptide encoded by the isolated nucleic acid fragment of

Claim 1. WOOPS3pol ypeptide of Claim3 as set out in SERSVESNETY 5.

A

chineric gene conprising the isolated nucleic acid fragnent of 25 Caiml

operably |inked to JNPICABIGNSREGATINGTY A DEROUTERMICROORGANISMOOr gani sm

transfornmed with the chineric gene of Claim5 wherein the mcroorganismis

sel ected fromthe group consisting ®FT R P¥Bacter, Enterobacter,
Costridium Kiebsiella, Aerobacter, Lactobacillus, Aspergi | 1 us,
Saccharomice 0 QS a hatom/ice gosaccharomice Lchig 0
Kl uy\é¥ G’hn}@wonS@dnwod&'mH@ngmﬂwmm WE@" Mucor, Torul opsi s,
Met hyl obmteex.,_Sallm.ueu_a.,_BaGl"lel w8l Aerobacter Strepto _es and

Ps e UMt IRdATIoN SFbepBsrNant M croor gant amc,.uﬁ,ﬁ de idchitied on A paditlofiii (9

13[ onhanedi alaan na. Qhe Qe ppnr‘nlnna

of

pol y [ &preictiipotitpryinstitytion dehydr at ase ac_t|V| ty; (b) at |east one gene enc
a defyAHMERTGNCTYREACULTURE| GORLECIIONr; and 74. 11211121HITETILi "2l Hll
L WO
non- § pédehsiol depositary indtitptian Gacludingpésiglicodg and cowginver t - 3- hydr oxypr opi onal dehyde 1
1, 3- priosonamtitdcsityd@v®l N no functional dhaT gene encoding a
1, 3- prapassadi, Virgxasdorerlociapee 5 activity is present in the reconbina

di ng
1 c
an

0

Nt

m cr parsgani sm and the mcroorganismis selected fromthe group consi $ting

of Cjtrobacter, Enterobacter, Costridium Klebsiella, Aerobacter,

Lact pbaci | | us, Aspergl | l us, Saccharonyces, Schizosaccharonyces,

Zygo$s Kenssiontambet 0a, Hansenul-a,

Deba y1 obqq@;@rggsgial nmonel I a, 10 Bacill §is,

Aer 0 pareter==—Streptenyees—anc—Reendononas—=_8—Fhe—x S SO B RaR =S8 8EEgHNI SM
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15 phosphat ase activity; 9. The reconbi nant m croorganismof Caim7 or 8
wherein the dehydratase reactivation factor is encoded by or fX and or}Z,
i solated froma dha regulon. 10. The reconbi nant m croorganismof Caim?9
wherein orVRWAH3Yr 3z are 20 independently isol ated froRCAYES8e?2814 a sp.
G trobacter sp., or Costridiumsp. 11. The reconbi nant m croorgani sm of
Claim8, further conprising a set ofsgﬁmgenous genes, each having a

mut ation inactivating the gene, the nsisting of: (a) a first gene
encodi ng a polWhasps ¢leimedisyi ng gl ycerol kinase 257activity; (b) . a second
gene encoding a pO'lprBtidoljﬁecﬂﬁs%leﬂ:glcﬂl!ﬁ‘é‘gﬂ{eﬂ{encgtﬁhggfl&g @ﬁ%cﬁﬁ?ﬁ}f! ty;. and
(c) athird geng .eﬁcoﬁl n%}}% ol gﬁft | de hayi gg‘?t | osg?ﬁospha’g | soner ase
activity. 30 PSUVIB{Eringe TSM Y Arox¥prgRionaldshyde to L3-propanediol and yher ei n

t he reconbi nadected fromahegroupscnnsistingoft s a carbon source sel ected fromthe
group consisting of ' k %ﬁ | hari des,
and singl e-carbon sugg]?%l?gggg%ﬁ%%?%c?%p e%?gﬁaffgsﬁ%g%%%@ﬁ I nant

