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€7 (57) Abstract: The present invention provides an improved method for the biological productior of 1,3-propanediol from z fer-

€€} mentable carbon source in 2 single microorganism. In one aspect of the present invention, an improved process for the conversion of

glucose to 1.3-propanediol is achieved by the use of an E. coli transformed with the Klebsiella preumoniae dha regulon genes dhaR,
yoey OfY. dhal orfX. orfW. dhaBl, dhaB2, dhaB3. and orfZ, all these genes arranged in the same genetic organization as found in wild
~. type Klebsiella pneumoniae. In another aspect of the present invention, an improved process for the production of 1.3-propanediol
from glucose using a recombinant £ coli containing genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a dehydratase
reactivation factor compared to an identical process using a recombinant E. colf containing genes encoding a2 G3PDH, a G3P phos-
phatase. a dehydratase, a dehydratase reactivation factor and a 1,3-propanediol oxidoreductase {(dhaT). The dramatically improved
a process relies on the presence in E. Coli of a gene encoding a non-specific catalytic actwuy sufficient to convert 3-hydroxypropi-
onaldehvde ta 13- nrcmam.dml
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PROCESS FOR THE BI OLOG CAL PRODUCTI ON OF 1, 3- PROPANEDI OL W TH H G4.T] TER

“FI ELD OF IINVENTI ON This invention conprises process for IR B EEHAWE si on

“of a fermentable carbon source to 1,3-propanediol by a single

_m croorgani sm BACKGROUND 1, 3-Propanediol is a nononer having potenti al
utility WROMEB3Broduction of polyester fibers and t-he maRGTAS0RETHf

pol yur et hanes. and cyclic conpounds. 10 A variety of chemcal routes to

1, 3- propanedi ol are known. For exanple_.ethylene oxide nmay be converted to

1, 3-propanedi ol over ,a catalyst in t helbkEsence of phosphi ne, water, 7

car bon monoxi de, hydr ogdﬁ)@ﬂﬂSEﬂ}Rat‘Hﬁ BIDLOGIC AL PRODWCTIOM! ut i on phase

hydr ati on of acrol ein fol b%V\F ﬂ?ﬁﬁ } ounds such as
gl ycerol, reacted in the. préggz%)erro —cg¢%%1%ﬁg§ﬁ?é%§% hydrogen over 15

- catal ysts having atons from groufIELDIOIWINYENTHONi odi ¢ table. Although it
is possibje to gefgisahentiont Pﬂé’é@ A @ls Y HeMSQnVELTRYT a férkiRNtaBle

expensi ve and ener ate vvaste S rea cont ai ni ng environnental pollutants.
I't has been kFRSRPM PQ¥CHIph3-Rrapapsdiphbyasipele Mictoprgdaisldi ol can be produced
-~ fromthe- fernentation of glycerol BR@H(H{Q)HN]}tral ns able to producé 20,

1, 3- propanedi ol een for _exa S .0bagt er,
G ol r R D ot R Ephaf i s mRomEr e gt aial (iRt ridcliSR R

Pel obact er. polyestadtercaskthe Muédmm@mwemwsmdvmltcmnmmds

r3- propanggli ol in ratag@&%‘?&e mﬁ%esqatl%' @Qnerdﬁﬁﬁl:e' “ae%?efaen 1én the

first step, a dehy catal yzes th conversion o (;,] cerol

3- hydr oxypr opﬁfbﬁlfpa eh@eéria(yjzewmyersﬁﬁ‘do M@PP”?S“@&H%M e Ysi In thg pr@rfén%eecond

step, 3-HPA. lsfﬁlﬁﬂgﬁﬁé witer] c&bbhi fivabLde Qiydh)geﬁ andNawdeitl] ikhe caxlyier educt ase,

. Eguatl on 2. Tcﬁ s l%s Bagegl ol.is notf oli.zed fur{iher andu@s a

Crksult, O yceSYpadnphiasgiydratonef arolgin, P%‘ﬁw‘i Y EQuctiqnyQr

1, 3-Pr opanedl mchﬂsl‘glsfberc(lﬁqamed mha))reamamﬁba’bevsmonomldeamcblﬂythogeﬂmfcnver all
reaction ns f it or, reduced

(o cot | o SLRTyE e RSl R oAl Phy bine bERORAE AR 3 P

. ni coti nam de Berstilate gﬁm@&q bétnr@:@n(:qlmth» thessgmethogs, dieyiase ?’@ep-ﬂlé%mﬂm a,

?htrObaftertng| bkvasl%{%@e%qQ&;rﬁmﬂin'gl@hvxPﬁﬁﬁh &iﬂéllp%numtshhe ggnes gﬂcgdl 2:9 tge
ree structura S 0 cero e se or a an

E) are |ocated adj ﬁ?@ﬁ egrpkng é%"rfé“d‘tﬂ’f‘wéyg’ l’gé?f?é"r“t‘?gB}%‘mpl?ﬂ&H%‘g’&flol

oxi dor educt as&o(rdthai'e)m(eamaoﬁbgglyeerb) Bacidriadh stngjhs abile td prbaudéebr uary 2004 WO

01112833 PETI 300 BRRAIC 18ISth So R RRIAARDRNIhE Lfps eAPROAY, among these

m cr oor ganl sns enes are SO COI’TpI’I Ses

orj X and or f ZClaséndismeKotstbeagtes, HJd?éﬁ‘;fefh dﬁla@eelﬁaeé&tivwlh@naqda&l@éam@r
gl ycerol dehyg{ alchz8ie st@died"%ll ceft i9Ednvarl @11 Abrdpafaist iRh tﬂG lﬁié wn

function). The s eC| fic opanedi ol ﬂoreductda é s), of these
m cr oor gani sn§ rﬁa"g‘@l‘cﬁﬁ@‘ep‘be t Héﬂ(ﬁf T FEPsd¥ e?‘ié'@”? X?‘f?dh%l

dehydr ogenas esomewidm eﬁgiybarblstoa loeheapugdonaldehytde (BdHE®) amd whtegnd has a '
prefer oncss FOgqhifon YO NRohs H55.% - HBUSS SORUES & £5-plpatedlaitfyrpandi ol and
""-"' NAD:linked oxidoreductase, Equation 2. The 1,3-propanediol is not

metabolized further and, as a result,

Glycerol — 3-HPA + H,O : (Equatio;_x 1)
30 3-HPA + NADH + H* — 1,3-Propanediol + NAD* (Equation 2)

accumulates in the media. The overall reaction consumes a reducing ‘eq'uivalent in
the form of a cofactor, reduced B-nicotinamide adenine dinucleotide (NADH),
~ which is oxidized to nicotinamide adenine dinucleotide (NAD"').
35 " In Klebsiella pneumonia, Citrobacter freundii, and Clo.;'tridium
o pasteurianum, the genes encoding the three structural subunits of glycerol
dehydratase (dhaBI-3 or dhaB, C and E) are located adj acent to a gene encoding a

) speaﬁc 1,3-propanediol oxidoreductase (dhaT) (see Fxgure 1). Although the
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3-HPA. -However, the NAD+I NADH |inked interconversion of 1, Fropg&&o
and 3-HPA is al so catal yzed by al cohol dehydrogenases whi éﬂ:e&

specifically 10 -linked to dehydratase enzynes (for exanple, horse |iver
and baker's yeast al cohol dehydrogenases (E.C. 1.1.1.1)), albeit with |ess
ef fici eWOWIZEBi ¢ parameters. dycerol dehydratase (E. o’cwmomm) and
diol.[1, 2-propanediol] dehydratase (E.C. 4.2.1.28) are related but distinct
enzynes that are encoded by disti nct enes. . -Di ol : dehydrat ase genes from
Kl ebsi el | a of§HeHe raamiFaton Jomewhahamong thesemISroorganisms| qusetganﬁ ycer ol
dehydrat ase gﬁrmtaedhnad oﬁlb uhichrsh dom;ms&fmamm:ogn( aigpehartingenes

anal ogous to and o e Cro 553

( 1999?; Tor afi‘ﬁ aﬁ%ﬁcm’%hénaaglf’ h’éﬁb’ 0}5“21“3’% (af Mfas ofgie @an‘k}%
AF026270) . Tlkeenps oftunknown figiction)3- "ﬁrecmamﬁdlﬁl—pxbpmndgilpwomdup@se}ener ally .
performeds ngﬂizzdﬁ ofg{&enﬁn?é?b &Bﬂnﬂkr hleXASWHEH BQloH%Y&ﬁE%m ofipe3fll € carbon

~ source and i ce o exogenous reduci ng eq | ent acceptors
Under these alsalplideBydrogengses; gach exhibls a gonserverdidrasrhindiag matif ged hagig um -and

Kl ebsiella, praf@emde fot theMlbwmmmﬁbd/ﬁﬁr@ém@&%@éfemﬁ?pahmm i nvol ves

! nkod 3&8293@&“&&% VKO NAGHTRET e e riao 1)

phosphoryl at amd13-ﬂ-ﬂ)A 1] Wmd@@ﬂt@hpkﬂﬂm&%em(s&lﬂﬁ)chbqe aotlelaclﬁcaﬂys e

Equat i ofy 4). + ATP
E3quIJ)I6-I|AIDOPO qtg?éI %drﬁ'lﬁ%rges rres a\#ngA Bﬁt lh?o% n?ﬁé}sl sagé\}d for
supporting Aﬂﬁwdgméw Bk Vildl - B)plbeit with less Hicient kwe@@n@naa@ter& o the

1, 3- propanedm}ceﬂﬂfde mﬁé’(@cpﬁﬁhwym&lpz/b an&ﬁélwaax}@ﬂaﬁnergy to the
cell and progﬁgua E er, than co Ieﬁdeﬁ §$neumn| ae andg
Ci t r obact er @i 2 ?fje'%"t & "ﬁ'ﬁmﬁ%thaﬁ’»@'eﬁﬂ 1HHpct gefeed &
activities 0D1@idphﬁdmtasd@dn¢dﬁ&fr%kb{zdhﬁ&)ytocb andSabipmiedidirgpphimorusiareduct ase

(o e ot nc Sl P S GRERIRR A Nk and L Sl Y BREb s (41219
pneunoni ae ananmuesabmaealogown@rﬂf argl| a1t aslséégMS déoxobiol1Berebr uar y
2004 WO 017128333449 Wa?@%@M%ﬂQ?%BQC%eH ang 8B PEI9B0R| Gafnyat or

protein (dhaR)’ “The dha regulons from G trobactér and Kli’ebsiella have been
expressed |n‘“€§3ﬁ%?q chia coli and have been shown to convert glycerol to
1,3-pr Opanedl ol . Ivhé bhﬁlﬁcﬁ&tﬁoﬁl@-@iﬁpﬁhedﬁﬂrfr&h@ﬂmfd}@d gmfdmgqﬁridﬁﬁedi bed"
above fo ‘? produg}tion 'tOf 1 %‘a@ r“? ar e %B sul t L’rﬁr

i ndust r| S(':lﬁ & pEFARIE £o1l 'grfsr}&p THIC FFEULIRRE A ey gy

i ntensi ve andbgehes bf sthagxogdnops rm'lasnsgsqvawdentl dcoepiterd. {ndeethesd vely low titer
fromthe exp | X‘@Zﬁ:ﬁ oul d “be
overcone w tﬁgﬁd!t\{&’fsﬁgﬁé %”ﬁ%ﬁﬁ 'g\%vacé%]é)rtg(érn%\mm Mk%bgn g penégl ve
starting mat ®ethway Sersglyceso @@mel@h fest WOWQQKIS’&U@P ofglycerpl toj ner easi ng

the et abO"inﬁrﬁfdx?g%ﬁﬁr%(ggL@t 1§ YRAIPL @0ABES.) IRRvE ERRERNT Of et her
ui il
genet | c\(,:\%mc ﬁg‘r‘ﬂ"é‘ ylafeci?ﬁg‘ t‘@ﬁ\%?&? plii?ry%’@&rt% to gl ycerol agg

gl ycerol to Hll@dwwpﬁmlnﬂosphate (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 supportiné ATP generation via e.g.,
glycolysis. In contrast to the | 3-pr0panediol pathway, this pathway may provide
carbon and energy to the cell and produces rather than consumes NADH.
In Klebsiella pneumamae and Curobacter ﬁ'eundn the genes encoding the
35 functlonally finked activities of glyccrol dehydratase (dhaB) 1 3-propanedlol
o oxndoreductase (dhaT) glycerol dehydrogcnasc (dhaD), and dlhydroxyacetone
kinase (dhaK) are encompassed by the dha rcgulon The dha regu!on in
'Klebszella pneumoniae and C:trobacrer ﬁeundu also cncompasses a gene
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Bi ol ogi cal processes for the preparation of glycerol are-known. T
“overwhel mng majority of glycerol producers are yeasts bd R ?Bﬁ@%&g} Aer | a,
other 15 fungi and al gae are al so known. Both bacteria and yeasts produce
. glycerol by converting glucose or other carbohydrates through the

fruct oseWP WA phosphate pathway in glycol ysis or the BEEABAV/AMSYEr hof
Parnas pat hway, whereas, certain algae convert dissolved carbon dioxide or

~ bicarbonate in the chi oropl asts into the, 3-carbon intermnmedi ates of the
" Cal vin cycl e. encpdingadranseripsipnalagtieaton pretein e Rb ntlrdharegulpisdreme,

phosphogl ycer Egrapak@r ahd KB5i¥RE hA% Yebn SkpteRERIrORRNEI 3z PHIDSRITRIVE bed| ch can
be readily lnitherconverted to'its keto is r di hydroxyacetone phosphate

and ul ti mat el oM@ Gregperoglyceralia didrpreptnediols ne pacteria Bacillus
| i cheni for m s and Naitheo tecihemikal mbMﬂdpgfca] methegsddsaibedabgley foetlad , and

gl yoer ol 8 OClGh A a1 aroic 8 el Nl 8 bt 2 FroHOR SR 5P

and Asterom) gﬁ ot éct i on agai ns erna
concentrati ontec nﬂcabprps;essqsaw mgtmsmen@me b}@agtpslpr@weh@m ze gl ycerol

as a protecti Nﬁnté@ﬁﬁélaﬁvcl%&& tﬁérffﬁinﬂﬁer:& éﬁ%@&ﬁﬁﬁ@’ﬁﬁﬁ:ﬂapl’g%%? sone
can b i ncr eased

gl ycerol duri al.co nment ati on,, and thi
physi ol ogi cal f@e q}‘?@f( f‘{l&%‘?‘feécr?“lﬁ ﬁﬁfqﬁl"dzrf’ﬂ'é‘?gg P PRGTEY IPHE s century
30 conmerci al andgainynexpahsme stalrin intateriuh suchcdsi casbotly dytes be sugagss onby

Sacchar o e RS Bn Y il 385 A BHSRLE DURIBRIESELED 25

sulfites or a inactrve ¢o , the--
st eeri ng ‘agenmsthpd ydll f@flrllii‘ﬁl’élﬂﬁ ikity to ﬁ@mnwmﬂslg@netwm@s&mw tPéthﬂ@ 0

et hanol ; thUSformse:&i%ﬁm@rﬁa iRl 3hé glycDOPR) 1,3upfoakadibpbl e to or -
o t eer ed” t owar ds EHA r _reduc g?n to uce 35 (ﬁ%cerol his nethod is
“Finited by the parPloAeital RIGGPIFHIPr rgf@@@?l%mlw €0 the

sul fites. Thiesverwheliritg majocignolglyqeasitpradicyrsaveyasibubyorhdibactesia, othenl kal i s

pract | co 15 g Eemp iy SEHMY Gl e Bl pRL G FRSIEE bRl By O °

initiated a Comvertiagrducgsserwhercaibohydiaea through the Mmﬁ%rh&kblmsm ic acid
I]Ir S?e'; \gllo gqghyﬁﬁ\ﬁ:g% r;n dfrc&fﬁé @rlenagbén@ﬁen Mé?eﬁg I 5‘5&9&1‘]‘1\0@ whell'cg%. Eg:ertalrr]ld
sequenced fr o"i(‘)}g% copver 5};@& c W‘rfbg’é‘f]e 8t blc"’r é@gpﬁlﬁﬁﬁr@? 95
(1994)). The Béitbon guerenedimesalf teeCalivintaycle. sih distries ofempm,rthamdanbsﬂd to

A e
envi ronnent bwhicHeambe feaédlggé@rﬁofh'@mﬁd mt@l@ﬁ@tsmhdlhﬁéroaswtm enhance
ol yebr of -3 phbssPRacHad bfhaldh & g eecr ”a”LameCLOOrgaQBfra”t i Tor
exanpl e, sn-gl ycer%ﬂ’ Jﬁﬁﬁﬁag?cée%%’%ﬁds&%’g "H’é% 180648 and
sequenced fr orGresbasanysizs gheery,ant atycetol pasiuotiat isfound ikthe M crobi of .

10, 110]25( 19??&1%?)&)]&&? %Bﬁf‘ﬁﬁ %lg} dspﬁlmd /QJY%) omo %éfgcmﬁ' rg)%ctu%% %@ ar(s{’ 994) )

)each the™ clonin yCcero rogenase
“#rom 15 Sacchb}gbny@wl e@t@mgita@onuSaenlaslrfigvaélouapsqutglm&yeasmt h Al bertyn

et at. and - LaraRenegly c@iola§§5%?:&1%@nkﬂﬁu@smstsﬁx%ﬁistdf‘&a&hapémﬁﬁﬁ’ regul ation
of this gene but do not su gest how t he_gene m ght us%eéﬁlﬁm-ase

product i on of Pr chp"r"&'t?&{w [durigg gleoholicfspnemation, e

- physiologically:by the application of osmotic stress. Earlier this century

30  commercial glycerol 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 acetaldehyde to ethanol; thus, excess reducing 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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As wi th GPDH, glycerol-3-phosphatase has been isolated from 20
Saccharonyces cerevisiae and the protein identified as b rf@ BRL Y by thé
GPP 1 and GPP2 genes (Norbeck et al., J. Biol. Chem 271, 13875 (1996)).

Li ke the genes encoding G3PDH, it appears that GPP2 is osnobsensitive.

Al t hougWO#1428331 ¢ ni croor gani sm conversi on of ferment ablRCIEBYBE74our ce
-other than glycerol or dihydroxyacetone to 1, 3- propanedi ol i-s desirable, it

~has 25 been gdoc nt ed .t there are si nlflc | ti,es to overcone
"in such an '@ﬁﬁ@ﬁrmgﬂﬁ‘i? QAISPIOPP ’r?ﬂ%ﬁ' a‘@ty"g 24935480 "t each
t hat the. grmnﬂdrﬁomtwmapn\&ﬂmmcemkihhjrdef or the production of
1, 3- di ol ,
autoputyiicum o SEE it chloding ERRAELStohosd ey drop St MARLTEDY
di sturbed byhasthsepelosedand sequenceyd diostd iasrtious (Wang atsalf, JuBacsId6or 30

gl ucose. sSt rajoNS7EHS 994)5)@5& blars.: éﬂé%%lo%@&rk@ﬁ%ﬁlﬂﬂ@%dt&smﬁ%mr whi ch
produce 1, 3- t?eag?ane |0I CO- fer[rent ‘1!1‘1‘088 of cer and fructQse

or. gl ucose, SRR EXPTGTSIQngRTg U aﬁr arrsé abofsuprad; hon
source, and, readagrhmrtjuht DAthaseglnMe"d ls;hthmelwiattosmrcrenglrmhém butcdbmoret abol i ze

0 050r® S4Byl A T SHSRRA g, T

shown t hat aregwmhrmnmwmqreeasmer poI yt ropus, which produces
1, 3- propgnedi ol voeR: giyeNalp h% )zﬁiﬂﬁe@ éiq{ivel%énlsd]ﬁédpr oduce
r

1, 3- propanedj ol fro carbon t ha ycer ol cludin
fruc!toosg andtloﬂe’imﬂplg] %lé(??mggﬁ’z ol Bq‘ila'&nucgse ?Stei b
E_t alh., ArB c hschzrbedtﬂdﬁil Sac'bﬁelimgniﬁas &e&aﬁﬁbe) (Lardson @t aly, MdloMicrebioali 0, (ﬁ\ppl |
i ochem Bio re erichia col i~

t r ansf or ned tﬁﬁ"?%’aﬂ@%ﬂ&@ﬂ Wu%?lﬁﬁ %P&Jgr%mﬁ% E?fété@ does not *<
produce 1, 3-¢onipgrédifi 1 ¢ncodingiatghgeralt iplosphate dehpldosgenase fidve absence. of

di ol
- exogenous;  Sel averrg)ees 55558, SL%Q\%@&%FGJ&E%P%@B% a apraﬂ aneai o

from gl ycero en reporte provi di ng

reduci ng- equik-¥rasasrgtal. r@gqsngartlwosmq-srnﬁemtmf@@aa\da@n@ slgﬁeqlardé'a in the

process. | NPEA%EEEIEE Bow they, lg&iedmﬁﬁﬁft% 13e€ th the lprddiledon 6f 1, B?ﬁ&paﬁ&h@lQHaS of
Citrobact er freu dl i and ehsi el | apneunoni ae DSM 10 4270 co-fernenting

gl ycerol . LIERNERUR k et al ., supra.: and Tran-Dinh et al., DE
-3734.764) ; but noAsfvoth @mﬂﬁmglycabl-s-phbs;ﬂﬁhmbshslHeapmlandrﬁaa ATCC 25955

co-fermey i ”ﬁ&g&&%ﬁ%& %Qvu%b'&%&e mexﬁsg&ﬁﬁgﬁ%gﬁ}ggen&dﬁd anedi ol

(I-T. Tong, niver sconsi n-

92
| ncreased yi @P8S aﬁé@%@@ﬁﬁ@iﬁbﬁc&ﬁﬁbﬂ Bid. elgmerdfdnt TP LHOWD)- ér%?%;)er ol 15
and gl ucose Qe gbhétCdrR6&nE YGIPDIEGOAHAR Hhiat GRIDEE b@lﬂbéén@ﬁkré, however, no

1, 3- pr opanedi ol uced in the absence of rol ong, et al

supra i ¢ hesa1Bputs Shele T era b Ty Y Teeenable B Pt e as a

source of gmhe:rﬂnhmggrcmbbh’ dihyﬂmxpacetandrtmg 3eprepapedmh & dearidde) ifles cel |

TRl Nt ENaAC Rlen A Med TR HRrd Sl AGRPIHARES 1o WBLoRUERNERIR NO! ent e
ream t hat anedi ol

t he carbon s roduce ecent owever, t@
e;

0
conver si on ofndeay®iorfos GE%R‘Plﬁt Gettschalk et aly E%P 97:{12%9365?4??1 that the & 9\‘!’%‘5& acet on
to 1, 3- pr opapast ailddusefud fcﬂghe O GELRRN T -B fv?B ol, BRIARESCFrodadi@hydr at ase

Sgg{gﬁlh?asb%wyggiﬁ strr&(zj: ?Erzp:%rcg?n, C?osmdmm bu 92.‘31311,9 le .5913 #80; and VO
preumoniae, is dlsturbed 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 llyobacter 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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25 deficiency in the biological processes |eading to the cti
"1, 3-propanediol ~ fromeither glycerol or glucose has beeﬂggﬁg QQﬁ%b{ZH of
t he product, achieved via fernentatlon t hus, an energy-intensive
_separation process to obtain , 3- propanedlol fromthe aqueous

f er rent aMOHB#Bt h i s reqU|red Fed batch or batch fer mBRTAISOHRBTHS
-glycerol to 1,3-propanediol have led to final titers of 65 g/L .30 by

1904y 5T gff'?’g‘f?b%%m"(“%ﬁ‘ ek r@nﬁg@g’cgﬁ PR T T} &2 16, Sal
Appl - EnV| rcMPP chem; Biotech 134, 449 §1952)) }thael:gcgmhmg;}t Bocherichiq eali -

pneunoni ae ( H@émmc@malme ditief uloﬁleﬁéd?lmg%lycenﬂ'déh doed ot préduce
(.199.0)), Otr bacter -fr un| {) nman.et al .. supra).

- Fernment at i ons ﬂ%ﬂ'&ddg % ‘f%f)%ﬂ’e’ﬂ“ GF 1} h‘gta SUICE OLEXQECPRHS ¢ t er

obt ai ned ﬁrorglgtqmlerol ‘‘‘‘‘ ferrrent ations ‘have, not yet .been disclosed. The

probl emt hat renai mﬁﬁ@s Rﬁmﬁﬂ&)e’eetﬂg k@kgew sgnﬁ;aﬁécﬁgl ﬁ&hlg}/ycgfo(i’ﬂla]@eekeen

1, 3- pr opanedi ol r m'crodrgant sm_froman 5
18 Febr uar y - XSportafovhere &%é@ rﬁemy@bb/oz‘WA maes@yewg;eq@velaa@ommﬂm rate

i ug h as gl ugO&ﬁna{tatﬂé fipdarss u@aﬁcﬂude'ﬂhﬁ iy ;ﬁb&gs Cﬁahproﬁérﬁdﬂ@ﬁ'ﬂ yélddave been -
pr opanedi s r at { Vo~ st ep quenti a

reaction in vﬁ1£lgﬁﬁgg ﬁ §¥{3§{8'¢5’f?§§?@ }%flﬂﬁﬁ FP’V %tegggﬂfwgmg stigependent

dehydr at dfe) %ﬁmfﬂ%@lﬂghyg glyotrot andaglucast €Battsthalket al5 supra.; and Tran-Dinh

3- hydr oxypr opétfanabﬁgbm%e;)vm%t fot gmeiag esﬁezﬂa efhopgedi ol by a

NADH- (or NADP t OXIdOI’e uct a The conpl éxity of the cofactor
reqU| rements. %'E%Qg’égggf‘é IRt Y‘Eﬁ”‘a@-‘\ﬁ%‘”@%&"{mlbﬁ@ﬁm%@tnof or an

dtisgrlal prR&esspantdisit(I-Tt Thag %Dhﬂ&si&e{aﬁi&eﬂgysﬁmwaﬁﬁnfrﬂéd&&lﬁ p[OdSCt |h0n
-'o , 3- propa ved the
Stated brobt ool IRERATI bavEpeid pgped s i ABEmshAEDE ob Bl e ng o

f er ment aldibe cadighucosoon frectate by atregorpbinant F3cipr ivhiamvwdi bd)wa-ter,smgnl ficantly
hlgher titer g fe | e

m croor gani sn%ggpoﬁggdé&?gﬁtogg ﬁﬂ‘i}?&bs%ﬁ@o‘f’gbj%ﬁoggo %ga% ugoﬂ rl?‘s used as
" the nodel hoghese|systgng Sﬁﬁ?e@f‘:f@ﬁfgﬁlﬁﬁ@s psethe earbohydrate and s o, col i 15
expressing a @h@x&ﬁn@NP@ﬁ@%ﬂé@ﬂW@dmg bﬂﬁgﬂ@xﬁtﬁé‘arﬁ&ﬁforeélllﬂﬂ&t@)aﬁ@é‘dldr at ase

t ty, d {1 t t o
o dor etuct asBoUThae GGG Eht et SelsR o sniFe s GG roam g
gl ycer ol -2 phmedivas d3ejropamadiel.t gl ucose to- |, 3-propanediol at titer that
h h f 20 | h
approaches that o R, tgf"rh%(ﬁ{ré?ﬁiw %‘)m&?ﬁ@‘pgg‘#ﬂﬂk% unc% thf]ﬁlaﬂ n anot her

aspect of this inventl I'm nation ona aT gene in
this recombi relieergl orddydroxyacetans, fonl.3-peongnediolcsin sipglp jpreprganisay thef

I1 ngr g\r/ ggaggglalprésgéam&hméﬁe enkPing Hd&‘%é‘dﬁ%&ér?rgbeﬂ rs%@%slz%t Ir g eL C[ ?iﬁl E) fs in
1, 3-pr opaned%%@ﬁ%qﬁb@g’é%@gﬁﬁéﬁgﬁ%‘é (&St@]b%@én‘g B?R} fiti on may be
gener aIt I éﬂS?ppﬂaferblntpm the bmdgxcaapwceaeblmdltag sthe preductian of B,3¥Iﬁ?§iinbtgi0% )
cpnverte (o} I I I acC n nas ,a e

"+ oxi dation st al%gm% txé:regsl)ocerol %} Fﬁcgé.é,qmgi%%netﬁo?o "%ﬁgﬁﬁh%f Ocﬁl & 1ev551 &
compounds -at ﬁeheerﬁa@n@amuamnwartge-lutendvhmpaps:tometo (obtain ,

di hydr OXyaCGtPE‘? (ﬁﬁﬂ?ﬂ ‘ﬁ{e h¥&ﬁrf@ﬁﬁé‘r‘1@($ﬁ b?om@QFeBGﬁécP)FedTﬂyfclpd oduction
of 30 13propae al_ mnus strajn_requires non- eC|f|c
catal ytic acthaieh rmentat:ons of glycerol to 1,3-propanediol have led to ﬁnal titers of 65 g/L

30 by CIostrtdmm butyricum (Saint-Amans et al., Biotechnology Letters 16, 831
: (1994)) 71 g/L:by Clostridium butyricum mutants (Abbad-Andaloussi et al. Appl
. Enwron Micrabiol. 61, 4413 (1995)), 61 g/L by Klebsiella pneumoniae (Homann
. etal, Appl. Bierobiol. Biotechnol. 33,121 (1990}), and 35 g/L by Citrobacter
Jfreundii (Homann et al., supra). F ermentations 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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t hat converts 3-HPA to 1, 3-propanediol. Identification of tl%@{enz¥ 4
and/ or gene(s) responsi bI e for the non-specifi:c catal ytlé @8 hat
converts 3-HPA to 1, 3-propanediol. will -lead to production of

1, 3-propanediol in a w de range of host mcroorganisms with substrates
from a WOJH/12833ge of carbon-contai ning 35 -substrates. IRCTIES0R2304
~anticipated that the use of this non- speC|f|c catalytic activity that
-converts 3-HPA to 1, 3-prop ed| ol | ead tg an inproved process for the

6 18 Febr uar YP5pH! nEY WBSE’O‘FQS%?ﬁI% sugarse t Thsbiglpsical
1, 3- pr opaned pfdduéﬁimgl,y-gﬁfpahedim rélinkiyed ipbpord @s 2 Bbstrie fo 4 dwosstey  an

| rrproved tit e .resul ved Seo CS Th| s _activity has been
i sol at ed frogﬂé Htg%llrlgacn ngxwﬁ: ﬂgldgﬁg %Sefe Wp menon speci fic

catal ytic acBiydegendent dehydratese)eontents gb)fceﬁﬂ tmw::xpsry\pdlam onal dehyde to
1, 3- pr opagiedBHydrdd§ &ﬁﬁor@l&ehﬂ/& Sﬁ@h‘@tﬂ&?r&ﬁme& t@ﬁs- ﬁﬁJaﬁ&ﬁ&% gromthe

. group consi a ate cl ei c encodi ng al |-
a substantla?\fA'[Slg f mmﬁ@% ’58"%8}' é")B’P %&Q Pﬁ)emef@!;or ( b)- an
i sol at ed nucleguiremens nﬁ:d:eagmtthé bﬁtofla&wi&ﬂb&élﬁtﬁﬁtﬂl?dt lfor i ifidtsatal pocedsd. an = -
i sol at ed nuc 'tﬁtlfyésthfs ;é i ﬁ%?c%g)lg@ %|0II8'50I1 Ofslu?éﬁoga}terﬁ%l e|pgr ;L?S of

the am no aci d sequence o :
fragnent encodi ng a pol ypep WM no aci ds havi ng at

| east 80fg wi-t h th@xp%ﬂbd}&klﬁﬁb%lvé&ﬂié%&ﬁé‘d béﬁf%dd%é\ﬁe%uﬂvénm an isolated

nucleic acid fra nt .t hat bri di zes un br|d|zat|on

conditi ons oPf®! %fé?i"c%"i SB@%@?W%??& Wéﬁ’élﬁ@ irgpY >h°2x SSC, 0.-1% SDS
fol | owed by 0,3lpfoﬁﬁ@dlc®aﬂ5‘igmﬁa&ﬂya‘mghe('d)erdmnlgﬁ'ahaisﬁdolﬁalﬁé&mdﬁﬁllldné rﬁgmant
that is conp, 0 at the -
nonspeci fic ca Erﬁcrg)@l)\ga{us dlgéedr‘%gs(cj‘i)'sgg%s %“%dﬁls%%t% %rbc“ff é’yag set ou
in SEQ ID Nomzllasﬁhq:mﬂ@!rhpet demae n@ycwtblgmtenum,womh:mpmtgm@ t he isol at ed
nucl ei ¢ pei dexg réﬁwgmdﬁféeda@@oﬁ%%&g%ﬁémhtvmkbw&ehy&a% 5;& i,

regul atory seﬂgences This ~chireric gene can to trans

m ci roor gani 8 FEMIERtass reartivation fagtorgy b é’r%“ﬁ‘éiﬁ's‘?’%‘kj chse @(”P%B‘act er,
Ent er obact er glycerobB+phdsphiaie déhgdoiendse, andarghiaredl Scphosplatisepagsived us,

Aspergi | | us, ﬁ%Ss%ﬁéﬁoiTﬁ%g&eigf& O é@i&%?é‘@ﬁré?@%?&]at of glycerolto,

Zygosaccharoﬁyces -
Debar yonyces! 3wemnedmbfq;mgptgngns Met hyI obacter, Salmonella, Bacillus,

Aer obactgy, St repi@ﬁ&ﬁéasﬂ%%@@@ﬂﬂsqme%tloﬁrﬂe E’ﬁﬁHﬁﬁH@Bﬁt‘ﬁe ﬁﬁxcnﬁf?:il'dhb? the 30
preferred host. Accordin |¥ g Errfe@ent |nve ovides. a reconbi nant
m cr oor gani sBERe ‘Bélé‘Ftﬁ?cof’%f PHE g {SllBﬁstﬁm tb%g%’ﬁ@ﬂ‘i?ﬁ conpri si ng:

(a) at |east lgmogzﬁmholﬁaﬁfgiumeamalmaﬁ;wctedand‘raaserilgn@k mﬂmh 3- phosphat e
denyir ogenasEnBRLLY Entom) Bl 5 mBRS S BRLB T5PHL BRARRALYEE! 00 v 0
pol ypept i de hévprngarwddéﬁymgluwe activity; (d) at | east one gene encoding

a dehydrgg ase reaﬁwa;ﬂo@tﬁ@ﬁegem invBltiH ma nepdrng pﬁﬁ&%wﬁd@ene
encodi ng an non-specific catalytlg activity fici )
any carbon substrate that 1s readlly converted to 1) glycerol, 2) dihydroxyacetone, S

3)C; compounds at the oxidation state of glycero! (e.g., glycerol 3-phosphate), or
- 4) C3 compounds at the oxidation state of dihyd:oxyacctone (eg.,
dihydroxyacetone phosphate or glyceraldehyde 3-phosphate). The production of
30 -1,3-propanediol in the dhaT 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-.;3ropanediol will lead to production of 1,3-propahediol 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



7 18 February 2004 WO 01/12833 PCT/ US00/ 22874 convert

" 3- hydr oxypr opi onal dehyde to 1, 3-propanedi ol, wherein no f@rf@Pf"ﬁ%?OO%haT
gene encoding a 1, 3-propanedi ol oxidoreductase is present. The preferred
. enmbodi ment is a reconbi nant microorgani sm (preferably E. coli) where no
dhaT geW@Wd28FBesent. Optional ly, the reconbi nant -m cr o®CHAIOGASHhY
conprise 5 nutations (e.g., deletion mutations or point nutations) in

encodi ng s parSmeHBR 98 TRGPRATSg] Pomrccke o8 G Beareetope, b irke B e

encoding a- pamppapﬂitiﬂ@dnd\thms@hgrganprbvemwmnimgenase activity; and (c)

gene encoding a p@hﬁé’é‘o?{w{h?%aﬁ Q%laté&frﬁﬁ\df'}%%?% ucl'es‘-"”E fgﬁnaﬁ“ vity. 10
€s

I n anot her enbodi nent i nv ion 1Hc e sy roducti on
.of 1,3-pr oﬁaﬁyhnwne@ﬁmq@rwjalmaqgwﬁrmmﬂgonvamrmo&u tabl e conditions,

a reCOﬂblSHaﬂiydE)xyﬁﬂipiorﬁRﬁBNesﬂorl% @%ﬁ%x&l%%@é\:t iRBHQ IRFROMR Gt dkuncti onal
dhaT gene enc](é g%_ é\f— ‘gu nedr ol _oxi doreductase activity with at |east
one carbon Flegiroph teer S’ETé‘r‘%%fn source. is selegtied fromthe group
consi sting of 15 ncno@acmhésclaied?nucrhéwgﬁd&&gh&ﬂﬂdﬁ&d@@hﬂ%ﬁﬁﬁ@tmﬁﬁﬁ cand
si ngl e-carbon substrat es [

1, 3- propanedi ol produced °h dcﬂf(tml‘lﬁgﬂbn\glgn c|1‘%){3rrrl 5@%%?@3"‘3&2 a process for
the production of 1, &) peojwiaed vucldie asid fragmensrthatissmbstantialosigilar wm ,
conprising: (a) contacti agisolfie MREGERLAH Eﬁt%@@&lﬂ BPLQI slaifialPr esent

invention with at | east one, car bon 20 source sel ect e romt e group
consi sting of ‘nonosacchaPPgivso f8he 2080 cetdaequsace of TR &t i'des, and

_si ngl e-car.bon - substra@@smﬁimﬂataymﬂcléic@ﬁ@lﬁﬁgﬁéﬁt@ncbcﬁn % e o¥agl (D) -
.g_ﬁtronally recovering.th pr apane ;; Slmlaélythe

-invention intends to pr O?eaaffkga&u 88%'3 g%vr’ ﬂgaﬁfg%l{ﬁ 81‘“‘“03

1, 3- propanedi ol from-a retqanrﬁEQdEMﬁ@am sm conpri.-si ng:- 25 (a)

contacti g areconbi nagh Gh G{RREHAMGILN g E;.:'tﬁgé{ybﬂage%mg und@H'"ce;
&C

sai d reconbi nant mcr ani.sm conpr (.S ng ne éncodi ng a
.pol ypeptide having a deh?‘d‘"&@‘ﬁ%‘é’““&éflm@ﬂ%?f AXiSSG0-1Pe8D8, 6h&Cgade encodi ng

a dehydratase reactivati msﬁapmrzxsyt ,011% BDatfoliewed bPOaxesRlogeguUs gene
encodi ng a non-specific %ﬁoél%& acti vi ty sufficient”to convert

3- hydr oxypropi onal dehyde 3- propanedi ol ;; wherein no functional dhaT
gene encoding a 1, 3-@0opam¢htcd mwiﬂm:jmnéﬂagmwehatss pomepiementagaioda);ar bon
source sghected from t h?ﬁ&r Por{@)1SA ecé‘hﬂﬁ!eﬂj 1 r%grguée% Jica&%ilyt%b citivi

di hydr oxyacet one, wherei

dDr opan P’l onal | y
recovering the 1,3=pr opatfetmbadigsddn theew! YH?P('@QHS%IQ‘SIF§EQJQ¥02$8
01/ 12833 PCT/ USOO/AZ&ﬂEénP! ebneARay BEEoRERAEA c&'B% $ify tHeRARED ARLIAE g‘yllddes for

t he cofeedrr{ll% {)(Iil carbon substrgpg i.s enbodi nent for

producti on of!§m§ eéﬁ'é‘ﬁ%(ﬂ gve opafably dipkedito guitable ragulatory sequengrsa Trhé‘i:orrbl nant
E. coli wi thchinfdricgiens oanf beuset te aahddrntumiciroorganisms selected from the group

_?) 25 . consisting of Citrobacter, Enterobacter, Clostridium, Klebsiella, Aerobacter,

Lactobadcillus, Aspergillus, Saccharomyces, Schizosaccharomyces,

- Zygosaccharomyces, Pichia, Kluyveromyces, 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 forthe production of 1,3-propanediol comprising: (a) at least one gene
encoding a polypeptide having glycerol-3-phosphatc 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 least one gene encoding a dehydratase reactivation factor; (e)at
least one endogenous gene encoding an non-specific catalytic activity sufficient to
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wi th a second source of carbon, said reconbi nantE. coli ggph|5|qg§§§|) at
| east one exogenous gene encodlng 4 pol ypepti de havi ng 4 -
activity; (ii) at |east one exogenous gene encoding a dehydratase
reactivation factor; (iii) at |east one exogenous gene encoding a

non- spe¥WDfila283at al ytic activity sufficient to convert  PCT/AUS00/22874

‘3- hydr oxypr opi onal dehyde to 1, 3-propanedi ol, -wherein no functional dhaT
-gene encoding a 1, 3-propanedi ol oxi dor educt ase activity is present in
"t he-r econrbi penvert Behydroxyprapiensidehsids tei l:3-popreediol; wherein nyfimsionale | s

sel ected from¢ e%@da@n§gmetﬁb¢ﬂedlopax1aéﬁeaw@e létafésehthme piataeat one, and
sai d second carfhon source i, se

ected fro u SIStI
monosacchar FRRAIMSRE s 3 eqopbipgny B‘é"mﬂ‘@%‘&r&w B]gsbo e ag'ggar bon
substr at es, gerreds ()fb)sertth ©pfiolally, dpasatibihand mickoorginism may compnq»:et ionally,

reco"e“”:‘?j use &%%Yonﬁﬁué&&ﬁ%?hbﬂn‘tnﬁ'&atﬁﬂn% i6€etus gp s! ecombi nant

15 E enbadi enent rlse (a) a set

of  exogenotd W@mé%erpyp Fﬂ'@sl%‘lﬂg of:) (a) & gragpencoding @Eﬂlépe@‘lé%
pol ypept i degli@sonEinag a\éﬁeircyal(b)’ia e eRbatin: ﬂﬁ@fyﬁéﬂﬂﬁﬂﬂﬁﬁlgagﬂidemlt y, ( ii) at

| east one gene encodln eptide yin phosphat ase.
activity; %‘y(lf?ge?asﬁta ﬁ"é‘&’sla“‘é)i/fg gg%%f, ) A ‘%@F@é{:&eﬁ%dﬁﬁ ng the gene.
product s of tritisegphosplidtedisomefaxe aanvity, , dhaBl ; dhaB2, 20 dhaB3 and orj Z, and

(b) @ ogs of endBAGAM? cEBEerPAE G | NRNIdA 2% Rk ok B prodddBRL | VAt 19

t he gene the se con5|s ene en ypeptid

havi ng gl ycef bB-n@mgféOh@xmmau;g (a} F‘Pf)‘acémgelﬁléleéﬁ'é% etf‘g’néit}S’(S‘FWeptl de havi ng.
gl ycerol d?é%ﬂnbﬁﬁﬁf‘ﬁ&%h%&ﬂﬁﬂshg a diadedilbh Andlabk0L amwnawf@amhu pepti de
having triose hos{; |so activit éwﬁe ul reconbi nant E. CO|I/"3
strains incPH®s g’ﬂ °"d e Wﬁl"‘%m | 8B atIgass one £3f "E "(a) a set of
t wo endogensm&oageﬂmmmﬁmc:lart@erseurhamsegcmdﬁumﬁtagmupcrmsistmgbfng t he gene,
the set §:on\§f| ?&éa@gh i; Qx’xéo?ac&ﬁﬁﬂese@(e@gé&ﬂaﬁdes :%}ldyéﬂgié a;%oﬁ@ﬂﬁéﬁgte@- gl ycerol

ki nase acti e having a glycerol
dehydr ogenased &3optivn yreqsv)veaﬂgthedsl-p@nerwei@dge go(agene encoding a

POI ypept i.de. havi "me%lv)éﬁﬁdxpms@pmﬁﬁphﬁ}&egthd{gqgﬁd&ﬁan@ftl Vi tyI (c) at
phosphat ase | ACEPRREJILT G483 tepomBaRLIB TOPTgHcISD Camansinge COMBRASIRE E. ol |
strain RJ8ﬂceqawm5mﬂg méﬁﬁr@tsnﬂéfth&lp&eerﬁmd&ganmwhgmﬂmst oreaatbopene havi ng
a nut at i nact i v e_gene e gene
encodi ngga B‘Eﬂrﬁep%% ‘%%tdﬁ %’% %ns&lt’l %8? %@%@%@%@hmg@n *a gene
encodi ng a polyyzp:ebandsbe, dnd\smgje-earbgi substrates whénghy é@awapmedtﬁtllwl ty; -and
(iii) a gen i aseb |sorrerase
activity. 9%@“@%?&% 8o ggéﬁﬁ@@%%d};éﬁlgggigﬂgsc? fol%g%‘?a;&% a ﬁ{é?‘ usef ul
enbodi nent's i ncl el ﬁét’bﬁﬁ‘f?&ﬁ?n mtends 19 proyids i RIpegss fqrdhe prodyghionf oy ogenous
genes consi sntutsva ﬂ'fedlc(l'f&mﬁiréc@ﬁx%{naﬁﬂﬂmﬂ&ﬁ m%hrgﬂsxﬁgpm ypeptide having a
v

dehydr at ase ac t ast on ene_enc tide having -
gl y%:/ero&El 3- phospﬁ%?t‘é“@éﬁ‘ﬁﬁgﬁ‘ g’@‘“‘a‘?ﬁ‘?ﬁ%@}“srf‘lwlﬁﬁate\‘%’s?gg g@?{g Igene ving )
encodi ng a EOW,wpﬂpuaiﬂnhammngmgfgmsnmm@mh@phat ase activity; and (i v)%

at | east one gene g(rﬁcod ?88"36 é(n% %E&ﬁﬁ §§{P:~"~§ (?g?dgf’%%&{ggfa%g (b) at

| east one endogenou gene odP ng anon- Ivity to
convert 3-hydroxypropi onagtiktyyde to 1;3- propanedi ol ; wherein no