mi croor gani sm of C ai m 7. ReEqnafthe anaino acid sequenssiof SBEQ IRNQ$§3r gani sm converts

g_ (r:]a(rjbon soui ce stel e(it(g)d dnrignlatéd wuctiiatid Regitens tha ﬂgl‘ Fﬂfsmlnﬁml 11ﬁér|t|a-nd _
i hydr oxyacetone to 1, 3- . . . ~l 1 ~f~
UP WO 01712833 PCT/ USOQY %@%ﬁ%ﬁ‘%ﬁéﬁ%&%ﬁ# %’g’ﬂ?‘“krfié OLATIRRMAh of O ai s
8 or 11 whH8rein the gene RorianAfithe amipmacishegauente ofSEQAR N@:$&er ol - 3- phosphat e
cci;;?))Z/dr %gggas EA%%t i vi t;g)i sanimtamxﬁgwacm;ﬁagf&ng%&wn%g g:‘ligéﬂtﬂs ot GPDL,

: : , gpsA 0D, . RABC. & e reconpi nant
m cr oor gani sm of O ai ms %%&Yl%%?cé&:}'ﬁvﬂlg aggﬁséséé’ﬁ@ ﬁ@mﬁmﬁﬁ{%pept i de
havi ng gl ycer ol - 3- phosphdedsacenfiSEQ 3 NOSK el ected from the group
gongi stigg 3}1 GPPI ?RQdﬁﬂBZsol&&inugRﬁ:écﬁPﬂé#&Eﬂﬁm bRHZEOE @aﬁgﬁd&gf ?aims
, 8 or erein the e.encoding.a p . n ehydr at ase
activity |J]g sel ected fro%ﬁ;ﬂ%&}’f g?%ﬂﬁ“@gﬂﬁgﬁf% o}f]géhg&ﬁl%eﬂﬁ*q
dehydrat ase and a di ol devashedwitli2X SSC, 0.1%SDS: folloyedbn0.1%SSG 0r18&ni sm of

Clains 7, 8 and 1 | wheregpg;lh€ gene encoding a pol ypeptide having a

d_ehydr atase activity |(g) Ia%qlso%teecp mIc{e?crgcid fragment that is complementary to (a),

(b), (c), or ().

20 2. Theisolated nucleic acid fragment as set out in SEQ ID NO:58.
3. A polypeptide encoded by the isolated nucleic acid fragment of
Claim 1. :

4. The polypeptide of Claim 3 as set out in SEQ ID NO:57.

5. A chimeric gene comprising the isolated nucleic acid fragment of

25  Claim 1 operably linked to suitable regulatory sequences.

6. A microorganism transformed with the chimeric gene of Claim 5
wherein the microorganism is selected from the group consisting of Citrobacter,
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus,
Saccharomyces, Schizosaccharomyces, Zygosaccharomyces, Pichia,

30  Kluyveromyces, Candida, Hansenula, Debaryomyces, Mucor, Torulopsis,
Methylobacter, Salmonella, Bacillus, Aerobacter, Streptomyces and
Pseudomonas.

7. A recombinant microorganism, useful for the production of
1,3-propanediol, comprising:

35 (a) atleast one gene encoding a polypeptide having a dehydratase
activity; -
(b) atleast one gene encoding a dehydratase reactivation factor;
and
74
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Klebsiella sp., Gtrobacter sp., or Costridiumsp. 18. A reconbinant E
coli conprising: 15 (a) a set of exogenous genes consisting of (i) at |east
one gene encodi ng a pol ypeptide having a dehydratase activity; gi i) at

| east oneW@dna283hcodi ng a pol ypepti de having gl ycerol - BCHH%@éF\%Y e
dehydrogenase activity; 20 (iii) at |east one gene encoding a polypeptlde