_ functional, dhaT ge W eNgOdh9nednetnPs ARG A @Ehratase 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).



oxi doreductase activity is present in the reconbinant E. ggl L 10 rlot her

embodientn is a reconbi nant E. coli conprising: -(a) a séBF§ "”a@&%@enous

genes consisting of (i) at |east one gene encoding a pol ypeptide having

“glycerol - 3-phosphat e dehydrogenase activity; (ii) at |east one gene

" encodi ngV@ 01y pept i de havi ng gl ycerol - 3- phosphat ase acPCVUSY228Hd (iii)

at | east one'-subset of genes encoding the gene products of dhaR, orfY,

orfX, orjwW dhaBl haB2, 15 B3 and orfZ, apd (b) at.least one
endogenous gene enc m%ﬂés%ﬁq E.B’cYquncPfeélésﬁf}n@%c%ﬂmﬂ’s convert

3- hydr oxypr oparboa bulshyide I thislerdbaaimgas ferihe produeigr 6f 173 peophneiisl] theal dhaT

gene encodi n 3" .0 ' : ARRE nt in the

r econmbi nant gtfs%%rlel‘ (Bfﬁﬁg&g%oao%f:%ﬁggg%g%%g (ft érgé %)\{mﬁ%/ogg%? QB g@ﬁ?ng a s

reconbi nant . Hithgiecons soneqe of carhen, Shidgeconshinans £. eoléoqraprising: AD ajdenst, each

gene havi Ng BndekddehUi} def@EddodRE 2 BolpeBtidERing H\§ehyRtatdsE AStivit 9 #f: (a) a

gene encodi ng a po eéfl de havin I'yGer,ol -kinase"act|vity.. a gene
- encodi ng a*pgqa?dgﬁteg‘g TQUYF5HG e@?‘i@%@%ﬁéﬁ'g{ﬂﬂﬁéﬁféﬂ&%‘é’ E,‘Yti?'(iilf‘},_t])ﬁ?ﬁi (c) a
gene encodi bge exqpehyysaehe eieollimgiangnispecifie phtalyrib attivitysaffivian e esivierti t Y.
Thi s enbodi L Eursher . inglu racess faor. the bi duction of
25 1, 3-pr opgﬁé figq%b%)ﬁb&rﬁafsdf%de ‘?g)‘""’g@ﬁ%“g‘é‘ ‘%‘m"gﬁe{ﬁﬁ"ﬁéﬁ% fg{'ﬁ"tog%‘ag'gzo &Mftions the
i medi ately Gﬂ@@lﬂ%&ﬂ@?ﬂ@ﬁmd@dw}we agtivity 1spreiseyd éit themecoodhitmtt sour ce

sel ectedjgrom W £l f I _ ';9&3?1 rides,
pol ysacchari %g&?gﬁgﬁ (@ﬁlggi-% cfg%tt?gﬁj oggoggggﬁs%g&t&hag‘gﬁgmg %‘h pr oggﬁg%li ol is
produced; - an8f slyssrob#id Ghedroxyacetens, ang said serend carbpn spucrcaiselectsd Babted in
(a).” 30 And dlesgoupcdndiitifg of hufidsacshafidas eligoshevhatides, pilpfacerhiatd, ang of

.1, 3-propanedi ol , cagnpri s - (a tgciing t rec n?_n . E. .col.j of t.he'

i fmedi ately OrSEr n@o % hﬂg%ﬁsn@h@? ?’ﬁgg 'P{?%f‘?\egi?"l p&cﬁ’ﬁ?# E’Z& ’(SiQPuﬁ?aliyeast one
exogenous gersowreddlhecaafasd may dptseqirenhaldrsgnueltanednsd Tk agmmbdnanyi ty; (i)
at | east {éne | | Vi Ch,f ign factor;
(1) ot T ear Mo aRa o B8 A o AR g R0 B " el v
‘activity to BYEFEPYS EEngseansitng of{ilal lesskaneaspe engoding analypsptidedadng with at
| east one cagt}@&osgtph@eptﬁ@ ®Rby@dgdrasnactViki(ifyabledstione g0 entbdiRd 412833 -
PCT/ US00/ 228 4 theibc@rouﬁ consi ?_SI fgﬁ' écter.o_l_ acﬂ&"d' |’11 dr oxyacet oEe, and
(b) opt | onal PYPERiS Y Ehieerol 2 phurlissme Ao pishiika: Ioat QueubiseoEr
iggg: _Fr>T| OGI @ene Ay higane profiQUEMCHABESTRI PYKONSIY, ANIBBHBILET CAL

e . ibWM ng _

det ai | e(?2 Jdeg’é@_"ﬁﬁdoﬂfz’%?g S%)?;@P%ﬁegﬁkléég)é ggﬁ%%%%a gg.geéere%gle'%%gn g{étsllc}:fri)l ptions,
and bi ol ogi cﬁ}a"“%%é“‘i gengnthe stspnsipieed 69 aganeengeding@rolmspuds gure |
presents thehgdng ghicadhkinade 0tivity; (1) Ngdntensedinga polyptptidedating glycResll on
ol ubi 6 pr ot BN eagerse ahibE AR LR BB EaB B R Pobe bR RE e cosantial 1y
as descri bedtiosephasplyite ispmeras¢ agjivityconst ant feed of vitamin B 12- In one

case, sobéd IinesystierebmBindnts $8/i ¥R sins HidRri! RS Ji dtfain t N Ot her
~ease, dashed_| i n'es,s th,g_ st"r'z;li n useci \/valg"3 KLP2§/ pAl 'g/ p%'?ré%l " ‘
. LP23 comprising: (a) a set of two endogenous genes, each gene having a

mutation inactivating the gene, the set éopsisting of: (i) a gene encoding a
polypeptide having a glycerol kinase activity; and (ii) a gene encoding a
: prol‘_y.pepﬁde 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 haviqg glycerol-3-
phosphatase activity; and (d) a plasmid pKP32 and a recombinant E. coli strain
'RJ8 comprisixig: (a) set of three endogenous genes, each.ggnqhaving a mutation
. inactivating the gene, the sef_ consisting of: '(i) a gene encoding a polypeptide
35 having a glycerol kinase activity; (ii) a gene encoding a poiypept_ide having a
- glycerol dehydrogenase activity; and (iii) a gene eqcbding a polypeptide having a
triosephosphate isomerase activity. '



15 Figure 3 presents a graph of the cell viability [(via :
cel I s/mL)/ OD550] conpared between two fernentations runggggg'é’ﬁm%ﬂoﬁy as
described in Exanple 7 wusing a constant feed of vitamin B 12. |In one case
(solid lines), the strain used was KLP23/pAH48/ pKP32. In the other case
(dashedWpi42833 the strain used was KLP23/ pAH48/ pDT29. PEF/USOO/ESGUr e 4

- presents a graph of the yieldof glycerol from glucose conpared between two
fermentations runs essentially as described in Exanple 7, but in the
“absence of vi tamQIhgqszﬁtbﬁmbgémmn@u@zrmmb@ﬁ@t%&ebcqmmlslag|(ahes) t he

strain usedsemw é%%bﬂﬂﬁ%of'(?ét en@é‘ﬁ&d aasgiwbe piiges) , the
ure

strain used,was AHA8/ pDT
i || ustrati ndeYHg F?:a‘EWEW & 2 P“ggﬁleo%”éo‘%f‘%aﬁﬁpﬁ?%g‘ﬂ%’&gol

Figure 6 is g@rémmﬂﬁ)spmm&dnﬂrdgenasemmht}t, Kiidi) ableastofe péretentadifg act i on

| on
(non- spedi 1 POUeRptR i REUY (o PEARABRANES fory B, aon W) ARACHES 38 0 1 0
descri pti ongneasting hdehselqu@weaqummon@ctartaad Iﬁbkﬂtﬂ@ﬁtaqn@ epiogenousgepky WI th the
rules gover @h&ﬂiu’iﬁ’ﬁh@ﬂ%&&ﬁi Ortﬂﬁ t@%r@cﬁm% (gﬂ &ﬁ%{eqw et

pat ent applications
for Patent 'A&QP@@&W@?I‘SW ﬁi“a'?‘ﬂ“ﬁ@“%l:ﬂ’@gf ghs eagRsing ‘P&?Rﬁnﬁﬁhohm no Acid

Sequence Di %ﬁid@se&ue&seaéth&y%mmmmak@mibnmmdu be consistent 35 with
Wor 1 d I el | ect u?h? ertﬁ %ﬁan Zatlﬁgﬂé ?{ St andar %ETZ 5f( 1998) and

t he seq nce |is dﬁ JPoHisR & T5rorp GOBPEFRE Y 8SELL 4

49. 5( a- bi's) exoganduSgenes constOBgad () Anleast ook géne dnsoditgn pnlypepﬂdeduavmg

St T Ut | ONglyoeS) SRANEAS Botbbrobinke BEHANY (BPRIND YR BRDIREY U0/ 22874

- Description COﬂtaI one er co nuc e Ssequerice characterﬁ

and the thipelypeRtidechavingrlzcarelr3 -amslnbata%,ei AFHVHE; @éﬂ!&éﬂlem opepubsetAft y wi t i
the | UPAC— Yeles eﬁb@d‘iﬁ@&lﬁiﬁge@l@ Eddhl@@@fHHaR\'l&i 1121 ér er , dkai, drap23021- 3030
(1985) - B ?agg ?e[mg l rnal 19Ii 345-373 984 ‘whi ch.are herein

i ncor po dpﬁé at %‘E 145 i"&‘ﬁﬁ?%‘??fg" H%arl?ﬁﬂ'lsg?ft‘ﬁcde sequence
determ ned fcamiptia atfvity tdconkend BihySaixlyplopamatiehyderto hspparedimd,ni d cont ai ni ng
DNA from Kl I I osystem New
raven, Cr)., Angpin n8 SuRARHITLT Shne StATEAT S ol P ottadrdlied |

corres pOI’IdI aglivhsie H@wenblnlhﬁ regembintnte] calit Ahis eprtgdimentiaiso 11101@\?8 2associ at ed
functional i tysceRORsi §0re€6ﬁB’RJaﬁté coh%@xérQoﬁi@n@nﬁg%%&t&‘eﬂgoéehﬁuﬁUC| eotide

sequenc determne‘gl Appli.cants,- &‘8 g}tlat he follo

bi ol Ogl q EER T4 Eﬁ‘IBQI‘WF&é “I‘Ié?‘ﬁ’é‘ ‘B‘I“’“t"ﬁ'é“% &8s elﬁcé%ﬂ'?‘sﬁﬁg e

I nternati quIa) Rene@Enchdinga pblypbstidodncing Ip:ferdvﬂkm@e a@im;wﬂb;wgﬁﬁwr t he .
Pur poses of P t nt Pr u t he _am no aci
cequonce defl %apf’@aﬁgﬁ%av’.sg&&“fﬁﬁ%ﬁ R Yl 8 L ory.

Ref erence _@esidjmaa ipolypEptide i@mn@épos;phosmﬁmanmrmrm@cl@lt}col i DH5a cont ai ni ng

ATCC 69789 18 Aprylis dABSdime illP@FthirARclRfestdroldss otithd bidpGRnQITa &”COd' ng

t he glycerol deh 1g{r at.ase enzyne
g y25 3-pro¥3ane iol compns%/ng (a) contacting under suitable conditions the «)

—+

immediately disclosed recombinant E. coli 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 (b) optionally rééovering'th:c 1,3-propanediol produced in (a).
30 And-also includes a further process for the bioproduiction of '
1,3-propanediol comprising: (a) contacting the recombinant E. coli of the
' immediately disclosed embodiments that firther comprise: (i) at least one
" ‘exogenous gene encoding a polypeptide having a dehydratase activity; (ii) at feast
one exogenous gene encoding a dehydratase reactivation factor; (jii) 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

10



transforned E. coli DH5a containing. ATCC 69790 18 Apri l]ﬁl%% 4t pKP4
‘containing a portion'of 25 Klebsiella genone encoding a 8@’?@@ at ase
enzyme E. co/i MSP33.6 ATCC 98598 25 Novenber 1997 30 gl pK nutant E.coli RIF
| Om ATCC 98597 25 Novenber 1997 The deposit(s) will be maintained in the
"i ndi cat WOMIB3Aat i onal depository for at |east 30 year BCHN80042BT4 be made
available to the public upon the grant of a patent disclosing it. The
availability of a deposit dges not constitute a |icense to 35 practice the

“subj ect i nvethd gaup fonsisting af glyrerek anddilsidroxyiagatens, gndith) eptipnally
gover nnent.- agédoPering thé'y, 3U§169ad%§fo¢bfhduceﬁ'|i§@) refers to the Anerican Type

Culture Collection integnalin _dena. \ 801: University
Bl vd., Manassas, VA 201182 : S i SESS @&i& S the- accessi on
nurrber to cul turesS BIOLOGICAS. BEBOSELS) 2004 WO

| 01/12833 PCT/ USOO&%%@JV%H%FQUI@%?E%}?C%S?}BW&J ﬁqyta]'lg?epr esent

i nventi'on provides for an | nprove |oconvert| rment abl e
car bon ‘sour c desripden;iKigures; @@%@'@W&ﬂ SAVGRSE ﬁgscapgipnfge@i iglogicabr gani sm

The method i admﬁgmtﬁmnzlﬁgml@ymlmmﬂcbntl ter,.yield, and cell 5 viability
as well as a decr '

si s dur. Al errre tation. g I|c‘)1{esent
i nvention i s based!®¥ B’éeis?ms Hﬁ(ﬁ?“‘fﬂ@aﬁlﬁg %%ﬂ?ﬂncio ﬁ‘ﬁ #Banedi ol
- fernentati onr@dmembebncplﬂiﬁﬂs%ng 1, 3- propanedl oI oxi doreduct-ase (dhaT) -
~are charggterized gy, bb ghcb @Y Eﬁg’ﬁf"fﬁﬁp u%@&hble?rfl@iﬂy@ and- ket ones
v

in the rredlurn whi I S corr to a ecreaseln lability. The
present *i nveﬁ?‘F‘B#efl?e‘éNe%% entationsapps esgentially ged ‘?fﬁ'é besiaExgmple fdi ng t hat

‘the. nodel hasihg annﬁﬂ{tlfeedl(ﬁ'vﬂamﬁbB?z ah one Base] $dliddings, it stidn used was

e

i nventi on i KIA2B{Add48pRBE2Y. i n part, upon the unexpected f| nd| ng that an

E. coli fgrmentat lytic
acti vi ty and I ackﬁ%ﬂéﬁjﬁkﬁ%ﬁ?ggaﬁgq eﬁgnébFlitZ[ |§1‘%§%}éﬁsﬁ” ?(ﬂ 5. ability.

during fer neReRPASA DEGEER FHY edeentﬁmnsnvwﬁent@ Y@éesaﬁ'eﬂdjpﬁﬁem
|1 3- propaned meihgtamaastmff@erdrﬁmﬁtaﬁﬁmn p[)mcms &asféf(ﬁmird IieB) tiR strhained waal ﬂhaT
n one aspec subst organi sm has a
20 nutation MF\%YH@{IW% Rthet Gepe ‘%@l?dgl g)ﬂ °fE‘§‘“p" ‘g di ol
oxi dor educt aﬁlPZéq;iAHélﬁlgDm conprises a non-specific catalytic activity
sufficie to con P&H% I n

Bb \F? dre 2 p%ﬁ%t?é#?gﬂ@fﬂk?ﬂﬂwg %]rgl from O%t%b%ﬁ 2bd

anot her aspect g ose’'l s trat rec coil is a
model host. Patvesn&wa esmeptations rups essentighy s dessribed wasgwio (duhbrtbe peci fi ¢

catal ytic actabgenbaosuiaﬁmﬁmgbr EseneRAY B 4. %nachsaieawm@mmamde to

1, 3- propanedl ol non Lfic ca activity is
an al cohol &'&%&?Pa@éwmé%a‘@? @%nggﬁf) P}? B’taf)w des a
reconbi nant IKLR:?GVpAH48!pDT29

25 F:gurc Sisa ﬂow diagram illustrating the metabolic conversion of glucose

j to 1,3-propanediol.
~ Figure 6 is a 2D-PAGE membrane blot with the soluble protein fraction

extracted from a band shewing endogenous E. coli oxidoreductase activity
(non-speaﬁc catalyUc activity) on a native gel. - o

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
(“chuiremerits 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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expressing a group of genes conprising (a) at |east one qggépencog(ﬂg a
pol ypepti de havi ng gl ycerol - 3- phosphat e dehydr ogenase act é t

| east. one 30 gene encodi ng a pol ypepti de having gl ycerol - 3- phosphatase
activity; (c) at least one gene encoding a polypeptide having a

dehydr MQH/12Bi vity;, (d) at | east one gene encodi-ng aPEEAISHN/22B3E e )
-reactivation factor; and (e) at |east one endogenous gene encoding an
-non-specific catalytlc activity suffi ent t 9, convert hydr ox

"pr opi onal dEAsreEPHSS contais ihe, alaf‘e'émw de, Fe?‘[‘ﬂesseﬁﬁ“é’t%ﬁhﬁﬁﬁF@@Fé%erts

gl ucose 35hfc@lét?c3¢6ﬁe@£ﬁﬂ%ﬁﬁh?h?6éas9ddﬁh5ﬁmido{nﬂm ﬂm&f\&bhEPAﬁ}DﬁgB O];m thi s
i nvention i,m n 0 nct,i,o. e in i s reconbi nan
E. coil prcféq‘"(é s dfsciibed RgVigeles 'HsP{} é%?gﬁﬁér} 0/ 22874
unexpect ed| Biobheghienl Joirmeak 2 kX 345 3733(1@|Sd}mlﬁcblara‘lremm gicormsated hpn previ ousl y
attaineqg. The present invention provides an inproved nethod for the

bi ol ogi cal ~ pro tction of 1,3-propanediol froma fernentable carbon source

inasingle5 m&EQHP@HM§ﬁmtamﬂmmm&‘§p@tﬁeqe¢ncpldeteméf&omM%dthbon an
. inproved pmgaﬁqragnkhﬁ&&arpmqwmafcoﬂhiﬁﬁ%wmr&n%@&s@mnedI ol ‘i's

" achi eved by the us croorg g a host E.
col i transf-‘B‘reH‘Eﬁmﬂfe)r ﬁ’é‘e‘g ‘%E@@?@ﬁ\%ﬁ!ﬁ'&m’ %"Vi‘ﬁ% gg&b dM%enes dhaR,
orfY, dhaT, temmeidpHK2899. TSl furtlith d&83ils gdnaforrespdnding basepdirst hese genes

arr anggﬁl ! qdé&lﬂieﬁ%ﬁu&@@ﬁtlb%@rlgQﬁ%%sg&éiﬂgd cﬁ?#h%““ﬁ'eé dls szﬂn RS

Kl ebsi a pneunDnlae I neg at| pfocess is °

signi ficantl y hi 1D NQ4iB7 gontains ﬂ@rnupleewmgmcpég@m@edf@ryq@ simlar
fermentation.. ThAgplichiRs BRI RiMe th@fdlmlmxbtb@was@egaéxtén!&ﬁiepﬂx%&aan% #DT29 as

-descri bed i ect, 0 he present
nvention, e Eﬁﬁﬁaﬁrm%@a%@ggl Regp8iinen Shw Hege of Micter D
1, 3- propaneﬂgmhsrﬁs‘fmrrﬂ@mmeso@mh?mdum& ng a reconbinant E. coli '
cont ai Ring - gene ase, and a
dehydrgFase reacssfﬂeﬁ?l on§§ %Epglgﬁa%g%gc?g&@gnéeg%g%nﬁy ng%ﬁfr)ecorrbl nant

E. coli containing genes -encoding a G3PDH, a G3P phosphat ase, a

dehydr at ase, ®epoketoytleatiieationeact i vat i.odnflddgpositorind al so a functi onal

dhaT. The dramat i ®efdrenc20 i nproved procesBedigiatios onDate efildkppsitous gene
encodi ng amﬂsfmiﬂ‘icshmxﬁwmmn%ctl VIATCCEIPELt ety Agripe99s al cohol
dehydr ggen mg\@bfcmeqqebgfeﬁgggﬁom@ coll. The dramatic inprovenent in

t he process Ln 1,3-propanediol titer as
illustrate §d1 nﬁm@d%dﬁ@%%nprovenent inthe process is also
evi dent asadcre e i |l ysi.s as det t he extracellular 25
sol ubl e -pr dfaEsierR ?e?ﬂl‘hﬁgﬁr?"i‘ ‘T’Ff-’e ferrﬁa ‘211552%3 Mpﬁﬁgggaspect of the
i nvention .@swtmﬂ%c&p@wm&aw@m@ 2. Additionally, the inproverment in the
proces@5 i Klebsielbagenamegnoidingiediotel | viability over the course of the

f ernent at i ofehydratase erypect of the invention is illustrated in Figure 3.
Furthernore, the inprovement in the process is also evident as an increase

invyield |8 &;Meb33.6xpressing a 30 1, 3-prepapssh ol xisnadvssgse (dhaTy:
- (for exanple, I. 9‘? KLP23 transfornmed V\A@E ﬁgehpl asmd pDT29? gl ycerok)

can be_neta zed t ct other th rect co st, in E.
col i ngge ﬁ?ké‘é‘f% E.ch?_h B&%‘c’w@anedl ol 3‘?5%&«5’55&{ as & CERPe E?%éﬁexarrpl e,
E. coli KLP23 transfornmed with the plasmd pKP32), gI ycerol i's not

net abol i zed to &ty degusii(s)otilieve rhdinmindd kiPthe iddiedted hit@national 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  withthe ATCC | - :
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- ..abl e.to“use

35 cryptic pathway -is attributable to the presence or a e _of
"functional dhaT is denonstrated by the | ower yield of g|§§8$%’r’=‘%?r@r%
glucose as illustrated in Figure 4. 14 18 February 2004 WO 01/12833
PCT/ USO0/ 22874 As used herein the follow ng terns may be used for

’ i nt er pr eW0dB33f the clains and specifi cation. The t'er RETAUS00/22874

"gl ycerol - 3- phosphat e dehydrogenase and "G3PDH' refer to a polypeptide

responsi bl e for an enzmﬁ, e ,\fléﬁg 1.[ C. ﬁllr}‘ﬁe version of 5

" di hydr oxyacet one- phosp alk o6 Oue. =3 (G3P)..In vivo
GSPD]IC-l mtay be NADH’IhN@EEHit mtnm:degdemﬂnah unmad §me§sffbﬁhibbqntventﬁ§er ring to
a cofactor s e terns

" NADH- dependgg“%lJIt yCero -51% Hl%edﬁ&?@qg y%rgg eng)gg%ng dependent '
gl ycerol - 3- pnugrphmamsmeﬁlsb@rr@@bmgg@harmt@nzemwmmd@m yelcandyell3- phosphat e

, 10 dehyds ogeﬁeﬁﬁy a¥vell a8 detzesde m°§eil'l si$ &urﬂ%nl%ﬁﬁéﬂtﬂtldxhe case that
NADH- dependent Ll.gﬁNADPH- dependent ycerol - Eghate d hydrogenases are

BIREPBRY H?'é\s “Rqrb % he gene
encoded by g pﬁA;)rppaxteﬁml famentafifiDbtodespasrdeprismgd , Npidphhetiiglendent

gl ycerol -3- pB%B&%haased@ﬁ%‘@ggaﬁ& %di)yﬂlﬁho degswrﬁfﬁmgﬁﬁab'y The

NADH- dependent enz exa by several

genes i ncl udpldgh @Dﬁn‘i @tﬁmnkthezwbw lephl&ﬂoneh@f@@eimw inzgi6ox 1), or
- GPD3 ( GenBankiaGRR¢ 1883 preﬁlernt 1%&1@@5@%d5§?ﬂuﬁ0&eme dependent

(EC 1.1
To7011. 19689%@@32%&31%‘ Rdel Bp gfggzﬁ?f’ ?éfﬁg’ﬁ’@A casﬁenagﬁ%&m (EC 1.1.99. 5)
- is encoded by,3Gfbpar8io] B aBamdogZdilB Adn-dBdcifiocatalypdadtivity Bapdbl€:if1 7838) , or
“Berei n | ncor coy ST > Ryt ChERmILIASERN, Tt AL A br O Blich) C7 €
"sn- gl ycer ol 1sFughey , HEpart, upen ﬂw@nixr@ptyéénémgph@@prﬁamls caﬁdfm G3P
Phat " cat af v: g“&iﬁé""i‘%ﬁ‘@‘é‘?“"ﬁf‘é’i i °a?*2¥““§"“"ﬁ°“§*’“ ’;“f““%ﬁ?““%“%?‘”e aetivity
yZﬁ \ersi gb - D
l'ycerol and IPFLFGH B BHERSEHGEHbYiabi e on 2ad B def Niglst
gx;rrpl e, by Gt%?sﬂ?c(/cﬁenagmkf E&-ﬁ&f}ﬁn&ﬁﬁ)tharmfen@iﬁ&nérﬁpﬂ%sbombﬁﬁﬂgaxll) (see
- WD 9928480 a.g%lcgrlﬁﬁaqr aRopes t herein, which are herein incorporated by

reference). e term"glycerol kinase" refers to a _polypeptide
responsi bl e for aflnoraspest, glyesieliis § modeltsubsitaie, hehost microorgarisr han aof

gl ycer ol >and pfil&idnQn 941 QHha'i‘sul?HG?aPﬁﬁ%e% apq BA*BP a@&?ol*bk%r&ﬁ@(agéf
phosphat e donoy ATP na | aced si ol, Ogl? . Substitutes (e.g.,

phosphoenol p??tﬁ(}ﬁ’t O“R%Pﬁ"dg‘% Cff‘%‘geg e Bty su e IARPIVELL by GUTI
(G]enBank Ullﬁ ﬂ&&ypﬁp@bxﬁld&Kyde@SﬂBapf@pﬁﬁdiol 1312&1%1@%@;&(:&\%@&8&&4&0 and
references therejn L ch, are he cor te refere 15 18
Febr uary 200898 DpPIdn S RESnDRT /5 seh RORAMES: 1Rk SRLCR"E

. comprises an endogenous non-specific catalytic activity sufficient to convert

N . 25 3-hydroxypropionaldehyde to 1,3-propanediol. In one embodiment, the non-
) R specific tatalytic activity is an alcoho! dehydrogenase.
' :In one aspect, the present invention provides a recombinant E. coli -
‘expressing a group of genes comprising (a) 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
S 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 non-specific catalytic activity sufficient to convert 3-hydroxy-
. propionaldehyde to 1,3-propanediol; use of this microorganism converts glucose
35  to1,3-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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The term "glycerol dehydrogenase" refers to a pol ypeptid esponsipl.e for
an enzyme activity that catal yzes the conversion of gl yciﬁ”g?grp ryséd& e
~di hydroxyacetone (E.C. 1.1.1.6) or glycerol to glyceral dehyde (E. C
1.1.1.72). A pol ypeptide responsible for an enzyne activity that catalyzes
the corWe012833 of gl ycer ol to 5 di hydr oxyacetone is al sS®CT8iS€¢2BM to as a
- "di hydroxyacet one reductase". dycerol dehydrogenase nmay.. be dependent
~upon NADH (E.C. 1.1.1.6), NADPH(EC 7 or. ot her cofactors (e.qg.,
"E.C. 1.1. 9QWCCt@IMWHE%ﬁHBEWTO@P%@#@m@@W REY®WY encoded, for
exanpl e, . byatslsbdy. (GenBank U00006) (see WO 9928480 and references there| n,

whi ch h t b f h h t

T e LB ot e B R b 5 BR8P AT, 125, e
t he conver spoductionsofdl,3~pmpahediotdiont a fermentablescaghondgurce ina smgle

3-hydr oxy prﬂﬁare&ghﬁ%%yqsmggg e&thﬁﬂ%r@%ﬁ?ﬁv@ﬁﬂ&d"ﬁn m@e&i peoeys%ﬂ on the

dehydrat ase enzyrnes 1 nclud %Zycero draf as 1.30) and a
~di ol dehg}’&rcatl‘éﬁ&m(‘ of glucgseto ] Pangdiohys aﬁh@l”éﬁ’ PEH“'S‘&E§fﬁat es of glycerol-
-and 15 1, 2- prepbiedi xﬁtcmdrg&ﬁaﬁt:bmphsing ehog . icoli tﬂﬁ&fysﬁﬁéﬁ wiiktenzynes have

been identified in K ebsie 3 aet er fr | I
. Clostridiu 6555 lgﬁ’f’f%‘fﬂ’rﬁ'e@ ﬁgﬂgﬁl ggnefﬁﬂle’r?ﬁlﬁlf% %ré}'(,lar ’s‘?’é’lBr’a oxyt oca.
| n each cas@éhaRd;dhaBlapd vgflaslh these g@mmedinmrsemeﬁMMSammenl arge . or

"at subyi t g folfd if?@ilﬂ@}rpe%lebézellasﬁmuﬂbhme AMfle 1iRkF oBffHed fOF they ™ Subuni t. Due .
to the wde _variation i ene nonencl ?hure used |nthellta§rure
The

conparat i ve eémam@u%p@rcv%ﬁs Flﬁmf‘%‘}tb’ higheg than oy, titerprevipysly repprt
genes are aiffilafl @fehaden.| thﬁ:ﬁpro@&ﬂéﬁﬂréhes%ﬁhehsﬁf thé plastafd¥r2d cr obi-ol _

Rev. 22, 553 199 n Bi ol . Chem 274, 3372 oy
(1999)). Ref% %FHBJ%‘B%PE @X"dg@ff’é%pwbzcodl ng the large or "a" subunit Of‘:“;s-)
gl ycer ol “ déhydr aimamthar@bpedofthe Bl sery linkanton] adetBer igypnesdenass fog t he

medi um £5 Oﬁheﬁ,%&gmﬁ 3l rﬁ*ﬁhﬁﬁ&aﬁé’%@ 1uc9>§9%ac dﬁbﬁﬁga?&@ﬁfﬁu@aﬂ?o‘j' ng the -

smal | or ubunj t akE. "Also referring to
Table 1; geﬁe@f’h LB BEInG gengfeenredinga 6 aﬁﬁﬁm‘i“{s% A RrEhyEaes at ase

i ncl ude pdugn@adeldiedase reitivatiRNaoor Sinpded Rdprotessusinga réeombindnti ncl ude
pddc. 16 Tstreaif oy risBaE A o) *&%iﬁg b 3 3 il iR L= N
dehydratase reactivation factor, and also a functional dhaT. The dramatlcally
20  improved process relies on an endogenous gene encoding a non-specific catalytic
activity, expected to be an alcohol dehydrogenase, which is present in E. coli.
The dramatic improvement in the process is evident as an increase in
~1,3-propanediol titer as illustrated in Examples 7 and 9. The improvement in the
process is also evident as a decrease in cell lysis as determined by the extracellular
25  soluble protein concentration in the fermentation broth. This aspect of the _
"invention is iflustrated in Figure 2. Additionally, the improvement in the process \j
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 ;Srogiuct other than
- 3-HPA. Indirect 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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by reference).

_ As used herein the following terms may be used for interpretation of the
¢laims and specification.

The terms “glycerol-3-phosphate dehydrogenase™ and “G3PDH” refer toa
polypeptlde,responmble for an enzyme activity that catalyzes the convers_lon of
dihydroxyacetone phosphate (DHAP) to glycerol-3-phosphate (G3P). In vivo
G3PDH may be NADH; NADPH; or FAD-dependent. When specifically.
referring to a cofactor specific glycerol-3-phosphate dehydro'gcﬁase, the terms
“NADH-dependent glycerol-3-phosphate dehydrogenase”, “NADPH-_d@PGndént "
glycerol-3-phosphate dehydrogenase” and “FAD-dependent glyceroi-,3-phosphatc

- dehydrogenase” will be used. As it is generally the case that NADH-dependent.

and NADPH-dependent glycerol-3-phosphate dehydrogenases are able to use
NADH and NADPH interchangeably (for example by the gene encoded by gpsA),

- the terms NADH-dependent and NADPH-dependent glycerol-3-phosphate

dehydrogenase will be used interchangeably. The NADH-dependent enzyme

(EC 1.1.1.8) is encoded, for example, by several genes inciuding GPD1.(GenBank
Z74071x2), or GPD2 (GenBank Z35169x1), or GPD3 (GenBank (G984182), or
DARI1 (GenBank Z74071x2). The NADPH-dependent enzyme (EC 1.1.1.94) is
encoded by gps4 (GenBank U321643, (cds 197911-196892) G466746 and
1.45246). The FAD-dependent enzyme (EC 1.1.99.5) is encoded by GUT2
(GenBank Z47047x23), or glpD (GenBank G147838), or glpABC (GenBank
M20938) (see WO 9928480 and references therein, which are herein incorporated

rs

sn-glycerol-3-phosphatase”, or

1 &L

The terms “glycerol-3- phOSphatase
“d,l-glycerol phosphatase”, and “G3P phosphatase” refer to a polypeptide .
responsible for an enzyme activity that catalyzes the conversion of glycerol-3- -~

' phosphatc 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 _

The term “glycerol kinase” refers to a polypeptide responsible for an
enzyme activity that catalyzes the conversion of glycerol and ATP to glycerol-3-
phosphate and ADP. The high-cnergy| phosphate donor ATP may be replaced by
physiological substitutes (e.g., phosphoenolpyruvate). Glycerol kinase is
encoded, for example, by GUT1 (GenBank U11583x19) and glpK (GenBank
L19201) (see WO 9928480 and references therein, which are herein incorporated
by reference).
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The term “glycerol dehydrogenase” refers to a polypeptide responsible for
an enzyme activity that catalyzes the conversion of glycerol to dihydroxyacetone
(E.C. 1.1.1.6) or glycerol to lecerald_ehyde (E.C.1.1.1.72). A polypeptide
responsible for an enzyme activity that catalyzes the conversion of glycerol to
dihydroxyacetone is also referred to as a “dihydroxyacetbne reductase”. 'Giycéfol
dehydrogenase may be dependent upon NADH (E.C. 1.1.1.6), NADPH
(E.C. 1.1.1.72), or other cofactors (e.g., E.C. 1.1.99.22). A NAD'I-I;dependent

‘glycerol dehydrogenase is encoded, for example, by gld4 (GenBank U00006) (see

WO 9928480 and references therein, which are herein incorporated by reférence).
- . The term“‘dehydratase enzyme” or “dehydratase” will refer to any enzyme
activity that catalyzes the conversion of a glycerol molecule to the product
3-hydroxypropionaldehyde. For the purposes of the present invention the
dehydratase enzymes include a glycerol dehydratase (E.C. 4.2.1.30) and a dio!

~dehydratase (E.C. 4.2.1.28) having preferred substrates of glycerol and

1,2-propanediol, respectively. Genes for dehydratase enzymes have been
identified in Klebsiella pneumoniae, Citrobacter freundii, Clostridium

pasteurianum, Salmonella typhimurium, and Klebsiella oxytoca. In each case, the

“ »”

dehydratase is composed of three subunits: the large or subunit, the medium

“ 3y

or “B” subunit, and the small or “y” subunit.  Due to the wide variation in gene

nomenclature used in the literature, a comparative chart is given in Table 1 to

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,

(13 ,‘,

3372 (1999)). Referring to Table 1, genes encoding the large or subunit of
glycerol dehydratase include dhaB!, gld4 and dhaB; genes encoding the medium
or “B” 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 dio! dehydratase include pduC and pddA;

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

&%, "

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

16
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d . _.ada c 00O P,P-n o (A3z 94.94~ U 17 ebr 2004
WO 01/ 12833' PCT/ US00/ 22874 d ycerol and di ol dehydr at asé&&F&’aﬁ(&:t to
.mechani sm based suicide inactivation by glycerol and sone other substrates
(Daniel et al., FEMS Mcrobiol. Rev. 22, 553 (1999)). The term

" dehydr¥OA3/8283%act i vation factor" refers to those -pr.ot &CAaISPEEdhsi bl e for
~reactivating the dehydratase activity. The terns 5 "dehydratase '

reactivating acté ity", "reactivating the dehydratase activity" or

""regenerating th YY&@W}/ ddighdelydratases yre splipeht meghamiempasedsHickisn of
converting iactivatleh by gBicamR aldiontedthed sbstat PGl QFEMSSMipbSial e to one

capabl e of gat 3l ysi,S upstrat,e .or. to E nonenen of. i nhibiting
the inacti \,&m g#f 5(35#3 gg%éﬁygﬁ%gggesﬂ}xd%@ gﬁ%@%ﬁ%f"’igﬁtgﬁﬁ‘?sﬁg t he -
usef ul hal f proteires re$pankiblediohyelciinating thendehydratase d@ivityy The Taomspr ot ei ns have
been identidy ' sl » gi,gé%r' - tivation factor
(see V\D%gs2}%&%‘?@?%?&?8&%glz:a%gg’_r"g?%&rcgﬁ%te tﬁg?ﬁél n, \/‘?/nalcg:_l ' aér_re herein -
i ncor por at edeggperating thadehydrapase petivityt’ refers to Signhanomenanof canvertieg 2, J Biol .
- Chem 274, dchgdraidsé A8Eapable éf Sy SR oS4 s@fstrafe to ode BfabRIdfRhtaly3B bf 24110
" (1999)). Referri ng %0' _TaBI e 1, gegﬁ_‘i.bemco : |‘n'gqcan'e. of ftagcf g‘ﬁ{ot ei ns incl ude
orJz, 15 dn¥B¥TAgHFodhe pReperaFngH ghNRIbIGE e ipachyaiqnpliadehidipiase ar genes
-.encodi ng t hihe phamonthonfof extending therust fal hqif-lifmbﬂﬂeddtﬁdi@tasarghﬂhne.gdr B, pduH
and ddrf T, URiBBrotdind i PRAR EilBhie £ BRAEANGHATEs the dhngthb@BANCd! Ol
reactivation factor (see WO 9821341-(US 6013494) and references therein, which
are herein incorporated by reference; Daniel et al., supra; Toraya and Mori, J. : _
Biol. Chem. 274, 3372.(1999); and Tobimatsu etal.,, J. Bacteriol. 181,4110 : [A}
(1999)). Referring to Table 1, génes encoding one of the proteins include orfZ,
15 dhaB4, gdrA, pduG and ddrA. Also referring to Tablc.l, genes encoding the
second of the two proteins include orfX; orf2b, gdrB; pduH and ddrB. -

The terms *1,3-propanediol oxidoreductase”,

1,3-propanediol -
dehydrogenase” or “DhaT” refer to the polypeptide(s) responsible for an enzyme g
activity that is capable of catalyzing the.interéonversio'n of 3-HPA and '

20  1,3:-propanediol provided the gene(s) encoding such activity is found to be
physically or transcriptionally linked to a dehydrafasc enzyme in its natural (i.e.,
wild type) setting; for example, the gene is found within a dha regulon as is the
case with dhaT from Klebsiella pneumonia. Referring to Table 1, genes encoding
a 1,3-propanediol oxidoreductase include dhaT from Klebsiella pneumoniae,

25  Citrobacter freund‘ii,.‘and Clbstridiuhi pasteuridnwﬁ. Each of these genes éncod_é .
a polypeptide belonging to the family of type III alcohol dehydrogenases, exhibits )
a conserved iron-binding motif, and has a preference for the NAD*/NADH linked
interéoversion 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 etal., FEMS =

30  Microbiol. Lett. 154,337 (1997)). Enzymes with similar physical properties have -
been isolated from Lacrobacillus 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 enédciiné various biological activities, including but not lithitcd-.to a

35 dehydratése activity, a reactivation activity, and ‘af_l ,3-propapediol-oiidqreductase;
Typically a dha regulon cbmpn'ses the open reading frarhes dhc'zR,“_or:ﬂ’,' dhaT,
orfX, orfW, dhaBl1, dhaB2, dhaB3, and orfZ as described herein. . - .
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dehydr ogenase” or "DhaT" refer to the poI ypept i de(s) resggﬁ !ébl e% [y an
"enzyme activity that is capable of catalyzing the inter FRHEYOT of  3- HPA
and 20 1, 3=propanedi ol provided the gene(s) encoding such activity is found
to be physically or transcriptionally |linked to a dehydratase enzyne in
“its nat uW@Io1(1p83d. - wild type) setting; for exanple, thePgEMSOI/RsTOUN
-wWithin a dha regulon as is the case with dhaT from Klebsiella pneunoni a.
Referring to Table 1, genes encoding a 1, 3-propanedi ol oxi doreductase
“include dhaT fromlIke tdrmi ‘ebh-apguificicataldeact¥ity Crefers athe golypestideds)i , and

ot oy o SRR By Ao W A M LR,

conserved. i PbAtHihand 3rﬁ§@l?aF!Edlah§1dI‘F@§ClﬁCﬁ}i]{Ye€Pféhldntb froopanp@oINAD+| NADH.

linked int ebﬁﬁ%@ﬂ&b@gﬁf a*zgzg fhese e&yﬁwﬂemw dewa&lagéﬁgesasdcw' n, J.
aya

(1998 | ahd EROPESER I RN L P

Enzymes w th tcsﬂmlhsasuf:b lay EADadT FivNp ek penegs) lf@nmmrbspeaﬁba[dohbled from

Lactobacillu '§‘éﬂ’§ nha and =~ -
Foster, Appl ae@{m &;?/Ilcrg{') qﬁc& 28%?%?8%%{5@%‘:&%&% "dha r.egul on”
refers to a §‘§F‘B‘P §§B¥9F Sithin theanigroosganism Eaen/nLP23}.ames “encodi ng

vari ous bi ol ogi Cafrhacddn\gf‘ﬁ.meﬁon”ldic‘hn!@ln&gfubéﬁon"@éfe} !ofthé @éialyﬁ@aéh Va9 of o
dehydr at ase. ctivi tYin tivation acil Vi t g o]ranedl ol

oxi dor educt a8e " @EF"%@ GRHBY THHTEN ' e?‘ﬁﬁc ﬂg‘ﬁ TE4HORy franes -
dhaR, orf Y;: lﬂ‘laimdersiowq,hatﬂubh\#n déctiniBly, maphariply tochmB3iondn dquilibfurasvidescr i bed
herein. 18 1l Cpﬁ@dd&ﬁf}ﬂ of ity éigdgétl ojr%ﬁgs?raP ql;é Qécgﬁéﬁsﬁlcﬁ % uithble

~"non-specific catalytic actl s to ‘the polypepti responS| bl e
“for an enzyn€oRYeNSi ty that is suffl cient to catalyze the interconversion

of S’ HPdA a[ld 1(3) Wh@tb@llﬂeﬂ?d)&p@ﬁde’sﬂﬁmpfrét@ﬁf’laklﬁéclﬂiirl!é}eﬁm% eabrp opanedi ol Such
oxi dore ase( s ca Se .ehz are al g enases. ucn
S ensynels mayt ) TIPS encton UBSFHE A B R B AR IHE PRI BER ot

limted to tamableed bswghnei@oﬁmw hédyMicraogenis(s of flerpresentinveriiaaiahd ¢
al cohol - - deB%ﬁE&Qﬁ?@éﬁfwé&mﬁ&s sau@@%fﬁoﬂ{ﬁsg%qg'c%m&t gb& endogenous!| y

encoded and " functional . expr.esse e-m.cr ani sm E. coli
KLP23.. The - tE’r"ﬁﬁsacFllﬂ‘i’éﬁ»SHg"SéPc agdss, pRlysasgharidesy anﬂ@fl@wc NSRS 8F vt i C
activity of mifturestheébfenzynme in altering the energy reqw red to performa

- specific d:hem cal e ecti n. It, i S éj\#derst ood. t hat tj an acti.vity may
apply t o4 reacti 8 PPl 9 nho apgrooraanisay JafSE I HIITPOTERRIMB, * pr oduct
or s ubst r at ecamaplend repctvbngploreige dr hetereltogous geanes and oftaxgiessiog thosd gene!ser s

" pol ypept i deg, d&B@ucc%%ﬁbé"gcn@r %dﬁ%@d i nterchangeably.. 15 The terns "carbon
substrate" carbon source” refer to a carbon source apabl e of being

net abol i zedby host herieemg ologeisn goRs™ offoreign %Néé’e‘ﬁletqrﬂ%@ﬂslﬁﬁcaﬁ@
particul arl y“m&rbmgomNme&efsﬁ{oeg&eﬁc ﬁfatbﬁhlﬁh@wﬁ&&blﬁé AR thAGadf . -

: rmnosaccgf E 190998 ace ari des . cchari des, one- ¢ lgon

e borrares’ P pidkel SRRE £ B gPER AR Pl Fenn Thecie SEntafiss

M cr oor gani-smayibe fRenaturadlyocruring@ega rai rantated apad) loe a snthetivegeneng f or ei gn or
het er ol ogous, ge”e%hé;}‘?me‘uﬁéﬁfrﬂéﬁbﬁ‘%h?éﬁsfgmsrefknﬁto%é’ Gfiddh @ctive gene

product.. The ter n gene t' ér ol’'ogous gene" and
: new genes in a cell after thc mcorporatlon 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. . : : : : - o .
The term “genetically altered” refers to the process of changmg hereditary
" rhaterial by transformation or mutation. :
‘The terms “recombinant microorganism” and “tIans'formed 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

19



"het erol ogous DNA" refer to genetic nmaterial native to O%F%{gg\& t hat
has 25 - been placed within a host mi croorgani sm by vari he gene
of interest . my, be a naturally occurring gene, a nmutated gene, or a '
synthetic gene. The terns "transformation and "transfection" refer to the
acqui siWOM/133 new genes in a cell after the incorpor aPCOHBVSBH228Yk]| ei c
-acid. The acquired genes may be integrated into chronpsomal DNA or
-|ntroduced as extrachrompsomal 30 repl.i catlgﬁgz uences. The term
‘ Jog

"t r ansf or nafAthydeqeepase(GPPA) ghicsrpldrphosphatase ( yearpkdehydratase t er m
"geneti cal | giraBy, edi&diz dndidREB3), @eﬂyaﬁuee o6t Gatioh fEIG B ZhnA S AT) dnd" Y .

t | t tl nbi t
rr]nnc(ra(r)l)(riganl QPﬁE %&ﬁﬂqgﬁaﬂgﬁgﬁ’h@gﬁ é?&ﬁﬁe}}g‘fen{f%r %Bmaﬁco% ggr gani sm
havi ng. beem 3tprapmiedmlrﬁdrmmtwblh edrbomosubgtraies. oA pfe:femdymmnaent ipanextra :
Fobtes, o NETBhORRR e S TIRE oL REMIPIARAL o Tt oﬁﬂﬁ%’ﬁosp pif the present

I nventi on express oregg g@res enco ate 19 1 8
February 208ucro@sganismpetber tharEsdipmay alse bgdiaysfermngd e sentamrpe

glhygggol d3h81§@l§fﬂaaéeﬁ§§mﬁ@?§%nef€}ﬂ‘aﬁﬁ?@s aﬁeﬁu?gézum zﬁ:u]y( fEhe dhatBZ anlolI
aB3)-, .de ratase.r | act or r or optionally

e or opanclRROB Rt it Adid | dharppatediols wei A Re Rt RS-

1, 3- propaneﬂnoq)hna‘dncdmxlcbmdmmiakaﬁs)c(dbdﬂi)n substrates. A preferred enbodi nment is

an S Eqgoll -t agslonged Wb lobiSen AR DUl oA s Fuglegnal dhaT. A

host i croortgp ni sm._ 0 to contain
the di scl otnstdingreeulaiony soquensenprecesting ﬁ%n%m@m@@nd felloving (Y mpe- activity

for the i n&&fiﬂ@&&@é&l e?fon3‘IHE’ferﬂi§d‘n§{n%"Fiﬁ@Wﬂ P ref@P@G deneas | v
excl.uding 1

ane oxi dor educt ase (dha 10 "CGene" refers to a
nucl ei ¢ aci EP“I“F‘ H%H'Ee‘f"ﬂh’c‘s %%F‘&’Eé‘g')’é ‘E‘l?é‘éﬁ)fl c protein, including e
regul atory. sequ&‘hempf‘ﬁmedinggar(cﬁ“codmg cefel tngjl)e prockss byluﬂmergér{é non-

Coe" s Peuf Al hRShHms S &litfion AAY InRiaBl hrollidelad ¥hitno 454 °) 1 © @

gene as fOUI’l n na ure wt wn reg U eguences
"encodi ng" seqtencsodt xsgmd¢retbedﬂ1abmpmeoqssm‘e@§odwgwe@rﬁcam@fen@cxd 15 through

the mechani %eﬁl’fe ihEIBESINR L n@é}.dhatrlﬁésslha&w@easereh sefa:aanern no acid
sequence. nderstood t t t.he roce S .of ﬁ?}\}’ B n gﬁﬁlflc am no
acid sequeﬁeeeﬁﬁ biggds tisqac aam%% S prvtighnvalys Pove es that -do

not : causemag atteedrgerinfort hairoraciaidcblitaioinoo afiet the funcudnak;i‘ropemad ve base

change | fect t he
changesyhi 68 5P b e PRATRLRERE, 10 Hkdibie Mdbosf BB 00C 1T
‘therefore umentmmoma:sesmwthmv@nﬁpmnﬁ@mpmgweme t'han the specific
exenpl ary Sequenays term “isBiifed 96fels'tb SPrateilr DIPA Scuchss thathspérbibd DNA

sequence that is renoved froma mponent with which it is
natural |y aggﬁﬁté‘?*’éﬂom CONP"“?fga'flﬁr%‘aaﬁ&dF B?ngx a¥pofigiedcul e*. is a pol ymer
of RNA or DNA tharn‘hsnlataﬁma:lleigh@d mdiecdizlilis EpslynﬁﬂdmNAcmtDNAahms cont ai ni ng
synt het} naon: n ) &%) s. AN nucl ei c

1 ot o ur Been of b anded. SoohRepn R ERAIREE Sn BriPo Bl "On oy A
_ m)r e segnennsclmtxdc[ums demisotated Dmelu;ramdsynlmdc incthpifpxm 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. “Substantiatly 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 me_diaie 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

20



-"Substantially simlar" refers to nucleic acid nolecul es Y_M}?e{ru% rbogganges
"in 30 one- or nore . nucleotide bases result in substitu‘? Y <one or
nore am no acids, but do not affect the functi onal properties -of the
protei n encoded by the DNA sequence. "Substantially simlar"” also refers to
“nucl ei c WOOH1?MIBecul es wherein changes in one or more nBETENK2A¥4bases do
-not affect the abi Iity of the nucleic acid nolecule to rredl ate alteration

-of gene expre ant | 0 5. CO-.SUPPR S ech
" Subst ant i al?ré i &ytp ‘8@@‘?‘%@5’ o3 Wﬁﬂ% E?g%f {?rfé‘e% ﬁgﬁ?fcl eic acid
ol ecul es ofgetnn@xmmuanby antwemew@m(sapmtssmtebbhelbgpnr dtemmmsxfttheon of one

or. nmore nUCkALkidBErRBSES: of hatesdRindUrots 18454, t the functional
20 18 February 2004 WD O1] 12835 Al rostigniied épflt)]%)eﬁ?'?éldet@ﬁof the resul ting

transcript VTSORPHISES PREE fémﬁetsyw@cmmsgaumea{ i on of. gene expression

by anti sense or cEermxa}npmahmemEﬁdim@inllﬁyamhaﬁ@rlgaﬁtadﬂseﬂa@énd\hmchfunct|onal

properties ecul e inyenti.on .enconpasses
l]ceSlhp% &??H}d{l&t% (f.}( a cth%mlca gng le%t af_l’glllo %%%%ﬁg? %werr ?l utv\el |

. nore than the ‘sequ -known
inthe art t%ﬂot&fﬁcgrthe ﬁm@onahpwpgﬂmom@hmmépmttmm ¢ongng. dﬁhnctlna on of a
chemical |y eglithysak 6ﬂﬂ1efﬁ@s@ﬁ’t 1%ﬂoﬁ%u@t19it%ﬁ§‘a§'dEﬁncdb&texc 8O fECt t he
functi onal prop%r gstge encoded protein-are conmon. Eor 't pur poses
of the presefit*q ﬁﬁ“eﬁlmp YSSBIPRS | ons are defined as exchanges W|th| n one
of the fi@ | owi ng fivie gSmalpsliphafic, honﬁsta%drsﬁgwwm.asmmp@uarswrml ightly
pol ar residues: A'4; Sg(i, (Pro Gy); Polar, negativel y char ged

resi dues -and t hei rzani des” Asn,” du, dn; 3...- Pol ar,; positively
charged residues: :H-s Pq&argncggyseiymsarged tesidyes @ﬂlﬂpﬂmmdes ndspdisas resi dues:

-Met, Leu, lle, val (Q/salu énd 5. Large aromatic residues: Phe, Tyr, Trp.
'T”hus a codon for the am no acid_ al anine, .a hydrophobic anmino acid, may be

substituted by a codbn arepnsiiyelneierasd residueshis dgedbise resi due (such as
gl yci ne)isor a more WdVMMiﬂmaﬁ@%bsﬁﬁax(réﬁdﬁbsaM&aﬂ,ém‘ﬂe VaycyHeandr

i sol eucine). 20 Si mg arlo% chan h}z ei I n substitution of one
negatively charged reési earf)g'la SFSIREY They P-aspartic acid for glutanic

acid) or one posiThusea godoinforthd amimsaaidialakioe, sdrydrdphobicsantio add,Inysi ne f or
ar gi ni ne) ¢ AhsRuldE b5EREA £ hdofi r@aﬁgmsﬁees V&fdv@%bm idde GGk 42! ent

product. In many cases; nucleotl eration- of
the 25 Nt erBlY#Bs) gdnaehydipphabic p@rctup&ﬂ@h@ valie, lspeineian lmﬂue@a) e woul d

al so not2pbe SifiRA t&ﬁnﬁ& whibierestif & %Eﬁtﬁt:&ﬂoﬁnetrﬁgatﬁfeﬂﬁ&i ed F&dneof the
proposed nodific (%n5|s wel |, %@Ecggegero i ne ski |l lnthe art, as is
t

det er mi nat i oRT BFOREEHD 35 ASRAftiG? fmig acid) of gneposityelyshaegdd product s.
Mor eover, t hresidie fdradothert (ssahrasrlgsingfor amsnitd)atkn alsb b axpdctdd ty proditd ar

sequences 3 |nvent|on are al so defined by their
ability to &yﬁ%ﬁo&gﬂgéﬁlﬁgalgégﬁr& gent conditions (0.1 X SSC, 0.-1 % SDS,

65 C and washed vﬁntmamagsmuc@eopdw simes wblchacsult ipgltgatica 8% 0. 1% SDS),
Wi th thesseqyedsfaleng @{ehmr@ﬂ S1BBA O the B Tofdi Ry WSS Abdpe S M | ar
7.{_:-n\ucl el ¢ acl dexfpgzgg 10 n:}ltser the atct1$1t3|f Q tﬁlgr[])}'otem ention are ,
. Each of the proposed modifications is well within the routine skill in the
art, as is determination of retention of biological activity of the encoded products.
Moreover, the skilled artisan recognizes that substantially similar sequences
30  encompassed by this invention are also defined by their ability to hybridize, under
stringent conditions (0.1X SSC, 0.1% SDS, 65 °C and washed with 2X SSC, 0.1%
- SDS followed by 0.1X SSC, 0.1% SDS), with the sequences exemplified herein.
Preferred substantially similar nucleic acid fragments of the instant invention are
those nucleic acid fragments whose DNA sequences are at least 80% identical to
35 . the DNA sequence of the nucleic acid fragments reported herein. More preferred
nucleic acid fragments are at least 90% identical to the DNA sequence of the
nucleic acid fragments reported herein. Most preferred are nucleic acid fragments
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those nucleic acid fragnents whose DNA sequences are at Bd~dentical |
to 35 the DNA sequence of the nucleic acid fragnents rep&gﬁgémﬁg'rﬁeqog' Mor e.»
preferred nucleic acid fragnents are at |least 90% identical to the DNA
sequence of the nucleic acid framents.reported. herein. Mst preferred are
nucl ei CWOME2$Bagments 21 18 February 2004 WO 01/ 12833 PCT/USSHDS2R874 that
~are at Ieast 95% i dentical to the DNA sequence of the nucI eic acid

fragments eported herein. A nucleic acid fragnment is "hybridizable" to
anot her nuc‘hé ate aicleast P5%ddentical todhe HNAssequ thgelnglmc@c gmentRNA,  when a
single straﬂg@ﬁed‘mahof the 5 nucleic acid fragrrent can anneal to. the

ot her nucleic ac agne nder opriate conditions of
tenperature and ﬁfﬁcgﬁc{] eng 15, %ﬁg‘i‘%ﬂg&yﬁgf’ﬁ‘? S USHEIC 24 Hﬁ%@ﬁ?tng -
condi ti ons such asve DN @emomicdDNAcoRNA | when asitgleabraaled fdm ofthet sch, E. F.
and Manisat i. r , d Ed|t|on
ol . Sor g i@ Ragb ool il b Y PAMRICAld HEBH B ynRBR
particul arl %PP{‘IP”@F%\%"QF'OHO H‘%ﬂ’r"éa@ls"l“t{oﬁé?@i: strength. Hybydirationr por at-ed
ger ein by rafdavﬁhﬁ@)wnaiﬂenﬁﬁﬂd&eﬁllmﬁﬁn%ﬁd EXRRAITRE #h gaﬁaﬂmkomtmw ength
etermne t n the ri,dj zation., For i screenin
for honol o %51:3 aﬁ%c énl%g ac %%%&P—Q@—%WM gﬁ@?faf\;’t i ons, )
corr espondi (ﬁ@}dtS@nag Herlwir Leboratary Rresg Gmkbﬁpnngisybor 6&8$Sﬁamﬁu]ﬁﬁl§r SDS, 0.25%
mlk, apd ”@hzfp%rrﬁ%gqabﬁrl 1300 fe B (CReTe [I;fi oﬁé)réédﬁgl%n ﬁYFeh %Rn Mbder at e

stri ngency hybr i gjzatl n conditions co e.g., 40%
for mami de, W& 9endiogs obirmperatureng § ioﬂlczsgf-‘?&i detering ghe tsnmgen@)he)ftthm nucl ei ¢

aci ds cont aybridiatibs MEety lﬁnﬁﬂﬂm&@ﬂﬁg f@klﬁohml@bugﬁﬁaeiéla@ms%w the !
stringency of the abr zat m smat ches bet §es ossible. Tk
appropri at esqg?gepﬁ’é lafi' ’P“ﬁ%ﬁ’%‘?sz??{bes g 10 24 g’%"é -t he | engths
of the 20 nugl 8XES4L0dSe 8RS, Olﬁé%daij;keaadndfarmmhmmntm% ﬁ)ﬁnanmilejﬁﬂbl es wel |
known i3 t heg@rg so, SHE HB@&E (s,qg,q)ﬁ éJHdit?)n%EXgr&ﬁaoﬂé)ngi ogy between

two nucleoti.de sequences ue 0 ds of
nucl ei ¢ acilighedv. ke 14956 E"m@ﬁﬁ‘gﬁ‘e%‘é§x qrr6é< S%@aﬁy\bedmaam tques that

(cor r esponchegwé Audléie Aeids &sﬂtalafcoﬂyﬁheheﬁn? dencemhh&gﬁadpeﬂmgg% eases in
t he followdg? or der 2 f greater

than 100 nUdf SEPEERSY ql?lr&’l I'Q’rl?élfif‘f‘a g}, TR Weeﬂﬁ%qﬁlaé"’ti’ b&ﬁ‘n e been
derived (seppBpmitectiingeticyafar hybuidiziag n8cl&i0 a6ids d¢penloon twyibigthiof diei on

0L SO ShueBCkSALarRSh e & conBlU ARG LBHRS welRBoRBSk icol o

m smat econes € 1len e oll
det er mi nes Thesgresercthe degres of similargy ep howrlogy baﬂweens\u@naclemdw 11.8). In one

30 enmbodi meRtudriaes, Elﬁr@r&ﬂeﬁtﬁé vﬁlu@MpT ﬁn%ﬂ?y‘Bhﬂs Qﬂﬂd&én@aﬁﬁk Halify Blosd €ast about
10 nucl eot| es. la Fn Odcrmm I eﬂﬁw éff r”;%? ridj zabl e nucleic
acid is at ﬂ'é%?s a f:a&xge FI(GE‘ depeseon E’lﬂg rdminugleiqagid s  apout 20
nucl eot i deshybaiditatiostecreases iartabfojlotvitg dréstg RINA RMNA, DNASRNAQ nucl eot i des.
Fur t heryzor Ki at .the te rature and
wash so ﬁ?)‘ﬁhgﬁ?' cﬁéjﬁglg%r?éstéé%%mr{n\% i"bmlb%@ é’&eétlg n§§h ﬁg'éaélé’gg ciy accordi ng
to factors aatpulatiag Time hayetbeof dcmdmﬁs@@mbmdl@mbh,t.safpta,QLSOp%tSl) diot refers to- )
an_ami no a%ﬂnﬁfmﬁb&?{wﬂﬁfsh%r BERERS, ifhoRRoRRIRAAES e PRMIA &7 the am no

acid sequence of a pepti de or
- mismatches’ comcs more :mportant and the length of the oligonucleotide

determines its specificity (see Sambrook et al., supra, 11.7-11.8). Inone’
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
-]east 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 polypeptideé or the
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18 February 2004 W.01/12833 nucl eotide sequence of a geqﬁgtg af f
"putative identification of that pol ypeptide or gene,

eval uati on of the sequence by one skilled in the art, or

conput er - aut omat ed sequence conparison and identifi cat i on u3| ng al gor| t hns
‘such as' WOAM23Basi ¢ Local Alignnent Search Tool; Al t SChBCT@S0022874 J

Biol. 5 215:403-410; (1993) see aI SO WW\V. anI nl m ni h. gov/ BL- AST/) I n

.general a ce of te ntlg s amino acids. Pr thirty or
‘more nucl eot‘?"ﬁ’g‘? 'H% SeqiERes. g,ggnq W P“tﬁ%vep‘at”éﬁﬁ%m}@f@émqlwpﬁdc '

pol ypept i de argenecitherchyamnithabeqharios ofthe shamatobpute skallcl ik eyt RrOt €i n “or

Mo d i f
g Mo o) 3RREL VSRR e d TSRS G BERS RO vy ve
- used in sequerbes Béﬁéﬁd@ﬁmcmmddmmn@nmh Beoli Altsahat étahb, J. (MolgBiol Sout her n.
hybri di zat i opys. 4ﬁl3d41'05(g§9§)‘ Q8 afs® vﬁvwnblﬂ rﬂl'n h?é‘%’[ﬂ%ﬁi 'm&eﬂérapg(:t erial

col oni es or. bacterlg age pl aques) gonucl eot i des of
12-15 basesCHEgNCeR §é&’°&%¢°&lﬁl§w%a€aﬂ? @mdwﬁ thithsor moparcleptidasde r to-

- obtain a parrtscessh@rm ORdeE i&pxﬁatﬁ&lﬁdﬁﬁif?@%@p@ﬂw (br&hﬁ&ld&’ﬂ:l seRibiBRNaS - -
Accordi ngly, l é | al 15 eoti de se e conprises
-enough of t I%) % é%?u'% 0‘59 Pigt dnors%?é‘& P’f?fe(?vc?én‘ﬂ y Fespset W‘g’vﬁ?}‘g? i sol ati on
of a nucl ei ceqeindesygbrespeafic ohgonwslentdd pebesagnrisieg 20FB@ comipuand . '
~ speci fiqgti %c&%ﬁG&exﬁ fdellin u@l{?:gli?ll Fén%e %Eﬂod@gf #Hgm‘guﬁ?aqj got i de

sequences encodi ng .on r mor e Par Lt cul ar proterns @ artisan,
" ‘havi ng the H&getouthsm hybsidizatienad ssolatiopde sy insitsrbsidivatiompfbasteriate: al | or

20 a subst arHolcﬁliesRﬁfbhtt@ﬂopHagé Paqébsp Qh%ﬂﬂloﬁ,eﬂié&rﬁl nh@otideSoP-p9Se known
. -to those (l}l || ed Iﬁ or di.n ‘| 55% tant | pvention conprises
“the conpl et @XEdte %@%W%@?ﬁgﬁppw ﬁYIEP WPRB“‘S%H@H&B’*‘E sting,
as wel |l as muleitaid melecplorcbinprising thetprinsas. scht&dmgg/ a$subefantisid above. The
term"c I r P | goti de 25
bases that dra. %‘ﬁ’p%f&f‘e"*@?%#“%ﬁu%@g ebiEbitis SR MIRENERARY O° 70
respect to Spegific iisatiBegtins aﬂ‘é’%@ﬁbﬂ@h@fﬂ atm,lezt:@mﬂhwhmée eamaprisingobiene | s

conpl enent arsgqiiédce. gﬂﬁé‘inﬁﬁm sﬁéﬁﬂéﬂioﬂ%a\éhﬁﬂﬁtlzﬂ%?E%}!leté%ﬂh'a&'& #lso includes
i sol ated nucl e cules that.-are | enentary to. the conplete

sequences aé‘“tck’ﬁﬁa %e&u?‘ﬁcf ﬁ1§°d'§§€8ﬁﬂ'éW9F‘i"l§‘n ReEsLiThe skleds wel | as

t hose substamm:zaal havirg the benefinofthe sequanted as Béposted hereie say Hosv iserath or” per cent
dentityg, aS KRNk, t nor e

pol ypept | de seguencel?gn}og%fﬁ{edlsc'l&egsgq%ie%ﬁég %E‘é‘g’g v@l?%’ctg\éﬁosgs :

det er m ned kﬁ#i”eédﬂrﬁ@rﬁmgﬁqch@"@bd%@é@ﬂi mnentm camprised e nomplgte al so neans.
the degree s@&ue’i@%r}@ﬁ)deﬁ|1@£tﬁ@@&§rﬁ;aﬁ?fn@’%ﬂu&ﬁEX}?§&% 4l8welPhs POl ynucl eoti de

sequences, 35, as the case H‘F e as eterg1 ned e match between strings
of such seéﬂgﬂ%? Portigns,e éﬁ SgAfnecs; agidetined "’Ean be readily- cal cul at ed
‘by known net hodsTheita imnqgemam’oaiesbnmstmdreumdnbm Q:edl%ﬁﬁmbledt:deﬂ

,_5."2?3535532@%%2**%@ P A0 SRRl G s

" .Broconput i nd?NAnadsnasing t§§om!;n@m thvmqu@cml cy®sinetis ct@nplﬁmenﬁw to Acadeni ¢

" Press: NeV\/YCgqu_mnéQﬁaclglj@hﬁﬁfuhﬁrinﬁﬂﬁllﬁhﬁmpﬂ% FHARIAES 150l mBRL adid Giffin,
; A molecules that are complementary to the complete sequences as reported in the
accompanying-Sequence Listing as well as those substantiaily similar nucleic acid
30 | sequences. . | | , R . ‘. .
. The term ‘percent identity”, as known in the art, is a relationship between
two or more polypeptlde sequences or two or more polynucleotide sequences, as
determmed by comparing the sequences. In the art, “identity” also means the
degrce of sequence relatedness between polypéptide.or polynucleotide sequences,
35 asthe case may be, as determined by the match betwcen strings of such |
sequcnccs “Identity™ and “similarity” can be rcadlly calculated by known

methods, mcludmg but not hmlted to those descnbed m: Computanonal
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M and Giffin, H G, Eds.; Humana Press: New Jersey, i%g b|%§

_ Analysis 5 in Mlecular Biology; von Heinje, G, P ress New -
York, 1987; and Sequence Analysis Prinmer; Gi bskov M and Dever eux,

J., Eds.; Stockton Press: New York, 1991. Pref erred met hods to det erm ne

i dent | tYOME283Esi gned to give the largest match bet weerPGIES08APIENCES .
tested. Methods to determne identity and simlarity are codified in

publicly 10 avail abl e conputer programs Preferred conputer program nethods
"to det er m nMolerdianBialggys hesk iAviM.aE t@xﬁgﬂ\l@uﬁemuma‘échgrh n888%ide, but

are not | i nBiogshpdtin hﬁar%s%ﬂd%ome% bW heg ChdeRfi®9r am
package, H‘]’ ?‘cbidg% and Qﬂ ch ? or| mw th their_ standard
defaul t vafb@% Vo it GRPHER &Y ff"s‘f? searegepDate Badiloriffimdtty--4 -
(Dever eux ' eM. and Gnﬁn;IHal(h Bds. ddurRes, Préss: NewdRrseg 010041 98/ hkhce BlahmisP, BLASTN,

d FAS - 2448 (1988
‘?’Ee BLAST X('qu%[?%ﬁqaﬁeémg v‘ﬁ{lgigmlaﬁ/al’IEdb’I ég%?’%sﬁﬁé‘f ﬁ%%f‘?’li? Job) ceg .
( BLAST Mani uefmetfismrbers Ryimext; anslm, M. agd Revewiipt bddsg|Stodkidn Preddat | . -
Lib Me NGBk, o J.
Bl QL 215: 48?‘210 é%ﬁmﬁiﬁﬁﬁlgﬁ%@ M’"‘“@iﬁ%?'ﬁ’%@ depfand gpvlte ) TP
new gener atiPGRSIIRAED Betdiern thersspueneesdestedh prograns”, Nucl eic Acids Res.
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nucl eot i de @géﬁ&‘ﬁ?@ algogithm, gvithy theig standard defaplt valye eo %%reathnt ity" toa iD
ref erence mmﬁqﬁllzmd%eguﬁeﬁﬁonpenalw hensa dthpf Nidleic MefdsgRLI de sequence

f th the rence s ence cept that
el eBPLPLBERY 5eby HICRSLE S T, B P ST GRS SN Bhcr, BT pot
each 100 nuddadobdide’S4 86: 2042448 E%BbeTMBLASﬁDﬁmogﬁquﬁ@mbhclyn ot her words,
to obtain | (o t 95%
i denti cal %ﬁg&ﬁ!@pﬁ@ﬁ%@ﬂ%&;ﬁﬁ&b{%ﬁ& L&8T ﬁgﬂ&?’%@%&? ’nlgat?lucl eo('z i des
in the refembibioteshenlcnéeNadylibrags MadetNGBI MlNHlILtB:thmdMMdnot her
" the v ef e oog s Wcmﬁ?‘?ﬁ?étm 950, Mot ofdlh el OO0 Ce
These taﬁﬁﬁﬁ@ﬁ?#@iﬁgﬁgé geagrgtiene Pmnééfefweaea%ememm 3'
term nal po¥idldiodsidsiRes. [25:338bS46RCED | sdth fefred ilRdRAQ6 deitiiner ©
bet ween tﬁgféﬁglﬁ%%&e hd &%dcf%mc me. {Tﬁgr 24 1? il';)ﬂ;ﬂll}ary 2004
WO 01/ 1283 Z'ﬁ%gj gl Vi 8uarf‘§§§ﬁg‘r¥§°ﬁﬁtﬁ‘ 5meghRro Cﬁ’oﬁfsé "% ef erence
sequence orth¢ fptomélein algwthm (Hein etgbo Metipds dipsymok b3 h626:645 E980¥nce
sequence. %ﬂgﬁﬁﬁ}nﬁtcrsb%r ﬁxe%{&ﬁpﬁag rﬂtﬂho&"ﬁ)\“aﬂgmﬂ L?glleanaﬁhﬂzﬁequence

havi ng .at. east for exan‘g{_ % 1 dentit erence amno acid
sequen@g i AlERmEREegaP-PeniRr1 hgardsnsth pseal é"@e@!@%ﬁ?fﬂ’lﬁﬁ@ewpol ypept i de L%
i denti cal - tlﬁuﬁl&% r &k af Hheeaticie by apes navieside hd\ahg 4 h@claﬁiméee@&ehd@ sequencés
may i ncl ud up Q " o e %era,tlons per eac é]loo am no, aci ds of
t he refereﬁ%ae -0 #ﬁ?ﬂagqr(’fxmpﬂ ea§ iys o Agetsings Aucleqiife S pMEDrSE havi ng an
am no aci d is eensled ¢haathel rma@u@é%qudmctofabd palgnmlecﬁfdeﬁshbﬁtx@m’tmtheam d
sequence, l1'Qfer Qe §e@u%cete}}@e|ﬁrﬁzﬂ%@ﬁdl?mfc‘fe%tﬂg%n?qdeﬂcé xl;'l?iy Thal urﬁctg fiveduence

" may be dele
y 30

pomt mutat;ons per each 100 nucleotides of the reference nucleotide sequence. In
other words, to obtain a polynucieotide 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 Wlth another nucleotide, or a
" nurhber of nucleotides up to 5% of the total nucleotides in the reference sequence
35  may be inserted into the referenice sequence. These miutations of the reference
sequence may occur at the 5' or 3' terminat positions of the reference nucleotide
sequence or anywhere between those terminal positions, interspersed either
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10 substituted with another am no acid, or a number of am ' pto 5%
"of the total am no acid residues in the reference sequeﬁpg%@;é/}ycbb?ognserted
into "the reference sequence. These alterations of the reference sequence
may occur at the amno or carboxy term nal positions of the reference am no
“aci d seqWOWdd28F2  anywhere between those term nal positi BEEUSHtA28Hsper sed
either individually 15 anong residues in the reference sequence or in one
or nore contiguous groups Wwthin the reference sequence. The term

" honol ogous Mdedeslly araong miclootides iprhewsforenceseaieneraripeneer mereural |y
occurring i Gomtiglious Brolpsivithial the re_‘f'&encters\é@isnb&mh%diﬁ@?bﬁh ?bl%éﬂﬁé' sns

pr oduci ng onol o gﬁllj'liqdpro‘i ei.ns vi a‘recopbl n@nt te(oy] ol o i.'.zo The term
"percent ho Y'Bﬁﬁ‘g noAcd yguenes haying ot least, R FxamRlei % %@ﬁ%ﬁ 2 jdentity

- - bet ween pol y¢ferpncaimsino Mhidrsequehice it inendedothatcheamigueldcrqienct dethei cal to a
second agin Lo > Lr . .am.. I.d sequences
cxhi bi t 21 0RBRSARIOHERGR i € Botehifcs Soollncl s P AT s BB RO o T d 2

di rect funcesasnesmay psludgupto fivepaunogcidaltesstiong pentagip1 Qbamwmoacids gi ven
posi tion i nogtteliefersnBelbt@Rotucid 18 othe? Words, RAbHtaiRh Jolipepiietlavitigdier of ani no
acids in.either of.the t\/\o&‘riq%%_ @ce%ﬂ%i t he .sane "t hen _éhe tWo sequences
are said t o289 154 Se95engs 5%% ok tofrdsTence @ning agid sequeRcey iR er gence

i n the geneto §%cdfdie peinoiatidirasjduesdn thetreferenoé séguenceundyetat detired@quence :
wi t hout ;@f f ki i ami hd. f _can: D tide.
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PCT/ US00/ 22874 subst ant i al lé‘ a{lf gﬁt .t he.. uncf | ona)[ &{50 erties of, tﬁe

resul ting pPSTERRe i L dogtesll. Jjs inveptioningludesier 8£‘g§wpg9ﬂ%g teration
i n t he genehemglegnsepateinshvia efcbmbinanhBNAdiegiaodogycy of the genetic code, or
which regult in ¢} .tqﬂnﬁi , ) | ) acid at a
gi ven s?‘t?e, .are ggﬁ%egfr?p&g{cg}a Lllggy ‘é‘@%detgﬁﬁJf %ﬁt?rﬁ%g%méﬁ%do&gk%  al ani ne,
~a hydr ophobidentityi beswesn nelyneptides. Shen a first amingyacid seaurmee isddentisrHg 2anot her

| ess hydr opb&ohg amsd Aubsequbiede, fien He/firsidid sBéord aMRhSacil ¥uepdtaRkmibiiesi due, :

such as vali . .l eucine,.or, isoleucine. Simlar]y, change= ich result in
substituti ow@f’ l@ﬁg’?%gélE]We\}lé’W??ﬁi'a%eé‘éﬁF“raé‘é'itﬁﬂEP{)%B?t‘J&ﬁ&%%‘Fﬁc\{\gl?ﬁ'ﬂo‘h
aspartic aciht tbat nghberaxf matchang sininoracisat p gsien posiign mreithgedtquasedug, f or

anot hergs su ' AL OL-RE: & - a. hi. lcally

i va ot @ 1l 836 kT UL AL RiliFin GG ROl BeTOHET )

“i'nal terat i Bindhe Brascauenses #esaid ta gahibic S0% hamalegspor ti ons, of the, protein

mol ecul e woul d akesddidegBeriosrectento dmr%@llc& & thé E@neti@%&é’f)édﬁitﬁﬁ%t he
mJ

rotein. In_SOnNE cases t .qay. in fact be_desirable to nake nmutapts
P variahon oF the riucieotxH:e'al gequence \gicthom cf’fecti%g the amino ac;ﬁaseqUence o

7]

an encoded polypeptide. 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 usége of nucleotide codons to -specify a
given amino acid. Therefore, when synthesizing a gene for improved cxptés'Sion
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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of the sequence in order to study the effect of alterati 4
bi ol ogi cal- activity 15 of the protein. Each of the propogﬁ%%&%ogations

is well within the routine skill in the art, as is determ nation of
retention of biological activity in the encoded products. Mreover, the
“ski | | edW&1288F r ecogni zes t hat sequences enconpassed bPCTUS&228A/enti on
~are also defined by their ability to hybridize, under stringent conditions

(0. 1 X SSC,..O .19%SDy, 65 .0, th the sequences exenplified herein. 20
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of a - si ngfeedne angthsr lesshydiprhobicorgidus;s suskuas glysineyetr morm any source; in -
which a nuhﬁhopmbimﬁaﬁtshﬂeassﬁque,n%meb?\r@olb&e%b.jsahﬂﬁﬂypdhaﬁgﬁorfb;-ned into
a unique c¢ r .on Whi I & capabl.e .of i ntyodyci a pronbter fragnment
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unt r ans| at exfpasicgaishioe glutamic agid, erine poditively thargabtesidne faanetheg'sudhef ers to a

eci fig Ve ; el ' | in addition
Lo the tors ‘§%‘“§§§;§%'ﬁi“?9°’?§?ﬁe’| (R cpect i Brodhic's BRASBLIE BIRAICH | ("5 hoot:
cell. .. EXpPeds 1"@53%%‘%%33 whick Fesult i alteratiop of the N-teradnaiand ont ai ni ng 4
folrlei an gen@_-taﬁdnh A poctighs-of e w atefﬁx:%aﬂle?da%hmmmo?w—eﬁﬁe&e@rts%ﬁé}tﬂggelghat
-allow for ephapced. expression o af_gene, i oreign host. . N
robrunry 2oBRVORob e BIBRE e bl Bkt Setirine BrsedBNERant ()
Or gani sns  Refgberbigmente iorogdenits stedy thaefiectiof gltdraornacths bivlygigdnetvithat Wi | | :
d t h oy > . ' . trate. to.
T br cisanecl e MiSRih PG MY piBbecy Mo RONERS L MLiRp G A acHT "L 1 °

1, 3- pr opane; e const chniques we n the.

art. Cenes @iBo¥LAS 1Sdejerminatinnof refpriinnred Dioleriea} detbgbriades epiid |

FTACCHRN o e A g vl A SN Y
aB3), dehydr.at ase reagti ign factor,. (orj,Z and ofA and 1, 3-propanedio

oxi dor educt glésénY ‘89?’%\@?%3%15’533? é‘be“f"&’blfw go prd}‘ﬁl@e“’:‘ strngenth ag KIOebsi ella.

or Sacchar cmpdgipnaftl HS8C, Ocl % SBSs6DTC), ithithesteyadmess exeniphified hereir;ol i DHSa,

COLTO7 J0AA200, Oy BBl 8095 s RS LB R B 1 1

desired genes fraoma bact'er]al geno own in the
art. of nolRIedicfrom aeerpcodingdyr the seqnsnee ofithe gone psedygbnceof the. gene is

kngwn, isui tablj? 'H&ﬂ_@ﬁh@“ﬂlﬁé?ﬁiﬂ’f’,iffg&tﬁﬁ}’axﬂe‘cﬁs@@é”ﬁgfcptbbéﬁéttﬁai Clt i on: )
enaonucl eas | gestlon an e.screened wt ropesg.conp enent ar Yy to the
15 desired cg‘é?@g‘s“é‘hﬁ&& 5 gﬁﬁ%ﬂ'ﬁcw&lgﬁa%‘ﬁ h pee o Bi“é?g'c!l',e CEMEDNA may be

armpl i fied rmetabgisst afthacel,mndnevalifiin detfedn afgitdular dabblestamdeddidAsuch as
i £ abia. arorblel A cindtCHiay b atondndlil —epichoh sOthbel (EBHR: 7ol y, .-
cosmi d | i briBiesElingeaysaces; Bhage gr ﬂmg?‘é'dpé\?‘b’én@églm er girculapofgenoni ¢ DNA )
(35-45kb) rsiyglbaoridatRasdndc DNASSRNA, Riided M dh) sbirfSh WHith 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 allow. for enhanced expression of that gene in a foreign host. -
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appropriate hosts. Cosm d vectors are unique-in being abi&F%g mdate
"large quantities of DNA. Generally cosmd vectors have one copy
of the cos DNA sequence which is needed for packagi ng and subsequent
circularization of the foreign DNA. In addition to the cos sequence these
“vect ors WPPVIBEo contain 25 -an origin of replicati on SREHUSEH2EHMEL and

~drug resistance markers such as a gene resistant to anpicillin or
neonyci n. M hods of I ng cosmd vectors for the transfornmation of
"suitable ba it ccombinat Oregisiag i bed i n Sanbr ook, JL: et “al .

Moi ecul ar . O oni ng{ecﬁnibﬁﬁﬁf@gﬁlﬁsiné\@wﬁhng &e&ea@hsﬁﬁ gehéythétm%c@! d Sprl ng
Har bor Laborﬁé her.ei i ncor

§m¥/ J ITy.
to ctone cosmi “Fﬁ???‘é‘ﬁ‘“bﬁﬂ&‘?%"%%‘ﬁf?f‘é’ aﬁﬁ(‘f"i‘?‘é}%‘%{fe‘igaé PFQP?I}?Q '[ypl carty
- appropriate m@sbwmme‘bWWEWdIdm?mmmem tGﬁmsas:odmgl on-of the

cosmd ve 2 | n. DNA are
t hen reagte W‘?mlgle pg%gfq%ﬁgégeg?ﬁ )n ng'ﬁ:&%l bﬁg%h{ géﬁé%ég Duri ng
~ the packagi: eyeel t@-f?e(dg%%’g §palls and dh @@a@@d WEF@QHYQSleWODNA i-s

packaged i nt(arfzrand bgﬁ@iaﬁﬁl,p@?dpaﬁmlafoxﬁdmdubﬁﬁé eﬂm@j weielisdlated oA e These

particles arg t Sui tabl cel uch as -col I.
Once i nj ect egtl F&t F‘lﬁc s I?fgs'e?zn S %‘%%'f’ﬁ’ﬁ"y ERA™ CWSF‘iEﬂ tc' %ﬁﬁ’é’r‘“st he

- influence ofs‘l%h]@sféo@h@ﬁi@%ﬁ@ﬁ@g,Mﬁo@,lﬂrmaner large 27 18 February 2004
WO, 01/ 13§33 1&fidinda M Uehe§ 74 segrrents of foreign DNA can be introduced and_

expressed in recﬁ@i nant. host. ation And O oning of Genes

Encodi ng d yeero ﬂ@‘o?féﬁtt‘]? gc‘t?ﬁgBE‘am SERPIMGRE GOREORs e

React i vat i ngn&aetldnewarin drdriof mﬂébulia:bno'iog?r Cﬂh&lléﬁﬂhplle tehydgearegse dha-

. LCosm d vect t.i on net ho dwthin the
f»:hggnt ext of %eg%rggsseni ’gﬁlvhg gegﬁmfmhbmeﬁémfy% GEL %ﬁ%%ﬁsg‘&f’ genom ¢ DNA
from bacteren@mg@mfedlgmﬂnand)mpbbswsﬂgémmelpmlybmpta‘mqmnmasﬂneng gl ycer ol

to 1, 31pr ogasied sh fi was

i sol ated 10 h %}Qeaesaﬁﬁgﬁel mﬁ%hﬁ Semeéeqsg??t gnéﬁ esteg%gm%ﬁhﬁﬁd
restricti on SHEyHEIE d’ﬁ‘ﬂ’“fiﬁf"’ti"ﬂg@? lﬁ%ﬂ“ﬂ‘i’?@o e&@#aov@arw cBgiper cos 1 and
.packaged usmasnghoﬁ:‘(m&))a(dksmGSMK&gmmgnemhﬁﬂﬁbsDNfeuMbwm construction of

t he vector |l s were transforned W|ththe cosmd
DNA. Tr ansforann%f(ro\\ﬁ%étwglruésp%gpﬁr%ﬁwg VS Bt he abil i ty to convert glycerol to

1, 3- propanedi ol - ytegraginilygcastned bbhhﬁmwbm@eatﬁdpﬂlesadmgesegmgﬁyoérol and
| t
anal yzi ng ggn&ﬁié'[ﬁ\li\({.ﬁafi-kS a?,@%[@ agkd {rfed VB '&ndglééﬁg‘%{aﬂ% I i ds wer e

1, 3- propane positive tr were ana

named pKP 1 aawapﬁﬂpéostﬁalxﬁ%r@&deﬁewge yriqueindgingabis o appommedaiE darge t o t he
tglhycer ?I dEHMd{tak?SEI)DBI\ eGéﬁegdnyCéosrixrdB&bg@lrd havdQp Ebla&tdnétcbﬁjaof ﬂhgfcos
ese.trans nts contajne i.n era rat ase gene.
20° Ot her 1 DO SRRt Bhieh SOt Riof PAAay B Al PSeaHet PRI ¢ he
cosmi ds vver ¢he fosmenDPKRAInadditiokRSthe Dbhbseqeqwe mhnsn g'ea:tensealleﬁkotdmtam hese
cosm dsjpgar b g 1% chﬁ&gé Eaé‘cg g egg{ é‘e ﬁﬁﬁ{%ﬁssﬂ L?%g the

~~knst ant |nvent| nut| |zest eISO ate omvm siella
~dosni d, al t EsHAand e ampicEln of negatygiy Aleth sgﬁn!é@g&ﬁanwewmfm@ 25

reactivati OrahsfoinRitica T eaitdbRObadttfial KDdls aR¢ Well @schibed irﬁSiarﬁlﬁ-oolQJt &ohacter,

Gostridia Molecular:Cloning: A Laborato Manual -Second Edition (1989) Cold Sprmg

Harbor Laboratory Press, herein incorporated by reference. -

30 - - Typically to clone cosmids, foreign DNA is isolated and ligated, using the -
- approp_nate_ restriction endonucleases, adjacent to the cos region of the cosmid
~.vector. :Cosmid vectors containing the-linéari;ed foreign DNA -are then reacted
-with a DNA packaging vehicle such as bacteriophage. During the packaging -
process the cos sites are cleaved and the foreign DNA is packaged into the head
35 - portion.of the bacterial viral particie. - These particles are then used to transfect -
 suitable host cells such as E. coli. Once injected into the cel, the foreign DNA
circularizes undsr the influence of the cos sticky ends. In this manner farge -
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and Salnoriella-(see Table 1). Genes Encodi ng G3PDH and %BEe ?R’p@ ase The
present invention provides genes suitable for the expresston o

&3P phosphat ase activities in a host cell. 30 . Genes' encodi ng G3PDH are
known. For exanple, GPD | has been isolated from Saccharomyces and has the
base se¥OIEW3Hi ven-by SEQ I D-NO 53, encodi ng-t he -am n®CAFISA/B8ZUence
-given in SEQID NO 54 (Wang et at., supra). Simlarly, G3PDH activity
-has-al so been isolated from Saccharorryces encoded Eby GPD2 (Eriksson et
‘al ., Mol. Negpes of forign DOEY ¢ad®)introdBedend xpressed pusesmbinantiestpr esent

I nventi on igde]id. S conterrpl ated that any gene encoding:a pol ypeptide

responsi. bl f AD t G3 | S sw tabl e wherein that
activity i 3 y2004V\O

gl ycer ok- 3- GaP) el |sconterrp at ed thaf any gene
encodi ng t Bt Qv?éd?oi(d d)ro en%e DH- dependent &GPDH s correspondi ng
to the genes DA@SWtomwmaﬂﬁﬂmat@psmthmdSIwaepﬁ&dwtthmrﬂad in the

present i n%ﬂbkﬁfﬂ@ﬁ%@dnﬂlﬂv@ﬂﬁorﬁ@cM&ﬁgg é@ﬂ

aﬂggpgeﬁogm/ ass ‘ani no
aci-d substituti. etions or additi o hat do. not Pter he function
. of the-enzRE® “%I?éng"ﬂif‘?‘@’a“bﬁ‘?séﬁﬁ Bgs| cag ?QEP@P%?S’F‘BEY"@M& encodi ng

G3PDH i sol dt¥propammiali Bpecsﬁmmypgammld: DNiﬂL fronhK. pritiinohice walisokked i n the .

k %F . | e,
A I T e R T R AR i b R Mo
sequence 1@"@;}!1%%0%91}70W*@VW@PemsdmmdMQgﬁrgmcml d sequence

given in . gM%&s(mmﬁ céistidbtion of th8vBltor ENGMXEY BlueR/ S (1996)).
For the pur ses of tth %{, mve&él on, -any_gene encoding a P
phosphat as &SV apsipn eé“’F‘BF N&| Trappfermanthwere seeseaschfor hat )

activity |shezmlngbbeomﬁmemlyau,agxbmedmwrgsmﬁgmecenmemel 3 -phosphate -

bncod 45 « ekt ycht Bad Sl DAL miegi O T O Bonlid] SiRatigBin g Lo ¢ he
genes GPP2 -and @mof\,{hfrl3ﬂ§°ﬁamnd;lplmmﬁvetmr,sfqrmnqsmemtaiymdendﬂmn i ncl udi ng

any amino @6«&@%&»@%&&;}1@1 ARGKIBASSRA seﬁﬂér?%rgaﬁl Ehl é.tswét | ons,

del etions glr aﬁ’ﬁ?’tl gns t hat ﬁ ot al ter t
phosphat as eglyeerqlide 618?%#%!?8“%‘?@&!13&1@%3 encodi ng
20 (3P ph0ﬂrdsataﬁomtsabﬁmﬁeﬂmmehe@dlﬁ@ﬂfe@ﬁcmﬂdleh)?dr‘éﬁs@ n%Ul table for

use inyghe | i S Su_it bI & ce for the
r econbi Er)lant0 tﬁ)érqgﬁ@{olp g:%‘é?@&)fg’@v%ﬁ%ﬁsg‘%r& ) ear"??fé? §%‘f" Btic or
eukaryot i cnamad kP apd pKPHi DA sgeupndiye rdvealhd;shat thekd cczstnlds carriedd 25 express

t he actlvemgm,ﬁ d,bh@e doitRE 9p@nedi ol pat hway. Suitable host cells
will be bacteria ﬁ&g robacfer, Enterobacter, C ostridium

Kl ebsiel la, Aer H4Hop insans fyention, atilizes the, igolated genssframarithin e es
Schi zosacc mmWIa%smlealmﬁzﬂe G&ﬁé@@f@eﬁydrab@g@ws dJeheanmLees, Candi da,