havi ng gl ycerol - 3- pho a b0

S L LEEC M ot i A
endogenous gene encodi ng ivity to conver
3- hydr oxypr opi onal dehyde {13-gropanediolanedi ol ; wherein.no functional dhaT

gene encoding feindiHRARAUART oG aﬁ@wf@ pariifol Ylidreli®: {af.%esent in the

reconbi nant E recoffbl_nant SI ng: set of
exogenous §enaefivity ispresentiy tbﬁrewkw ’5‘!"1‘?%‘5“%’9%

lool ypeptide haélédwf(rjcﬁixﬁﬁ@i&ip—lﬁnmsiiﬁg%ﬂﬂﬁi@adahﬁdkﬂﬂam€laﬁﬁdxm:z],ty, (||) at
east one gen i phosphat ase
activity; and% F’eéi 5{}9@@,@?&4&3@5&@? /{kﬁ&]}g e’nes encov(§§r’|g t he gene 35 !j
products of dsdmosmcharorrmemx@g igpKluyverpmpres randige; 7, and 76 i

He11 > 7l | | ! Mehhﬁn'bewdﬂyké.d Mhcdr, muwzs, I&bGIIeHS&Bﬁo%@&M (b) at

| east one : a Ic catalytic activity to

convert 3 %8‘5‘18 %ﬁ’%gﬁ‘g ‘gtﬁfpg'g")gﬁs"@(}%epro anedi ol , wherein no functional
~dhaT gene encod| n& arhe recombinsntmisrasrgapismas fiyther compesingii ty i s present
in, the reconbi nant F. apola{leas@gﬂegaﬁeemem‘gh@agpqﬁdeﬁwmgg&c&lsg-m 19 furt her

conprising a set of endo each aving a nutation
i nactivating the gene, g teg‘gﬁ&% %( ‘?a gene encoding a

pol ypept i de having gl 3(b)3r ot lem nmgenagmmdmgymlyn@tl@b)la\an@amw@ri:odl ng a
poI ypepti gg having glycer %osgﬁgmyaagﬁgase activity; and
.. 9. The recombmant microorganism of Claim 7. or 8 wherein the
dehydratase reactlvatlon factor is encoded by oer and or;fZ, isolated from a dha
. regulon. '
10. The recombinant microorganism of Clalm 9 ‘wherein orfX and orfZ are
20 mdependently lsolated from Klebsiella sp., Citrobacter sp .,.or Clostridium sp.
11. - The recombmant microorganism of Claim 8, further comprising a set
‘of endogenous genes, each havmg a mutation mactwatmg the gene, the set
consisting of:
(@ a first gene encodmg a polypeptide havmg glycerol kinase
25 . actmty,
®) a second gene encoding a polypeptlde having glycerol
_ dehydrogenase activity; and '
() a third gene encoding a polypeptide havmg tnosephosphate

1somerase activity. : .

30 12. : The recombmant microorganism of Claims 8 or 11 wherein the
recombinant microorganism converts a carbon source selected from the group
consisting of monosaccharides oligosaccharides, polysaccharides, and
single-carbon substrates to 1,3-propanediol.

13. The recombinant microorganism of Claim 7 wherein the recombinant

35 microorganism converts a carbon source selected from the group consisting of
glycerol and dihydroxyacetone to 1,3-propanediol.
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(c) a gene encodi ng a pol ypeptide having triosephosphate isonerase
activity. 21. A process for the bioproduction of 1,3-propanedi ol

conprisin ) contacting under suitable conditions i nant E.
coi |l of g‘{‘%‘i?zlﬁé% aim19 or daim20 with at | east one c%r ogn"%égdg?ce

sel ected fromthe group consisting of nonosaccharides, oligosaccharides,
pol ésacgharl gego angl he edcBmbitahiGhicdRah i"sﬁt(ﬁﬂaﬂﬂﬁsro?li’l/wiaeéxéﬁhé) egl ol dls
produced; an overin anedj.a oduced in
oy 55T A prRadid s BB iRk anrhopP e eRy Bheh bolﬁpr. Si ng:
(a) contacti ngselented froputht groin comsistiog bf GBP1,GFREIGPIB, DrARZlOgmA