S mondt | are R Rl el e rarir g ﬁ?s&?ﬁ%ﬁ%@g %?m%%QSr i the -
present i neahSalmonela(see Table 1). . »
- Genes-Encoding G3PDH and G3P Phosphatase
.- The present invention provides genes suitablé for the expression of
G3PDH and G3P phosphatase activities in a host cell. =
30. . -+ Genesencoding 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 .. :Forthe 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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coil, E. :.;

"M croorgani sns can be converted to a high titer |,3-prop
by using the follow ng general protocol.. 1. Determine the presence

potenti al

for the WOMHEBt ate concentration of a toxic or Fnhi'bi POTASIN 8
3-HPA in the presence of .1-2 M1, 3-propanediol. 29 18 February 2004

01/ 12833 PCT,

“host organi’si

transformati

transformat i @mvem@ SEQIBINOSH, wﬁlcﬂénﬁé’ﬂﬁeﬁ.ﬁ,@@@ E%s o f,‘hydr at ase,

% @k%@ﬁ %%Lnirﬁé‘i‘r}t %ﬁ@"vﬁsztj:n 3?8(7(56(1?96)} oor gani Slr%l table

and dehydr at

vectors w ||

‘blattae, Kiebsiella, Gtrobacter, and Aerg%ggl?rg?ry 3
producer

in a

host organi sm of an endogenous 35 dhaT-like activity that allows

of
Wo

0/22874 ZlEI I‘[l smﬁégg activity exists in the potential
PWPF&"%P osphate I glyeerply3-phosphate (63F)n Kurthemite t hi s
activity. Corip contamlahmddhatan?{gme émadahgumadmmb acidlseqrbcadraVADHKe activity
13- E?OSZLZST&?CM ?gé"gﬁeskc"?‘ep%nd?‘é‘*oene P 9@&&%}%&@@ canbn, i1
gl ycerol is r&¥ t"ﬂkl cfamq@@n seﬁmveseng inyéntivarwhierale that aminaseidasequdnice |
associ at ed rranﬁ\}c'm:a ss @Mﬁ&%ﬁs%ﬁhﬁ%ﬂ%ﬁtm@éﬁdﬁﬁfoﬁ& P Go YAV 53, woul d
need to be t%e V\@é %&f ect t g@l N Nnucr.0or garusns. concem t the
expression or rie%l&; L PR ?ZYEPngH&rF fled %F‘T’“W“épﬁe(’l@ﬁ%@msunder t he.
condi ti ons f @ncddigg G3BPEhsdiaet flpmodiet donrces Wik aRo B giftabR fBPuse iRGha!de

t hepresence %es%ylﬁ%:ﬁion @eusﬁ&%@kgﬁi%epgl\%?é}gagsga@ﬁog{@ nggw%r .

ssi on- Cassettes e present 1 nven

bespiselataddrom §€@¢éwc@sfcswarab¢zee 4ok has fttee hals@saqugnce

and

M

enpl oyed. Sui tabl d"‘ovdmtmntposemftheptteéutYxﬁﬁénnémfanjaééd&l%n@odlﬁé 9m3p bacteria, a
\SI rus (such

to 20 those Fapablreofzatalyzugibe comvestiomdf glyddoled phasphait phis mgoregweeﬂ
Manual - 1on
- Har bor,

dlrectlng tr

[@Sné:)gax%c plodpEat A FaRhd NG, gl(;%glp Qhodd & ac&)seqﬁ%n%g g

&#3’&3{ I cally, thev r or casse con

%%chaﬁ& fosthe 6ﬁnQ§fGl‘t’R~2eandmmpwnllaheefugqmal a

" yeast or a p?g‘r)l%mg ; "g@gt? gseﬁuTtero[)?ra‘llsﬁ “ﬁé‘ %ﬁ?fgWﬂa%'g‘?}gﬂ aﬁ'é%fyg'ggma?e aIznown

at ocy

uences

sel ectabl e mﬂerp;emﬁnmuﬁnmsdﬂémw A:ﬂiffo@&d%'é&ﬁ&ﬁ@@ﬁid@edc@ﬂbhé‘s@é i on or
chronosonal.

gene, which
the DNA fragﬁéﬂi’tphﬂmf@mgcmﬂm éﬂtchkﬂbdrpeﬁbnmhhpprecﬂﬁmmhﬁt igeres ehéodih® MOSt

pr ef er r ego wh @3 pitoltfaPL btard iR theP SN Sibo e AIRE B} IO fDROTIOUS L0

the transfornmed hgst cell. St
30 geneBTSSERIENIAN: he specific speci es chosen as a production host.

t

he

RN E0RE bl BPsooBtions AT At e 58 itionof i on vor

con reglons nee

I nitiation cHiokr©¢llsr egi ons. - or pronoters, which are useful to driv

f P phosphat DAR and GPP2
TeSpectvel y) i ROARE o R OF e Pepalbinast odmimantd. upeaphasil ey o

respectively)
cll&eer@mkarymmtouahltayycamandphn rmtlmmeaamb&)eﬂemoﬁrcbu aBlity Rese genes

S

killed in

g i o, o CPrecelfe f3C RS AKE TS Bbou ity Su qe%&qﬂésﬂﬁé@d

BNO, and Tp| will be bactenia such as Citrobacter, Enterobacter, Clostridium, Klebsiella,
. derobacter, Lactobacillus, Aspergillus, Saccharomyces; Schizosaccharomyces,

30

35

Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia, Salmonella,
Bacillus, Streptomyces, and Pseudomonas. - Preferred in the present invention are
E. coli, E;blattae, ;’{Iebs_iella, Citrobacter, and derobacter. -
Microorganisms can be converted to a high titer 1,3-propanediol producer
by using the following general protocol. .
1. Determine the pfesence in a potential host organism of an endogcnous
| 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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30 1 8 February 2004 WO 01/12833 PCT/ US00/ 22874 (usef ul hon in
Saccharonyces); AOXI (useful for expression in Pichia) ;{é;%%b%%g?ﬁt&r‘p, -
XP1,, )IPR, T7, tac, and trc (useful for expression in E. cola. Term nation
control regions nmay also be derived fromvarious genes native to the
preferr&é®1013838. -Optionally, a termnation site nmay be ROTASOHRWIY; 5
~however, it is nost preferred if included. For effective expression' of the
-instant enzynmes, DNA encoding the enzynes are |inked operably through
“initiation codeond such ancactiyity @xistepr thepotentialdieat organismgi suisable hat

Part i cul arly. uselecusiy fo AEERE dbtte it ac R, B 0 and
pKP32 which are Sﬁ‘%ﬁr‘f%gﬁ‘gﬁ’g&[é’dkﬁ %“E%f%‘f%‘??t%l{wﬁﬁmg? The
essential- el eneHPA atupnila@ién itte piebiaice af b2l prbphedioll he dha regul on

| sol ated. from ' pn i | di ng
frames §P1aR, ”gf @?&éﬁ%b‘?’i’gf ggg%-ﬁfa)ﬁﬁgﬁﬁﬁfﬁgﬁégg?élgﬁeé&ﬁggﬁgﬁgnucI eoti de
the sequences . of cafrcsouss, by glyessolidshyrsatass andithe SEoviated NBinienapP32 cont ai ns -
the sane set of Qpem LR pgp.frames as found on pDT29, fromthe same =
source, with the iﬂi fﬁerengig thawKPﬁzﬂlﬁaﬁcks. he dhaThggﬁAl-MB is the

vehi cl e used {OPSIEFRALPRY WRIGH ¥oulnesd Shith ggspect 1o, #nto the host

- cel | and. nomé&reqrgani$mg edricgrmcthepxpressidnton eepbésEibn af dnddgeusgim@dikesol at ed from
Sacchar C evi Siaae . f0 ' J: d '
Bxpr oo o SPYES BN URSpdRioht BN CRRBEA Bloattit MESLITIRB8C b
casset t es -atelude thermresneapfigliserelr glucase gr angerabifisf orm  appropriate’ host

cel I s. | nt rogiedsiand FRpbrekdion Cassfdst € cont ai ni ng the .genes encodi ng- G3PDH,
G3P phosphat ase, dehydr af ase, and dehydratasg reactivati gn factor, into 25,
e, host ool I ey PRl BYERQHRIGVEE AP O el Arddranstmatiorand 8
t r ansf or mat expeesgion gasseitesi saijalila fari therelpringredns formeatibreald expressien bf opor at i on)
or by i{ga i ' | .nan i . I . l .,

upr 2.5 o GREoH: E3p b el AR bR IAOGLS MGt RRR RIS B £ e €
coli as fusuitablgdostrdelle §uitrble NectapniiRhe thesTbibd araepmpatbiwiisthe30 Mit ant s

I n addi ti ongi@odrBmist lehPldedMBlitdt1€ dectdrd cArtbeciiivedRbAb:Rthdid #on} e Present

method will, be able to Ke use of cel]s haying single of nult)ple

nut ati ons  RAGERERE 3 ¥R Uiy Ridiero Wgéﬂjﬁé’ﬁéi‘x’[lﬁéieﬁ?’ﬁfgﬂéﬁFbﬁCB?mld’a

1, 3- pr opanegtasd or aGsthdts Prdratols fb@bbﬁidri]yg hidusing s;ﬁcl@jét?dwtﬁ afﬁﬁd)vﬁlttﬁf_k into

* non- pr ctjyve. . 0 i bi.t .Si.g cant tabolite
represgflbgn %%gﬁ lgq{%%%nﬁg%?ber 01% g@v@#ﬁ%@‘%ﬁ%ﬁ?@@%ﬁ“@&m es. For

exanpl e, navolumes b 2, gi€okisSprmegdiasbeniizberatory o Cold Srulg Habor, 83f.essi on from

gl ucose andjdpgyproducts in the nedia and it i,s contenplated that 31 1 8

February 2004 01/ 12833 PCT/ US00/ 22874 nutant strains of these wild type

or gani sns, . capa b’[gngqllylglg_vgp@ﬁ aneagsedte contains sequences directing transcription

and translation of the appropriate gene, a selectable marker, and sequences

25 allowing autonomous replication or chromosomal integration. Suitable vectors 3
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 cefl. Such controi 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, GALI10,
' ADHI, PGK, PHOS, GAPDH, ADC1, TRP1; URA3, LEU2, ENO, and TPI
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AL

production that are resistant to glucose repression, { %bq_u ridbﬁ“' arly
-‘useful in the present invention. Methods of creating nu alr-; are conmmon
and well known in the art. For 5 exanple, wild type cells may be exposed to
:variety of agents such as radiation or chem cal nutagens and then
"screened V288 desired phenotype. Wien creating -nutat PERETSONRBTYN
radi ation either ultraviolet (UV) or ionizing radiation may be used.
Sui t abl e short wave UV wavel engths for genetic mutations will fall within
‘the range of (@eful fonexpre3sieh inSaskinrremies), AON S(upefaf R erpressidh inadi ation in

this 10 wave hi n_nucl ei c.aci,d sequence
from guani dfﬁ%@hﬂ@:%%%‘"ﬁ%ﬁﬁ %gan&l%g?@ﬁgw i gresgpﬁgéEa qlgcel | s have
DNA repair mechahP@wipationecontioldegionsmay alserbe derivedifri vatbysrpenes native,, agent s
such as caf i@m@%re?é}?ccm&%r op@.lahw TR StafidP e biindcBlGhE P! the repair

process apd . maxim.ze the Lfr er. of ecti.ve nutations. Long wave W

mut at i ons uspﬂﬂe‘félfrsdﬁ?swﬁq 1§@Gluﬁﬁ‘i ‘to 400 nmrange are al so possible
~but ‘are gener al | yFoudffeative efpkesion\of thrdndtitt eshyoids, DBJ\Aﬁeﬂdb’dingGHé unl ess -used
in conjunctig, vat,or uch S e es. that i'nteract
w'th the DraStydles drofiked YoraBls et oC bt fodbhe B W o ioh et or
generating rrml‘dml Qegﬁaﬁéudbﬁm’mﬂpyesasedesgllﬁmttm&)maarmdaﬂheapprepmial s that

af fect nonremegsgﬁéérrqupNA 20 'such as HNO2 and NH2OH,” as weil as agents
such as: acr.jdine dyes, notable for . causing

1E ?Zﬁe‘;"ﬁrf ﬁf t mrJte glt : %téléu %ﬂéerﬂﬁridn Hhs At ingentiop PEf‘a‘i’P NeCtoRFPITR2Y andi ng

- radi ati on or pkherivhivh argénighed tebovsell iflemjuRAbL dith AHMB. PHd esserel f Or
..?SX??ELFJQSS?’%% s R PRIRD PfPRE S8R el e R RaRuEh iplled 55

i:8under | and Nkbsteﬂapmmmd@DMKnnmndthc ojep readimgrfranes ok eg‘a(,nol 36, 227
(1992), her ejg g@ﬁ;jg@nﬁugﬁhpmwf ShEDER3, @Lasa,d@rg.@gﬁgsé e§ oP @i pecut’ ed,

mut ant s haV| ng t henot pe };}/ -a vari.e
met hods. I'Ran#fEsPaiaingd withip SEQIBNOdonkEs cmn%ﬂlsﬁ@nmt&é@nm@admgl | s are

,SAle' ected f Olrfrh:hES iﬂh’oﬁhd ¥n PDTD9, Qfﬁiﬂﬂletsﬁﬁf:@@&bé Qﬂﬂﬁﬂgﬂff%ﬂé&ﬁfc tRdt p'IQPtSQr nedi at e.
ternative s.can, be r,Ted by growi ng
a mut ageni ze%blr{)otg'u Agﬁgbﬁr&‘f@r @8“?%&3 U m%’gﬁﬁé& nt col oni es
can devel op. GRER ggm mtb theuhasheelbaidanere specifiaalliicompsisetdhe Dagddandand  wel |

known in thegppb gextes ;aﬂaéaﬁbalsd&wrr;@pc?kgax isige for exanple Brock, Supra;
DeManci | . 19845' 35 The elim nat | on of an '
-undesi reﬁl enzif i puitable blosts|and f Genes fonthe 5HQrHe

gene encodi ng3tﬂg@@admlre Such met hods are knovvntothose skr lled in the
art and are exenp e 4 a 2 18 February 2004 WO
01/ 12833 PCT/ usoo?ﬂ%‘s‘e}‘i‘ i}&Ft"aesrsg’i‘n‘Psoaﬁe “q {}P%?‘S’gga‘&“&fs%% WO oduct i on

Pat hway Reprappsepriatd hast gllsy r}@tr@alpmﬁ thtassqitccdutzining thefgetics3enundipgnedi ol
from gl ucosg3ppg, BaprameHalasS MRy Mw%&d@hkmaea cabfittionFhetdt GRS Thi s

series i presentative of a n er o nomn to those skilled in
~ithe art gsnd ﬁ?@hQStl"Phﬁ%"cyrb&taéﬁ’mPr‘f nk@‘@prep uclkagbYiverted-in a series

it st eps by eamforastiof (etﬁ]ﬁusn@ gatﬂhmtpeﬁnm’ilmeﬂ)tells tRclbgursticny y@ast one
phosphat e ( D@@F}cc‘aoﬁi ug’mg a?c?c%m%mant phage virus (Sambrook et al., supra).
' ‘In the present invention cassettes were used to transform the E. coli as
*fully descnbed in the GENER.AL METHODS and EXAMPLES
30 Mutants - '

In'addition to the cells exemplified, it is contémplated that the present
method will be ablé to make use of cells having single or multiple mutations
specifically designed 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 gi_ucosé and by-products in the media and it is contemplated that
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gl yceral dehyde (3-PG. dycerol is then forned by elther1§1¥ég6r%§,si 4of DHAP
-'to dihydroxyacetone (DHA) foll owed by reduction, or reduction -
- glycerol 3-phosphate (GP) followed by hydrolysis. The hydrol ysis step can
be 10 catal yzed by any nunber of cellul ar phosphatases, which are known to
be non-W&MHEREBc with respect to their substrates, -or tHE—‘Tﬂé?tﬂﬂm&'fy can be -
-introduced into the . -host by reconbination. The reduction step can be

~catal yzed by, 1@2&'@%3 . activity can be
“introduced I'nto t enﬁgﬁheﬁwﬁgﬂg@én{#ﬂﬁ@q %ﬁ%le%ﬂy'{% g%}em)?hat t he dha _
regul on conPrdustion g Fty%efqgastanttp%mmm@éwaswovlé be paticulatlygysefuhin

catal yzes t g r@g}éﬁfﬁwé}hﬁnr eaction of Equation 3. dycerol -+ 3-HPA +

H20( Equat --1,3-P NA E t 2 ‘
d y((:e(rqgf1 I-Ironl\lAD)Jr et%gﬁofcm ‘1—‘“&‘%%‘3&?[‘5“%&%& H?‘@‘;’Eé‘?a al"s @gni/grt eél to
' ﬁ 3- Br op&gedxaﬁplw wild type icellsanaeik atpesﬁihthyad.rmwofmgans oinchl agehmetlc(xﬁeﬂ;PA) da§
as been eé@ﬁ@ﬁ&gﬁ@%&%ﬁa @aﬂ@%‘éﬁﬁ}ﬁ the AEGF 'ﬁl%tﬁg? 3vﬁl ﬁ‘c{‘)eﬁtugé]o uce

fromglycero at ase_enzyne coded by.

t he host or n@émwﬂé ﬂ‘ﬁgl"dé@ﬂé@@ ¢i umlmmwrnmummdmoamawtm s 25
dehydr at ase ugsan Sﬁﬁaﬂbxﬁfﬁ{ FhveeTyiRichgths 6 fenefle &uian%ﬁé willliell witigihydrat ase
(E. C 42128 othr enZé,He eto Cgftg ec\{z§ hlstra formation.
d ycerol mb'i?t 0f) i yhgre 238 RS Rreter Al IS { he dha
regul onl0 I}Aﬁvﬂeng!hpadmpdily Guges ehaged V\flﬂﬁfmﬁcid:iE’Acldan&ht@ﬂoﬂL by a NAD+-

Ly 20, r onobbiiafc BRPL G ERBLARE nBE b te Db B A AR ERY R 1o POt

1, 3- pr opanethieehanisns lbétW@ddsﬂpglzeanbyl\anmpﬂdapahhdmsohgwmhagenase (E C.
1.1.1.202) pifrhdetd tﬁh&qmmorggf%d;e%aeéd e%ﬁem%@}éﬁa (@Qmﬂ ant

transfornmations. th fect ca n channelln A va
ni cr oor gani SEIRgEHErambgr ofgifegtiyo mutatigns. hIeOI!E Qawgﬁdﬂ@éﬁl@ﬂs ysingduct i on

‘pat hwayis 3511gmtllhﬂhre300eeﬁtd4omnhh@garae§ﬁm d)samtm% gérRfallSxiRs € 't he

i ntroducti on.0f . atéh ﬁlghosgm}ﬁ%lﬁ [asy .mut at i (%#h .into the

mi cr oor gani SHiFEive on e shad xaye UV, lighton ﬁs}‘§e 4p co fc’é‘ YHlP%Wse of a

mut ati on toa¢twptansrald1hepmlﬁmdmrthet ibteracteithahe Phatnnel i ng. Tri osephosphat e
i somerase i s the RSk

01/ 12833 PCT/ USO fesid GRECAGHISA et 4 4160 §ﬁ%&‘j"§ fg’%ri“’?@%‘%rﬁ’gﬁ%%\ode and
as such al | swkcammoniyiused Sibsiancss incivdscrhericals ﬁab#chh@owlwapagm form

gl ucosef 0 GUHGRTANOZ &shNH OB, Bs WBR A icats thi ATHcer )zcatfﬁl@‘BNAtsﬂ@hQ@' etion
mut at i on (tg enhance e ove%%r rﬁeftsabol e e% flr'ly%nc g; t he desired
pat hway ovefcridyag XFés’th R IPr cAusigetrapeshits matapions, Specifig methods forhi ch bl ock
al ternat e pefehtiveysufaats usinpendietibradrachesical hgentslard wellajpemadinted iptheduct i on
B o nb 82 B Bt b tﬁ?o&n%%{,\t ot (& Texpbf of XD, e

el i m nati.on of cerol kinase prevents = G3P by the
action of f$Q§ml¢1)Edﬁ@nr(é ‘Sirauep AssosiatBPingt, t he expense

of ATP 1fl gsﬁm&mnd Ala9.or Uamﬁhaénma&dnaw Oftp8l Bﬁfch&h Behvaraoenase (for 10
exanpl e, E@frevenls?}g cer.o f or med romDHAP by the action of NADI"'K)
dependent g &b HETeH G0 ycfémﬂ}cﬁgenase from bei ng -converted to L
After mutagenesxs has occurred, mutants having the desired phenotype
may be selected by a vanety of methods. Random screening is most common
where the mutagenized celis_. are selected for the ability to produce the desired

30  product or intermediate. Alternatively, selective isolation of mutants can be
- performed by growing a mutagenized population on selective media where only
fesista-nt'colonies can develop. Methods of mutant selection are highly developed
and wel! known in the art of industrial microbiology. See for example Brock,
B Supra DeMancitha et al,, Food Chem. 14, 313 (1984). |
35 The elimination of an undesired enzyme activity may be also ‘
accomphshed by dlsmptlon of the gene encoding the enzyme. Such methods are
, known to those skilled in the art a_nd are exemplified in Example 4 and Example 8.
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di hydr oxyacetone (Figure 5). Mitations can be directed tig?rgnéefé ctural
“gene so as to inpair or inprove the activity of an enzy tTvity or

‘can be directed toward a regulatory gene, including pronoter regions and
. -ribosone binding sites, 15 so as to nodul ate the expression |evel of an
“enzymat iWOAMIFty. It is thus contenpl ated that transfoPABUSHESHNI

nut ations can be combined so as to control particular enzyme activities for
t he enhancenment of 1, 3- cropanedlol productlon Thus, it is within the
"scope of th P18 edigl lathwaydi i cations of a whol e cel

catal yst which Ie r&geﬁﬁtwegh PR r'Pﬂé«lﬁrb ecshdafofl ;FPpiparanedonl - - The

present inve t| on utylizes : at hway %é ?r thgwproducl i-on of -

1, 3- propaned$ YFOSEF ﬁa‘é"ﬁﬂ’gﬁs% ttﬁ%fo AT ¥ 1S 8% oves from

gl ucose to opikRentGdie, of@rgmﬂxeobfpa’ﬂamfakauﬂnftm timisé ykilled ih,the @t aphisedi ol . The
t t abol i

pr esen qghu%ataﬂm% e3> GIRRe REGRVERG M SR b ThAfndif ofiPt D01 1

efficiency o I ncor por at mut at i ons

. that prevent8 mémﬁw ‘A’i%?‘i’ lbﬁ;e@fa%ﬁnq phasphate (RHAS) aRd3-pbessbemds. 4 ycer ol
ErBa)F/) be di ?/er gl?&rilﬁgi?rclie(‘{mf S}lfh%rél(is &bﬂ?formédﬂa’ymk Eﬂ[ﬁﬁ?&lyﬁﬂoﬂgﬂg@ttger DHA or
Vi & c e | nase .as sed above
(Figure. g) y ‘ﬁ@%%?’(‘ﬁ?ﬁﬁ o ?‘ﬁﬁgj‘g‘ﬁ ﬁ‘tq’yéF‘g'%ﬁ%(?Pa Yedychign ﬁgb@gﬁﬁgl n del etion
gu'lt:) gt Lons ! rglrmomuhﬁosph@te (GPR fglowed by Bpdrelysisl dibk hydielyRisrstep dae beli verted. to
i
. Y fgi %e@f&am?%on? rnHOEE igéﬁgltafghtﬁ hdiSses) p\kﬁ%ﬁ&te 1&5@51%‘5& f

m croorgani sm g tatiron In I'S gene. &]Fhe present

al ns
met hod addi tSPSFELWith W%Fb@r@?‘é%“béﬁﬁéﬁ%ﬂ&a&!#@%ﬁ%“ uced,inte Biever si on.

?f gl ycerol ﬁo@tB}-Faeombtnaﬁbnfwn@feuaetﬁmlstemdhm:erchtawz&@bj«hwﬁma(arl viltlﬁn -h a5
~factor, enc r e . dha re t houg
’-:_,c)onver5| on ggﬁﬁﬁﬁ%ﬁg{] m% cag V%YC bet@ﬁ?@‘éﬁeﬁ gg’beg}?ﬁ‘)l?shed via a
1, 3- pr opanedicedmbigitier. ddmmeﬂmﬁéedhemlommulymmles ‘a non-specific

tal yt f I
produt,© i pYolehBeEl: Sgﬁ%ﬂ%ﬁﬂ%ﬁe&%ﬁﬂﬁﬁgﬂéﬁ A5 R03 ancdi o

(Figure 5) In such a pcﬁces ' f 1, 3-propanedi ol at least .10
g/ L are achi eved, where Y5} _>07’f‘ 0o §e? are expect ed. AR Ivel y, an
| mpr oved- process fbHPl%,-BNHEDIﬁaﬂéﬂI—Dﬂ 3meﬁmmr+m+ uti I(Ez;aa@:bxyz;)erol or
di hydr oxyacet one 'a tr t}?way conpris y t he

| ast thrz%e substra%sje"a':,els t)FSI%I:‘He‘?)oI -~ q-gﬁg?ﬁ% 3 propaned@uaéqrh such a
process,” t he_oxi doreduct ase is again elimnated in_favor of the :
non- speci f i cGlyserohisypon¥erieditp Ji3rpropediod viathe intermediate khydmyy- o
-?ﬁhydr ogenas;ﬁbpmgawr 31Hm? a: bé@rdedaﬁ&uuﬁ:aettambﬁ«td qml'%tlaeﬁna;lﬁfélflﬁd by
process. {1t of bt e preduid i AcsroloPaugtion daby » fsoAmgeLehzye FohpBy od vher o
titers of 208 apcbdalley the hesttoedan B imirbdudey intb thshwtbh'recotrib&iaﬂdﬂp’é‘hi@f “the
rodi 11 e oy S BAE cikbA berll enfiiaiby RECTL O L SHARG paiGE [T, 0O
i.nproved 1, :1 Gropadd) or apr ghercargme alye tesaiphyrethis tmfléffxﬁ'@ﬂ%hl@mCIOM| ch
'\--ﬁatura: I%/ gmwﬁta?élb& h&t(ﬁbm Ddatasd, i SR odEBbY ﬁﬂl&g@@e guldy 15 be g ol
mani pul at e S £0,i i % ene odi y.opandi o
OXi doreduct agg 1eRanGdio ‘Spﬁf}é/‘fﬁ‘? El30 ?gaﬁg xp@&@fa produce

- finked host enzyme or the activity can be mtroduced lnto the host by

e b athD : 3 HA1ah

30 recombination. This final reaction in the production of 1,3-propanediol can be
~ “catalyzed by 1 3-propanedlol dehydrogenase (E. C. L 1 1 202) or other alcohol :
"'dehydrogenases ‘

Mutations and transformations that affect carbon channeling, A variety of mutant
 microorganisms comprising variations in the 1,3-propanediol production pathway
35  will be useful in the present invention. For example tHe infrbduéiidh"of a’
mosephosphate isomerase mutation (fpi-) into the mlcroorgamsm of the present
invention is an example of the use of a mutauon to Jmprove the performance by
carbon channeling. Triosephosphate isomerase is the enzyme responmble for the
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hi gher yields and titers of 1, 3-propanediol, nediated by1%p ge of an
endogenous catalytic activity, expected to be an al cohol %’i}@ genase -
Exanpl es of such m croorgani sns include but are not limted to Kl ebsiella
sp., 20 Citrobacter sp., and dostridiumsp. Media and Carbon Substrates
Fer mentWOBA288di a in the present invention nust centai RCEAISOHEASRY car bon
.Substrates. Suitable substrates nmay include but are not limted to

. monosacchari des such as glucose and fructose, oligosaccharides such as

"l actose or Senversien obRAHBIto 3-phasplaglissralighydes andassuch adoWsBE| Ul ose or

mhxture\jh t harveeimﬁ?dcawaalﬂdvff@ﬂxmmﬂﬂwmmmagﬁfésm@l ghyceR dad ggkgafrgg as
cneese ey, Rer nea rns e | ee sse a

mal t. Addit’ |15r¥§PP§>“eﬁf?e&3§'|"l§ ﬂ}%‘fi“mﬁﬁ@‘%%%é ‘?‘BBH""?Ubst rates
such as car hmmbdhmeffd:&,ncpbfﬂietdmmﬂpaﬂﬁ,vayovermbtddm’&liﬂdcihm KONVeEr si ondu nto

Kk b ed] ed. tior
Y DL ok ey AL Sfh DA% ARRRCSRIBL L Filnefa@ YPRED] P ofuct on

from single car mat e) has

. been repor i depropanedich pt@uc@hp%hweawo@d elso b?’aﬁeﬁllaméhe priesent inyentéon. Bi ol .
Chem 53(2) g #gﬁ&i:g‘i thel ARt GDOE SRt ﬁre@&ﬂ@él?&er@f forﬁ{ed frot ochemi stry

24, 4148- 4. mcroorg nisns can assimlate single carbon
conpounds, P%f“n&}%} %Pmd?ﬁmserfw&n@r@ét?@mee and produce

ﬁgng I Kg er (ﬁgexp'Eh& ebATRBigale SgarA:lmg ﬂﬁiﬂﬁhhﬁiﬂl ofiplyzaio] dehyidhsgerige (fdrbul ose-
(ot oo Rl Qe ed e bt ol B BAP SRR . e

York (19. 86ﬂgpendemtméycssﬂ-ﬁaahcephajedghﬂmm foan beigg SoMETEd80/ 22874
ri bul ose' nopRPhRXP IR Ghe RETZIYEY). 'MM@hM’E‘s%aﬁ'B@dﬁ@&S’cFMd Qmmltgeﬂet e wi-th

ri bul ose-5-phos hate to. form carbon sugar that beconmes fructose and :
eventual | y fhes tPHP’é’é“é’éf‘B?fﬂ"f)ﬁWE?‘%P Lansnzymatis Arvey ghertdidirected; kewi se, £,
the seri netmmmggmm@ehqtzﬁsluanhgpmta&e fis e gitusoie biiding d¥@s,gl ycol yt ic

pat hway 5 Vi gogs{tﬁtr{:}%é[l?d ehjeét F@é?i%ﬁ‘ie%ﬁ lng;pgﬂpc:acho to one and two carbon

substra es, O Cr oor an jown to utilize a
nunber of ot her sﬂnncemnmiaﬁw@atmniwumgu@mwmmweam ne,

gl ucosan necgbinad Y564 Blcbnftbl ﬁdﬂ.marwﬂﬁe ﬁarwneg?&ﬁlaelamene&ﬁén\f bfy. For
exanpl e, tIBon rophi ¢ yeast to utilize té?e 10 carbon from

met hyl ani ne lePreegtedial ew&v&%@ afhtwese CiscIoPPORf tRE Present iniepligl.  Growt h
Cl1 Conpd, [tdﬁnhcﬁ;&!m])dlﬁE:itl’br(sb@'Q@hole‘ldeg-cB&lysEth%chﬂéa‘al)to lah/htltdr@séd J. Collin;
Kel I'y, n ' ] pt, Andover, UK). Simlarly, various :
speci esﬂef Efa?dgaodad ‘\?\n{lllei prr’rggﬁ%hﬁfze al anine or oleic acid (Sulter et al.
Arch. M crobi ol The pgseit invesion 80lizes 2904ferred-patlrway for thegpro lenrpf ated t hat
the source g¢f Hrépﬁﬁ:ﬁfb@ﬂoﬂé&dg%?guﬂsﬁa&%e&r 88 8&tbon ﬂﬁﬁ%éﬁgﬁ%ﬁy 16Eds@TPass a

w de vari et of carhon-. contal ning substrates and w anl be l1Tmted by
the choice Bf¥DRA: SgShiceralos-HEd gddaall Yﬁﬂ’tlﬁdH@W“thoi STWF%I ated t hat
all of the phﬂualdi’eﬂfam%ﬂﬁde basibQiginesield 36 frfakmzaﬂﬁ nﬁetaﬁdﬁbe&io(imyfoeed)

t her eof,ar e sui r nt i ntion ar bon

substr a%sa g‘ eeD 2 a mc#rpgmt?gg%g“é d} 8" "bumt’r?g? Hﬁ%gﬁeg Sli’d l?’?fémnpr ocess £y
intends to pf @dbme’toawnsnddlgz&wc ugmgbgnﬂsr Gilycen anay heglivasted drom R
di hydr oxyacesRRes; N RIBA By REAEHBRRatRAth ciRBTATA 3r B3GR DlycQbt

di hydr oxyacet one-
dehydrogenase or glycerol kinase as discussed above (Figure 5). Accordingly, the

_ present production strains contain dei_ethn_mutanons in the gld4 and gipK 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 mcorporatcs a dehydratasc enzyme for the
- conversion.of glycerol to 3HPA, which functions in concert with the reactwatlon
| factor, encoded by orfX and orfZ of the dha regulon (Figure 5). _Although
35  conversion of the 3HPA to 1,3-propanediol is typically accomplished viaa
. 1,3-propanediol oxidoreductase, the present method utilizes a -non-spe‘éiﬁc
catalytic activify that produces greater titers and yields of the final product,
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e |n1ted or excess. nt 1 nuous

feed. In addition to an appropriate carbon source, ferrreqré%b,raﬁg/m@ nmust
25 contain suitable mnerals, salts, cofactors, buffers and ot

conponents, known to those skilled in the art, suitable for the grow h-of
the cultures and promotion of the enzymatic pat hway ''necessary for

"1, 3- prop¥i9{1333pr oducti on. Particular attention is gi vBATAUS00AIBTH) salts
and/or vitamn B 12 or precursors thereof Adenosyl-cobalamn (coenzyne B

12) is an eslsf-?}dp%ecﬁ&f(?%h@'%f % st o gptbaegr BieAO6r BSblolahdiol Tk Ras! s Of

coenzyme B 12 found karyot e somne are able
synt hesi ze the erﬁf&hrrdr%éwhr&/@erw PéxPeEtfréherr chia

hl at t ae, =Kl ebsi e|Al!HimﬁleB§an ﬁixprb@étﬁﬁb&rss ﬁ)@ﬁtgkﬁﬁpar@ﬂi@l ﬁoﬂﬁ&tl’drﬂh&ljn speci es,

whil e others..can rtial, reae or. exa cannot.

b cate 2R BBl Sf ShPRatol B uBRtae hork tha il CIHTRES
~conversi 6n dml}cdnbllasaﬂlerbM& ghycerohet 3HRA e d @apropanediblic bn such a

=) deoxyaderﬂrg‘gegé tl‘il:r SldBoreddttse id afgainsch 1h'¥a¢d?%f tlﬁrrfonlsgé&ﬁ@ coenzyne Bl12

precursor, such as’ Vlta nee ernentatlons
36 18 Febr udAAlBEEetvAEY éa@f%sé@berf@ﬁ*t@@@?@%ﬁéfmmw@am‘ﬂe‘erﬁr_er&a@n tions to
E.- coli fer rtbﬂaatttamﬁutﬁﬁm«e:@dﬂﬁﬂe&bﬁﬂkmu&gﬁ tomsideddtiods 60adlignt rate or

d be added |
S nore or mHRRES ff it o Sy 38 PrbHlerd ot £ Sioro e St dBH 5 1o C )
fed to d@ll Heg’bare(@iwedwmlemﬂ@nfmwuamﬁpﬁ@ed Most - pr ef erred ratlos of 5
vitamin . 11.12 (@&.ﬂwntpwﬁﬁtn HESD es{iﬁiéiman@(rﬁof @rmé’mt;

Al though vitamn BI2.1s added to transtorned cql | the present

i nvention i tw'rldéyﬁﬁl‘ﬂtcé?ﬂig‘a’t‘% tthh’é’ta"ﬁpﬁ‘é‘rm?ﬂ‘@%'@r thg Aelstgn OE@HH‘IS‘PE obf de novo
_, .ét}TB 12 bi osythé bksl stivlty ko abae ithprosed 1 alﬂr@aﬁdlanpteam&fs Urlegarapid, t he addition

-of B 12 to these m croo ces I

Condi t i ons: - TP CH IR 5@8&8&*@5@1@‘ “EHR é’ﬁﬁ‘? %WS%‘&"%&%
Preferrdé grhmmztmpuh;ddaqaﬂonmtlpatemhaﬂ"mmwodmaﬂm Gopmpandiohner ci al | y
prepared ”Efﬂﬁdo?&fixbtaééacdvﬂ&' ?h&%&ﬁx@fyoréahﬁ)ns%ﬁtbé expeeRAUb ?Mu@@Xt rose (SD)

broth or Yeal_‘st medi-um (YM Qh fined or synthefic growth nedia

may al so be. igtgeéalegtr@nfiﬁléerasf hawr‘zfpmca?lem%'ateakrftbﬁprgrwa ¥ the
particul ar mnabgﬂnbmtﬁmwdtbntp&xbmmow ansmamehﬁd&bgéxﬂdel n the art of

m cr obi ol og ntati on sci.ence, gn to nodul ate
Catabol |t o el ol S blsRr et el g ned g8 T bR e e

2' . 3' - mlopHosphatte, sprend lastridiemispcor porated into the reaction nedia. '
Slmlarly, t a own to nodul ate enzymatic activities (e.qg.,;
met hyl 20 vrﬂg?%lggﬁ%e“w %Pie’szréﬁgt‘o enhancenent, of 1, 3- ropanedr ol pr oducti on
may be used in dEApEHaMIIRediA trithe presentinveationmysiconiain Mitghlscarho

mani pul ati Ork%bst&t&st Sbit@ol@khﬁs&ﬂt@?&aﬁr%clﬁd&%uf@r&fﬁﬁf\l‘irﬂttéd)fb rﬁéﬁ;sﬁ@h‘éﬁé&‘s pH 5.0
to pH 9.0, err he initial condition.

e S
roanti ons. maekes siBtdse AL ocRes pligash SRS L Se A ete b ST - one wner 6 25
anaer obi26 orpomysamha@de:stsuch asstarch bf @tinlosaoemptatetherdf fethidymiified

..--::L)errmnt at | 03, HRY; RSHREALISE D GRHROM e e/ QL xR R Rreepd! UCOSE:

i ohe
- liquor, sugar bcct molasses, and barley malt. Addmonally the carbon substrate

may also be one- t:arbon substrates such as carbon d_t_ox1de, or mcthatnol for which
metabolic_; conversion into key biochemical intermediates has been demonstt'ated.

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 assimitate single carbon
compounds, ranging in oXidation state from methane to formate, and produce

35  glycerol. The pathway of carbon assimilation can be throug.h ribulose .

| monophosphatc,_ through Seri_ne, or thxo_ugh xylulose-momophosphate (Gottschalk,

Bacterial Metabolism, Second Edition, Springer-Verlag: New York (1986)). The
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The present process enploys a batch nmethod of fernent atl,f)é'l tﬂ]g‘.’? 63!

batch fernmentation i-s a cl osed system where the corrp05|t|on 0 he nedi a IS
set at the beginning of the fernentation and is not subject to artificial
alterations during the fernentation. Thus, at the begi nning of the
ferment WO WA28%e media is inoculated with the desired mPETAIOY 22876 m or

.m croorgani sns and ferrrentatlon Is permtted to occur adding nothing to
-the system |caIIy, however, "batch” 35 fermentation is batch with
“respect to tt %ﬁéﬂ‘lnp phosphate pathway swaiverths sandansatign of fommate Bithen nmde at
Cﬁntrol I |bn|g ribaldsess t@uﬂnt@@mﬂaaactmngagbrm%&rﬁ&tm%selaﬂd bgt clzg Eyztems
the metabolite a nass 0 ) e,S ebruary
2004 WO 01/ fﬁ%qg’d%%gﬁﬁj‘iai% @'b‘it%gf ﬁ‘?ﬁ{‘f‘h}’ 53 et :iglée%Yl?Feﬂ?eernent ation
i s st opped. 'senie prthwayadssimilates the @g-adidnsompoded attetlte@jmm@‘ncqaaﬂivm)n c lag

phase tosa Rifhed &%QW e and finally to a stationary phase where
gromh rate is d| n.s alted. If untreated, cells in the stationary

phase will event &aﬁﬁwtlm@or@épﬁgﬂ?ﬁmb@gswﬁstés gestbylakoghiar e responsible

fﬁr t he 3u| mo;fooﬁghamwarmwﬁno@ﬂah gmiﬁgﬂﬁhzﬁﬁbeﬂ dﬂﬁﬁ!ié?%dﬂb@h-%ontﬁmi’lﬁgi ation on

the standar is the Fed-Batch s Bat ch fermentation
processes a?’egﬁ%"g%dssu Etﬁﬂﬁwr}%g FeEpiRe ?Imaeme&h %ﬁ?f“eé‘ ?F‘ge a typidal
bat ch syst ermmhqlalcaﬁevs@x Jopexageple,macthylhzophib yeastare knewadaleglizerthe i ncr enent s
as the fier Meiah iofh REMIERACR fofff flefiiddeibr ptefiTRBAliGn bR Whctpen 10

catabolite repression i t to1n ISmo e cells and
where it i sGe"ﬂlé@l &égp@%ﬁﬁh\%’mﬁ]ﬂ@&gwg oeditastsyt Mureelli k t he nedi a.
lc\i/e?fsurelnent Cotlir; ﬂ@:llyab?nlﬁl Puhilighdr! aﬁzergeﬁmmaw%tmm smﬁﬁgr Ratnl. Syslgems i's
ifficult a r t on t as: t nges o -
?ge essotfrt%nﬁagvﬁ!l Sﬁ?abgﬁa %l‘a\x}gﬁorg eﬁ@f p‘gl‘;? )

measur abl e tOrs e ial pressures
of waste gas}ésmé’udhlﬂﬁm-4%(ﬂ&ﬁ0)anﬂcmstMGmmemﬂafedrthmrﬂne&toumes;fare conmon

and wel h5kneyBoh ilif idftte r@%ﬁt i%i?@dﬁ%?ﬁalf@)ﬁo{ﬁﬁa{)%'@ﬂe vhﬁc@r ?&Jﬁ'boﬁ upra.

Al t hough the [E)resent I nve t|on 'S, per
cont enpl at eGORHNG WESTFALESEE WIB only bsdimitkd ythe cheise ebmiGraeraRISMar ment at i on

nmet hods. Coptdeassous f er ment atlon I s an open system where a defined ~O
fermentation rredl de |n a, bi oreact or _and an equal
amount of condlfA ﬁ@grésdcog ?’%%gﬂygf%ﬁlalf’%w&& H?eﬁlS rl;B’Poces& ng.
Cont i nuous stbsiratenead mbrtugge (ﬁ@r&hd)}hmfrwasmmblm theipesane &nvehtian, const ant
i gh dene! { yrefbiféoarlod substied aR LITBISk tudiflel ARy ERAGH a1 nefgfiL | NUOUS

fermentation all aws ation of one factor or any nunber of
factors thaPm&F?SéBie“‘&Se‘PIPr “69\/?%3'64035%5;&1 s andglresreliost i on. For  exanpl e,

one met hod dihlydroxgadet@ierwiterd theipidcass dntitiphRB h ghpiefvl 38 dihparoxgadeihesour ce  or
ni trogen Ie el, at a fixed rate and allow all other paraneters to noderate.