reconbi nant E. blaan[ Bﬁvms 19 or 20 further conprising: (i) at Ieast one

exogenous ne enc tJ de 25 h tase activity,;
(ii) at |east one gg ggﬁ&i?@mbéﬁ% RGOSR L ?é%@a?afigé’% 8¢ BSP4t i on
factor; (iii) ekodings polgpwtxdﬂimgiwr@éaﬂxomw agivity isoselected fomf i c

cat al ytlc act i gk pbu go,fsgm{ bf GBPD M Gpp2. 30 prop| onal dehyde to

1, 3- propanedi ol , c}ﬁ mgt one, car bo.n s §e% fro t he group
consisting of gly © 550 A By i)‘p‘f’ wsiatiey recovering
the 1, 3- propar@needtcopmgmwepnde(mymg aﬁ&xydm&}se octivity nfs.eiectekléromthduc_t i on of

1, 3- propanggli gémﬁﬁémﬁxbﬁﬁélﬁ‘ag?ﬁ:er&he}g@&i&@ﬁﬁcﬂﬂdﬁld ant E. coli with a

first source con r econmbi nant

e i T ol of ol e Fbombinay: dipropmpimed ai*fi?ﬁ%lad[ ot WO
01/ 12833 PCT/ Usmee&dding a polypeptide havisg adehydBuaSged:tmty lgmdetedﬁondl ng a

pol ypepti de hﬂébﬁﬂla @%‘be’c&?%eor@ Sidimp) ) at |east one exogenous gene

encodi ng a dehydra tiv actor; 5 (iii) at least one
endogenous gene en B?Pt ESOMPESIEY o) ytic activity sufficient to
convert 315hydroxyprop| (ﬁa)al d e lsgtadf exagedqus genes pansisting bf: wherei n no functi onal

T e et 10 B ekl G A GEAGhE t ie PrSEn 1
dehydratase activity;
(i)  at least one gene encoding a polypeptide having
glycerol-3-phosphate dehydrogenase activity;
20 : (iii)  at least one gene encoding a polypeptide having
glycerol-3-phosphatase activity; and
(iv)  atleast one gene encoding a dehydratase

reactivation factor; and
_ (b)  atleast one endogenous gene encoding a non-specific
25 catalytic activity to convert 3-hydroxypropionaldehyde to 1,3-propanediol;

wherein no functional dhaT gene encoding a 1,3-propanediol oxidoreductase
activity is present in the recombinant E. coli.
19. A recombinant E, coli comprising:
(a) a set of exogenous genes consisting of
30 @) at least one gene encoding a polypeptide having
glycerol-3-phosphate dehydrogenase activity;
(ii)  atleast one gene encoding a polypeptide having
glycerol-3-phosphatase activity; and
(iii)  at least one subset of genes encoding the gene
35 products of dhaR, orfY, orfX, orfW, dhaBl, dhaB2,
dhaB3 and orfZ, and

76 .
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10 wherein the first carbon source is selected fromthe group consisting of
glycerol and di hydroxyacetone, and the second carbon source is selected
fromthe Q&W @ consi sting of nonosaccharides, oligosaccharides,
pol ysaccha Q¥EBZHnd  singl e-carbon substrates; and 15 (RYT/BWORAI4! |y
recovering the 1, 3- propanedi ol produced in (a). 24. The process of Caim
23 wherein the reconbi n&g coil further r] ses set of -
exogenous genes consi st gabkai‘P?e%ﬁd°$§’3§§g"6‘ﬁ§r%§W§aéﬁﬁéﬂ‘?cﬁ-§f a pol ypepti de
having 20. gl ycerol - 3- phosptabtie activity to cgwert 3dydrokyprogipnaldehyde tat | east one
gene encoding a pol ypeptldqjﬂ y)h&gdl | ycerol -3- phosphat ase activity; and
g’ t he gene products of dhaR,

(ii1) at |east one supset codi ng
orfY, orjX, oMol 'HF%\%P"“"&F!%Z T gengenendinge biraropagediol grdoredyctage set  of
endogenoussgelaﬁmyéﬁpx’esegeinehdl&wmlgmtmﬁwt ion inacti vat| ng the gene, the

set consisting of (i ) Igﬂﬁm WW rol ki nase |
activity; 30 (ii) age‘ﬁgﬂgncom apoﬁao e awngg %F%ﬁf

dehydrogenasef’@ﬁ?@ﬁ‘&q"t‘ﬁ‘me&er?(‘}c gonp havingamy %WW@“‘&S%&BWeﬁS‘FFﬁe havi ng
tri osephosphaténsistii@e®r ase ‘activity. 25. Vector pDT29 conprising a set of

genes dhaR, orf Y, dh nd orfZ as

set fort hgl)n SEQ I D Ngilﬁ Qfgnéé\wi%? gﬂ%ﬁgﬁfﬂgﬁ%@g@%& Wa orj X

orfW dha dhaB2, B3 ESRRSNSPHIE 3 BOIERAP VEg) hydrqgenase 73

FETEITT. 1212122 Tiii, 1111%¢ctivityjadd * C L WD '01/12833 PCT/ USO00/ 22874 27. A
tyl

ecortiTant € cor) ) e BPEoked  fgh, 00°
consisting of (i) a gene mm@t@%ol ypept i de haV| ng a glycerol kinase 5
activity; and (iipla ggfbeegmﬁh Bigprodureibiy SERS-iptipaediol Bemprisitigy cer ol
dehydroge fgse activit y(ia) ' contacting under suitable conditions the recombinant E. coli of
either Claim 19 or Claim 20 with at least one carbon source
selected from the group consisting of monosaccharides,
- oligosaccharides, polysaccharides, and single-carbon substrates
;- whereby 1,3-propanediol is produced; and
20 ' (b) opt:onally recovering the 1,3-propanediol produced in (a).
22. A process for the bioproduction of 1,3-propanediol comprising:
(a) - contacting the recombinant E. coli of Claims 19 or 20 or the
recombinant E. coli of Claims 19 or 20 further comprising:
(i) at least one exogenous gene encoding a polypeptide
25 : o having a dehydratase activity;
(ii) at least one exogenous gene encoding a dehydratase
reactivation factor; '
(iii) at least one endogenous gene encoding a non-
specific catalytic activity to convert 3-hydroxy-
30 ' ' propionaldehyde to 1,3-propanediol,
with at least one carbon source selected from the group consisting
of glycerol and dihydroxyacetone, and .
(b) _" optionally recovering the 1,3-propanediol produced in (a).
23. A procéss for the production of 1,3-propanediol comprising:
35 (a) contacting a recombinant E. coli with a first source of carbon
and with a second source of carbon, the recombinant E. coli
comprising:
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(b) at |east one exogenous gene encodi ng a pol ypepti de havi ng

gl ycerol - 3- phosphat e dehydrogenase activity; 10 (c) at |east one exogenous
gene encodin ol ypepti de having glycerol-3-phosphatase activity; and
(d) a plasyP g 2. 28. A reconbinant E. coil strain RISCIBHPI28Ting: (a)
set of three endogenous genes, each gene having a nutation 15 inactivating

the gene, the set consisti ng ﬁ'& (anea&oﬂg% g‘m’ggé‘{}’%&]"?ﬂg %/‘L))ggg ﬁ% havi ng a

gl ycerol kinase activity; (i ehes ng a
gl ycerol dehydrogenase act|V|ty,'§ﬁﬂaﬂdH@PW$7 Vif¥he encoding a