In other sysfiems a nunmber of factors affecting growh can -be altered
continuously whilik additaen ‘oein|appropoate cakbn soyrceefesmentalionynediaimast ur bidity, is
kept cofigt apiue e ate
grow h condi trl1 %ﬁgugﬁg@%ﬁﬁfﬁy%aﬁé’%ﬁ%rszgéf%@ ah{i’ oﬂ@ g&ﬂb%e?&r‘]sg ra )

nust be bal HWseskiighinibe agtfuitalde forghegrowth phithe ciliunep and eqomupapfm ~
Met hods of - eRgimaticipathwal net 8 faNg 9{@%&&&%&6&{&06 OPartictR} éﬂEﬁ%ﬁ
fermentati % \r/gnct%séoe(ﬁ) Shlts an ancllllor vx%antng 12 0(1:-] l]gx(?eséursgrrs t reotm zing the rate
' ~'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 exampte, Escherichia
: 'blattaé,’ Klebsiella species, Citrobacter species, and Clostridium spebies, 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  cormrinoid and ‘can introduce the 5'-deoxyadenosyl group. Thus, it is known in the
- art that a coenzyme Bu precursor such as vitamin Blz: need be prov1ded in
- E. coli fermentations. - : ‘ e o
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of product information are well known in the art of '”du?é’i:‘ef}\]ua?fdo‘%bi ol ogy
“and a 35 variety of nethods are detailed by Brock, supra |

contenpl ated that the present invention may be practlced usi ng batch,
fed-bitch or continuous: processes and that any known node of fernentation
38 18 FeWOMAYEB004 WO 01112833 PCT/ US00/ 22874 woul-d, bePETUSeMs12874
Additionally, it is conterrpl ated that cells nmay be |mTob|I|zed on a

substrate as whol el.l ,cat nd .s ected to fer ati.on conditions
“for 1, 3- propanedsfﬁcamﬁ? ﬁ% st?g:e‘r‘ﬂlﬁ%w& L?HE?J‘EP&PPWS bh

13- pr opaned| atacw'lsmtimma‘tagedamm qoumldelm&tuhelgem‘ration%fwénmg@miayf rom -

fer ment 2t} 0N bISHA in i1 MlubI UhlIE aliliond PrefEHBNBAS: oPLRRARE Of o can be

obt ai ned from ce e reac 2Zextraction

-~ with an or gaking) fsdtq el mass ﬁSpi@l’Pff@ﬁlo%w @60 umscm&mdwwapﬁy (U.s.
5,356, 8125. Aitarpi 18], C(ﬁg@'fd:d’to@:@l?%asQég{ 0§ aHore 01121100 4ghi s. process is

cycl ohexane (U. S. 00 &% ro anedl ol be'identified directly
by submitting the%ﬁ?&‘f‘g&"g‘w 24 fortae gﬂ SRR CE B RBHGNY HPI__C)

anal ysi s: Pr afventigulit un:dntmgdate&ﬂmt omenmmrdorgmmsns Eapiblehﬂ@evlﬂﬁf B

1
fernentationy, Ss""ﬁ qn % urm usi ng
a nobile phasiresggl#tﬁl%)sll {? ur’tg@e§ dggé&y%ﬁg?%%hﬂﬁfp?@é gg
EXAMPLES  GERERRaprerpismemdll be yarasessas. f or phosphoryl ations, 1i gat i ons and
transfor p@t i CRuRIGonMRlidns: known in the art. Techni ques sui tabl e f.or. use in
the fol |l ow ng eXappl.es, ma f ound | Sanbrook, J. et al., Ml ecular
Clonin : A-Labor aﬁ?ﬁalbh?%lél‘m FERWVB AL KDineapprapgate 'I‘Eﬂlﬂ Bysiferred arawthor

Labor at ory Prxﬁgﬁ ift il&ﬁ&g;seiﬁ Mg}éxﬁidn&wcl:oﬁhﬂﬁclngvddﬁﬂ&%:aﬁylﬁréii}% hédia EIIEL% };Ed r t.
.- nt enance 4 %Rﬂ]}l 8 até ﬁl‘l al,.cu ur@a)g&_ no 1? e a
. TFech F fro ) aﬁﬁf?‘\ﬁg g -
"I\/g(r:]ug: qg;—: Sl\/zgmgsoﬂm defuned oa byritbaticerovathanedfaiinay b]lspﬂ)e Geerd”mddhe R G E
Mu , I r ' R.
Kr |r regyanglgielogblig}’D rggi}fsié;lit’iﬁ%1 fo'?ﬁ ﬂ omz\kg&fcglgrnm 518‘%"]5?"1 Q? ‘ﬁ“ cr 0 |bg}o | ogy,
Washi ngt on, ‘@0“(’?‘9@1& “b e?ﬁ 'OE}%@qufﬁlelﬂiﬂb@@@mﬁmﬁo@c userofText book of
ISndgst Iri alj M@mmﬁ mo'ﬂ?lh@”@itﬁoh%e' cési&ﬁﬁ)e(g@* Bﬂuﬁkectﬁs %\%tc #?I:l‘:“c: ndl nc.

en erial s. use o
i nt enance BEnRae 2HT HopRRe B Bt PBI Ariarne gk meding. 30
( M I waukee, Swilaripi ﬂf@@staﬁageatsdmnwn t¢ Detuiatetenzivhitic a@hBﬁElsE&. fneiyl her sbur g,

OrygSi g Ly(ﬁ) S speC| fied.
The meanl{ﬁg 0 lo%@rﬂhw at | o@ﬂ%eglgﬁtf()fhr%u@p ol #E{-Uélﬁgﬁ ourfé%mus nmeans
mi nut e(s), " gengunciipn Wathas @s Ay pligmativg to genetie maaipudations.nl” neans ni | | iliters,

"L" means |i te[)s Sﬁa@hb@é’lﬁ{lrﬁx 59@@4&&%&1%%&%% Wtcﬁ% thoI tS b|35 .
Luria-Bertani, bro anpi ci I N e tables e
fol I owi ng abBPEGiP, ﬁ]? gg ﬁg)éﬁong{ﬁﬁha "ﬁl%‘"ﬁ E’EAW%‘? sion, "Sel." is
sel ectivity. baseﬂe@mnsambpbc perfictmed divdéraerobic cdehwbmdcoﬁcﬁti&& wedreuary 2004

25  anaerobic or microaerobic conditions are preferred.

) .....  Fed-batch fermentations may be performed with carbon feed, for cxample,
_. glucosc limited or excess.
. Batch and Contmuous Fennentatlons
The present process employs a batch method of fcrmentatnon Classmal
30 Abatch fermcntatxon is a closed system where the composition of the media is set at
: B the bcgmmng of the fermentation and is not subjcct to artificial alterations during
thc fcrmentatlon Thus, at the bcgmmng of the fennentatlon the media is
- _moculated wrth the desired microorganism or microorganisms and fermcntatlon is
perrmtted to occur addmg nothing to the system. Typically, however *batch”
35 Ifermentat:on is batch with respect to the addition of carbon source and attempts
. are oﬁen made at controlhng factors such as pH and oxygen concentratlon In
a batch systems the metabohtc and biomass composmons of the system change

37



WO 01/ 12833 PCT/ US00/ 22874 Strains and vectors used and QQ%BHAW%tﬂ n the
foll owi ng exanples are listed in the chart bel ow ' -
- STRAI N/ PLASM DDELETI ONORF/ GENE KLP23gl1dA glpK RJI8ngldA gl pK Tpi pAH48GPP2
DARI pDT29 .dhaR orfY dhaT orfX orfWdhaBl dhaB2 dhaB3 orjZ pKP32dhaR orfY.
orf X oWOOHigB) dhaB2 dhaB3 orfZ 5 ENZYME ASSAYS AssayBCTRiSOGAWr at ase -
-enzynmes: Dehydratase activity in cell-free extracts was determ ned using
-either glycerol or 1,2-propanediol as substrate. Typically, cell-free
“extracts \Amoastarphan:enoehb tiye thed fermkéndationtis stoppesd. rWithinfbaeshaduitpres<slld ol | owed by

| h t
of "l dengadhStiely thARRHLAR b be fFD @&J‘“ﬁ 180 BB SRATBAIPRA 0 LO0 o
by Forage &fftiopaymbpse V(lm)m“ﬁhram 6;5!nsyyushqétoa 69l Ifontrenteriopalls imonda et al .
(J Bact er i qhe stddcharylptase @ﬂ?@t@ﬂuﬂl&*ﬂ&c'&ﬁﬁl@[bg?ﬁﬁ%’ dnldplity A@asures the

“reactivatiaon of a eat|V|t . e determned 15 in
t ol ueni Zed ™ Sﬁ?BPﬁg@g%{‘i% E’\?\?t"%p&%‘ %ﬂ%‘ﬂ% ct gtn it¥er glycerol or %
1,2- propaned| ol ﬁasarmbsbnaheestarﬁaubbammsylsmmmheEﬁiBawhpﬁllexhy the ratio of

| E’%"ﬂ‘éi\t or 16T Sptb e ets M AERE NS R Bt cor ol or

, 2- pr opan&aMprss a typicakibateh systesm with éhe exception that the substrate is adde
increments as the fermentation progresses. Fed-Batch systems are useful when

10  catabolite repreésion is apt to inhibit the metabolism of the cells and where it is ' -

- - -desirable to have limited amounts of substrate in the media. Measurement of the
. actual substrate concentration in Fed-Batch systems is difficult and is therefore
.+ estimated on the basis of the changes of measurable factors such as pH, dissolved S
oxygen and the partial pressure of waste gases such as CO,. Batch and FedLBatch

&

15  fermentations are common and well known in the art and examples may be found
in Brock, supra.
Although the present invention is performed in batch mode it is
contemplated that the method would be adaptable to continuous fermentation
- methods. Continuous fermentation is an open system where a defined
20  fermentation media is added continuously to a bioreactor and an equal amount of
conditioned media is removed simultaneously for processing. Continuous
fermentation generally maintains the cultures at a constant high density where
cells are primarily in log phase growth. ' '
Continuous fermentation allows for the modulation of one factor or any
25  number of factors that affect cell growth or end product concentration. For

P
s B
F

' =-éxar'nple, 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 contmuous]y

* while the ¢éll concentration, measured by media turbidity, is kept constant.
30 - Confinuous ‘systems strive to maintain steady state growth copdmons and thus the
"~ cell Ioss due to media being drawn off must be balanced against the cell growth
rate in the ferientation.. Methods of modulating nutrients and growth factors for
 continuous fermentation proccsscs as well as techniques for maximizing the rate
of product fortmation are well known in the art of mdustnal mlcroblology and a
35 © 'vanety of methods are detailed by Brock, supra. '
“ltis contemplated that the present invention may be practlced usmg batch,
fed-batch or coniinuous processes and that any known mode of fermentation
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respectively) was neasured directly, using HPLC, or indi g the
“met hyl benzo- 2-t hi azol one hydrazone reagent. Alternativel 3@%%%%183}@01
formati on was determ ned by coupling the conversion of the al dehyde to its
respective 5 al cohol using a NADH |inked al cohol dehydrogenase and

“noni t or i W& @1H@833di sappear ance of NADH. Assays for 1 3- pr ®eanesdiels7s

oxi doreductase: The activity of 1, 3-propanedi ol oxidoreductase, sonetines
referred to as 1, 3-propanedi ol dehydrogenase, was determ.ned for cell-free
‘extracts in woi:ldtblecsmtablﬂ Additionallyah is gmiteanplated that clsphopbiadhetilizsdd NAD+ as

(1087) ). A t S8 eReTaRas RN AR e @%ﬁgﬁﬁhﬁwg“ Ak 20°0
"1, 3- propaneBBmfomdlePdMIQndetermned by the °disappearance of NADH. The

- slab gel assméml;mnbhgmp g4l separating the activity of
1, 3- propanedi ol . o of non 15 specifjic al cohol

dehydr ogehases b 31 de ‘lé‘ag‘é'b _‘aé‘lpé?i’an jg! fom fomentajpa edid  wei ght s
o:‘ % 3- Plropaare@tnomznmhdarte@uﬁmqﬁe (pd&)ﬁ]ikdibrs@ah&bb@h&afﬁe’mcdilrxlﬁlaﬂhll :
Kl ebsiell a st eurd anum ar e sual ly large,
on the or depﬁsg#“@%bﬁ %H@q? &“gﬂglﬁ%%gg%ﬁrgﬁém ‘E’&%B@@P’I €13 Bﬁ’e‘ﬁh evis and.
Lact obaci | | udistiliationcanid cobmmehronategaphy 48. §356812). eﬁpart@uhaﬂpgamédi ol 20
oxi dor educt a&%ﬁmwsélber&rf@mrstﬂrsc%sﬁsrbyuaﬁeﬁaﬂeT(msso@ gpwn 1, 3- propanedi ol
oxi dor edLth ases (ﬁEZ)T%%QA% @%‘ E gﬁ/{ 3- phog hate deh dro enase
activi :'YA proced obigay, ge Hisatific r??é‘VéWSP BB theimska touieR shed by
Bel | et al.preshureHiquid clgbmmogeiphy (MPBEG) 4y, ) Prefbied imtepastentnvol ved
l ncubatl ng t hat tained 0.2
i NADH, 3. oSl A iR R RERe TR ekl BBl o ah BRIVEETIH 0°1 1
“Pri s/ HCL, pwmhglgemimusmgmmsbmmtrof DAIN sulfuri¢ acidlimareisodratic 0 nL. at 30
C. A'backgrogglonate of the] reaction of enzynme and NADH was first
determn at 340 nmfor at |east nég;m@mge second substrate, DHAP, was

subsequem |y added and the absorba nge over tinme was further
noni t ored f oGERERAaMETHODA. G3PDH activity was defined by-subtracting

t he background ralsr% J?@ﬁk@m@fmfcﬁ?laﬁ £ hﬁ@ﬁﬁ@éﬂ%{ mnamba%ogsar?éw%lposmat ase

activity: The assay for enz I'mhcubating the
extract wi tknoan igdbger.c Terhaigypssuitablgifer usgtin therfoaomr@exmnplegmayﬁs and

rrﬁgneﬁ I ;Jm bufohi8d in Sa3rbrebk,9: éaleuicuﬁd@F& Bz UAGhb¥RTorg NG, Sedsrdl ]ycte[] ol

(OS] a (0] Cer at e e al concentrations O e
Eeaggnt 0, 15%0%5@53% ﬁjﬂ{h"f ba Q3T ResHi! 19881 s or 50 M MES): MyCl2 (10
mV) ; and substrat Ie[a(eﬁﬁlsrﬂdﬁi metlfodd SuitablSfolr e mainyen20and@r&ith ©b2833.

PCT US00/ 22844 A NEli AL Al Pl Shikh fh@%ﬂs qei@ssuwe AR, i bl €

preci pitation occur uench, e Was convenlently
- assayed in tﬁélowmgeqxa@ple‘;may Wépmﬂjm ig B ogysanpl e

45 e T S8 i ol U
AT %mggﬂ% 53¢ sl ol e vas-O.

p
-The enz c%n

““dont ents of Miaobiology} Waskington; DLEY (E99d) bh’ﬂmmhﬂ) Brock in Biotechnology:

A Textbook of Industrial Microbiology, Second Edition (1989) Sinauer
Associates, Inc., Sunderiand, 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 Chemical Company (St. Louis, MO) unless otherwise specified.
The meaning of abbreviations is as follows: “h™ means hour(s), “min”
means minute(s), “sec” means second(s), “d” means day(s), “mL” means
milliliters, “L” means liters, 50 amp is 50 pg/mL ampicillin, and LB-50 amp is
35  Luria-Bertani broth containing 50 pg/mL ampicillin. :
Within the tables the foliowing abbreviations are used. “Con.” is
conversion, “Sel.” is selectivity based on carbon, and “rd” is not detected.
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cuvette was placed in a circulating water bath at T = 378CF #0420 mn,
the length of tine dependi ng on whether the phosphatase ac |v |n t he
enzyme sanple, ranged from2 to 0.02 UnlL. The enzymatic reacti on was
quenched by 10 the addition of the acid nolybdate reagent (0.4 nmL). After
t he Fi Ixk@0BuM3ARow reagent (0.1 nmlL) and distill ed.wat ePCELUSBO/2OBTS wer e
added, .t he sol uti on was m xed and allowed to devel op; After 10 mn, to

“allow full col orgdeve me r bance,, of he sa S was read at
"660 rimusing a ?%gve&fwsfggﬂ%ﬁ? ﬁS‘?H%‘Fé‘?‘ OWIR EXARRITHAT of * i nor gani ¢
phosphat e rlﬂt@hnehbvbmﬂmdmp:ar ed to 15 a.standard curve that was prepared by
using a stock |norgan| ¢ phosphate solution (0.65 nmVW and preparl ng 6

st andar ds. gT'RJﬂI{J&jLASWISam T pnosﬁgmﬂo orCenfTatT UBRF/C WE”Q f

_T

0.026 to Q—+36—pH ASS-ay—t-oF—gcef-or ““am : iate
anount of enzyrre,xrypa?'call ly acell -flgEgCI’ ude exttact, was 20 added fo a
reaction nixture containing 4q mv ATE®PR0 nv NUSO‘-’L; 21-mM uniformy p3C

| abel | ed dl ycerol R#8mg Canbri|dge | s@gldbe Laborateries), and 0.1 M |
Tris-HCQ, |pH 9 for 75 min at 35 C. ThépKonver si on of glycerol to glyclrol
3- phosphate was det ect ed by 13C NMWR @25 M—lz) /cerol (63 11 ppm 6} J 41
Hz and 72.[66 ppm p%\ &A1 Hz)—gtycerot—3- pnuapnue \OLG¥ ppm—S—R5 J =
41 Hz; 65.[31 ppm "br d, J = 43 Hz; and 72.66 ppm |dt, J 5.8, 41 Hz).

i s leRase—assay NADH -1 nked er.ol
in ceII-free extracls froffd® coil strhins
after protein |separation by..non-dlenaturotfl -

pol yacry. lfam de gel el ectrophqresis.. The conversjon of gh(;ﬂéerol pl us]-NAD}
to 30,- di fydroxyacetone. pl us NADH was coupled with the cesmxersion of B-[4,5
di et hyl t i azol -2-yl]-2, 5-di pRenyl tetrazol i um bro de (I\/j, to a deepjy. f)
col ored fjormazan, using phenazi ne mnet hosul fate ( PVB) asd ibsy ator (Tapg et
al., J. Bgcreriol. 140, 182 (1997)). El ectrophoreg$is was ormed in
duplicate by standard procedurfes using 35 nativej]gels (%% TG L5 pm 15
| ane gel s jfrom Novex, San Diedo, CA). Residual gfycerol removed from
“the gels Q i 3x with 5 mM Tris or potass'umcarﬂ" ate buffer] pH 9
for 10mi n.{ The d 3ate gel § were devel oped, 42{1 8 FeBrafiry 2004 WO

01/ 12833 HCT/ US00/ 22874 wi-th gnd wi t hout gl ycerol {(approat/fately 0.16f M
final condentration), in 15 nmj of assay sol ution|contai g# 50 MM Tr}s or
pot assi umjcar bonate, pH 9, Wrg ammoniumsulfate| 75 ng |, 1.5 ng| MIT,
and 0.5 PMS. The presence qr absence. of NADH -1 jnked g NG ol _
dehydrogenjase activity in E [coil strains-(gldA) |was al term ned

fol | owi ng Jpol yacryl am de gel |el ectrophoresig, by.} react i th pol ygi onal
anti bodi eq raised to purified|K pneunonfae. gl ycer 9l dehy nase (dhpD).
Isolationijand jdentification df1.3-propapediol; . 1!, . Theonversion bf

"glycerol to 1, 3. propanediol was nonitored by HPLC. 10 Anal yses were
perfori d using standard techni m%al s available to one of
skill i the art of chromatogra : |l e method utilized a Waters .
~ Assays for dehydratase enzymes: - - - : )
- Dehydratase activity in cell-free extracts was determined using either
glycerol or 1,2-propanediol as substrate.  Typically, celi-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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Maxi ma 820 HPLC systemusing W (210 nm) and Rl det ectlo ??mmggp o4er e
"injected onto :a Shodex SH 1011 colum (8 mm x 300 mm purc ro

Wat er s, leord MA) “equi pped with a Shodex SH 1011P precolum (6 mnx 15
50 nm, tenperature controlled at 50 C, using 0.01 N H2SO4 as nobil e phase
“at  a fIWR01AEIE of 0.5 nl/min. Wien quantitative anal ysPETH&8/228% r ed,
sanples were prepared with a known anount of trinethylacetic.acid as
external standard. Typically, the retention tines of glucose (R

“detecti on),- gropinmelsichyde, @hqnrgiycena dir ¢)2-proprinediot isasedas)substrete,t ri net hyl acetic
acid (UV andy < hleaMed, 08 mn, and
35.03 m n, re%é?%t%@gwﬁg Pr oduﬁlgcgﬁy’é% dg%%@%ﬁé%é%&wugmé@%nfl rrred by

GO/ VS, Anal y&iEthy, Rk diazongresgentd Altematvalningedust formation er i al

- avai | abl e t owamdetefminkd b)lr couphhélthe cdhversibn GhbBldeRR 8 §srapk&iveet hod

utilized gas chr.omat. 0 rah coupled to a.
Hew et t acll;?%ﬁ‘gg?ﬁ%erl egﬁ@ggsgé@@&eﬁ% $rEpSs@ng mopto 8 ®and a

HP- | NNOMax c@istppgaragee ¢fNABHgt h, 0.25 mmi.d., 0.25 nicron film :

t hi ckness). OKI_ggjfggirqrg_b%aﬁéd;@ oaidrds@ss pect rum of 1, 3- propanedi ol -
generated were C entic 1, 3- propaned| ol (We: 57, 58).
"An alternative ne?ﬂgﬁctﬁ‘v&? 0&}BI®°PW6!°\€8’&‘1%¢‘FW1 spretings sgfemebtodsnpl e, To
1.0 nL of sabpHeoganediol dehytiogerass payrdetdrmiied famllﬂfhé%ﬁtra&s 1d-sdlhit10n

concentr =t i il ) PHRARNAN oS+ &Y hSEll bk BSc3BF © V00

bi s(tri net hyf’gﬁwpﬁw Lm,JoB@&@‘mlafﬁ%80W19&7)heA(t@®@tlteﬂy,whscomdﬂmm to the

| yophi | i zed &F3-EIPiASnd NAREDtoW, B k Hﬁédfol%ﬂémgsééter&ﬁné&&%eone h. The

~ sanpl e: was I arified g ol eri centrifugati‘on. The

" ‘Pesul ti ng a?ﬂpaarﬁ%‘iet‘?{N%ﬁgd ﬂ'ﬁts tgfr‘lL aé%é‘\‘/epwfﬁlah tage ofhi ch was used
for anal ysi ssepﬁ?daﬁn@&cmﬂpﬂt;eoﬁxﬁ&-p@dpaﬂfﬁbhg:ﬁdﬂﬁhﬁd@(aﬁa@ﬁﬁ&n&ﬁétlb'ifﬁoﬁ-48 m
oot P R A

obt ai ned froWPl?eulﬁnwelgbwp@ﬂﬁamranwdwép@dowmmee ha%) friemfGiyrodactyr 2004 WO
01/ 12833 PCT/-bieR0k2:28%Ha eantmaeoaa&cnﬁwmgbﬁwrmm e %ﬁ@s@gﬁ{ ds. The mass

spectra of der vat i ze p e ont characteristic
i ons of 205, aﬁ?‘”ﬁ oﬁgo?i%ﬂﬁ@ ‘{‘@éﬁagbﬁ% agig ‘F‘” ?’?‘"Mg destimted by
rr]\ceasuri ?z%tthéam@ adheghdmn mntaubdiehyﬂramsemoaatedﬂgsepm_f paiediv) |ndt hEt
ernen i r in eskt op
centrifuge (%p‘lgrg erltas ?éﬂgB}o‘ap"ertﬁg%ﬁé%@o?ep%ﬂ@%%#‘%ﬁ%gﬁﬁql, Model 5415C
m cro cent rl(?’il@%fy llcﬁiséﬁf%ﬂno separate cells. The resulting supernatant was
anal yzed }‘lorA ﬁ,:r LI ! RHchVdibb&ai aglprd net hodBu5| ggda " I
comercially avajla reagen | O-. say i .0- Ra rcul es,
CA). 10. Viabilil Pf%&ﬁ'r“ewﬂgblﬁ?q &g ﬁeéBﬁ'@W%{%ﬂWOﬂwa’bllﬂ&d byBell
appropri alt e dfial. tﬂflRms Chesl Jl,’ﬁ 7058 A9AsY. Thismdinel iheslvahinenbatingadatsel ect i \ée
LB agar at | r ts Is conmpare
"J‘:%DSUSI ngﬁt heﬁ%a N ﬂﬁa}ﬂ\??é) ﬂglae&l}geﬁ)&w\%%?alé ﬁ"ﬁﬁf@ﬁgbgﬁgt h di vi ded by
L.0D550 (AU). c!nbydrommonEphosdmN(!&BARmnﬁmmwmﬂqm. pHO@Sl HOST CELLS
WTH = 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:subtracting the background rate from the gross rate. -
Assay forglycerol-3-phosphatase activity: :

- The assay for 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 l-a-glycerol phosphate, or d,1-&t-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
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COSM D DNA FOR. THE EXPRESSI ON OF 1. 3- PROPANEDI OL Medi a: 1 Féyr% eédog S 12
medi um was used in the screening of bacterial transforrra? for the
ability to make 1, 3-propanediol. S12 nedium contains: 10 M anmoni um

sul fate, 50 nmM pot assi um phosphate buffer, pH 7.0, 2 nM MyC12, 0.7 rnM

CaCl 2, WOWREE 2, 1 MFeCl3, 1i.M2Znd, 1.7 M CuS™, ZPOENVITSTL2, 2.4 M-
-NaZMbOX4, and 2 pMthiam ne hydrochl oride. MediumA used for growth and
-fermentation con3| sted of; 10 mM 25 anmoni um sul fate; 50 mv MOPS/ KCH
‘buffer, pH 7ihsoElawlen indhs smply Wasion:and neunsible presipitation opcusswivg@a2: 0.7 M
gaE%ZM ﬁlgzp Md\@f&hﬁh, tlle Mmﬁ@%ﬁcorﬂveﬂ%ﬁ%ﬂﬁsa ell-ir %Nu%@nﬁ&om CoC12;

m ne. chl ori de 01%.y tract; 0.01%

casani no am'&g‘:’lvﬁdg’ '/"Wg a{}lef'@’rﬁ“h Pi"zmaa“r’.’ae“%ﬁla Fapiay OFﬁSIafomﬁgdl um A was 0
suppl enment edsuhsttateéfrﬁllﬂeﬂooxﬂ%iﬂbrgMyMESplOmMM@fggiH/Géﬂmﬁcpl'ﬂse 0. 2% .
D gl ucosg a I ch et al., J
Bact er i oI% i%lgla?g%gpﬁ%%%lﬁlﬂe@%%?m@ﬁﬁ%éﬁog%ﬁgg@ﬁgg ogenes or
Aer obact er reactmm@m; the gontertpEthecuvette wens ngiked snak thenvtidi cal-
%Ihgm I Faﬁhfwgﬁ@wa&ﬁhc@lﬁﬁ a ch-gu!aﬁ\ﬁéwat@ﬁba‘i% at'nadam ﬁzslseig(?ﬁ@hﬁtﬁlﬁh@u' Emulrte

ebsiella r.c from Anerican Type ure
Col | ect on E”;P‘ﬁ/i#g%& ‘@&C%’%W‘b‘;&ﬁ%{r‘@e %3@2?“1‘58@ SEREYMSO0/ 22874 E.
coli DH5a mmnwlﬁ@ha@bﬁomﬂdqﬂ(ﬁMﬂnﬂBmmamyMc tenctival wis@enstiediby t he cosmid
DNA i soljat e . . 5 gene

13t ednf baunikh sfmg ShindISHERA AR T 3 %?:’érﬁl%%ﬁéegdogﬁ@g%w

coding for either I se enz containing’
the gl ycerolre‘éﬁ’éﬁi/ é“@\éﬁ@“?dd‘éﬁﬁ flidcmly wempadded, ﬁheﬁﬂmraw@ woedi d 5 '
contai ning tdnd aﬁb%ddﬁaevdro@t ATRr SOZUARO UR6W ﬂmieabf ddwthpaienbliid. Transfor med
DH5a cel |'s | dentified as Dbba- pKPI ?r%a an a=pKP4. E. coli
ECL707 ( Spr €t §%rpa'é‘ie° e saqipleg yyps readaat 869 pin us 32 1918F915) was  obt ai ned:

fromE C. Gpedtiaphptdamorar The/esibuatof Seingemic plicaphate edeasediis editpatedbto

ranst f)'r‘?mtn{‘*sgegmed?” Bl b AR BN R R%*%&%”@‘fw”'ﬂmlf‘ﬁ?ﬁg“’
the gl ycer ol (046 yM) andpreryinec simsatsiwigvipalfaorganic phosphafet he di ol
dehydr at ase coﬁ&iﬁatl&sﬁ@élh%ﬂMOMt(ﬁlwmﬁth ationin the tpi gene

(Anderson e biol. 62, 329 (1970)) was purchased fromthe

E. coli e@-n—u%w&m Yal e University (New Haven, CT) and was

t ransf or rred Wi t h At eppropridteamaows of enzphid, typicglly @ cblhéreb@ﬁfd&im&m,twas

M croor ggni SRR ! [~ t r ol
o R 3 Ly g A T KPP Ao oL

dehydrat ase g al ni ng ase gene.

DHsa: 20 Sl%'gﬂﬁwa]ggrlﬁlﬁ@lF‘éEg’ﬁFfa @?Vemgﬁéﬁomrld@mwy and 000 col oni es
of E coli X.I M Btis¥IOPH paosTEated 28icth mera;aﬁwmahaﬁ &pghed with

5 M LB mediym apshie Sk bLEarty sERMRT SN §yBSel 31 o o eSlspended
~.. J=41 Hz and 72.66 ppm, t, /= 41 Hz); glycerol 3-phosphate (62.93 ppm, &,
25 J=41Hz; 6531 ppm, brd, J= 43 Hz; and 72.66 ppm, dt, J= 6, 41 Hz). :
NADH linked glycerol dehydrogenase assa : : o j
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-
dimethyithiazol-2-yl}-2,5-diphenyltetrazolium bromide (MTT) to a deeply colored
formazan, using phenazine methosulfate (PMS) as mediator (T: ang etal.,
J. Bacteriol. 140, 182 (1997)). . S
o - 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 M Tris or
potassium carbonate buffer, pH 9 for 10 min. The duplicate gels were developed,
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5 nL LB nedium + glycerol. An aliquot (50 L) was i nocul aj 5 nL
“tube containing S 12 synthetic nediumw th 0.2% gl ycerol. ggﬁ%'géﬁgﬁgér mL of
.25 vitamn Bl'2 + 0.001% yeast extract + 50 anp. The tube was filled with
the mediumto the top and wapped with parafilmand i ncubated at 30 C. A
“slight WOOBbI2BIy was observed after 48 h. Aliquots, anaPgRBE&N874product
distribution as described above at 78 h and 132 h, were positive for

1, 3- propanedi.ql, .the | ater nme points i nj n cre unts of

103 br opanedithdndytheEe ol apiroRmatiy o S el GlcrBton bl Sfined: ol

prgduct i on, oﬁ/asseyscdumaiéoptaludng ﬁt)add%‘mﬂopbathmlum% fomhrbohﬁe,aﬂilﬂgﬁﬂmgat es in

order to isq + col oni es were

i sol at ed anédﬂ?l?u eg'gaagd?% n?% ’Enél %% |onaofssllng%r0panedl ol. Cosmd

DNA was i sol at edThpamS@cpna@lyﬁ@n@eoft %DHn&tgk%ycqrelambf OBEMSE AYIE. Col |

it g ain %aénE%l{rdiﬁﬁ?f WM&&eﬁﬁﬂémﬁﬁiﬁﬁtﬁgﬁofy@é %aﬁﬁdé@fﬂ proguctlon of
pr opanedj o WO, trans e .C eriz ur ~an

desi gnat ed £led %ﬂéﬁ’ 31“? ‘6"'13\1’@(&?’%‘\&%?““4"&?&%& g? WO 01/ 12833

PCT/ USQO0/- 228<7pn¢imi_£ﬁude gdbceﬁdmﬂlycsagdnaier(dga@ht from pKPI subcl oned into

pl BI 31 (1Bl g 'tB Vil SdBntiNEW oHRF§ 13- d s sequenced and termed pHK28-26
(SEQ I D Y of the rel evant _open readi ng

frames of the dithe spresmoreefaiyie ) t‘@)i‘»?dﬁﬂbﬂneé@hw moaered by Hlfes necessary

;Or r e?‘l’b a'([j;‘.fﬁﬁl ys&s ﬁ&é?&ffbﬂ&d@g@%@nﬁ&d{t&hﬁ us &’i@-ﬂﬁﬁﬁ?ls(ﬁfvaﬂiﬁtﬂe lgﬂﬁ@ r iagbgg
ranme for ro one ki na 0 at bases

(conpl enent )O?lﬁ?ﬂénﬁﬁﬁﬁtn)r}% ‘% ﬁHBa (ﬁ]g“t %SYﬂ ®¥ehydr ogenase
i s found at Mmadma 820 HPL.CXVEém ushg Idﬁe{hlﬁmaum@m detectiodh SBmpls etireng t he -

_éepr essor | gn (?éﬁlgl’ltg% ﬁﬁﬁ&%l&%ﬁ??c (ﬁh{}gxc@@qn%eéﬁ of f‘r@ or f W

ncodi ng a Rown T uncl ases 1 12-4642

( conpl enent )WatetseMéfsd, Mé’}@ﬂwgp¢¢‘é[ﬁha§hj>d@xe$ﬁ~dm HRypregolymmy(fimm s e .
reactivasi ooRhmYy, eédipdraﬁe%aﬁlowéd #36e6, 65614%3069%9 som RBBIK phasé Be  open
readi ng frame, dhaT e \%’Pgﬂe I 0 Xi dore&f§ se | found at
bases ‘017 PG R R I 5566 ng a
protein \mth‘allmxtwma]ndnmtbﬁuhﬁhth)tladmsasld&g&?te&%&aﬁmmpl ement): the
open readl n ;) hydr at ase
8 ound at Tmealh WibeHAath AR REL Uk ORL BBty Ik, B RGeS
bet a subuni {Rblstection), anditrimpethylacatic acid (Uabam!l E\Pddt%@s) BeA5gJ08in, t he open
readi ngofr ang, anﬁﬁ?q@@g:% r&gd 36 Iggngﬁ d *n t glycerol dehydratase is

| n

found at bases 93 he open %cg\ 32%4 X, encoding a
dehydr at ase reacﬁ‘?ﬂé‘ﬂ‘%‘hoﬁolr %‘P&?W?@Olf‘bﬁfrf& fmerhby, & 97“4?13?%35‘72‘3 and a
fragment of peHemsddaRingatdidad ttehatques aid Skefialg Roailbgtone O ykitlriatheupt ake

coli XLi- 81 o Mg, ot EimeRRER LA Tinda B dRD i B 488 o e

wer e i nocul ahaeshategrapindonpledite e Hewdétt Baokmdtia"?mlSngeszmsslsetcbn@ dﬁcqﬁmdl um

,__.__(amsr?Eb%g‘bE?fF@%gaﬁfo A %@f@n?@%ﬂ@ "’z‘e‘{ O#W%@z 50 M

Fed 3, | AMthnzh@is) ‘Theretentsntimeand rmpssspectrum 61:‘31 RMpropenediokgenpratedl AV and
thi am ne hy diepé brRpdréteio BatM atithBat?®,3-propanediol (m/e: 57, 58).

An‘alternative method for GC/MS involved derivatization of the sample.
- T6 1.0 mL of samplie (e.g., culture supernatant) was added 30 uL of concentrated
30 (70% v/v) perchloric acid. After mixing, the sample was frozen and lyophilized.
A 1:1 mixtire of bis(trimethylsilyftrifluoroacetamide:pyridine {300 pL) was
added to the.lyophilized materiél, mixed vigorously and placed at 65 °C for one h.

IJ-'._)

O

-

The sample-was clarified of insoluble material by centrifugation. The resuiting
liquid partitioned into two phases, the upper of which was used for analysis. The
35 sample was chromatogfaphed on a DB-5 column (48 m, 0.25 mm 1.D., 0.25 pm .-
o 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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glycerol .+ 400 ng/nL of vitamn B 12 + 0.001 % yeast ext{éa\[;%b +a|§(§099/m-
anpicillin., In addition to the mcrotiter wells, a master p AV SNt ai ni ng -
30 LB-50 anp was al so inoculated. After 96 h, 100 L was withdrawn and
centrifuged in a Rai-nin mcrofuge tube containing a 0.2 mcron nylon
menbr an®O-04{12832r . Bacteria were retai ned-and the filtraPeTmssypsncessed for
"HPLC anal ysis. Positive clones denonstrating 1, 3-propanedi ol production

-were identified after, .screening approxingately 240.col onies, Three positive
“cl ones wer etq'tggrﬂ%ﬁt?‘%‘bf,m‘?\ﬁﬂ gl ?'3{)61%?&1 ‘lﬂ'gdn‘ﬁFéW‘iﬁ‘eﬁfwfaﬂ%Z@nd one of
whi ch had négS-prépasiedigl eortaihothe charastetisticiond 6REO5Q 17, 980 hiP1 IWOMEPSI ti ve

cl ones growgsﬂp r!sl?‘ 50 anp and verified for the production of - '
1, 3- propane ;_Was designated as pKP4. Cosmid DNA was 46 18 February 2004
WO 01/ 12833 PCT/ Oslb dysispgaszestimatedibydngasaningthe extracelulansalsble pratein ni ng pKP4

and E. ol | c&icémaaioﬁlﬁ-&e\@aﬁneﬁdtmﬁr@ﬂlmmeﬂ?erlsaﬁlpﬂﬁ RGN en t?ﬁb%fiﬂra”a”t’

desi gnated gs a-pKP4, was, verifjed t he production o
1, 3-pr opaneg?ségg.scﬁefgﬁgf:(tywy'c 15im’?tﬁt'é{zﬁﬁ%@_‘?ﬁ‘?%@@@a‘ﬁsmeﬂ%d with-
cosm d K phEisfomicae céitifugepinrozdqrdn sépagaté celisn &he fespling supdfiidant @4 or t he

Super cos. VeglAize@ ¥ of &dﬁong&%ig?g%iﬁ%?%%@éé n eﬁghmé_‘g %I}%%%B?%c'a 07- pKP4,

rve1n d ptsD

and ECL707-se, respective ﬁé | :
whi ch encod@'¥ipRie reascuidBiBad Projeipcisser, Bio-Rad cHenales, CAhked gl ycer ol
dehydr ogenaVgbilapd 10 enzyne |1 for di hydroxyacetone of the

phosphoenol pyruv, -d nden hosphot r ansf erase system respectively.
Twenty single co¢%‘ﬁF@§ﬁ@f w@%@ﬁ?’%‘b‘gﬂﬁgy P{raﬁ%%?%?l? e asacellpf -t he

Super cos  veehtainedfromehé¢ feemaniev en nombeledtive LBt plarmt Cell vidbgigyat ed from

LB-50 anp er, | B-50 .ar | at e. These )

i sol at es we‘rs)éé@%%ssfgrd@{t?eeg@ g’g@%@% Esteﬁ)é']i’l p(r?m?btfr}ﬁ?sﬁ%g ‘Psfaé‘&n‘ﬁ%‘%? c¢BFbl to £y
1, 3- pr opane@i-ot fermegteg broth dividaddyPRES0 (AU). hey cont ai ned dehydr at ase o
activitps The transformans were trgpabgred Wth a sterile toothpick to

mcrotiter pl ..o Lum A _supplenented. with either
0. 2% gl ycer ol EEE’W%@W@%N%%@X&@%@%%QQ%PP % CBELS WllBht i on for 48
h at 30 C, the (DSEDDNA ROR THREENPRESSIGN @ife] 3ROPANERIGL - filtered

t hrough a Giam cron nylon filter and chronatographe y C. The

results of e tests are given in Table 2. Conversion of glycerol

transf or mant TABDmtbetic S12gnedign yaspaerkigithe sdsgeningofdiacterieldranclonaantd cer ol *
gl ycer alo pl 8 eibARgto ke D8 hliink 31 200 eRum oAl 1812 020/ 20

ECL707- pKP4012020/ 2 CL70 5015 *(Nu r of positive | sol ates/ nunber
of i sol at esARBRILEH Y } mM potassium phosphate buffer, pH 7.0, 2 mM MgCl,,

- 0.7 mM CaCly, 50 yM MnCl,, 1 uM FeCls, 1 pM.ZnCl, 1.7 pM CuSOy, 2.5 uM
CoCl,, 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 MgCl,; 0.7 mM CaCl,; 50 uM MnCl,; 1 uM ; )
FeCly; 1 pM ZnCl; 1.72 uM CuS0y; 2.53 uM CoCly; 2.42 pM NazMoQy; 2 pM
-thiamine hydrochloride; 0.01% yeast extract; 0.01% casamino acids; 0.8 ug/mlL
~ - vitamin By5; 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 pneumdrziae ECL2106 (Ruch et al., J. Bacteriol. 124, 348
-(1975)), also known in the literature as K. aerogenes or Aerobacter aerogenes,
- was obtained from E. C.C: Lin (Harvard Medical School, Cambridge, MA) and
35 - was maintained as.alaboratory culture. o : -
~Klebsiella pneumoniae ATCC 25955 was purchased from American Type
- Culture Collection (Manassas, VA). ' ‘



25 E. coil strain AA200 was transfornmed with cosmd K pn

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 AA200 is defective in triosephosphate isonerase (tpi-). Twenty

'singl e cWOM128330f each cosmid transformation and five oPCE/HB00/23874enpty
vector transformation were isolated and tested for their ability to convert
47 18 February 2004 WO 01/12833 PCT/ US00/ 22874 gl ycerol to 1, 3-propanedi ol
"as described for Elicoltdbﬂ-lﬁocwasaumhzﬂfmmGibhdﬁiﬁsmdtvsasmfansibmgbmtbsts are

given in Ta 195Ys by
t ransf or ned %8%1“;&??%‘5 l%;brl%(!pntﬂ-8 K@%r‘%faﬂ ef@g@r}% tl*S:Icuzs ucos e* AA200 pKP
117/ 2017/ 20 m@edlp&meﬂﬂlzmelﬁwow doatasexgzsneoCosmids ppntainings 015

: :5 (N gurl\rltéErR | of fhesl étfbmdemkﬁs@wwmﬁﬁﬁafasl 1389 I@Q%h@d&srﬁdEXANPLEI csz -

GLYCEROL E&%@@ﬁ#ﬁ?&ﬁ@ﬁ B Wit aﬁﬁmﬁﬁé ycer ol

ki nase gene DHSameﬁsawbreuderEiﬂedak DiSvepKR D DHSoc-pKP2 Feivid ngl) genomi ¢
DNA was. | Prepar SdUhngel i oproRbESRENG BUR Naphindi o35 Kot {@@?%%ssystm

M nneapol.i s, ragment cont a| n| n

gl ycerol ki n@lrg@me@ﬁﬁm)‘ﬁ defedimddarysrg Mediead %IMé MWF&I oona,
Met hods Enzyﬁﬁium%&énsfgﬁ&d(\ﬂq%@s)ma DA E’Nﬁx Kmsﬁam ;fne%iué | THeser i Mers SEQ

I D NG 2 I n artial glpK
and g1pX gen@@%ﬂ?aﬁﬁﬁ}"?‘? ﬁ@ﬂ“%#@@% @rﬁéﬁﬂi\%‘chp% %&Pﬁﬂ‘ 8rimers SEQ
I D NO-4 and ﬁE@ljc&oNﬁbk@dra%aﬂMg&he aid BCLYeSpK P4 corpainiat élee diok dehpdiatase SEQ | D
NO 4. -The 5! H%Od -@f. primer SEQ ID NO.-4 'was the reverse conplenent of -

.pri mer SEQI 3 to enabl e subsequent overlap  extension PCR The gene
i.-;,gpl icing by over ' BrodAARe) enntainipn airoutetiqniiotheoni gane4Andersan atiabiTechni ques 8,

528 (1990)) mewﬁﬁ&omzqgnﬁmm ) %vad p Kﬂhi:{eé@z%ﬁmle@ycﬁﬁﬁené&'ﬂ&l{( he above

10, PO 11 SRR VAR TR P S5 i et ke KPRl b o

the 1.5 kb gemlgm tdJyiee dielrecdnhibisarit inticroarpnisms AWK PANdl. 1 kb

flanking reg Q: LNG4SA A 50 in the
partial gl pKf‘gt%ofgﬁr OMF%S%@ %Elsdnaw tea(rsxlée&r}le{#acener%e‘%ﬁy’honol ogous
r econbi nat i oeontaiming tkehdivkdehydrajdse BaR. f r agnent was bl unt - ended (usi ng mung

bean nucl eag,g s5cand- cloned into the pCR-Blunt vector using the Zero Bl unt
PCR d oni ng

Invitrogen, San Diego, CA) to yiel b plasm d
pRNL100  #bnt ai ni né‘xk%“é ?W’Hﬁﬂteié‘lfg?‘ﬁmgé‘gi’@i“é‘?ﬁ%y &Ré@l"ﬂ?é °§ 2 kb Hincil
fragment E. coli XL1-Blue MR transfected with K pneumoniae DNA were washed with

5 mL LB medium and centrifuged. The bacteria were pelleted and resuspended in
5 mL LB medium + glycerol. An aliquot (50 pL) was inocutated 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 arﬁp. 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 points containing increased amounts of 1,3-propanediol. -

36 .The bacteria, testing positive' for 1,3-propanediol production, were senally
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-propariediol.  Cosmid DNA was isolated from 6 independent clones and
' transformed into E. colz strain DH5a.. The transformants were again checked for
35 the productlon of 1 3-propaned101 Two transformants were characterized further
. -and desugnated as DHSa-pKP1 and DHSa-pKP2 o
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30 from pLoxCatl (unpublished results), containing a
chl or anpheni col -resi stance 48 10 18 February 2004 WO 017%55%%]%!2004
PCr/ US00/ 22874 gene fl anked by bacteriophage Pl IoxP sites (Smth et al.
Gene .166, 173 (1995)), was used to interrupt the gl pK fragnment in pl asmd'
PRN100 WP 01/1@8¥i ng it to Munl-digested (and bl unt-endedCTsespisd+ pRN 100
-to yield the 6.9 kb plasmd pRN101- 1 A 376 bp fragrrent containing the R6K

-origin was arrpl [ omt ve r ' d Mekal anos,
"J Bacteriol. 1%%7@%‘33"%3?‘1 % Pbgﬁé)(@and SEQ I D
NG 7, bl unth@y&dn New Hawgat(ﬁd wascseqﬂmmﬁi ﬂlddbrmabﬁlmzir\aﬁl(SEQriBgrrent (whi ch
was bl unt ) f . 102-1

cont ai ni nge]EB gﬁﬁﬁéﬂgn?}'e%eroiﬂea%etl grﬁfﬁglcﬁg@%eéﬁ%’g enes. do@t itution of
t he ColEl odkcg:mrmegtcgﬁmg alygmhdﬁhys!ramsc And genes gecesekiarreglatiane generat e
pRN102- % al R@fefrﬁa%%‘s% feNes.i qrfrdginem&tsh@a éxma&ﬁ Gamhe fheaRtance: gene. The

host. for pRNLO |1 cation Was 0 | 1e d Mekal anos, J
Bacteri ol . Weg“mésiﬁapdz@@éc Qs ey WfPE'!‘d@&’ﬁ?eé ngB[qm hihe necessary
for the funepeneeadiig frivae B.Gd@eﬁdogmg glﬁeg}mehzydmgenaie 1g|f<ymelraﬂba§esnase mut ant
RJFIOmvmth I I| FMb was
el ectrot rans@lgrirt]l”eog %ﬁcxfﬁeadm%%ﬂa&ée%%@g ‘lgo\%/lé‘gﬁe&? r%&&ét%m% asm pRN 102-1
and transf o228rtid4t ﬁﬁmpmm@dmﬁfr@mmﬂ%m@ng aprafeinef unkqmﬁlgﬂmr) and .