pol ypeptide having a tri OSEpKﬁ}phﬁIe&stohéé)@é:ﬁﬁa@gﬂfetdnuddiyg a déhydritaB Ocess for
t he production of 1, 3-propanedi ol a%E ac?octl (a) contacting, under

sui tabl e conditions, a recombi nait tonprising a dha regul on and

| acki ng a Punctional dhaT gef#) zsleésﬁermmdgg@omsmuemmm-

oxi doreductase activity with at Ispasfic afyticacidty safitidieto d@aeérel n t he carbon
ol gosacohar des. - Léf’?satc?ﬁa?fSé%y%g%ir"rﬁieﬁ%s%&?ﬁo”ﬁ?3&%21?# and (b)
optional |y recovering tWaereinnofungtionalaiaT genecuending 4 h3(pagpanecm 11111111
111111 11111 11111 11 1@:didSreBudtas/bctivity id preséfit ik Heklrdcombinant E. coli and
10 wherein the first carbon source is selected from the group
consisting of glycerol and dihydroxyacetone, and the second
carbon source is selected from the group consisting of
monosaccharides, oligosaccharides, polysaccharides, and
single-carbon substrates; and
15 (b) optionally recovering the 1,3-propanediol produced in (a).
24. The process of Claim 23 wherein the recombinant E. coli further
comprises
(a) a set of exogenous genes consisting of
(i) at least one gene encoding a polypeptide having
20 . - glycerol-3-phosphate dehydrogenase activity;
(i)  at least one gene encoding a polypeptide having
glycerol-3-phosphatase activity; and
(iii)  at least one subset of genes encoding the gene
: products of dhaR, orfY, orfX, orfW, dhaB1, dhaB2,
25 dhaB3 and orfZ, and
(b) a set of endogenous genes, each gene having a mutation
inactivating the gene, the set consisting of:
@) a gene encoding a polypeptide having glycerol kinase
activity;
30 (ii)  agene encoding a polypeptide having glycerol
dehydrogenase activity; and
(ii)  a gene encoding a polypeptide having triosephosphate
isomerase activity.
25. Vector pDT29 comprising a set of genes dhaR, orfY, dhaT, orfX,
35 orfW, dhaBl, dhaB2, dhaB3, and orfZ as set forth in SEQ ID NO:1.
26. Vector pKP32 comprising dhaR, orfY, orfX, orfW, dhaBl, dhaB2,
dhaB3 and orfZ as set forth in SEQ ID NO:1.
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' 27. A recombinant E, coli strain KLP23 comprising:
(a) a set of two endogenous genes, each gene having a mutation
inacﬁ\fating the gene, the set consisting of
@) a gene encoding a polypeptide having a glycerol kinase
5 activity; and '
- (ii)  agene encoding a polypeptide having a glycerol
" dehydrogenase activity;
(b) - at least one exogenous gene encoding a polypeptide having
glycerol-3-phosphate dehydrogenase activity;
10 (c) atleastone _exogenoﬁs gene encoding a polypeptide having
glycerol-3-phosphatase-activity; and
(d) aplasmidpKP32.
28. A recombinant E. coli strain RJ8 comprising:
(a) set of three endogenous genés, each gene having a mutation
15 inactivating the gene, the set consisting of:
@ a gene encoding a polypeptide having a glycerol
kinase activity; '
(ii) a gene encoding a polypeptide having a glycerol
dehydrogenase activity; and
20 ' ' (iii)' a gene encoding a polypeptide having a triosephosphate
isomerase activity.
29. A process for the production of 1,3-propanediol comprising:
(a) contacting, under suitable conditions, a recombinant E. coli
comprising a dha regulon and lacking a functional dhaT gene
25 ' encoding a 1,3-propanediol oxidoreductase activity with at least
one carbon source, wherein the carbon source is selected from
the group consisting of monosaccharides, oligosaccharides,
polysaccharides, and single-carbon substrates; and
(b) optionally recovering the 1,3-propanediol produced in (a).
30
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