- kananygjgn- Sr“s'?&irid' 2 Bade3 Q1 078542 (@&hﬁleﬁi&hi)hﬁé opénh ﬁ-;%ﬂﬁ@ fiafe ol ¥eRNRle

non-utilizati m_ni ma nt ai n ycer ol An 20 EcoRl ~

di gest of cf @Wﬁﬂl@ﬁ%&éﬁ@&dhgﬁf}gahkaseﬁ%w[%ﬁ@ﬂp PSBRABG th  the

|( 2"9?;; ) gl pKoprnreadingfraae tiher éhcamag)l?:-ﬁoﬁﬁadidiekmoreﬂubﬂakc isBowld at98, 503-517
in gat ubl e-cr ni n a ene

r epl acenent f(ﬂ!gég@héc?rﬂﬁa@xﬁéqﬁe@c?r "frfgﬁ%ff 3%(:“39 &E observe@l)

ow ng to t hef unknewe Maetion isfoundatdiasts G262- GE&@)Rionmlttraem),ﬁllm openireading

chl or anphen d the

single expe%%g%idé‘?ﬁ ﬁ)ca fn él g\% %ﬁﬁﬁ/@y&rhﬂ}a S t#@fktfoﬁhd XHR%JE%E

confi rned tﬂwiﬂtllmﬁ@@ﬁwﬁémgéraaw c@éﬁ%émﬁqdﬁgg the betajsypatieglyeprglcer ol and ATP

t o gl ycer ol dehyBh@sE ifolind A HaSesB7RICITDE; AR oyéhsr eadlld frage aﬁaanmutgy genomi c

PCR t D NO8 I'D NO 10
and SEQ 1D Moty P B R ey mssa%shpﬁ‘%’ﬂ ' SBel ded e
expect ed 2. ikatting fidmk ddaBXaertodinf aldshydtiRaderragetbation proéipécfoundhty. The
wild-ty t ,SEQID -
NG 8 artd SeL ST LR BF oferppd Bl Mithelbl PR GBI 2 "0 ¢
pl asmi d pAHggcarol @wagllmmtmpn%&ue@ abhases bH26gi2l8dse.  The gl pK nut ant

E. tali RIFI On hgg ReeiofaRFH E&ﬂxmiﬁlueb\ﬁfﬁ?trﬂﬁhqgc&e@@tﬁ gﬁcﬂ\?\%éd@osﬁﬁdt he
Budapest Treaty on 24 Novenber 1997. 18 February 01/ 12833

PCT/ US00/ 22874 fraegi Kgwermerip Wee1ngey eGP ROTEEIFIG i ¢
chl onpheni cpbo fiE s S1 fRdium (ammonium sulfate, 10 mM; potassium phosphate buffer,

25 pH 7.0, 1 mM; MOPS/KOH buffer, pH 7.0, 50 mM; MgCl,, 2 mM; CaCl,,
0.7 mM; MnCiz, 50 uM; FeCls, | uM; ZnCl, 1 pM; CuSOy, 1.72 pM; CoCl,,

- 2.53 uM; Nay;MoOy,, 2.42 uM; 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, 2 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

L

£y
LW

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 of 1,3-propanediol, was designated as pKP4. Cosmid DNA was

46



ene interrupt renoved: After overni ght growh on YENB i % yeast
"gxtract, 0. g% nutrient broth) at 3 7 OC, -E. coh RE Im?)gn'::.éﬁ}"%p’(/\g@ﬁ :
suspension was 5 electr6trajisformed with plasm d pJW 168 (unpubli shed
results), which contained the bactoriophage PI Cre reconbi nase gene under
“the contWVOi01d2838he | PTG inducible lacU V5 pronoter.,, a PCI/US00/22874
tenperatum sensitive pSC 101 replicon, and an. anpicillin resistance gene.
Upon outgrowt‘g in . SOC medium at 30.0C, _transformants were selected at 30 T
‘(per ni ssi‘ve FYASERmELofisirans pamsining pkiM anshl.icob)strein DHSagws medi um '

supp! ement edrasisfoimedi A8 Mdepédden ttROformahtTidsigattd dsMIHE & pKPY) wasT WO seri al
over ni ght tr&n\?.f ¢ ol ed l,oni es re carried out” at 385 OC on' fresh
LB agar nedi'um §E°6| g%‘r%ﬁ‘é%‘%ogﬁ:" ﬁf‘i Y9in and. IP.TGin .order to
al | ow exci siELH#i7:t he chronpsonal - chl or ampheni col resistance gene via re .
conbi nat ison at the b sRaig! g.rm?s?gé ‘Qﬁh% onbi nase éwﬁss and 15
Abrenski; J ML Bi qL 181, g g? g E 8 ﬁ esﬁ‘f‘?ﬁf’"ﬁ'gf'%?e
replica- pl &O8aRORdINg to pref-nKRie sKEA: BB pethe Supercos véstaraldrerandi | | i n and
| PTG and LBna&eﬂM?ﬂSWleEEEV@ﬂpKPE menbm-aﬁpbemd%&mo%é gg/nt) ‘to
i dentify:col nlets i)ha,?t. wec rbenc i Aant . and ‘
chl or anphei bt\'léjg;w h ?gg ‘fg b‘felﬂ 'b r ran Effé)WF""heéFﬂﬂ?éhel
overni ght 3 epemidentiglycefol hineses NAD thglmoIlt&hﬂdxb endsél(aﬁﬂ ate "20 10
m. of L rre the -
cul tur eq\%as |ncu gﬁggd;gg&%t; %nggt;’tltlll Bh&p el{o 33'[-“’%%1‘1 r%ﬁ%t wer e pI ated on .-
prewar med LB aﬂ%i"totrﬁ%ﬂ?fﬁ?ﬁs&ﬁﬁmtﬁép%hmﬁs |ncubat ed overnight at 42 "C (the
non tant col) oan e&’v}miht)esmgi@hélﬁﬁies efeéaeh%éd{ﬂ ﬁﬁ%%ﬁ&&{ %léf Ve i %{@38
replication esu ar i ym an agar_ medi um
¢ 8uppl enent e “RFER° ‘éqoct(gﬁf gﬁ‘etfv’ia'i‘Yei W“F?@%&F%W@M‘Mﬂ fromdd}-SRizawp t hat

wer e car beniptatés, iveresteansfetied @ a mbsteli ICB-tﬂOIar@ plags These isplates Wege A1dy\168. ; One-
such &Kjgut PCR using priners
SEO 1 D I{%Usﬁ&rteg fogé% [‘QBI]%&) {oﬂflé&'glgcergp 3’9?92% chgxgcogéei tg dgfermin g an
confirming nbthReponiaiped d@y@qagqsgﬁctlvaﬁ‘ép@ransfgmam Weiezzanisferet withua ant RIFI O
wias con}‘l rrred:nlanobﬂ@kk% nﬂéxewehplafés NBntmrmgT?d gpomydf dgont ?Ihm lng | (I;/M
gl ycero e o ransf or med_wi pl asmi
PAHAS to al F%ﬁﬂﬁ%glﬁ’?‘ﬂ&‘%ﬁd@&} glyesiobar bé%@as ol piys\REBPDElesIRSTRUCTI ON OF
E. COLI STRAiIfir wcubhtipindir 4B INGOK@ Bontdfs ke ghdpeumlpﬁtmus weleat ed from
E. coli»py I 55, 33 5-3
50 (1987‘)?) e e(ilfgroﬁ %’E“Egéﬁ@%@ fiter égﬂ‘@éﬁt‘}\%&%‘i%% T
i ncor por atefﬁsé'k?rp thesedpns arg giverimilaleRe s, respectively, 50 18 February

2004 WO 01/12833 PCT/ US00/ 22874 and cl oned (T. Maniatis (1982) Mol ecul ar
Cl oning: A Laboratory Mnual .. CoI drAﬁgEjmg Har bor, Cold Spring Harbor, NY)

bet ween t he Sphl nd Xbal |te ener at e K. P8 was cut
at the uni que. SaFriexsioRptalycdlse T ﬁrﬂpanedaoﬁiwﬂwm{o S B P T e e
wi th Kl enow andl‘__m.;ﬁgugﬂ]__ed, resulglycerpltn a 109 bgiycerol plus glucOSc*

" W

oy . ECL70Z:pKPI 19/20 19/20
ECL707-pKP2 18120 20/20
'ECL707:pKP4 . 0720 _ 2020
ECL707-sc s o5

- *(Number of positive 1solates/number of xsolates tested)

| .'_AA200: -
25 E éé’h strain AA200 was transformed with cosmid X pﬁezimo}ziae DNA
correspondlng t0 one of pKPl pKPZ pKP4 and the Supercos vector alone and
' na.med AA200-pKP1 AA200-pKP2 AA200-pKP4 and AA200 sc respectlvely
Strmn AA200 is defective in tnosephosphate isomerase (rpr) L
B ' Twenty single colomes of each cosmid transformation and five of the
30 : 'empty vector transfonnanon were 1solated and tested for theu‘ abxhty to convert
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5 deletion in'4he' nmddle of gldA and regeneration of a u ite, to
generate pKP9. A 1.4 kb DNA fragment containing the gengéggﬁwgarélor% .
kanamycin resistance (kan), and including about 400 bps of DNA upstream of .
~the translational start .codon and about 100 bps of DNA downstream of the
trans| &WVQOHH833t op codon, was isolated from pET-28a(+) ebmmsgwms7dvadi son,
Ws) 10 by PCR using primers SEQ ID NO 14 and SEQ ID'NO IS, which
‘incorporate termnal Sail sites, and subcloned into the unique Sall

‘site. of pKP@*rc&(Sl tQQ'Eeﬁﬁb&edefE&aescﬂbgd for FXBolPbtbih FEWTON! Thegisald 60 204 bps
downstreamtg t he- tional start codon and ending 178 bps

upst r eam oft¢¥FdegH 2 gi‘fe&rﬁgl &glie mal stop codon, and containing the kan
insertion, was isol-ated from pKP13 by PCR 15 usi ng prinmers SEQ 1D NO 16
and SEQ I D NO. 17, . which incor por at'pABEEm nal Sphl and Xbal sites,

respectivel y,, _ subcl on - e S an i in pI\/AK?OS
(Genencor Ln L e Y ETA DpangCIOl Yy ,g RﬁlMﬁ eoli EMB Was

‘transforned wmmiiaﬂd sel egb&dmb‘h 20 g/ntghmﬂwzlﬁmﬁmmh is-the

perm ssive te for pMAK7PRpsheplication. One pgheny was 20 expanded
over ni ght at %ﬁg@ﬁ]@ﬁl quid nmedi a s(?JppI emented with 20 g/ nL kan.

Appr oxi mat el yAA2 BP2el | s "were H%@ed on 20 pg/ L kbH2%nd ‘i ncubat ed for 16
h at 44 C, va_o,bo KP4he restrici/ipge tenperature fortgBK705 replication.

Tr ansf or mant s%ﬂf[z%” ng at 44 C ha%/g plasmd integrate 5| nto the chronosone,
occurring at ency of approXxi mately 0.0001. PCR"and Sout hern bl ot
(E.M 25 SotNuerber ofpdsitive iBiletes/n@@bersif3scldtds t€3®d6) ) anal yses were used to
determ ne the  nature of the chronosomal integration events in the -

transforsmants West ern bl ot analy g%ﬂf’%' net al., Proc. Natl. Acad-

Sci _ 76,7 4350 (1979)) was used to’ e ‘whet her %Sé/cerol dehydrogenas@
protein, the ENGRNEERING®OHGLYSERSHoKINASEMUTANES &) M:

activity assay was mﬁemgemmoeommomz@w@wos@hydrogenase

activity remained. in f, rans'r or g ACT 1 V1 cer ol. dehydrogenase
bands on natenstaucgonofintezration nl {or glyc iSia tn of gl ycer ol
pl us NAD+ t g &bl rjpxyacetone pI us NADH to the conversion of a tetrazolium

d MIT. [ 3- (4, 5 d j brom de] t
2 Geepl P+ col or M Egéeé%g#i‘ﬁﬁ%;ﬁéiéz. ﬁ?ﬁg%?’%’ﬁm m%%;%% aror 1
€] | deh seihen nEs Sy$iems MNBBeNeISS 0

sul fat e angﬂiyéé e Mo Pt 7738 gc%?maseﬁgmrgeees o2 (1997)).
O 8 transfor anar?n g term ne ? bé’A %‘}g February
2004 WD oube@%@@ﬂmﬁéem%ﬂmm lel> %385 fasarom been

deposi ted édamﬂm"ml uc% tkRrs SEQEDANI0:2 41 SHQHP 03T e it )kbdDNA4 Novenber

B e Sas b e b R Bt LB R0 0108
i ncl udi ng 2PB{SogEmomid DEMAUsipE primars $SEQ {DANQ:Hand ISEQ HAMO:81 & Muelsien and 220
£ col i by PERHCGGRAR, R phite SRR REy!Ble £ GREQFHAS, JBQIDIRA A Trom
i ncor por at ewlaethﬂ rn*gﬁrse complement of primer SEQ ID NO:3 to enable subsequent overlap Q
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
"~ SEQID 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 1.0kb and 1.1 kb
flanking regions on either side of the Munl cloning site (within the partial gipK) to
25 allow for chromosomal gene replacement by homologous recombmatlon
 The above 2.1 kb PCR fragment was blunt-ended (usmg mung bean
'huclease) 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 karamycin and Zeocin resistance genes. The 1.2 kb Hincll fragment
30 E from pLoxCatl (unpubhshed results) containing a chloramphemcol-resxstance '
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10 Sphl and Xbal sites, respectively, and cloned between the Sphl aor}'d Xbal
-sites of pUC 18, to generate pQN2. pQN2 was cut at the G(RFERRERAT%4nd Neo
| sites wthin the gldA gene, the ends flushed with Kl enow and religated,
resulting in a 109 bps deletion in the mddle of gldA and regeneration of
"a uni queWeHf12833t e, to generate pQW. A 1.2 kb DNA' fragmemUscmz8ad ni ng t he
gene conferring 15 kananycin resistance (kan), and flanked by | oxP sites

was isolated from pLoxKan2 (Genencor International, Palo A[%z ) as a
Stul/ xhol fragnefankediy bagisriephag Sl derRiter (Soaehstal- Gene 466,d73RE85nt 0 poNd

%}\IA t]be Sal | t&bds%@éfoeihtei-ﬂu Sthe Kﬂ»h dflne Mvmdltm&fyﬂig%uﬁ@ﬂ&? tA 8 ]fl kb
ragnmen CO ni I Ca 1,S0O e rom
PGP704 ?M | éVWgr@ w%ﬁ@a g’é‘“" @Eﬂﬁ%m Az@‘?é% aY4888)) by PCR

- using primer pRAQILD NG?B%pMmeSE@dtﬁuh@ﬂ&]RﬁKxhngxhwasmmhﬁcébyaPCBr m nal

Sphi and Ybaly, an&heesveco‘mﬁggw@lymmk@agm%c@qﬁg%a $bpsphl | Xbal DNA

fragment Contalnin te from7p generate pKP22. A
1.0 kb DNA fr(é@mhusm@mmpmﬁﬁj@m&lo §and SEQHDIND; T luake wakd -

E g; i st anceI ( tcta'ﬂﬂe f; arg Afsbw,e&hmg ﬁhlble&ay\a%ei&deapﬁ@hwlmm tolLoxCat 2
nencor |nter i a men

subel . oned i rﬁ‘%@%&ﬁgg’ 1’3%5“&8@&@?11 aﬁz’é\aﬁ’? raﬁlljh(%‘f’ strain

RIF10 (see PresipthmceenestBubktitutionbpitie Cul@lsomg;am@i@r mqﬂlN\l(tlhl PP and |

transfor RNt SR&E’FE‘ 2(8 %ﬁﬁg&%m&a’ ﬁg elle cg?ﬁ&bf,f@lglzg ihng doubl e

crossover ‘I ntegratro con é anal ysi s.

d ycerol 30 ctewan@@nas@htglwst FertnRN102- h@@h%m(‘é&asefé%lf S¥ad” (MR anpl e 3)
denonstr at ed énw:eka@&{owes%aéﬁs! Qb0 dsh3 D50 EIORSY) Wiich Adtaily e pirigehd t hese

transformants. The ved fromthe. chronosone using the
Qr e- pr oduci nd*e5FE_H 8"%?@9“’1‘8&"%@8?3‘8% in Exarrpl e 2 to produce
strai n KLP23.Eifséneriab of slycabbkinase rhinat Bl aonphc i

gl ycerol .; .deh Il e activity, and 35 sout hern bI ot anal yS| S confl r med
Poretor ne° b adepgne oLl vy, o uary 2004 VD 01/ 12833 PCT/ USDO/ 22874

EXAVPLE 5 PLASM D £aeETRMEwesrlepipirarsfosmed nohitheasnmephpatigRnfegratioRBpRESS| ON
OF GLYCERQL 35 BidaprAVie 2 DEAdREASE Wahts (AR )e cMM%ﬂ&xﬁoYmts PHOSPHATASE

) o bR DL s B ==
( GenBank, : accgigadiroimah-wilB8tiexd MSvasmimbit racthmi cbmammth:@M Ehisewgl-ydar ol

3- phosphaje pﬁr?oﬁ%mée@?@f n%?mﬂ&xé }ﬁ?@m Gtaﬁé’ R?ﬂ’ﬁﬂﬁ %efnrﬂ?é;ﬂcﬁ Rl anda
cl oné as Targé rlner

ﬂé ré?h %EQ ID 10
NO 23) i ncor p@cammqu&elﬁgm Sﬂskem@aﬂlygim(%o h’eW Bi 93: 32 site
at the 3" 975 ¥ BRIt Qe it Waﬂbﬁlﬂh@ﬂﬁﬁo%ﬂi&g@@(gﬂpﬂgﬁhﬁ replacement)

cont ai ﬁ?ﬁge(mc h v uissied 7Rk DR ARt SOEPRY GUNE TR e Pact  ve
orientation fpﬂasmobfa&sadﬂm:dnabﬁcamlesntelvamnptlmrchtosmnphcnp‘@ﬁcmtanqm geBE+. The
Cato pai dsor TR TReGE Wﬁg‘rd%? Bl R R i ns he
" EPP2 gene in mtaéysaxnfrle@tan d Amaao ﬂned that it was mcapable of convertmg
: 1.3C-labclcd.giycerol and ATP to glycerol-3-phosphate. This gIpK mutant was
further analyzed by genomic PCR using primer combinations SEQ ID NO:8 and
- SEQIDNO:9, SEQ ID NO:10 and SEQ ID NO:11, andSEQ ID NO:8 and SEQ
30 IDNO:11 which yielded the expected 2.3 kb, 2.4 kb, and 4.0 kb PCR fragments
-respectivély. The wild-type control yielded the expected 3.5 kb band with primers
SEQID NO:8 and SEQ ID NO:11. The glpK mutant RJF10m was
electrotransformed with plasmid pAH48 to allow glycerol produc'ﬁon from
~glucose. ‘The gipK mutant E. coli RIF10m has been deposited with ATCC under |
35 - the terms of the_Btidapest Treaty on 24 November 1997. '
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for expression fromthe lac promoter. The Xbal-Pstl fragnent from pAHL9
containing the GPP2 gene was inserted into pPHOX2 to creab&e T‘@W@ PAH21.
The pAH21/ DH5c is the expression plasmd. 20 Construction of expressi on
cassettes for glycerol 3: phosphate dehydrogenase DART : DARI was isol ated
by PCR W000My12833f r om genom ¢ S. cerevi siae DNA usi ng symCHaiS08/23874 ners ( SEQ
-ID NO24 with SEQ I D NO 25). Successful PCR cloning places an Ncol site at
-the 5 end of DART where the ATGWlthln NcoI S 25 t he DART |n|t|ator

" net hi oni-ne. EaAgingéring3of glyeera 3 panh Iy & RERIGER e ol | owi ng the

transl ati on PCR fragrrents wer e d| gested with Ncol + BaniH

and cl oned %Mt es g t he gnque%/ F qra@? gsp/TchQA

~ (Pharmaci a; Pi scé?tf@%/ayeﬂ’%ﬁ!‘}g{oﬁ’ﬂb?’i'/ bﬁlﬁ YISt g rearé’ a better
ri bosone bi ﬁhdu&atﬁbugaawPm,egﬁozxeuﬂlmﬁummtermmmoxsw RBS- Ncol i nker -

obt ai ned_ by. eal i ichi 4D NO. 27)

was inserted ?elcﬁ E E‘spG 1?%:8?5@%&%%%5@1%%5{33% % ;%E%m d pAH40

cont ai ns th&mmemﬁhwlmlre@@ﬂ@ﬂﬂsﬁﬂm%é?nu 9t Tsn" f or -

expression § Q4P PSCIBL ieplicoRiand ai anay. ' NJ
Thg Nool - nﬁpﬂﬁ’lé;gﬁeﬁr}tg ;?BEBEE & te erﬁﬂifec tiveEp e’phco y. ).

rom ARI and an on 5 Speél - RBS- Ncol
| i nker obt alaﬁwlwfaﬂﬁé%elg?ﬂe ReheYtErowEh F‘ré‘?@ ‘%ﬁﬁ“ 28  w th SEQ
|280NOV\12)9) /WQﬁmz %fgﬁﬁiﬂt@d(eteme&cteﬂat SpeC (;Bm!islklvs tenspedturerfor BRV168 18 Febr lﬁary
4 1/ 12 tr ene 1 6al The
pl asni d I BAHAZPIC B&H aﬂ"ﬁ;ﬁgg%ﬁ?ed\{?grp néin(l:\c‘)}#é r&é{si}hgt antlsmm @rﬂéns? ruct i on’
a ression ch@Gt(ﬂMonacmalmdrnwhmnSEﬁm B@ql@fﬁ@%&’t"ﬁ@é’ ARL and
GPP2 . ver e asa:g?gbg cﬁésﬁpat{h%:ﬁxeﬂﬂﬁi dented RittAdashainsnb €PDGEs - descri bed
ar

above using's bi ol hods, The Ba I-Pstl fragrrent

- from pAH 9 cwdarse nll%g exgiaion of §8¥P&’F°S ﬁ'g‘f%@ﬂ‘ CEE EEr¥%gene wasi.)
i ns;arted I n% o&ﬁ‘%ﬁl&ﬂt%ﬁé&?snt@%&te&ﬁﬂhBﬂM&Mmakcmmmd ro;n pA'I:thS_
cont ai ni e r ate p

10 The 1BBosAEmSnd Mot Sdicie 2eibsabERG et ot ek %‘fgas ol 1 ove.
A BanHi —RBS- ihated oh ko1kBraganintdinmeuppigmentedb withiegrbspicillin end IFG

GATCCAGGAAACAGA ??Hﬂ NC RO 15{,1 NPagl) to the
Xbal - Pst | frz%gaI “%Eﬁgféngd%?% co p%ﬁ&l‘i\gir ngqué co © mse?ted into
the BanHi - Psw¢resmtbenmlluprmam®aqten shlerpmphenipnl-seqsith %ﬁ@&%‘a‘i@ gt ai ns t he

DART gene, tRg 0Rdifd S¢kriiBh 30rciifure §5IRS sﬁﬁncbhbr[y wheusdne awtulater i ent ati on
ND) . T Gar oRHEL B L Ebme s Jopen Bt A0 nE 45 Vs BRIBAS AT, e Cat avay.
transformed diuee Was hohbatddHia7 °ENdvemighL. lﬁéﬁtﬂzﬂﬁﬂomi)wmdﬂa(m usi ng
ts Lgln(rjar d erI ecul aretdgllr ag«%’zﬂ%ﬁr&%&l HfeSlates Tt Ve igR Y 92 Ye (e nbBL 1 T i ed by
pel‘mJSSlve ternperature for pJW168 replication). Resultant colonies were replica-
| plated on to LB agar medium and LB agar medium supplemented with -
25 carbemcﬂlm (75 pig/mL) to identify colonies that were carbenicillin-sensitive ;
' mdlcatmg loss of plasmid pJ'W 168. ‘One such glpK mutant, RIF10, was further ) _
analyzed by genomlc PCR using primers SEQ ID NO:8 and SEQ ID NO:11 and
' ylelded the expected 3.0 kb band confirming marker gene excision. Glycerol non-
utilization by mutant RIF10 was confirmed by lack of growth on M9 minimal
30 medium containing 1 mM glycerol. The g/pK mutant RIF10 was
o electrotransformed with plasmld pAH48 to aliow giycerol productxon from

glucose
' EXAMPLE3

“CONSTRUCTION OF E,_COLI STRAIN WITH gld4 GENE KNOCKOUT
35 - The gld4 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::3, which incorporate terminal Sphl and Xbal sites, respectively,
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CONSTRUCTI ON OF EXPRESSI ON PLASM DS FOR USE IN TRANSFORNMATI ON OF
"ESCHERI CHL4 COLI W TH GENES FROM THE 25 KLEBSI ELLA PNEUNBNieRruaindC¢EGULON

Construction of the expression vector Tacl : The E. tali expression vector
pTacl Q vvaiygr epared by inserting |l aclqg gene (Farabaugh, Nature 274(5673),
765 769 WOOAAP833and tac pronoter (Amann et al. Gene' 25PCTABO02874 1983) )

into the restriction endonucl ease site EcoRl of pBR322 30 (Sutcliffe, Cold
‘Spring Harb. Synmp. Quant. Biol. 43, 77-90 (1979)). A mJItlpIe cloning site
‘and t er mi nat and sloged (& M{BES (1 932)Mdaular §honivg's At abopmemy Manugh Gelhce from

EcoRl to Sphl%)r ne T OrI tﬂh@gﬂﬁgga@oyme@@ayﬁé%gﬁfﬁncgﬁﬁﬂsﬂégwl 23, The

d d f 35 b
POR S na WSS toeteres pEHHS P hasise ouh By SoH e SBPLASR e oot

site at the She gl ﬂ@lﬂeeeﬁhahumeaemtmmandaangateamsmmgium 188sp subcl oned

B oi ab, 1 e, deleggR e Tufdte R B TR G ubi bR shleS fehediey Trol and
dhaB3. The r BN A:cbmldn wwmn@mwwngﬁmgegep mgfl@palawam dhaB2,
dhaB3 and dh @K%;fsi{ dﬂﬁ%&ﬁlﬁﬁfﬁb&ﬁ%ﬂ%‘@ﬁ)ﬁﬁ UpRSedh 6@E i Nto

pBl uescriptl | Strat agen the r striction enzynmes
$ 1239 lgbﬂ?ﬁfi"%ﬁé’da‘é s renoved by

Kpnl and EcoMyanslatienal stpg co
di gesti ng pl aswsldtignidl stop chdodpavhs Bokdted Xivm pE"ﬁ{ﬂGla(%(Ngvagw Madistly Wishgnent .

creat e o1 R irh Eﬂwﬁéﬁ?ﬁ%&@ﬁ%ﬁé593%“53“#?@9%@@“%2%53 e

franme for theerdhaallslallg%W& and§ul2§#ﬂﬂedﬂ¢t@(ﬁlef‘ﬂ%ﬁep$ﬂ128ﬂ F@Fﬂ?@tﬁg priners

(SEQ | D NOS 33 60118 DIk 1) mga doWnB@édnhoﬁllhE?Icﬂlld &
OI’ISEI’ISUS ri posone. bl Ndi -ng, sl en an SI,L e
ond. ' The prdﬂ&é@t‘%S@ﬁl&'gfl@rﬁ@epa gﬁgf’ a@l\?&\fﬁ"ﬁ%ﬁ%‘glﬁ‘m";b 15 .

‘Tnc., Beverl Ystop\dddoh Cand 0Rtamig mhmmm vpﬂBTﬂolMﬁamqoiﬁ@liMaBtR A

S‘Ztn'e‘ and e GEReERSOIb WO P SECATPROG A whOFsE ARt B8gRal, e et

expr essi on plSpdikiadd Xi@rmtesmpaenmiy,l wasprrplomdammn theSphl ﬁm41§b¥]h e
dhaB(1, 2, 3) %ﬁl W?@pfée%&r'lﬂt%ﬁfaixsﬁal | PHI® Aﬂt-Bath tb@efidra@ T3 20

Subcl oni nu t he l,- %g%) agment
- g ene was

opanedi ol de enase
of pHK28- 26, fsali: M?W@-E trapsformgd wyi ﬁﬁﬁ’gﬁ%}% Sekgﬁacﬂ’b%’
subf:l ?ned 13 nt@hl@ﬁ;yﬁgpéﬁgsb}e t&ﬁper@thl aeofor PRIAKTsreplicatiahl Onircelodma?és?ggg \lfvgs
amplifie r,om at i
Nrcr)p37 W t F'ESI% %glﬁ%ﬂ@r%engﬂuhcgmﬁ‘gy%nﬂﬁ%“ ?l)(tg(? P"gﬁiazt% "%’lﬂﬂq{?ﬁ end and a
BanHl site atApﬁrexmat@yiaz 00t ecllsvenkiplatedas 20qugimil dipading incybpieRfadit ht
(Stratagene) ﬁybﬁwﬁ{c lis ﬁﬂcé@sﬂiﬁzg?&?ﬁﬂtﬁmﬁﬂﬁ pRLAASTOSAS pliddfibd. andpAHS

cont ai ni ng dha e plasm al ns_ t he dhafl. gene imrn
Transformants growing at 44 °C have plasmid integrated info the chromosome,

occurring at a frequency of approximately 0.0001. PCR and Southern blot (E.M.
. 25  Southern, J Mol. Biol 98, 503-517 (1975)) analyses were used to determine the
) ' - nature of the chromosomal integration events in the transformants. Westemn blot
' analysis (Fowbin ef al., Proc. Natl. Acad. Sci. 76, 4350 (1979)) was used to
determine whether glycerol dehydrogenase protein, 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
glycetol"déh&drogenase 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-y1)-2,5-
diphenyltefrazolium 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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the right orientation for expression fromthe lac promoter in pCR-Script
and pAH5 contains dhaT gene in the opposite orient at i on18 FabruRpa?08a ntHH
fragnent from 30 pAH4 cont ai ning the dhaT gene-was inserted into pTaclQto
generate plasmd. pAH8.  The H ndll-BarmH fragment from pAHS contai ni ng

t he RBIVANMHIAIAT - gene was inserted into pBluescriptl|| KBETUSOY2282t € pAH 1.
-Construction of an expression cassette for dhaT and dhaB(1,2,3): An
‘expre55| on cassette for dhaT and dhaB(1, 2, 3) was assenbl ed fromthe 35

“i ndi vi dual &inaeionts, B coli MSRI3rhas bigen geposit W%W@&%W%l ng

st andard n%@gg@@u&stbﬁgg o 20 Rember oo3pel - Sacl fragnent containing the
dhaB(1, 2,3) genes frompDI3 was |m&§{£to pAHL1 at the Spel-Sacl sites
to create pAH24. 55 18 February. 20 2833 PCT/ US00/ 22874 A Sal | - Xbal

linker (SEQ ID NO 39 ancboHEmUQmDNfIOFAHsE OO STRAINNt 0 pAH5  that was
digested.with the restri ) XbakabR cfiifat € pDTl 6. The

i nker déstroys t he Xbal—=stt¢ St ment from pDT16 was
then inserted |Antl(61$bGIDHAfr@1 cqrganhatb«gldﬂugtrgegemmlg\ﬂmg&% dprent to

create pDT 1y %,g ER RS trif khm%ﬁ@mnlaaaQbepgofﬁﬁASall Not I
f ragnment fromp 8 the Not| - Xbal ‘?gsgg(gt fr.om pM/ mt&@ﬂ.lgzo ( SEQ

| D NO 41) . M?f@?é@@éﬁlelt@ﬁﬂﬂr%bﬁw s%{ﬂe ped fom £ iy E R onyces (SEQ
ID NO 42) wa@upgl;smﬂ&s SEqrmeumchnurﬁB{g 1B NOG: nomlﬁebmcofﬂsmtdmms of :

Boor - ol | P gRarbaL RSPl i e RSB tf SBf PR 88,
pDT24 was ‘cqiiC18)¢¢ gehetnge pQNﬂJ pQN2heas Mtauhbmniuualslallfmdgﬁ@dtsltgef pDT21 and
the Mul- Xb%ﬂi; ‘ﬁ%@(}k g&flc eidTends hﬂérgd%?}) Iﬁlﬂgﬁwdnh rgb%Ht]edeeTs&E; nffin RCL_1925.

Construction pressi on casse al an 3. M pDT21 was,
const r uct ed 199 tipsdeletipmin thagidle pf gkidrandrregegamtion of apnigpr Bl site tand the ¢ )

I’\lgglnefggle prgg@%g?g c’ﬁsxggglgﬁ“fkbma%%@m&ﬁﬁ@lime é«&anferﬂn V\glsucglsgned ]
PCR and ﬁnséﬁapé%ly?’ﬁtfﬁmé%‘l‘i %ZI’E%&% SPes Y nstruct pDT5. Y
pCL1925 was Mahﬂcﬁafbnbgf InreaativhalgPdlo gitio, PA)lak afﬂtalﬂtht ﬁ-egmpx[bT&e into the
EcoRl - Pvul sj t.e 40f

Hi nDI 1 1 - MLul 9 Iﬂgahrﬁ@%ﬁ?@nf#Q%% g@it%ﬁ&%% f’@%ﬁﬂ@gaaﬁng{r?t&%? DT% into
the H nDII |wméﬂlem&gqumQ§§5A Qaérkbtl?hiétfr&sme@f g Bn cassette
for dhaR or 4 off i{é&t% vaiGsoifb@Romh @318704 ﬁ@ﬁmmemm@t ructed by

s oot il 2T ST e BB et SO NPT R 5 o2 o
and dhaB IZSBQ)ID NO®E| whih inerpiratp kaxsnihal SphT 28d Xhal sitesstespectieelyj n . whi ch

L ohcent UG rdddh s 289 KR SRl G088 il 9 oo, Of (he gene
ext ensi on. lﬂss@te[fﬁ’TQQQh@ tcegﬁpblatee?mz%rfkﬁé}lsb PEA Prgraens contaiing 'éénerat ed

usi us e, the fo %&%ﬂﬁn@a dWdrampheaical kalmc@c fmﬁﬁ\ﬁa@@a b SAIGRs Wes CGT
’ SEQ Ilsoll:lltcgdllf?on; p o&aﬂ %&5&1;@(;'; Intematlogai ;[50%% %ﬁs ag;gﬁ }&T? TA )
‘- fragment, and subcloned into pKP22 at the Xbal site, to generate pKP23. E. coli ‘)
strain RIF10 (see Example 2), which is glpK-, was transformed with pKP23 and
transformants with the phenotype kanRcam$ 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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GIG TTA ACGE3'; 35 SEQ ID NO 45 = 5' GCC TGG CGG AAC ATA CGA TAG CTC ATA ATA
*TAC3 : .SEQ I D NO 46 5' CGG GGC GCT GGG CCA GTA CTG3' . 56 18 Febmansa#§04004 WO
01/ 12833 PCT/ US00/ 22874 SEQ I D NO 45 was paired with SEQ ID NO 46 to '

~generate a product of 931 bps and enconpassi ng nucleic acid including 5
*dhaBl (tWOWMIg8I8 Seal site), all of orfY, and the-fast PCYESOMRI6TS

of fdhaT. SEQ ID NGO 43 was paired with SEQ ID NGO 44 to generate a product
-of 1348 bps and. enconpassing nucleic acid 5 including the |ast five codons
"(plus stop codoni) of dhaT, all of BXAMPIES of orfw and 5° dhaR (to

uni que Sapl sipEASMIDTANSPREETION AND mﬁweommmmmmonsmute

No a5 w1 ErEsDNOR G RBk O buflsefiaE HRERARBLIANE aFERY) ©

constitute. a tail thﬁNE@RG@“&B@Eé-MM&S&] PR2) 11 base portion of

SEQ | D N 44 g@gﬁngﬁ&g exdfestioR chitBiot (ERLANUCh il Bsel(@hiRRd toget her af ter
anneal i ng” (v ap PCR,_ 10 generate a
third nucl ei ¢ aci dh mﬂenomescezwedﬁsomqwnse‘&hmdacmﬁé%duct was -

di gested witpg ad&deéﬁﬁl# @I@lbkgatvmaobmmeama&omlm pigcerall SO .

hﬁ'egte Ccal t\(l)\“h Es ﬁ@%ﬁ?‘f@%seqer@ﬁ?%aéfﬁé%a %&"@@E@’@#ﬂ”&'s
~ dharT. EXANPLaoﬁemg%RBMuﬁﬁg SRS Eriner (SEPRONOEDb E. COLI
e AR W MRy ka1
for seedi ngth!; ?enmm@rodwtm SMMMWQ@%&%& frategeng dadi 5‘1’5 WL

tryptone, Qttgl@%w kite Mag@héra&qa& ﬁlagth{aq;mﬂs mnﬁ rdmm CTHel lz&nﬁ@r :
anpicillin) ecti nony KP32 i.s entical to
KUBDS) paHi/ pbFHS conbing s BPP aenedhae nactie oBe *e:ﬁfﬁeﬁwggs%ff &rted

O omf T ozen i qﬁ&ﬁo(eﬁﬁlo m@@ssmymnmmamal fragmeﬁﬂﬁiomipAdﬂSrredl umin .a

2-L Erl til OD550
of "appr ol macergmbegs BPRdept wivingered o TN BL SR g BBRHE. | P" T
Fer ment er meglasmid gAH19 oﬂ‘hopAHg9comtpmn§wt(§PR&bg@esn§mqm@@mn@@@vher-| n the

yoast ext r actot csppetoh BoMREM pridolr, Ihd %‘Eﬁé?&“*’ag&“g I s ant i foam
1.2 g CaCl2. zmt@mrmbe GPE2gene was msertedAptopPHER2 f-Frpie F’é‘iﬂ‘”‘ﬁg?ﬁ 8 with

20-28% NMOH%@M&U:%H&QMM@%&@@Q@@MS ver e added 1.2 ¢

carbenicillin of anpicil > 50, d‘o a soI ution of
trace el éfentODaRRclL SassetiesJor: TQEens

i nocul ation, (DR gol urre was 6.0 L and t he gI ucose 57 18 Febr uary 2004
DAR1 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 Neol site at the 5' end of DAR1 where the ATG within Neol is
25 the DARI initiator methionine. At the 3' end of DAR1 a BamHI site is introduced
L ) ' followiﬂ'g the translation terminator. The PCR fragments were digested with Ncol
' -+ BamHl'dnd cloned into the same sites within the expression plasmid pTrc99A
(Pharmacia; Piscataway, NJ) to give pDARIA. - o
- . In order to create a better ribosome binding site at the 5' end of DARI,an
30 - Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NO: 26
“with SEQ'ID NQ:27) was inserted into the Ncol site of pDAR1A to create
pAH40. Plasmid pAH40 contains the new RBS and DARI gene in the correct
orientation for expression from the trc promoter of pTrc99A (Pharmacia,
Piscataway; NJ). The Ncol-BamHI fragment from pDARIA 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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WO 01/12833'. PCT/ US00/ 22874 concentration was 10 g/L. The sol uti on-of
trace el ements contained (g/L): citric acid. H2O (4.0), 18fsauap®003. 0) ,
NaCl (1.0), FeSO»4-7H20.(0.10), CoCl2 6H20 (0.10), ZnSO4. 7H20 (0. 10),
CusSO4- 5H20 ('0:010), H3BG3 (0.010), and Na2M04.2H20 (0.010). 5

Fer nent@0u#288¥ owt h: A 15 L stirred tank fernenter-was PEBUaIISIMI th t he
medi um descri bed above. The tenperature was controlled at 35 . C and
-aqueous anmoni a (20-28-weight % was used to control pH at:6.8. Initial.
“val ues for (Strﬁtaﬁhmg\Mﬁiﬁn, VWapto drexteplasmidpAHAL cEheofladnitl padif26 and. 12

standard Ii tg @Sﬂﬂﬁgnhgﬁgoﬂgé‘%%%‘{‘%o speed--(set to m ni mum val ues of

bet ween 735(f:° e Se di ssol ved oxygen (DO control

was initi at@ohsiey PrASSION C3 el dor daphandgpdat el y 140 nmol / L/ h. Back |
pressure was Congfg {eésﬁﬁc%&seﬁessfo?WARl%demGvg}etdé@einlﬂ&ifraﬁltﬂ@;/o 15XC/9E'[ f?L
m nor excur5| ons, Ucose et ween g/ L wi

a 60% or 679d{vittupl g @g]ﬁ? ‘?“X‘LW&?H??/‘F@“%S% Qeﬁ'dlg"a as not ed
bel ow. Ferlﬁlﬁmg?hidﬂibdm The RaRFRLPsAH&GmdAT #0m pAHEpcaszipingtthere f er nent at i on
summary of t’ IEer /SRE)%B% W56 fene a%. E{eﬂggﬂﬁ%ghﬁjto Srell) Using E.

coli straln S grvenTin mn, Bl2 (0.075 g/L,
500 ni) vvaspAHﬂB -R;tlrfra@memfrmmféilhmwm%ﬂmmsﬁa@@ B 16 ni/h.

The yield O%en@v%s% ae@ﬁgbgm%g&aw pAM4D 1, 3- propanedl ol /g glucose -
e e Sl i o 61 ERRSE R PO et i o ¢

Represett ative f ‘h’B R%eme
. 1, 3- pr opangBehHI-RBS-F}ia) lmkamgbtﬁnectby anreqling syﬂmeﬁz@hpmrm/png Ti me (h)

s (A1) ERIEAAEEAARCAL SIS Soblul i %3@?3695%5@%?4318 >
12.313. 3 . B2NB3L)tg e XbalcPsthfrapngst Sonamh 1) contziningghesgPR2 genceppbiar y 20047)
VIO 01/ 12833; %Edﬁﬁ&%@%%&ﬂﬂﬁ'é@ dlt@rc)ff)ﬁmhtt(ScﬁéﬁfeQ)m&ilFlQﬂmw plalki4n i denti cal

B L Se D) S, SRR B B Sy, oL v o '

obt ai ned wagrighfatibnlfor bxpenicedidmr teerd proivoterof phircRARIBhpAled®/ pKP32: 5 A
represent at ve fer%tlon summary of the conversion of glucose to

3- pr opane 1 Sgpta using E. coli strain KLP23/pAH48/ pKP32 is given in
Transformatlono E. coli: -~ - : :

The plasmids described here were transformed into E. coli DH5a, FM5
20  and KLP23 using standard molecular biology techniques. The transformants were
venﬁed 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 )
S Construct'ion of the expression vector pTaclQ: - : &_)
The E. coli expression vector pTaclQ was prepared by inserting laclq gene
- (Farabaugh, Nature 274(5673), 765-769 (1978)) and tac promoter (Amann et al.,
A Gehe 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 ferminator sequence (SEQ ID NO:32) replaces the pBR322
- sequence from EcoRI to Sphi.
Subcloning the glycerol dehydratase genes ]dhaB] 23, 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
EcoRl site at the 5" end and a Xbal site at the 3' end. The product was subcloned
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Table 5. Vitamn B12 (0.150 g/L, 500 nL) was fed,, startin h aft
“inoculation, at arate of 1.6 nL/h. After 36 h, approxﬂ\%?%mya'?:glgogf
fermentati on broth was purged in order to al low for the continued addltion
of glucose feed. The yield of 10 .1, 3-propanediol was 26 Wt % (g

"1, 3- propmﬁé{mg gl ucose consurred) and a titer of 112 FCLUBO@IBIbpanedi ol
was obtai ned.. TABLE 5 Representative fernentation sumary of the inproved
conver si on of glucose to 1, 3-propanediol (1,3-PD) using E. coli strain

' KLP23/ pAH48/ pinmmnu@((mmwmm Taog Bevarkys MA)go igpieirgte hepiasogidl )
1,3-PD (g/L) @5@%@?@%@@3@ 6. 93. 30 1234909. 710. 47 1866439. 35. 924
$416190. 22 54 3621210Q1. 29. 788 42 0220 115. 598

48197121, 223. 8112 Epewiegion containing;thgentire spding segionor Hhall. i i4gB3vi t ami n
B12 fee?hatthaaldfdiiam’ofﬂ*i? mmt Edr?ﬁ(bxﬁ H{gx mﬁcrl]a%mmmusstnm{m%n B 32
acCr oss I Qur s (_), e 1.on e t tf al ne
vas 114 gfL. Cepkepiela Dl aimech el ioR e K b B s R Rl AT o
E. COLT KLP23thE@RsEMHIMZED Yl ELD OF 1. 3- PROPANEDI OL 'FROM GLUCOSE :
Construction. of pl e I acerrent
in E. coli KLP23: @ﬁl{fé?&yfg%eno w%&t}%@%@@wggﬁam n aﬁﬁp

Pur egene DNA Xbd) prifyingihe 5 Pddrfragpenpanddigating it witinthe KH@JO kb DNA

fragment 25 gashdéit foROplasihidPHARS técre@ie$MI - dod bmhahﬁz' sdrer ase -
ﬂglliebr uary 2004 WO 0%/ 12833 P%H US00/ 22874 anplifi ed

(tpi A) genes éﬁ%}w 18 3 PC (
by PCR ( d Fal oona, Met hods Enzynol . 155, 335-350 (1987)) from
KLP23 genom ¢ DNA T oygnpeadiney farBEQrithe diaBl peae daSEGplifed\Epm HKRS-26 0 kb

DNA fragnent i dof yiiR "~
_ genes vas am PPER Rl bl REF ﬁﬁﬁ@%ﬁg"ﬁ@%ﬁ? BRI 38Y e i ool St 1D s
N0 49 and SEQirgIsiteand acapsensus ribes mdmmlsﬁcﬁtalaeeﬁ endiapd o XbaksitegitO | D

NG 49. The 5 th%gd%af “THel p¥&d Bllcﬁﬁ@; é@c%&tﬂnwﬁmhh@zsmlwmlm%gﬁﬁ? Rt of
primer e su n ap .ext ensi e gene
splicj ng D(f'@ erb&?’z‘?&"&?“?‘@ @équ%ﬁﬂ) ‘ﬁ’ %PoTechnl ques 8,
528-535 (1990)) Mﬂqmbwalfnammﬁaheplﬂlkc&mhuigr}mgnﬁﬂwdhaﬁilm ubé ng t he
above two PCR 104 ragoe @%ﬁs 7 and SEQ I D
NO 50. Thi SCR?ragn% r@%%e‘%gﬁﬁ g%’ﬂ:l e&fégrll&g#}@g% (?E t he 76 ‘bp tpi A
structural gegKpression plasm:d pDT2. The HindllI-Xbal fragment containing the

dhaB(1,2,3) genes from pDT2 was inserted into pTaclQ to create pDT3.
20  Subcloning the 1,3-propanediol dehydrogenase gene (dhal):
The Kpni-Sacl fragment of pHK28-26, containing the 1,3-propanediol

- dehydrogenase (dhaT) gene, was subcloned inte pBluescriptll KS+ creating
plasmid pAH1. The dhaT gene was amplified by PCR from pAH]1 as template
DNA and synthetic primers (SEQ ID NO:37 with SEQ ID NO:38) incorporating
N 25  an Xbal site at the 5' end and a BamHI site at the 3' end. The product was
) ‘ ~ subcloned-into pCR-Script (Stratagerie) at the Srfl site to generate the pla.émids
' pAH4 and pAHS containing dhaT. 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 pAH1 1. .
- Construction of an expression cassette for dha7 and dhaB(1,2.3): = .
An expression cassette for dhaT and dhaB(!,2,3) was assembled from the
35 .individual dhaB(l,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-Sacl sites to create pAH24.
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Overall, this fragrrent had 1.0 kb flanking regi ons on e|ther 5|d f the

Seal cIonlng site. (wWwthin the partial tpiA) to allow for 18 RelyHay s0art gene
repl acenent by honol ogous reconbi nation. 15 The above bl unt-ended 2.0 kb
PCR fragnent was cloned into the' pCR-Blunt vector using the Zero Bl unt

PCR Cl gWDr9g/12838 (I nvitrogen, San Diego, CA) to yield tRETAISBRGTH| asnid

. pRN106- 2 cont ai ni ng kananyci n and Zeocin resistance genes. The 1. 2 kb

-H ncll fragnent from pLoxCatl B&Nn publ i shed results), con al nin
" chl or anpheni4 Sall¥éwl bnbmé%E@é P13%190e SEQIDLNO:4Diveastingseted ftpp P sites

]g Snai t ht et Ethzlit,w s&@@aﬂﬂtﬁ@r@sﬁfbnﬁﬁgﬁlﬁw Sﬁﬂ%(bﬂSQdcieﬁtelp’D'Hlﬁr Ufte t hed tpi A
ragnent in plas C m

PRNR06- 2. t 0 LT Arsirnts e &Rb sy il AT st Fg o L

tri osephos phﬁmﬂesmlpmmwlwhg Rt @nistigg Balhddiul ﬁb@menmanseratﬁrpﬁ’ﬂi?en 25

Us 1 50, the
3. Izngbpsrlyag b’fz contal nin %@Hﬂsﬁﬁﬁ@%%aﬁ?@tﬁ?ﬁ@@ cfr&ﬁgﬁg&l’@%rﬁgol oxP ©
cassette waN@EXbghpagmens oahﬂMaento@kJMg @Wl -kHpglucasg

el ectrotr ans&&ﬁéfﬁsé ﬂﬁ'bltnbteb' Bequeénde ﬁm@mrb;hbﬁy&,ngEQ 1D NOa42) BhA clonad b rit and

t f t hi t d '
cananyci n 307 b AM o 5R GrentibapiE S of pLIRERE or e s e redi
f;)rI pOO{ ng!Cid@éSMaslcommdbgnnsbnmgll“g:bB&-(FyBH ﬁ'agmenbodeDTléjlni@:ﬁWa:el t _
utilizatyjpon ];% ‘3’@ n\ﬁfgaﬂ] non-utilization.
phenotype of@ ost gbe% rl?h@ ycero?cgﬁﬁi:i;'ll&ﬁ&B%‘]:m i m c DNA
from one sucﬂmﬂmd\ﬂun feemmgnt Oﬁﬂgﬁ H{b@fw $’H?’§ ba%A 8‘8 vi a

Sout her n anglPiIg- xbﬁggﬁéwfrpcmgzﬁfbl _ 35 B oI .98, 503-517 (1975))

i ndi cat ed t hg |t vvas 2 doubl e Cr Qs 0\4.er - . gene repl acenent)
since the twe L a8 SRR Farts- wer € oSt ved, _owing to the

presence of an acbi])’fllowad cdﬁsmﬁdtedsb)t mswtmglthf; SalHeNcﬂ fragmephiEomnadlTi0 18

February 200 Ltﬁlgm BFN©-4 pected, the
host KL 3 aaﬁlg\%)eﬂéﬁt pe%ll?%gg gﬁ@ﬁﬁ ‘Se@%e%zRﬂ E%f i gqﬂsﬁﬁd 9.4 kb
bands respecglwie?}mﬂmsgprwtﬁﬁﬁeﬁmm §mf-$ffqﬂ‘3@?’yceé edNg B’éﬁom’ ¢ PCR
usi ng pri mer §ondd@y BERIGh® thsévell il EJoRINPHD R sxtdd’dfqﬂi,ltmt&m&dcdds&uﬁxpect ed

4.6 kb PCR fr i.le for the L the t P23 and
wild-type Fﬁ?&&%%ﬂﬁ?f‘%& YHBSSE&%?%EY%@%‘"’&PQ gﬂ%% gnent. Waen
cel | -free exintatht EcORDRvIEtA ofi pCh2920R T ZdnslaRamstriitRBy slonimg thest ed for
tpi A actjvit t |V|ty
wns obscledt it HEER B S DR A fr BB, o e i
pl asni d pAH4HinDIIleXbalwited Gyfdﬁldlﬁuér oduction from glucose and al so with both
10 plasm ds éﬁﬁ#ﬁc@oﬂ@@%&&oﬂ@é&téf@r hd YAy, AnET. ARANSFM0bnd T oduct i on
from glucose € chroranpheni col resistance marker was elimnated from
RISmto givéraBI82.3KAVPLE 9 CONVERSI ON OF GLUCOSE TO 1, 3- PROPANEDI OL

USI NG E. COLI .. 15pISTRAWBE ElB{ridtH By pis8iiag ANCSaHECORPREYMENt FPROCESS USI NG

RIBL AFRY Kpﬁﬁzﬁ’ 2% it Sabl-BeoRI sites of pCL1925.
- Construction of an expression cassette for dhaR, orfY, orfX. orfW and :)
dhaB(1.2 3, o
" 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 CG(3Y
SEQ ID NO:44 = 5'ATG AGC TAT CGT ATG TTC CGC CAGGCATTCTGA
© GTG TTA ACG3';
35 SEQ ID NO:45 = 5'GCC TGG CGG AAC ATA CGA TAG CTC ATA ATA
SEQ ID NO:46=5' CGG GGC GCT GGG CCA GTA CTG3".
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RJ8/ pAHAS/ pDT29. and RJ8/ pAH48/pKP32 were pre-cultured for seedi ng2
-fermenter as-described in Exanple 7. RI8/ pAH48/ pKP32 is 1&Eskruaan2004 20
RJI8/ pAH48/ pDT29 except that dhaT is deleted. Fernmenter nedium . Fernenter
medi um was as described in Exanple 7. Fernentation growth: Fernenter

* growt h Wa® tag2ssascri bed i n Exanple 7 except that initial peaiusen22s26 :for
air flowrate (set to m ninum val ues of between 5 and 6 standard liters per
mn) and agitator speed (set to m ni nrum val ues of between 300 and 690 rpm
‘were set. so that - GECSID N34 oxyeaire@ DA}h SEQTIDNOMESo perierdtas prbdubtenf OUR

\\//v:ls ues reac gﬁg ngé&ﬁeeq’lg(%&sg@ﬂ érglgng% /n!:{uH{Mgt h&%ﬁé%mgﬂg&a;gﬁ&zy@ B 12

represent at i @l of erfi¥e andithe dinst Siyawedansof diE SBQIBNOEA Vs F@}fﬁ‘tb@é to

%agl grgpa”??%n‘%wmo génba@ ro&i&bfﬁtf%ﬂéaﬁel%ﬁ g Of L?&elbﬁcﬁl \{gn Inat
22080 o benaling B e RyBpdions G fep Sodiw) 3 it SREE i A PBS e 08 (5

- 35 1, 3- pr opanadboftaf (gimqmsﬁa@bmm)nﬁm lalbdseaatﬂxtéremlfofﬂQIIgND 44

1, 3- di '
b Dsoo; 2o 7gnsEE PRl BB impihsc dorti 0 %‘?‘ﬁ?m?g’ﬁs\s'@ RS,
conver si on ofNQBdcSimilarly, the 13.hapes b thed’ end pfHSEQ HD) Qéﬁﬁ@nﬁ’ilt“téélt@ﬂ strain

oLy AE'@%B?%%ET‘?%“’Wm 19‘f8‘°%%m1(% peionst SEQIDIDeRt Aueahe). o 3PP
L 00k S L R A soned peaher ey 38241 693 38 DO B oae o

4321139.97. 7 BOerlapI) apd emnﬁm@byTEﬁRatu genematet hthiRd Suplald4Bidpeda:t of

O or opancatgy i SMEAPCIUBERL: sl digrANAES I Ay SardndfBaka 0 - g
~.Yable 7. Vitéatpp 2wmghwml&u@ee%%dwwgplaw.scr%mgwmg mszm ng at

“appr oxi mat el y, zawﬂlcﬂfis 1|ﬂEntlchPt%Wlt29V Bkaépt fbb eheVible dinttande deldtivcabadgdi ol was
34 wt %;g 1%{1 ropane 1ol /g glucose consunmed) and a titer of 129 g/L
ed

1, 3-prop was obtained. TABLE 7 Representative fermentation sunmary
of the inproved conversion of gl uco&XAMBLE 73- propanedi ol . (1,3-PD) using E.

o beron o g@@gﬁ%ﬁ;@@ B (EbSERS Y AP RRESHOL s e (9/L)
OLI STRAIN KLP23/pAH48/pDT29 AND
THE IMPROVED PROCESS USING K1 P23/pAH48/ KP32 y
20 Pre-Culture: : : _
KLPZB/pAH48/pDT29 and KLP23IpAH48/pKP32 were pre-cultured for
seeding a fermenter in 2YT medium (10 g/L yeast extract, 16 g/L tryptone, and
10 g/L. NaCl) containing 200 mg/L carbenicillin (or ampicitlin) and 50 mg/L
spectinomycin. KLP23/pAH48/pKP32 is identical 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 ODss; of approximately 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 ¢ K_I-12P04, 12 g citric acid, 12 g MgS0O,4-7H,0, 30 g yeast extract, 2.0 g ferric
* ammonium citrate, 5 mL Mazu DF204 as antifoam, 1.2 g CaC12 2H,0, and
" 7.3 mL 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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62 18 February 2004 WO 01/12833 PCT/ US00/ 22874 EXAMPLE 10 I'DENTI FI CATI ON CF
THE E. VGERWIZREN- SPECI FI C CATALYTIC ACTIVITY (yahD) | N FEREUSMPREMED 1

- 3- PROPANEDI OL PROCESS - Denpnstration of non-specific catalytic activity in

-1, 3-propanedi ol -producing 5 fernentations with the inproved catalyst, A

‘whol e cel | carsentyationrwds, 19-gfE.o Fhn soltion dEtandrelayeentaeontaindd/Efy: §HEC used t o
dermonstrat g; hhglélof/@bg gségiﬁg 3C0t)0ﬁaeiolto)01=e&:§o¢m2td(o )ECochl i is present

or oduct | on6HEOR. 153D (R4 Baponih Sfbramd. *a " "

r econbi nanNakm qo;«um) 10 cont ai ning.the glycerol -production and

1,3-pro angdl oI -Ero ctﬂon plasm ds,, pAH48 and pKP32, respectively, was
growm ih 1 ; essenti aIIy as described i nExanple 7, but in the

~ absence of: vi tamhSBsﬁrreciﬁnmferatmtermi)mmdm(mlbengﬁllmdesﬁdb%h when t-he
tanks reacgda %Q%&hﬂ%& dwidh élggﬁgﬁ)atﬁldcqm ue&jsafnﬁhotﬁawere taken from

the tanks 1 medi at'e ore an ost-vita 15 - addition. The
cel I s wer e(#e2bweichy /ﬁwaéélﬁ?ﬂof“tﬁ’gﬁﬂ a F‘Egﬂﬁﬂg‘r"rﬁlé‘ﬁ A flQWEe  ori gi nal
vol ume in ?@&oqﬂfrﬁﬁmmealo&rw@eaﬁ@ aR@/ MstafibArd liderp Iand tafd”ti bit new

el | 5 Hho SERFAGSLip PUHTIN YAlRes QLo esago ao b ARGV FRAREIn mi xtur o ( PBS
bqu f i g ch BH&BdﬂW‘dyoﬁ)igeg/(Dog lcowtest ayas fitigted whiep QR hla.lu&s Wgﬂtedcoené %mem_ Batlzan
%gSSO of gg%%ﬁ%?éﬁw&%ehf?gg{?%ﬁe% rl&gk?ggémyig?r , wer e shaken .

at 250 r prmamtroavascsctamn%ﬁ,.cﬁmepbﬁor FNAT eXERBipas, glwesewwwéwtaé att j ne.

Ti me- depenglgfifeen B 4 10 8/10kiR ald04% ¥Pe7R Pee¥ad Vitankihask9rcont ai ni ng cel s
recovered ?rorﬁe? eﬁg?ﬁ %er elatE (P‘gre-bbg? post - wtam? B12 addition. In

direct! ontCP%meﬁlgﬁYaﬁ é‘?ﬁasz@t? of 1, 3-propanedi ol were observed
only int hﬁﬁnédtﬂﬁdiﬁwﬁl@ﬁmmmj%mfm recovered fromthe fermenter

post-vitamn B 2add|t| l]f activity in
cel | -free extradt ©PreRe ?Yevfgrragr tlo su ar?%?ﬂ‘?cpc%ﬁ{rérkl\zn%?g@cgge dt8
denonstratd thmpsm@mlf(i 3-PD) using E. calz stram KLP23/pAH48/p T29 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 tlter of 68 g/L. 1,3-propanedio} was

...U

obtamed -
TABLE4 |

Representative fermentation summary of the conversion of glucose to

A 1,3-propanediol (1,3-PD) usingE coli strain KLP23/pAH48/pDT29 £

_ Time (h) OD550(AU) DO (%) _Glucose (g/L) Glycerol (g/L) 1,3-PD (g/L)

0 0 150 129 - 00 0
6 17 80 83 31 .. 1
12 42 53 2.8 125 9
18 . 98 - 9. .57 126 32
24 136 1. 328 12.0 51
30 148 10 . 123 133 62
32 152 i 125 o143 .65

33 1591115 172 68

58



catalytic activity in cell-free extracts. Cells were recovered, pre- and
~post-vitamin 30 B 12 addition, fromrepresentative | 0-18 Febrivart 200ons
enpl oyi ng reconbinant E. coli strains containing the glycerol-production
and 1, 3- propanedi ol -production plasmds, pAHAS and pKP32, respectively;
“and cel | MO®42833t racts were prepared by cell disruptionpgsiusgey/zsfy ench
press. The cell-free extracts, a preparation of pure Klebsiellapneunoniae
1, 3- propanedi ol dehydrogenase (dhaT), and nol ecul ar 35 wei ght standards

were applied to aStndantesifs were ohiainedwigh ariidenticabyitymisy B deadcs twigel s. - The
gel's vere thaR Qneawatoh Or BthRIiAS oBViRakih H |§ AcrbsShB HRRABAME 8F and  NAD

18 Eéﬁfﬂzlya%w%@’*i‘aeﬁﬁ%‘“ e ol fiy%s;h?sﬁ‘;eéﬁbit Cate, an activity
- stain for DhE % native gel at

appr oXi an el 340Aﬁgﬁé§senmiv% f& ([\I CII&IHBHS ' é’@(gwgﬂl&ﬁ df&adcg&%g Wher e

pure Kl ebsiella pneu ni ae

DI anedl 0 é/tp ogenase
contrast, whésePrep bb?r@@i)@ﬁm cqlh%tr%mﬁ é}gﬁépl%@tls Wmm n B 12
cell 5 free Exmeact\atahﬁh@ RDIS(%L 500aD) SRefdf stsmﬁgt?,qmﬁemoamhu&ity ‘was
a

cheervea ot RO LERY 430 Mol e EYRband were

t
SEEERORAID £ oI RaloR Y Pabana vier e
vi si bl e, but pergsé peerdectoziin forths comtimedd pdditiomofiglpose feedt Jhe meBide addi tion

at appr oy maj al I 551?& n_al cohol
dehydr oggonasie63 %Déﬁigd?gg}l ?%-Ph%(fgﬂvg% l'u&%%‘égésf SUE%HF e alg IS
typically f ot 2 &L obigingdnat | ve gel assay, where proteins are
separated by nol ecul ar wei ght prl or to the enzymatic assay step, offered
_greater sensi tivity ‘and accuracy in TRE$ 4 ng the reduction of
5_.-_;\ 3- propanedi-ol ‘i n ‘those constructs with Jow activity ~and where the
“activity is | iReprgsentative fmentation summaryof ghempsend copYRFsippgbeibess tas wit h
speci ficity towar db3ﬂmn911016(é 35%)5'@&1@5 MMP%%HMKPB,&M acteri zed

for - E. coli ?ﬁ‘ﬁie
the princi pre—ths

1,3- propanedi of (or ot hep al cohé)‘l‘%) to N/% PVB (pIQéham ne me@hosul fate)
~then coupl es ekectron tpansfer bg4 ween NADH and a tgtyazolium oroni de dye
(MIT, 3 20 [4, 5{ di met hyl t,hi-azol 1]-2,5- d*phenyl tﬁbr{'lzol i-um b om de)
which forns a arempltaélnthe% Aftef a few sto ove ni ght
soaking in thel8ubstratesé the géds are Wweshed to ré&fbve reageats and

sol ubl e dye. bands o] he gel ere t e is an i ve-dehydr ogenase,
an insol ubl e b?ue dye fgr?ns Van%s aspegﬁs of theagssay havégbeen

descri bed by J3Rnson an@00in (J. Hhcterial2169: 20506(01987)). 6B
Purification ang identifijgation ofgthe non-gpecific eatal ytic g?ti vityjn E
coil: Alarge cal e, %leal purification of non-specific catalytic
activity was rforrred celI's harvested-¥romthe lemd of at%lcal

1, 3- propanedi ol48productil@f run ag2descriliezl i n the 23mproved grpcess using
KLP23/ pAH48/ pKP32 of Exarrpl e 7. The cell pellet (16 g) was washed and

TN R N A TR =S MG SO N
was obt al Sﬂedcdiry:cﬁmtdhl drlhghis Iaddhtl()ﬂﬁofmlfamuZB,IPwoss thhe tithe c&)rse afile t he
super nat an el gl LRIl OB, 200,19 f protemne |
(20 nin, 20,000 x g, 10 O was fraE_K&MlHLE_& by passage through a
Super dex(r) ZOOENGINEERING OF TRIOSEPHOSPHATE ISOMERASE MUTANT OF
o ' E COLIKLP23 FOR ENHANCED YIELDOF
20 1.3-PROPANEDIOL FROM GLUCOSE
T Constructlon oip!asmld for tnosephosphatc 1somerase genc rcplacement in E coli
KLP23 ,
) E. coh KLP23 genomlc DNA was prepared usmg the Puregene DNA
Isoianon Kit (Gcntra Systems, ancapohs MN) A 1.0 kbDNA fragment
25 'contaxmng cdh and the 3' end of triosephosphate isomerase (rptA) genes was
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35 preparative grade 'colum (6 X 60 cm equilibrated W|th %ﬁvéggffer
Fractions of 10 nL each were collected and an al i quot ot8 a
concentrated twentyfive- fold using 10,000 MV cutoff Centricori(r)
nmenbranes prior to assay by the native 64 1 8 February 2004 WO 01/12833
PCT/ USOW02287863gel activity stain. The non-specifie cat ®Cyrusoo/zasrivity was
~identified in fractions 107-112, and the peak activity in fractions
-108-109. A larger aliquot (7 nL each) of fractions 108 and 109 were
“concent r at eamplified/byf BCR (ullislapd Felwona Méthodsdirapmelt 155, 333-3500E87 i ve gel .

The gel SerMtKLl?j‘@nEPEd;ﬂxgﬁﬂg dm%8 Ef N®d47f 4d §E(gﬁﬁm5 agenase

activity where a peare represent ¢ oge non- specific
catal ytic abPikpilINA fragmeat contaming e Jyend Qfefg""all’{’ enand the 5’ end BFikom with t he

ﬂ] ai Bed gel geh ﬂuasmaﬁﬁmpokfmmm? &io?xhnﬂ@liﬂﬁbm?'@ﬁ?wﬁﬁ]?@fmonfmd to g
e ban Ct I Vi Str ul veri ze
and sol ubl € ﬁ]@&@&@s{’ %ﬂfﬂ% |%?M£§@°§W5$E9@pgrt icles in
0.5 m. of moztmdrhags 264 bl riner, SEQRHD NQ49 was heGevense conppilemerstiof |
centri f ugaty c{ (2 3% @45'&??%@%59:@ éq]héﬁt%%erl?-r eréib?ﬂ‘(ﬂ@tgﬂt% RS | oaded

ont o an i SOt usi ng | MENSI ON

d |
el ect r ophor& mmg(mmﬂthwiwe@wmm&@ﬁgn et tle BiaTephveiqwasS, 5 ﬁE&éEag‘f E 9
coli ext r-acassw)%l\m%se%/\b n&ﬁeﬁ%@?@ﬁﬁm&ﬁi%mdﬁ ﬁfé%aveﬁw pORA/ ;

{ anst SV e HmentETiemRARs B BByt 1D 01 ek e "vas

stai ned f orfiggmémtirepyesenied g deletiofof 7% @& theti68cbpypid stmanma! gthe stained bl ot
used to obt ]v -iﬁja W D5 SR& f'ntﬁ eyfltﬁ&cc}lwtyls -shown
i gur e ot it a0 6 Bafile RRRGL ohili8 ode e SE
It(ra]r i Ingg r epolpnmaéltséqmwwr@nn lalzhmh;l)b)%lonegﬁoecorpwsqr&iceg%nglye%mdgé ? g]r ngn £9)
Co056 ! e B ForBlagsisebdabindheie) o0 ool &5 Of Spat (T guie O ¥ o et
yghD, a‘rg]E col |&g%@PVF€§Wﬁ&ﬁ§f2ftéE¥%§/&t%ﬁgﬁlﬁnéW% opsd it Wuct ase activity.
Conpl et e anp@OR-Blehrvee® using ¢hefZero Bline PORCCningddic ddeitrogyy, (abDisggi ven in
Caio g vt SRR kel PR bR AR 2 LS,
%8?3 degend@mstaogjams myam@n@l &:gnent%@pms%bimbb&heggho in E. cols
i oc ﬁ ﬁlB
col i i ca
oXi dor _eductmﬁagnhennmptasmd mNWﬁ}zzbb(dnghmhg ni@&aﬂﬂdwmd@lfsugmat ures al so
found in thﬁxﬁlbé‘i% fe8d thE ¢ ngagjpg\ﬁloqbp el I a pneunoni ae
I ol 0 y

1, 3- propane dehy rogenas nc t he dhaT To disrupt this
gene, yghD Engines . G 18 ant BI8m by dingar BAbp of 3'-flanking
DNA sequenc&am@l@;@gl [ f | ed fromE. coI [ KLP23 (Exarrpl e 4) genomic DNA in

aPCR q and th foIIo | D NG 59)
ACCGTTGZ%M {@E%SFéﬁchﬁ”@g‘)E’r a SETD )
5 mwcmmﬁm%gﬁﬁﬁﬁﬂiﬁﬁﬁﬁg BiA GBnkifg Fetionsany tRO04 )
loxP-CmR-loxP cassette was PCR amphﬁed 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 ohloramphenicol-resistant (1'2.5 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 I} mM

.gluconate, and to ensure the giycerol non-utilization phenotype of host KLP23 on
I mM glycerol. An EcoRlI dlgest of § genomic DNA from one such mutant, RI8m,
when probed with the intact fpid gene via Southern analy51s (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,
owmg to thc presence of an addltmnal EcoRI site within the chloramphenicol
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WO 01/ 12833 PCT/ US00/ 22874 The reaction was run at 94 Cfor 1 mn, 50 C for
‘i rin, and 72 Cfor 3 mn for 35 cycles fol lowed by a fihEPbrEa¥e&fton at
72 Cfor 5 min. The resulting 3.7 Kb DNA fragnent was purified, digested
with Sacl and Kpnl and ligated to simlarly digested pBluescriptll KS(+)
“(Strateg¥®O28¥ 16 h at 16 C. The ligated DNA was usedPCo/usoazesior m E.
coli Ma (G bco/BRL) and the expected plasm d, pJSP29, was isolated froma
transformant denonstrating white colony color on LB agar (Difco)

: cd_o_nt ait nijng_ i(ra;ﬁtz@ﬁee@g/kﬂgxpwmﬂﬂmw KLP23 gowildigypeiBMS cotiteedsi d pJSP29 was

i gested w | AR Hurth rising -
36% bp of th lygh[s)t ﬁ%’g?ﬁ%}lﬂgq bﬂ&?&?ﬂeﬁ%e?ta@? ng sequence. é}‘rl'rﬁe °
remai ni ng 5, 88V nﬁm&gl’r%lﬁpsmempm%@hl 51 mghslé@m&@ﬁa, 1, 374 bp
- AfL 11IK / Ngel GeDMudhf mﬂ]eeﬁfsﬁceadml 6kb POR fra ﬁi&ﬁWHiIé‘fc?‘ﬁ%s%hﬁ B frTﬁm

oxKan _ na or e

] 'Ioi gat ed DﬁIA aErs}’ é%%ﬁég rﬁNE?SW|b°BF%’§%h&h°tWC ?%égt}@ asmid,
~ pJSP32- Bl ue, fmgmemtsdﬂhﬂn@ll#fr@mxaram &umftpmirrmlhntsﬁl&chﬁﬂhml(wzag&lre nedi-a 15
cont ai ni ng k with Kpnl
and S:acll gnd%{gﬁw 'gggg%w %&lﬁjs?%@el on c%@@tggsm%“%#’ﬁ%s cgglat%d Ilggt ed
to - sinl arWpsgbggesd ﬂ;&ﬂMT pf4 @Nmahm&mwalmtotr@sfmd aitho L
Cranaf or o £ Pl RDAYE o¥lioheelecttl ph R ion 16 $1a%5s6 nchdo WK USRE 1. 2675. 2583
L2057 OTIDS sl Lo o s o) e -

t r ansf or mant ghebsc (e chivrdripliegiol wEigince makérway ¢lgnikatea Moai RIS 6 o/ ) .
. Plasm d pJSP%% transforned into E. coli KLP23 and transformants were

selected on agar containing kana%ci n 250 .tg/m). O the 200
i-kananyci n-resistant transformants 2two denonstrated the
anpi ci I'lin- senatéuv@m@r@mymm’fr@dl i@ko@@@reﬁt@n USINBOY oL
recombi nafi on event re acement_ o aé{ Dc_gene wth the yghD
di srupti &h cassette. ﬁﬁ&@k@ﬁ{ﬁﬂ%ﬂ /apm%é%ﬁﬁfg%%ﬂ &konfirnmed by PCR

usi ng genoni c . DNA i sol at ePROCESS UBRYE RIS AH4RASK EZaNt s- as the tenpl ate
and the fol |l gw_ sets of prinmer pairs: 30 Set # 1: (SEQ | D .NO 61)
5' - GCGAGCT GATCGAGITTTGC- 3" (SEQ I D NO 62)

5' - CAGCTGGCAATTCCRENPSHAS/pIS and RIS/BAT4B[HKRI2089re pre-cultured: for seeding

5' - CCCAGCT

2 %E% désiite Ti%gle 7. gésipigrﬂd@%% %‘lmuggl)to

5' - COCCAMEAT RESDAHAHDENRO Srepn St T sdeletedrebr uary 2004 WO 01/ 12833
PCT/ US00/ 228 Férmcie@niddill@ : 66) . 5’ - CGOCTTCTTGACGAGT TCTGAGCGGGA- 3" Set  #4:

Fermenter medium was as described in Example 7.
Fermentation growth:
- Fermenter growth was as described in Example 7 except that initial values
N 25 - for air flow rate (set to minimum values of between 5 and 6 standard liters per
oo o ‘min) and agitator speéd (set to minimum values of between 300 and 690 Ipm)
' were set so thatdissolved oxygen (DO) control was initiated when OUR values
- reached between 60 and 100 mmol/L/h. Vitamin B, or coenzyme By, was added
-as noted below.
30 Fermentation with RI8/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 2,16and 16 mgat2, 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 50.1 g/L 1 3-propaned101 was
- obtained. -
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(SEQ I D NGO 67) 5' - GGAATTCATGAACAACTTTAATCTGCACAC- 3' (SEQ%I D

NO 68), 5' - GTT. TGAGGCGTAAAAAGCTTAGCGGGCGGS- 3' 5 The react 19 A8PMERNEOHm usi ng
ei ther Expand Hi gh Fidelity. Polynerase (Boehringer. Manhein) or Platinum
P. CR Superm x containing Taq pol ynerase (G bco/BRL) at 94 Cfor 1 mn, 5.0
C for IWG®/12888d 72 C for 2 min for 35 cycles foll owed BCTAISODRZETY .
extension at 72 C for 5. mn. The resulting PCR products were analyzed by
-gel el ectrophoresis in..LO 4w v) agarose. The results sunmarized in Table
"8 10 confirnmed disruption of the ygHfABEB® i n both transformants. TABLES.

Primer Set Expect Répr&eraeutrb ForfleR@live Sunihds dfiihe convBisidal sTTgliRbs@y ghD

wi [ d-type 11, 200n I _, 4no
vi | d-type L1, 2009, RpRgidiol (PP weiipOn Qo BIMIERARRHTIO N0

of yghD, |r_1g1fﬂﬁ(’t "" g (6D) 3 D(f)l(e kr(ﬂ 4COSE & gLy o Shyceraie ;-a-'.' &/LYhe

del eti on~r ermvgs 363. bpgof 3' yqh codi ngp g5 sequenqggp correspompdi ng to 121
am no aci ds. st op codgn i's p ?;nt 15: ﬁ? downstr gm of the 0r mai ni ng
yghD codi ng. se&uence i nthe kar cin rtsitstance (,ﬂa sette. Plrasm ds pAH48
and pKP32 werdOco-trandbormed i fldo E. cd.b KLP23 (k#hD-) and 1t3 ansf ormant s
cont ai ni ng botg pl asnmi ?_g were sgkected onglB agar rig cont ai nigy :
anipicillin (J! 0. g/n.) -and spectl norryC| n (50 p. g/ A representatl ve
transformant Wlds tested8for its3dbility 38 covert gh¥cose to 15:48-

pr opaned_l ol IQSlO L fersgent atiopg eithergin the preggnce or a,d_qspnce of
vitamn Bl12." Sem)nstra _i,on that¥@hD IS ‘fgw red for §| gnific

1, 3-'propanedi pr odue ron in E. collstrain: KLIJZ [ pAH48/ 2:

Fer ment ati ons 3for the B7oductio?3of 1,31pRopanedi ol6.0ere perf4‘5r07ed .
essentially agsdescribeg in Exa ‘Ie 7, ?h the E- £oli straigp KLP23 (ygh[%‘
)/ pAHA8/ pKP32 in order to test: for: the ect of theé yqghD disruption on {_)

1, 3- propaneﬂhﬂlovgg%@ﬁﬁg&lwﬁgmrpgm@m@t| ve 10- L ferrrent ation using thé
knockout of "the Bg specl {1 cat alé I C act| ‘k‘& E. 8%gistral n KLP23
(yghD-) / pAH48/ pKPSEPIES “sm%‘H’ taoh SEEATY 8 ﬁ?’&‘fff%}‘“? UGREF 1/ 12833

PCT/ US00/ 228’34pr8pan'5\?1ﬁ)l or, ga’m))smmgtaadh btyain RIB/PATM 4K P is giveadn and gl ycer ol
until thg a ti ce d A (10.4

Vitam n 12%3%13 70n%l‘e 12%'@58 %%’P}“é%g%@ﬁg’gfﬁt“‘ﬁ’g’e %Pand thereafter
vitanin B 12pmazsmtat¢lyﬂﬁaad|§w fr@@ecta»telYa Timeeldfofi Bpropepiediol wast he 4 h t hat

fol | oned Blawtd,tt PR.pr dit%@i%ﬁg%ﬁi&%&é’%hktﬁﬁecﬁa%h%"tﬁ‘&oftlb@gﬁ%(ygen utilization
rate dr opped.. and egere E urther increéase in optical density.
' Ferment at i ¢~ yeryedial s@s oBukd and the gl ucose concentration in the tank

accunul ated. The highest titer of 123- Br oganedi ol obtained was 0.41 g/L.

The organi sm was-checked for its vi by plating a dilution series of
the cells Representative fermentation summary of the improved conversion of glucose

to 1,3-propanediol (1,3-PD) using E. coli strain RIS/pAH48/pKP32.
- Time (h) OD550 (AU) DO (%) Glucose (g/L)- Glycerol (g/L) 1,3-PD (g/L)

0 .0 150 12.6 0.1 0

6 12 13 60 © 26 0 )
12 24 99 .00 106 - 0
8 51 76 - 24 . - 289 0
24 78 82 2.4 442 5
- 30 114 70 3.8 26.9 33
kTSNS § § R ) 0.0 - . 20.0 57
42 139 65 S0l 219 69
48 157 36 01 /Y N 79
55 158 © 25 02 ¢ 204 - 9%
64 U169 140 0.1 <158 113
72 169 12 0.1 13.4 119
7% 162 14 0.1 148 129
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on agar plates contai n| ng anpicillin and spectinonycin. The plates were 10
“incubated for 24 hin 'a 30 Cincubator. There were no vi&Feruad1¥fes on
the plate fromthe fernentation of E. coli KLP23 (yghD=)/pAH48/ pKP32,
~Table 11. By, contrast, the cell suspension froma control tank to which
no vitarWQ o@1®3das added continued to accrue cell. nass aRAT@ISYwEB8BE unti |
the 10-L tank was full due to the conplete addition of the glucose feed
solution (Table 10). An agar 15 plate viability determ nation by dilution
‘series of the cell suspension at tEXAMPIEIX his fernmentation showed a

vi abl e cel | counf éﬁf\fm%qa[@ﬁr%bwa}:@xgﬁscﬁﬂ er estinmated

by the optical densi resenta Ive
propanedi ol Démané?ﬁhoysfﬂ&-ﬁaecﬁﬁl dataWtfcchﬂv

fermentation-s
(h) CDBSOQ( st g g
2.33. 013410. 515 323, 181 80 910. 00

16. 337. 214913.. 12mmaacaﬁasaawfoﬁ149ﬁr8p@ﬁdxo@ﬂe1@ar@@n&39cﬁmewas Ped €22. 30. 42

23. 533, 010925, 432, 00 ) Bl EERE USRI R0 0 O A8 o) LSDO) 22874

TABLE 10 Represen erne I'on ersion of glucose
to gl ycerol fermenigtive copgitionsaitesithe additrgol(v @mﬁnpmmﬁ pmﬂgghonmfrae

h) " OD550 | / |
(2 )22 s (A%&d?&}&) G Al &@HP)\Q BiE B600eféi8/ 1A) reElBAARE. 26 é%l 2040, 5

8. 90. 13 10..458. 57 11. _
20. 2117110 20%tINivg ey r%‘cmggwgeazﬁéwoz %&l;?mﬁﬁam present ative
sumary of vpAHHS khd pKP32, aespoctivedy, fwas rgrcimdm)i(m fermbntery owaftidliyens of

ot bsence of Sespribdhiexabibit 2 ol A MR SR I v%@éﬁﬁmevf‘zﬁl e
o gounts (ef u/ @i8)mploss addgbwharethe twgzgacbgkammy@g@iy ODgso. - Aliquots

-of cells were taken from the tanks immediately before and 2 h post-vitamin B,

P32. time
5011. 30. 050

15 .addition. The cells were recovered by centrifugation and resuspended to their
original volume in PBS buffer containing 150 pg/mL chioramphenicol to inhibit
new protein synthesis. An appropriate volume of the chloramphenicol treated

- cells was added to 250 mL baffled flasks containing a reaction mixture (PBS
buffer containing 10 g/L. glucose, 10 g/L glyceroi, 1 mg/L coeniymé Bj2, and 150

20  ppg/mL chloramphenicol) so that the final volume was 50 mL at an ODssq of
approximately 10. The flasks, protected from light, were shaken at 250 rpm at 35
°C. Aliquots for HPLC analysis were taken over-time. Time-dependent
production of 3-HPA was observed in flasks containing cells recovered from the
fermenter either pre- or post-vitamin By addition. In direct contrast, significant

25 levels of 1,3-propanediol were observed only in those flasks containing cells

) ' recovered from the fermenter post-vitamin B, addition.

Detection of :non-specific catalytic activity in cell-free extracts:

. A native gel activity stain assay was used to demonstrate non-specific
_ catalytic activity in cell-free extracts. Cells were recovered, pre- and post-vitamin
30 By addition, from representative 10-L fermentations erhploying recombinant
E. coli strains containing the glycerol-production and 1,3-propanediol-production
plasmids, pAH48 and pKP32,_re_specti§cly; and celi-free extracts were prepared by
- - cell disruption using a French press. The cell-free extracts, a preparation of pure
KIebsiélIﬁ pneumoniae 1,3-propanediol dehydrogenase (dhaT), and molecular
35 weight standards were applied to and run out on native gradient polyacrylamide
- - gels. The gels were then exposed to either the substrates 1,3-propanediol and
- NAD™ or ethanol and NAD™. As expected in the gels where 1,3-propanedio! was
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‘ - E. coli and found in all organisms. The dehydrogenase assay works on the

principle that dehydrogenase catalyzes the transfer of electrons from 1,3-
propanediol (or other alcohols) to NADT, PMS (phenazine methosulfate) then
couples electron transfer between NADH and a tetrazolium bromide dye (MTT, 3-

20  [4,5-dimethylthiazol-2-ylj-2,5-diphenyltetrazolium bromide) which forms a

- precipitate in the gel. After a few-hours to overnight soaking in the substrates, the

gels are washed to remove reagents and soluble dye. At bands on the gel where
there is an active dehydrogenase, an insoluble blue dye forms. Various aspects of
the assay have been described by Johnson and Lin (J. Bacteriol. 169:2050 (1987)).

25  Punfication and identification of the non-specific catalytic activity in E. coli:

Alarge scale, partial purification of non-specific catalytic activity was )

performed on cells harvested from the end of a typical 1,3-propanediol production
run as described in the improved process 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) eqﬁilibr’ated with Hepes buffer. Fractions
-of 10 mL each were collected and an aliquot of each was concentrated twentyfive-
« fold using 10,000 MW cutoff Centriconi® membranes prior to assay by the native
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25 Novenber HREA /R sy 8PADNE TonBlld & 81 Eidcnopnaesidoad6e-yopnal sheet n
15 (1998)). The gel was transferred to a PVDF membrane by electroblotting. The
* membrane was stained for proteins using the Colloidal blue gel stain. The stained

blot used to obtain the identity of the non-speczﬁc catalytic act1v1ty is shown in
Figure 6. Spots were identified using standard techmques for amino terminus
peptide sequencing. Only a single spot (Spot A) encoded for an oxidoreductase
20  activity. Nineteen cycles of Spot A (Figure 6) yielded a 100% identity match by
the FASTA search too!l with the amino-terminus of yghD, an E. coli open reading
frame with putative oxidoreductase activity. Cormmplete amino acid sequence for
the protein encoded by yghD is given in SEQ ID NO:57; the corresponding DNA
sequence is given in SED ID NO:58. The yghD gene has 40% identity to the gene
N 25  adhB in Clostridium, a probable NADH-dependent butanol dehydrogcnase 2
) - Gene Dlsruptlon of yghD in E. coli KLP23: ,
. * Biochemical assays and amino-terminal amino a¢id sequencing suggested
~ that non—s;ieéiﬁc catalytic activity may be encoded by the E. coli yqghD gene. This
A gene of unknown function encodes a hypothetical oxidoreductase and contains
30  two alcohol dehydrogenase signatures also found in the Citrobacter freundii and
* Klebsiella preumoniae 1 ,3-propanediol dehydrogenase 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) genomlc DNAina PCR usmg Taq polymerase ‘and the followmg
35 primers: :
(SEQ ID NO:59) 5'- GCGGTACCG’I‘TGCTCGACGCTCAGG’ITITCGG—B'
(SEQ ID NO:60) 5-GCGAGCTCGACGCTTGCCCTGATCGAGTTTTGC-3'
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t he manﬁ%on 0 &ﬁ]ﬂ@ﬂ MH Oﬁ@%ﬁ?g%%%@dﬂﬁsb?% ﬁ'iﬁe' Vas (%l?'?st th éj on which
" the applicat @dﬁaﬁé@dﬁb@ﬁ 868 bpyetD disryptionsassaie was punﬁed and hgated to
. similarly digested pGP704 (Miller and Mekalanos, J. Bacteriol. 170 _25_75 2583

(1988)) for 16 h at 16 °C. The ligated DNA was used to transform E. coli SY327

(Miller and Mekalanos, J. Bacteriol. 170:2575-2583 (1988)) and the expected
20  plasmid, pJSP32, was isolated from a transformant selected on LB agar media

r-l-

containing kanamycin (50 pg/mL). Plasmid pJSP32 was transformed into E. coli
KLP23 and transformants were selected on LB agar containing kanamycin
(50 pg/mL). Of the 200 kanamycin-resistant transformants screened, two
demonstrated the ampicillin-sensitive phenotype expected for a double-crossover
25 recombination event resulting in replacement of the yghDD gene with the yghD
disruptiont cassette. : : ’D
The disruption of the yghD gene was confmncd by PCR using genomlc
'DNA isolated from these two transformants as the template and the following sets
~ of primer pairs: |
30  Set#l:
_ (SEQ ID NO 61) 5'-GCGAGCTCGACGCTTGCCCTGATCGAGTI’ITGC 3
~ (SEQID NO:62) 5'- CAGCTGGCAATTCCGGTI‘CG -3
 Set#2: -
(SEQ ID NO:63) 5'-CCCAGCTGGCAATI‘CCGG'ITCGC’I'I‘GCTGT—B’
35 ‘(SEQ ID NO:64) 5'-GGCGACCCGACGCTCCAGACGGAAGCTGGT-3'
. Set #3:
. (SEQ ID NO: 65) 5'-CCGCAAGATI‘CACGGATGCATCGTGAAGGG-B'
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cassette.

Plasmids pAH48 and pKP32 were co-transformed into £. coli KLP23
(yghD-) and transformants containing both plasmids were selected on LB agar
containing ampicillin (100 pg/mL) and spectinomycin (50 ug/mL). A
representative trariéfdi‘rﬁant was tested for its ability to covert glucose to 1,3-

_ propancdlol in 10L fermentatlons either in the prcsencc ‘or absence of vitamin
- Bp. ‘ ' . ‘
Demonstration that yghD is tequired for significant 1,3-propanediol production in

S U S

E. coli strain KLP23lp_AH48/pKP3 :
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 (vqhD-)/pAHA48/pKP32, is shown in Table
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- Representative fermentation suminary of the failed conversion of glucose to 1,3-

._ 20 propanediol (1,3-PD) using E. coli strain KLP23 (vghDr)/pAH48/pKP32.

time (h) ODss0 (AU) DO (%) - |glucose (g/L) {glycerol (g/L)| 1,3-PD (g/L)
0. 0.4 150 113 0.05 0
2.3 3.0 134 10.7 0.13 0
43 '10.8 850 8.2 1.41 0
8.3 2311 81.8 0.9 10.0 0
16.3 372 149 131 21.4 0.41 s
83 476 149 18.9 216 | 039

203 1 396 | 149 - 244 | 223 0.42
238 33.6 149 254 22.0 0.41
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WO 011/ 12833 PCT/ US00/ 22874 14. The reconbi nant m croorgani sm of
encodi ng a pol ypepti de havi ng gﬂ?@@PB@ﬂﬁg
selected fromthe group consisting of GPDI
gl pD, and gl pABC. 5 15. The

or i

ud

1 wherein the gene
dehydrogenase activity is
GPD2, GPD3, DAR1, gpsA, GUTZ2, )
reconbi nN¥RUAREBoor gani smof Clains 8 or 1.1 wherei-n thepgemsos/2stodi ng a
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-group consi sting of GPP1l. and GPP2.
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(ii) at
phosphat ase activity;
products of dhaR, orfY, orfX

nbi nant

a .
ebsiella sp.,
conpri si ng:

-4ast one gene

| east one
dr ogenase

ng .
ncodi ng
ene encodi ng

e

onal dehyde. to

ohbinant E.
exogenous
de having

| east one gene

and (iii) at

orf W dhaBl RephesBatativeivadsar efiviebilipy platecongs from enslpoints of fomgentanons 1/ 12833
PCT/ USO0/ 22874k difos@isih @ BSLolONtEnife REPISHGHE)FAIFHEPSH fdneabieResS ARG f 1 C

presence of vitamin Bya.
_vitamin By time (h) at endpoint | ODs59 (AU) | viable counts '(cfu/mI.,)'
no 36.2 239 2.1E11
yes 23.8 33.6 - 0
yes 238 412 0
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catalytic activity to convert 3-hydroxypropi onal dehyde tg 8“&@ nedi ol
wherei n no functional dhaT gene encodi ng a 1, 3- propanedi §F8§|8 ct ase

5 activity is present in the reconbinant E. coli. 20. The reconbi nant E.

coli of Caim19 further conprising a set of endogenous genes, each gene .
havi ng WOMMIZE# on i nactivating the gene, the set econsi PCTAHYL287{a) a gene.
~encodi ng a pol ypeptide having glycerol kinase activity, 10 (b) a gene
_encodi ng a pol ypaRbiceribRY RREATINGCES RIDEdObbbAgRIRGATsMVI ty; and (c): a
gene encoding a' polypeptide having triosephosphate isonerase activity.

21. A process for the bioproduct iteer e h6i- pr opanedi ol conprising: 15 (a)
contacting under suitable conditions the reconbinant E. "coli of either
Caim19 or laim20 with at |east one carbon source selected.fromthe

gr Quﬁh&mﬁﬂnkaﬁuemmﬁ%@éaﬁmukmdcomimega&amhar| des, pol ysaccharidek, -

ard i pgl e- cagpon substrat es gpenher afgy 1, 3- propanedi ol is produced; andj20
( t OO eT T ';’_"“‘"__'""__"__"'""'""'—2'_3’?':""""'_‘“_'“—;':"i"’"‘"__‘__'"‘—"““""“"""'""'" -
price dBENTRTICATION OFiRFBPHAuCt | o of 1, 3- pr ofshredrPet =€ WrpfUsr wgidiemi bttt i ng

t'qqm;meo gf;mgfm;mgn BarT—of U ai s .19 of 20 or the reconbinant E. coli|of

0 e ing: (i) at |east one exogenous gene '
erc q%g%yf)l;elg{&g 60@& gy;sng a dehydr at ase activity; (ii) at |eas} one

EeXO |1u CIEe GI1CO reactiTvatiom fact or, at TEast ong.
' 33@ %‘“‘3'?1"%%!"%" ”“’"ﬁ‘o%- scﬁ"e"'é’ff ic catalytic activity to copvert

3-theR0dxYnB@rsity Bledi onal dehyde to 1, 3-propanediol, with at |east one
cdransssasy Vdrghiac2@UOF2YM t he group consisting . of gl ycerol and
di|hY3k oxyacet one, and (b) optionally recovering t he 1, 3- propanedi ol
prloduced in (a). 23. Aprocess for the production of 1, 3-propanedi ol {3
cdnprising: 35 (a).: contacting a reconbinant E.. coli with a first solrce:
off seaEragest and Wi TH & Second SOUrce [QkecGiok Bmiber t Ne reconbli nant E. col |

cqnprigiNg;i; 74948 February 2004 WO (1/ 1288 B@ﬂgUSOO/22874 (i) at leasf one
exegehaus—genc-—aregehga-—a—aalys gisi==te——igay i er—a ~eladarrebe et e ey i )
atjd emsmoma. mugamssﬂ ge&mkmdfcng) a d@hwt‘p-atmasecoma@ton mﬂdu@wl !ﬂrac t[a 5

(it y—at—teast—ome—endogenous gENME €NCoUTr Ty o= SpecriTc catarytTT
aqt ivireypéedd fofCtiosde Hesippaviurds in which a European patemt is sought,

a sample of the deposited microorganism will be made available until

the publication of the mention. of the grant of the European patent or

until the date on which the application has been refused or withdrawn

or. 1s deemed. to be withdrawn, only by the issue of such a sample to an

expert nom'inated.by the person requesting the sample. (Rule 28(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

o
o .

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the Intemational Burcau laier fspecify the general nature of the indications e.g., “Accession
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For receiving Office use only For Intemational Bureau usg only
G This shect was received with the intermational application D This shect was received by the Internativnal Bureau on:
Authorized officer - : { Authorized officer

Form PCT/RO/134 (July 1992)



- 3- hydr oxypr opi onal dehyde to 1, 3-propanedi ol, wherein no functional dhaT
gene encodi ng a 1, 3-propanedi ol oxi doreduct ase activity1 feé?@ %4 n the
reconbi nant E. coli and 10 wherein the first carbon source is selected
fromthe group consisting of glycerol and di hydroxyacetone, and the second
car bon SWQi0YE283% sel ected fromthe group consisting of womasewrari des,

ol i gosacchari des, pol ysaccharides, and single-carbon substrates; and 15

~(b) optionally recpfidaRtod ijiiﬂeWﬁﬂeﬁﬁtﬂrgﬁgﬁsﬁgﬁﬁﬁéﬁ) . 24. The

process of C aim 23 whereln the reconbl na conprises 20
25 (a) a set of exogenous genes co&gi,-iucr,%.gf (i) at |east one gene '
encodi ng a pol ypeptide having . glycerol -é’-phosphate dehydr ogenase
activity; (ii) at |east one gene encoding a pol ypeptide having

- gly ?l. '.3.'CJJE-IUD- frat-ase—act+ VT_ty, _a:".d &t }Cast one—subset. of genes encodi ng
" the|Jend ™5 EETIE Slyrelitake migropeinismasisd o igfhe ypcriotiemBl ,  dhaB2, dhaB3 and -
or f Z__AHE( : enbitis s.—each gene having a nutation

by R R

I na ki WENTIRG-ATREN @EDEROsSIe set’. consi sting g

her d
ctivitvy:

pol ypept —Re >
pol JEBL B L0ty ycerol . dehydrogenase activity; and (iii) a gene
encp dMARLCAN O BYRE) EHLTURE QUEBEFION | osephosphate - i somerase activity. 25.

Veckor—pDI29 _conmprising a set of genes dhaR, orfY, dhaT, orfX, 35 orf W/
: dgﬁq&@"fdminﬁhﬂ&'@?{m@hﬂpaﬂﬂf@eaﬂcﬁ&w forth in SEQ 1D NGO 1. 26. Vector
pKPB2osmINphivErRde AR, Or f Y, orj X, orfwdhaBl, dhaB2, dhaB3 and orjZ a$:
set| Matidssab ) VIERIAI] MO1lg-2889 18 February 2004 WO 01/ 12833 PCT/ US00/ _228711
27.] Bsseconbi nant E. coli strain KLP23 conprising: (a) a set of two .
__vegjogenous genes, each gene having a nutation inactivating the gene, the
setf consisting of (i) a gene encoding a pol ypeptide having a gl ycerol
N

Ki n ofd ctivty—ant—{(+)r—a—ge pcodi-ng.a-palypentide. having a-

o NaVa¥lal
LI

a Helyneptl rv“lp‘ h;_)_.\:/-l ng _ql yggr_gl -g--ghosphat e
C- ADDITIONAL INDICATIONS (feave blank if not applicable}

ydr 0genase activity;

This information is continued on an additional sheet D

In respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until |
the publicat‘io_n" of the mention of the grant of the European patent or
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10 (c)- . at | east one exogenous gene encodi ng a pol ypeptide havin 5 20 25
30 gl ycerol - 3- phosphatase activity; and (d) a plasmd phPgsbrugsy 99914 |
reconbi nant E. coli strain RJI8 conprising: (a) set of three endogenous
genes, each gene having a nutation inactivating the gene, the set

consi stWP@142838i ) a gene. encodi ng a pol ypepti de havi ngpeToiSpoRzsrl ki nase
activity; (ii) a gene encoding a pol ypeptide having a gl ycerol

-dehydr ogenase act gnhidk | ke : ' eptide having a
"triosephosphate ?ggﬁ%?gggggg%#vyfga)Qgip§§§?§§55§%5@¥ﬂﬁhéﬂproduction of

1, 3-propanedi ol conprising: (a) cetagie s, ) under suitable conditions, a
reconbi nant E. coli conprising a dha regulon and | acking a functional dhaT
gene encoding a 1, 3-propanedi ol oxidoreductase activity with at |east one

.ca SOHF-E6—whe: rhon—sourceis selected from the group
copdi S inigiess mide briryaeitefatht Hewmamimidusticiohadsaetan  pol ysacchari des, and
SI P I’-b-Q-FE" -85 e H onNnt |’ N RV, ]

i alaF: e
1, BepiveRiedhidn OF BEFGEF - 1 N

o

ngllite

V. 200
LI BELNG-<110> E | Ay BCT 2C
| e edeeptsciesisnidnor  t he Bi ol ogi cal Production of 1,3-Propanediol- "Wt
Hi pAMBRICAN TYB0SUBMIKE @oBEETI0M0> <141> <150>.- 60/ 149,534 <151>
1 --.08-08 <160> 68 <170> Mcrosoft Ofice 97 <210> 1. <211> 12145 4212>
DNAtddisd ddcplditgpifdittiond it poatrcaand 43 1 . =
gtlcgasna oL ARISE gPtHRGt t taat gccget ct cat gcagcagcet cggt ggeggt ct c60
aaag;&&ggggug&g ngi@ghbgttgataatcagcaagacgcpttcgccgpcgtclzo
Usa ,

Accession Number
25 November 1997 . ATCC 98597
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aatttgcatcgcgcattcaaacattttgtccggcgt cggcgaggt gaatatttcccccggl80
acaggcgccggagagcat gccct ggccgat at agccgcagt gcat cggt t cat gt céég"tgeQE%@W 2004
gccgccgceccggagagcagggecacct t gccagccaccggcgegt cggt gcgggt cacat a300
cagcgggt cct gat gcagggt cagct gcggat gggctttagccagcccctgtaattgtt c360
s attcagt W@ MABaacacggtt aat cagetttttcattattcagt gct.ccgt t BORWHRRS74
~aggttcgat gccgcect ct ct gct ggcggaggeggt cat cgegt aggggt at cgt ct gacg480
- gt ggagcgt gcct ggcgat NDIeA BENSRELATINGDO AEPOSATHIMARRRYIAEAASAD 40
‘acgatcgggtttcattacgaaacattgcttcctgattttgtttctttatggaacgttttt 600
gct gaggat at ggt gaaaat gcgagct ggcgcgci(pCT Ridld Bb#)Ct gccat aagcggecgg660
t caggat agccggcgaagcgggt gggaaaaaattttttgectgattttct gccaact gcgg720
gagaaaaggcggt caaacacggaggat t-gt aagggcat t at gcggcaaaggagcggat cg780

gga1ng¢ﬁﬂh§§$ga&@g@g@g&ggggﬂ&&ﬁﬁ& luu:—9&@é£gggqglddddddLde84U
- cct it gbd fugeal at cagpacaaaaaggcgagagabpt ittt gtl cccfgccggccct aca900

gt g L < \va o avay '-"—“v_"“:':"—'*"——'_'———""'————-=-=-£ _____________________________ ! ‘__q_,__‘ . -

cycE ,agéﬁe‘ﬂf HATIONPEPERAMYcgcact t at t t gagggtfgac&a@gaﬁ&gﬁﬁ@&&agtﬂﬂ&gﬂ sheet 7]

t at | kbt G@YRimmen al-cl caggyt cetyat getgectgttetgtieggteaat-ato86——

. tocraag cat cgct gacgatttcgtaa tgaagctggcll40

ggg‘agagaaagt gﬁé%@g%tcéﬁaeéz ge‘%acgat att cgct gccat-.gcggaacggt t'1200
pumc aaat-cancegtetgatl-ggegatttt gcaaaaacaggqgl 260

cg@ggc&?g""? i‘t@éﬁ‘&'ﬁ@’f’ﬂ@‘t"é‘?&’é?&’é’a}t ¢ gat accgt gaaggcgat cggl1320

t t ct gt ggt gat cecgaccat cgcct cgaccgat gcgccaacl1380 -

ca gé S@?cd@trg&ntﬁt a6dbrxgaagcgggecgagt t t gaagagt at ct gat ct at cc1440

gaga ccggat at ggt ggt gat ggacacggcgat t at cgccaaagcgccggt acgcct 1500

=~gqt ggt ct ccggcat gggcgat gcgcet ct ccacct ggtt cgaggccaaagct t gct acgalse0

'tg oConccaccagcatggccggaggacagtccaccgaggcggcgctgagcctcgcccglGZO

- cqtogg orgaingat acgct gct ggcggagggcygaaad JUCygCOCaggeeds

g?t agt gacqgaaRedciggagcgcat cat cgaggcgaacach%@% gcggcat t ggl740

agq &t g@@m'@mmwmmwmmj t Cgmﬁﬁ&&&.wm&ﬁﬁﬁ L.QQLMQ& sheet r_‘| |

;-:_._;-;.—.—._.-._-......_...._3..:.____7.7.-......_.____-.....___-.._.._-_-

gctd et gecaggge ccagcaggt cqgl

cc: gcggs&jugofgmagai%geﬁ;ﬁaag%@gggg@rﬁg : ttcg qu)Cl 8
g9 cGgan ac 0§ vsd] g e saCiBape o) &1

cc g'dwgagbbmwbmrfgchatmtm@gga&atg%&t B@gélf%?%% 4@99% %{g 0

- gcgturddlt thye ggtggmt shacic Gké Gl 8 aadloadRE0ghid %@&ééé?toﬁc %‘%
g9¢ &R égclermedgen dogwi cidrhai J@hly ARC GREIRIFAHIALALP AC LI GAY 4 25
acl CXggat mégg@aggtecpersm gé@&a&gﬁ@ Qagtfaaipqgca&wstﬂmgc -

01] 22BEHCNATEp-ATATES towwﬂamamys @Rt BADE aG e.amggg.c,.@ﬁgmg&q&ld  States)
t gpgagttta tggacygygccy ceectygcygeyg—ctgt-ttat-te—ttgat-gagt-c—ct gagecgt
gcpggcgagcc gcaaaccctg gcccagctgg ctgeccctggg ggcagcetatt gtgcggagag
cajtatcggc acctgcgcgc tgtcgctggc ggccagccga tcaacaccgc cggcgatcgg
gﬁpttttaagc aggcgctaca ttttgctcga cgccggtgtt tgataaccac gggcggcggt
“tcggctctat tgtctggtcg agcaccagtc cagcgccgac ctctccctga cgctggecat
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gt gggt aact
t gct'ggagag
ggcggcgaga
ccggcgct c
agcat cafyx¢
- ccggt ggage:
ctgccgacga
gctactgtgc
gcgcgceggcec
gcagcgcccc
atcgagtatc
t cgacggccg
ggtggaagag
ctgcgegtcec
cttcgcgact
agcgtcattg
tcttttccga
cgaaaaggaa
aat at cggcc
agcat caggc
0909083 gq
gt gcagct gg
ttgcggt cga
cccgegeatc
cagcccggceg
gaatat ggtc
gatacgiéa
. gtacgcagtt
gagt gagggc
ggcgcccagce
acagctcatt
cgacaggacg
tgctcgttgce’
agt cgggetc
agcggcéét
at at cggcga
~cggcatgtcg

gccat cccgg
cct ggcgcag

25

30

35

ccctgcttac cgacagcctg ctggcggaat ccaaccgtca at
cat ggacgat ggggtgatgg cgtggaacga ctgcagtttc {18&5P
ctgctgcatc ttgatgctca gggaaaaata tcgccgatct ggtgaccctc
t ccgcgc gcccgcggec tgaatcacgt cgaagtcacc tttgaaagtc

gﬁgatcacct t aaaaccgat tgtcgaggcg caaggcaaca PETiS08/228G4
‘agat gcggca gct gatgacc agccagctcg gt aaagtcag gagcagat gt
t ccggaaacc cgacgcctga tccactttgg gcgcgcggceg gcettcceggt
ggcgaagagg- gggt cgggaa cta ttcacaatga aagcgaacgg
cctacatctc cagctatatg ccgacagcgt gctgggccag gactttatgg

gaaaat ggtc gc ccttga ctg gccaacggcg gcaccctgtt
tggcg‘ccg*dhlsg}e&eéegég ? et sheodgapanespacifig calabiticgcc
agﬁqe;cfog Heconsasion gamytﬂ@ﬁ@ﬁ@bmahldenfdbqb G gaprophndistand ct

ttt ce gcactcct ttgagatcgt catcccgecg
g% %3{ d%&%%?@ gécggttgaa—gagcctggag aagcgtttct

gat gaC gﬁ@c an gbatestigeleigapid fegment encegtingelt gya sbstantjal t t

agaat at cgc Eaﬁﬁﬁgﬁﬁ&%ﬂ% aaaqsag‘&na&é’fé
gccgecgege ggggat agcg cgtcatcg agcct actt ttagcgccat

gctatt at baj dngybsgntiallycsigiagiet
gcaccaccct a@isﬁmﬁﬂkuﬁﬁﬂ@ﬁﬁﬁﬁx&ﬂ &G&diﬁ’@ﬂ?@ﬂa hitzaagsloca

at 9e0coc00 PREATILLEGrIagad Jube es Coaq HIAOBGe O gecac

;

gcagaggc@h amisobated danmleugmﬁagngnt eacgt;gg:a golypeptilggdant a-

t aagccgetc fy

getggocagt aaae il «GBFY g&C‘gae‘%Eg‘?’éé@gca SO 1800
~t ggcgt agcasepuenrec é@%!lggﬁh &tca gttcatcgac ggtgccgtag
tttctcg aR ol AT 1GOARE RIS ABMITbHSEEs with Qﬂﬂd@[t a

R gee e

tatctcgcecg waskhsigeitlazX SS4%; 096 8DS followedby 04X $R/C.ApL%ag
alfogtt atggtctgge aggggaccec ctgetcctee

caccgcct cC
gat ggcgccg gcatggtgcc cgcgegg
gt cccct gfe) maise ttd:la@lq«aacgd ggent thafoseeroplementary to (a),.
ctttacgcgg ghyt @c gcattgccgt

ttttaccgee taccgata tccat cgt gat
gct t t4- 2@‘6 Og’é cg@ﬁ‘fg%%?c‘g%’@é?‘ﬁﬁttaétsei ?‘lté’bggéiﬁ @gg%t cagcg

gt t gycgapslypguide ghaded by drcisslated nuclgicagiiafgapniant gL gt t g9
digeaggecge ccagetggtg cgecatggeg tgcacgtage gt tattgaaa
ttaytagaga agcataggcc atgttttccc attgctgecg agggecaccy

gt t gcggddyg palygeptifeqd £1aim 3 as set out in SEQ ID NO:57.

5. A chimeric gene comprising the isolated nucleic acid fragment of

gat c gtaaaacagg gcggtgaaag

Claim ! operably linked to suitable regulatory sequences.

6. A microorganism transformed with the chimeric gene of Claim 5
wherein the microorgantsm is selected from the group consisting of Citrobacter,
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus,
Saccharomyces, Schizosaccharorﬁyces, Zygosaccharomyces, Pichia,
Kluyverorﬁyces Candida, Hansenula, Debaryomyces, Mucor, Torulopsis,
Methylobacter, Salmonella, Bacillus, Aerobacter Streptomyces and
Pseudomonas. 7

7. A recombinant microorganism, useful for the production of
1 3-propanedlol compnsmg :

. {a) .atleastone gene encodmg a polypepnde havmg a dehydratasc '
activity;
(b} at least one gene enching a dehydratase reactivation factor;
and | '
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$6tNOBgYgaat at ¢

cat ct ccgcc at gt agggga



___________

ggcggceggeg tccgtcaccg ggttagegtc tttggagata taggectcta aggggcatc 04
, atcccggt cg ccgecggt cag ggcggecggt ttaccgatca atcgttgata

gcagtttgcg ccagctgacg atcacaaact ttcggtgttg gtcaggacgc agt ggcgggt
gacctcgcig igcggt gccgg gaccgcgacg ataggcggca gcgggttggt cagggtctcg
att ccgg¥® /BB cect ca t gggt ggcgg cgat gccgat gectttgecy REBUSMNQEH
.gcccacggt g acgat gatgt cgcactgttc gcggcgaaac acggcgaggc gttggt gt ct

-ttcgggttcg get cgacgee tca at c gccacct c cagataatg
"tgtccaccge gecatctttal tt‘ﬁi 9‘@%‘?"@3&5 &naﬁg@&%mrrsm gb&&

cagctggcag cgttcgccga ggtcgvitggg@noemaa@dﬂgy fopivegideBg{e t6accagat aa
t caaacat ac 18 February 20@% g 4/22874 ggaagacgcc2400 cgcctgcat c2460°
atttcgcgac2520 cgcgat gcag 80 cca‘t)ggagt2640 ctcgetttgec2700 cgcccgecgag2760

cct caat cag28vheraBaedyagiorebdorlgsoe sneodingxold-prepenediabadd@eductasgt c g at gc g gg 80
3 aact gc
gctgct gcag lﬁiﬁvﬁﬁﬁqﬂ'@ﬁrﬁ ﬁﬂﬁ@%&ﬁ&ﬁﬁﬁ%ﬂ&%ﬁﬁuﬁﬂﬁ%ﬁ%@%@%ﬁ%@t L uoesees

‘taccgacgat 342 3480

tatt gcg?ch g,_ ifg gﬁaﬁg%ﬁf"g nggg &3’89!6’ robactery §9uaidisngccggcc3960
got gaccagc40&labs:gflcgg1@gdmaﬁﬂaﬂ:mﬂaa%cbﬂpbﬂgﬂm S&@W&ﬂZOO cgggact ggg4260
aactgtttt a43§c@uzosaccharomyces Zygosaccharomyces, Pichia, Kluyveromyces, Candida,

-Hansenula, Debaryomyces, Mucor, Torulopsis, Methylobacter, Salmonella,
10 Bacdlus Aerobacter, Streptomyces and Pseudomonas. ‘

8. The recombinant microorganism of Claim 7 further comprising;
(a) .atleast one gene encoding a polypeptide having glycerol-3-

phosphate dehydrogenase activity; and -
(b) atleast one gene encoding a polypeptide having glyceroI-B-
15 . - phosphatase activity;
| 9. The recombinant microorganism of Claim 7 or 8 wherein the
dehydratase reactivation factor is encoded by oer and orfZ, isolated from a dha
regulon.. _
10. The-recombinant microorganismof Claim 9 wherein orfX and orfZ are
20 independently isolated from Klebsiella sp., Citrobacter sp., or Clostridium sp.
11. The recombinant microorganism of Claim 8, further comprising a set
of endogenous genes, each having a mutation inaetivating the gene, the set
consisting of: :
- (a) afirst gene encodmg a polypeptxde having glycerol kinase
25 : o . activity;. . : S
‘) -7 (b} asecond gene encoding a polypeptide having glycerol
‘dehydrogenase activity; and
)y . a third gene encoding a polypepnde having triosephosphate

isomerase 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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atctcctctt 4380 tcagcccccad4440 tcgecgggt cg4500 gcctcgacgc4§g8: éagigg
ttaaccagct 4680 tgtccggtag4740 gacgcgct ga4800 gcagcggcegt4

04620
@%gc4920

cgt acgcct g4980 ggaaaat cgc5040 cttttagagec5100 gat gct gcgg5160 ccgegt cgags220
atttctccggg%o ccacgccgt g5340 cgaggttggc5400 gcgect gcag5460 tcgectgcat 5520

cggcgt gY

A2%3t cagcagt gg5640 tcactttggt 5700 cggt ggt at t BPTEAISAY22$G4 acag5820

~ggct gccgee5880 cgt cgecgecac5940 tccecggect c6000 ggecttt gt c6060 ctacggaaat 6120

‘gat agct cat. 6180 01/ 1283318 February 2004 PCTI USOQ 22874
aat at acct t ct cgct][24c IR FHCreorsaAnism %@%Mcltlg\@yf&l&&me

t aat t gat cct @nccnimmgblapqgmegﬁmgcgmet @ngﬁmeeaddhgaﬁgméca ; ‘
ataactg C t aa

accat acagag%@&?%%%ﬁb@?g%i%cgc CEAMEs R gﬁ

gct gcaggcgctg B?R cagggaaat at cgcagct ggagacgaaggcct cgt c6480

cat ccgct ggat aagcmcgthg&é&ﬁ%ﬁ&.ﬂﬁﬂ&h&%ﬁﬁmmﬁ@%%%?&ﬁ‘ﬁ%%g

gt t gat ct cagt tttttttcc cC atttgctg gcggcggcca
gatt gt ct gaafg'tg(ﬁif‘?ggﬁB? 3??%@9@'3’(’8&5@9?@! é&@@&lﬂ'@g@ g%\ttvatadgéq
gcgaat agt catcagroop gagsistiag o GPFdaatd @Ppaccat t cggt t ggct t gctttat 6720
ttttgtcagegttattfdg t caat
gaaaaacgt aat t aagtgtgch@?? PICC%& ﬁ&g&{l&%}g%f[& 3a8 g? 3‘%‘
tttttattttt GERYIEE @gtﬂa@é&gzeptléfab@gtggﬂa@wdgu@g getagtytis ‘sdgttgi @mﬁﬁﬁ)@

10  group consisting of a glycerol dehydratase and a diol dehydratase.

7. . The recombinant microorganism of Claims 7, 8 and 11 wherein the
- gene encoding a polypeptide having a dehydratase activity is isolated from
Klebsiella sp., Citrobacter sp., or Clostridium sp. .

. 18. A recombinant E. coli comprising:
15 (a) a set of exogenous genes consisting of:
() atleastone gene encoding a polypeptide having a
- dehydratase activity;
(i)  atleast one gene encoding a polypeptide having
- :glycerol-3-phosphate dehydrogenase activity;
20 . (1if) - at least one gene encoding a polypeptide having
- glycerol-3-phosphatase activity; and
(iv)  atleast one gene encoding a dehydratase
reactivation factor; and

o (b) - . at least 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 recorhbinant £, coli.
19. .. A recombinant E. coli comprising;:
(@) aset of exogenous genes consisting of
30 S (1) - atleast one gene encoding a polypeptide having
+ .. glycerol-3-phosphate dehydrogenase activity;
(ii)  atleast one gene encoding a polypeptide having
, glycerol-3-phosphatase activity; and
S - (1ii) . at least one subset of genes encoding the gene
35 ... .. . - products of dhaR, orfY, orfX, orfW dhaBl, dhaB2,
» . dhaB3 and orfZ, and
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e

caaat t gaaacgaaattaaatttatttttttcaccactggctcatttaaagttccg ?egaggy 2004
t gccggt aat ggccgggcggcaacgacgct ggeccecggegt att cget accgt ct gcgé t
ttcaccttttgagccgat gaacaat gaaaagat caaaacgattt gcagt act ggcccagc7080
gccccgt caat caggacgggct gat t ggcgagt ggcct gaagaggggct gat cgccat gg7140
acagccccVOiU3aBE ggt ct ct t cagt aaaagt ggacaacggt ct gat cgt cgaaRCTYIDBAS74
-acggcaaacgccgggaccagttt gacat gat cgaccgatttat cgccgattacgcgat ca7260
racgttgagcgcacagagcaggcaat gcgcct ggaggcggt ggaaat agcccgt at gct gg7320
t ggat at t cacgt -cagccgggdbyaghleastiong endrgenmis gengercadiog e pongpethd 380
aagcggt cgaggt gat ggcgcagat: : : Dakoa G RBIdE 40
Qﬁégﬁkg%ilgflg% B%gagga%gat ccggé%g)o

t gcgt gcccgecggaccccct ccaaccagdt gccac caccaat ct

t gcagattgccgct gacgccgccgag}t‘sﬁrﬁﬁj’@@"&%i gcggctt ct cagaacaggagacca7560

cggtcggtttc W&ﬁ??%ﬁ@ﬁﬁﬂtdhb?%@ﬂfﬁﬁbﬂlﬁg ﬁqmﬁtbﬁﬂicﬁﬁ? bkiﬂgfé?ﬁ&tg%gg

gcggccgcegcce t gacgc.agt gct cggt. agggcaccgagct ggagct gg

gcat gcgt gc?"?ﬁg%gg ?ﬁﬂb‘&%ﬁﬁ@g@f’g’g%g?@tacggcaccgaagcggtat7740 _

t t accgacggcgat.gat ac @dcTheprombmanrds) icoki of Clagro dOdurfeer campgdsihg @ GEBH0 -

gcgggt t gaaa %\% GO 786Q

_ agagcaagtcggeﬁj_gg (_:tgg tc%’;e%%gg%%g@g%gt% cttcgﬁqg{l:(ggga%c%g%%g%%go
tt cagggact g&&é&é‘@%@f@cggt gagct gt at cggcat gaccggcgct gt gccgt cgg7980

gcat t cgggcggt get ggcgqapaageheaicedngaGodipeslidedns Mg plvored] kaaé 885y ;

agat oot ghogagcaccaact Pl abeT CROGEcHORIPRL Gy b lere Soatiodnis

acat gtt cgccggct cgaact t'caatiaggaadjat t t t gat gat t acaacat cct gcagc8220

gt gacct gat ggt t gacggcggec g L.JaG DL 8280

3 %ccagaaagcggcgcgggcgg?)gca%%g%g%tg i Q%mg?ggggg%i@éggeggg%%%%m
““gcgacgaggaggt ggaggccgccadvmiEye getidhgcagcaacgagat gccgecgegt ag8400
afgt ?9% ggaggat CE Qﬁgtﬁﬁﬁﬁéﬁqaﬁmt ??@bmtsﬁamm ﬁ@hﬁeﬁ&t : &?ﬁ@ﬁ?ﬁ ‘5120
atattg gcgcgcet gagecgecageggac ggat at.cqgccagcaat att ct caa ,

t gct gcg(cigagcgggt gaccd g%?&%‘étb‘}gglgﬁﬁg%’é%ﬁg%ﬁg Tt %&FB‘BB’E‘&B& £9f of
t cgaggt ggt gagt gcggt caac gaith¢rdzlaim 42 va€laay 30 gdthey estong gatbat 8640
geat ¢t ct gcegaacget 99ucq0gRleaaaAhehldtp LRAIAEIIHmANELARERST 00

aattc

ccat t gaat aaggcggt at t cct gt gcaacagacaa€ccaaatt cagccctctittacccs760

t gaaaacccgcgagggcggggt agoligesagehagdesy aalysicgharigies.gad singlerqashangpdsimtes
. gctgt ctggccct gcct t c?tat aaa%ﬁfagqgi-ﬁﬁﬁmﬁlﬁ@ﬁrtﬁaﬁdeaiaﬁccc?t 9?098828
cgat cct cgaagagct gat g agaagaggg cacqecs

gcat t ct gcacgtcc’gacgﬁit g’gﬁ?‘?ﬁg@dg%?ﬁ“ J%B%Eeeﬁﬁﬁg g‘g‘gg ilgg%go
cggggat cggcat cggeat i agicegsdagig hapoaingtitreett G 2-ptapaysiic gamprigng060

tgccgcet cagcaacct ggagal gt t.oheEeS 89&891‘6&%%9.%%&‘%@@%@963&@%
ggcagat t ggcaaaaacgct gcgcgct at gcgcgcaaagagt cacctt cgccggt gccgg9l
t ggt gaacgat cagat ggt gcggcd’@@g&l"ti%%gfgé@ Q%@éé&@&?@ﬁ#&@&@%ﬁmo

aagag?ccaaa{‘:at gt ggt QCaggaCt@lcﬁpagfﬁﬁﬁbﬁ@?:tﬁfg%aﬂ&ﬁfg%h@mﬂhg&t it gde
gggagt gagcat gagcgagaaaaccat gcgc ca [ofe agccacccgctg
:’gccggagedt at cet gacgect accggcaaagﬁgﬁgggg]@(ﬁ%tﬁﬁc%ﬁh? »cgagaaggt 9420
~gct ct ct ggcgaggt gggcccgcaggat(ii) gaglast ohe exxpesaggene eiogdigaoich9ddtse

ggcgcagat t gccgagcagat gcagcgccat atttccgccgecgegge9540
ggagcttatcgccattcct gacgagcgcatt g{aggg%gjtﬁgf&g(tglgacgcgct gcgcccegt t 9600

ccget cot cgcaggeggaget get ggedil c gtleatenn griogereys SEpencidina Pdv9660
specific catalytic activity to convert 3-hydroxy-

30 : e - 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-process 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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gacagt gaat gccgect t t gt ccgggagt cggcggaagt gt at cagcagcggcat agggtgg 8{2004

gcgt aaaggaagct aagcggaggt cagcat gccgt t aat agccgggat t gat at cg
cgccaccaccgaggt ggcgct ggecgt ccgact acccgcaggcgagggegttt gt t gccag9840
cgggatc acgacgggcat gaaagggacgcgggacaat at cgccgggaccct cgc9900
'cgcgctdg gﬁ%ﬁ %cct ggcgaaaacaccgt ggt cgat-gagcgat gt ct ¢t cgc RCTUSOUBBTS

-~ tcttaacgaagccgcgecggt gat t ggcgat gt ggcgat ggagaccat caccgagaccat 10020 3 18

. February 2004 WO 01/ 12833P§§ USQ0/ 22874 t at caccgaa tcgaccatga
t cggt cat aacccgcagacgccgggedyo

| 99cgg0sgt ggaagt ggccacyccaue caaukIGh LRI e Al ARe O 200
ggat cgccaccttcttcgggct aagcccggg@g;%gacc ccat cgt €cccat cgeccc

gcgecct gat t ggcaaccgt t ccgeggt ggtRFEHELapirmstvity sufle '&Q‘g@g’@aﬁﬁ gcagt
cgcgggt gat cccggcgggcaacct ct acaB@@mggp:@gibﬂEﬂ@hyde to 1,3-propanediol,

aaagcgccgcggagaggccg ccat cgat 10620 :
cgcctgcgcet ccggt acgcgzﬁ:ﬁ c§§§%§§%§%% ‘36188‘3} gg@gg%‘ﬁ%so

t gagcgggt gcgcaaggt aatoyfisomrducies gnmvagmtgamgrr@atmt Bcatl/iliB40
ccaggatigt gct ggcggt 9gaiRedh et CGRGERY: H SIRRATSH WY &9 9159910800

cgagt-gcgccat ggagaat gccgt.c gaaagcggat cgt al0860
aat gcaggt t at cgcccgcgé&’gﬁl %@%@5@3?@@@3&@@5&@3@@5{% theseegnd 0920
cgt ggaggccaacat ggccawagmnggggegtsb?md&@hﬁﬁ@@ﬁﬁipﬁﬁoﬁ@l@ﬂﬁ@ﬁpgc;ﬂgig
ggcgat cct cgacct cggcg a ac >

gat aacggcggt ccat ct cg%gcggé%"gg%g&gg)a%é%gﬁg & f’%g'g‘ﬁg%g galll00

gct gggcc: c??ggat CE : 1 cHely } stopiesaarchaaat gcg&c;gct ggccaaagt 11%28
ggaaaggstgticagta C %&ﬁﬁﬂ \Z

cagcccggcggt gt t.c %éﬁc%?caa gagg% gragct gg}? ccoat cga%1280
taacgccagcccgctpg g*gﬁ @&%}%ﬂéﬁfﬁ ¢ FrcqmbmentAacait Wrthar1 340

t gt caccaactcgmphmgcgcgct gcgccagg% ct ca;:;:;:ggcggt tccatt c?;:g?t at ﬁjgg
cgcctttgtggtgctggtgg C tcgc ac cccgcagcettat cac
ggaagcctt gt cgcact at gg@g%g gwg’ggabeéegﬁggfn&‘ggggaacagaagg11520
gccgcgcaat geggt Cgffﬁlccggt ta}l e}?@@w@wwdmcagaﬂm@adebmﬁgfﬁggg
tcgcgceggcctctctc aacg g | 1SR C

acct t aaccgggcagt gcgt ggcce f‘% ctt caég‘gggﬁﬁﬁ%ﬂ%ﬁgﬁ% gc11700
gcgggcet gegt cget geget geggfilegedys e&%\wtenggiq@&gpgb@a@taiwgmmmo

att at ct ggggcctt ggcgt cgccat ggcg%%ag%gﬂﬁﬁgg@gg;ﬁycwggcgcg11820

cacct aaat ccggcggt gaccat t C cct tttg gccgcaagll880
gatctgcagtttattgtt gcccaggié‘g 3'9‘88158 ¢ % 3@9@&8&&? 11940

gggct ct at cgccaget gttt ct cgat ct pgﬂactagﬁdhaia@@ﬁt wmmmmwmo
gccgecagtcttaacct ggcecggggt ettt ceacal tccacatatcactttt 12060

at acaagcgtttgccgt gga ccaccatcacggcaa c’tg ggcgat gat cat ggcc12120
ct gaccgacgacggcaacggdexa el ofigglogamos genes, each gene having a mutation

inactivating the gene, the set consisting of:
1) a gene encoding a polypeptide having glycerol kinase
' activity;
30 (i)  a'gene encoding a polypeptide having glycerol
- o - dehydrogenase activity; and
(i)  a gene encoding a polypeptide having triosephosphate
isomerase activity.
25." Vector pDT29 comprising a set of genes dhaR, orfY, dhaT, orfX,
5 orfW, dhaBl, dhaB2, dhaB3, and orfZ as set forth in SEQ ID NO:1.
26. Vector pKP32 comprising dhaR, orfY, orfX, orfW, dhaB1, dhaB2,
dhaB3 and orfZ as set forth in SEQ ID NO:1.
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<211> 22 <212> DNA <213> Unknown <220> <223> Descripti 8598&9 (Lﬂ0|a
Sequence: prinmer <220> <223> prinmer <400> 2 gctttctgtg cggc ag 22
<210>'3 <211> 23 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: prinmer <220> <223> prinmer <400> 3

t ggt cgagy@ Vet tcac ttt 23 4 18 February 2004 WO-01/ 128%I/uSpo/2874 <211>
.51 <212> DNA <213> Artificial Sequence <220> <223> Description of
“Artificial Sequence: priner <220> <223> priner PCT/US00/22874 <400> 4
aaagt gaagt ggat cctligaAcecmubingat £ goligneigckOP2homapisign t 51 <210> 5 <211>

L ol S A e s A
cgcagaaact acg <210> 6 irgrfiyatimpsthe gene ﬂld]WOHSlStmg of
@) a gene encoding a polypeptlde having a glycerol kmase
5 . “activity; and ‘
- (i)  agene encoding a polypeptide having a.glyéerol
dehydrogenase activity;
(b) at least one exogenous gene encoding a polypeptide having
' glycerol-3-phosphate dehydrogenase activity;
10 (c) . at least one exogenous gene encoding a polypeptide having
- glycerol-3-phosphatase activity; and
(@) aplasmid pKP32.
) 28. - A recombinant E. coli strain RJ8 comprising:
' (a) set of three endogenous genes, each gene having a mutation
15 , inactivating the gene, the set consisting of: |
' 1) a gene encoding a polypeptide having a glycerol
kinase activity; '
(ii) 2 gene encoding a polypeptide having a glycerol -
7 dehydrogenase activity; and
20 (m) a gene encoding a polypeptide having a tnosephosphate
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
i 25 encoding a I,3-propanediol oxidoreductase activity with at least
o ' one carbon source, wherein the carbon source is selected from
the group consisting of monosaccharides, oligosaccharides,
polysacchandes, and single-carbon substrates; and

(b) optionally recovering the 1,3-propanediol produced in (a).
30
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<213> Artificial

primer <220> <223> priner

<211> 23 <212> DNA <213> Artificial
Artifici uence prinmer <220>

t gt t gat ajt %% $210> 8 <211> 20

<223> Description of Artificial
2004 WO 01/12833 <220>
<211> 20

<212>

Sequence <220>

DNA <213> Artificial

‘Sequence:

<223> priner
<212> DNA <213> Artifi &

pri mer

<223> Description of Art
<400> 6 ctgtcagccg ttaagtgttc
Sequence <220>

<400>

Sequence <220>

A

<223> Descri ption of

7 c2§ttcaacc

USaledddhce <220>
23 25 23 5 18 February
<223> pri geguesddQrsPrmat gagt caaa catcaacctt <210> 9
<223> Descri ption of

Artifici aﬂll%qﬁeﬁcéﬁu Bertnge Nexppss aad XpRpARY ner <400> 9 at ggagaaaa

e

with High Titer

<130>

<i40>
<141>

<150>.
<151>

<160> 68
<170>
<210> 1.
<211>

<212> DNA
<213>

<400> 1

gtcgaccacc
aaaattcagg

‘aatttgcatc

acaggcgccg
gcegecgecyg
cagcgggtcc
attcagtaca
aggttcgatg
gtggagegtg
acgatcgggt
gctgaggata
tcaggatagc
gagaaaaggc

‘ggatcgcaat

cctgtgttte
gtgatcgcac
cgccagggcect
tattcaatct
tgccaaaaac
gggagagaaa
taacggcgaa
ctgecocgegge

ttactaccag:
-cagegegetg

gaaaaacccg

- gctggtctcc

tgcgegegcec

“cctgtgctat
ggtagtgacc

ctttgaaagc
agagtgccat
gctgcagaac
cctgececggtg
ggtggcgaaa
cceggagage
gcgttaattc
ggcagtcegcet
actcaggata
aagtttatge

BC1020 ECT

60/14%9,534
1999-08-08

12145

acggtggtga
atgtegeegg
gcgcattcaa
gagagcatgc
gagagcaggyg
tgatgcaggg

tcttcaacac

ccgectetet
cctggegata
ttcattacga
tggtgaaaat
cggcgaagcg
ggtcaaacac
cctgacagag
atatcagaac
tgctecggta
catcatgtct
ccagecaaat
ctggcggaga
gtggtgaatg
tgcagccatg
gtggtcggga
aagctgccgg
tcggtgatcet
gatatggtgg
ggcatgggcg
accagcatgg
gatacgctgc
gaagcgcetag
agtggcctgg
cacctgtatc
agcccgatgg
acgctegege
gctacctgcg
gtcecatgeey
gcggtggeta
gccegdaggyag

‘ccgggaagge

agcgcgaaac

Microsoft Office 97

Klebsiella pneumoniae

ctttaatgcc
tatagttttt
acattttgte
cctggccgat
ccaccttgec
tcagctgegg
ggttaatcag
gctggegygag
tgatgattct
aacattgctt
gcgagetgge
ggtgggaaaa
ggaggattgt
actagggttt
aaaaaggcga
cgctcegtte
acatgcgcac
atcttcaggg
gcttettegt
gcctgcagag
cggaaatcaa
tcggeggtgg
tggtggtgat
acaccgaagce
tgatggacac
atgcgctctce
ccggaggaca
tggcggaggg
agcgcatcat
ccgctgecca
acggtgagaa
acgagattga
agatgggegt
cggaagggga
ctatecctecac
aaccgctggc
ttctctatgg
ggtctcticc
ctggcaaacy

gctetcatge
gataatcagc
cggegtegge
atagccgeag
agccacegge
atgggcttta
ctttttcatt
gcggtcatceg
ggctgagcgy
cctgattttyg
gegetttttt
aatitittge
aagggcatta
tttgttccaa
aagatttttt
aggccgegcet
ttatttgaqg
tcctgatgcet
catcgctgac
ccacgatatt
ccgtctgatyg

taaaacccto
cccgaccatc

gggcgagttt
ggcgattatce

cacctggttc:

gtccaccgag
cgaaaaggcc
cgaggegaac

‘tgcaatccac

agtggectte
aacggtgcag
caaagagggyg
aaccatccat
cgccgatcetyg
ccaggtcage
tacaacgegyg
gtcattgece
ccgcaccagyg

1

agcagctegg
aagacgcctt
gaggtgaata
tgcatcggtt
gcgteggtge
gccagecect
attcagtgct
cgtaggggta
acgaaaaaaa
tttctttatg
tcttetgeea
tgattttectg
tgcggcaaag
tatggaacgt
tgttcectge
tcactggecy
gtgaaaggaa
gctgttetgt
gatttecgtaa
cgctgccatg
gcgattttge
gataccgcga

gcctcegaccg:

gaagagtatc
gccaaagegce
gaggccaaag
goggegetga
cgtctggegg
acttacctca
aacggtttca
ggtaccctgyg
ggcttctgee
atcgacgaga
aatatgccgt
ttaggccage
ggtttttett
aaaaggatat
agtcatggca

‘cccagggect

tggcggtcete
cgccgecgte
tttececcgg
catgtceget
gggtcacata
gtaattgttc
ccgttggaga
tcgtctgacg
gaatgccceeg
gaacgttttt
taageggegg
ccgactgegg
gagcggatcg
aaaaaattaa
cggccctaca
gcgeggataa
tgctaaaagt
tcggtcaata
tgaagetyge
cggaacggtt
aaaaacaggg
aggcgatcgy
atgcgccaac
tgatctatcco
cggtacgect
cttgctacga
gcectegeecey
cgcaggecgyg
gcggcattgg
ccattcttga
cgcagetggt
agecgegtegg
aaatcgecge
ttgcggtgac
agtggcetggce
tctecectee
gactgttcag
ccgcetgeage
gaccttcgac

aaat cact %126‘2“% p}g)ved g).;]b%esg for the Biological Producticn of 1,3- Propanedlol
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180.

240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



<212> DNA <213> Artificial Sequence <220> <223> Descrip 5?“ /égqf|0|al
. Sequence; priner <220> <223> prinmer <400> 10 ttacgccccé 88?@9’ <210>
11 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> Description

of Artifjcial Sequence: prinmer
= tgcacct.g¥RUIBI 12 <211> 26
<223> Description of Artificial

<220> <223> priner <400> 11 tcagaggatg
<212> DNA <213> Artifici aPCBEGHERES <220>
Sequence: prinmer <220> <223> prinmer <400>

12 cgagcat:g&@t catdgk a6t @Rl & RE ASRAL3E8 edodfycdbr Yda2bhcdbe 6 2180 February
2004 WO 834dedB56a <Ablaygkdg ce2ddgeg2d creddrtONbgaidibgec Agtetdoatal 28aquence
<220> <22®wc@estrgcpwmcefgcAchﬁ:mmbcwqmw@et?cqmgmtttmw 2328> pri ner
<400> 139g9cagctatt gtgcggagag cattatcggc acctgcgege tgtegetgge cgegatgeag 2580
ggccagecga tcaacaccgce cggcgategg cattttaagc aggcgctaca gccatggagt 2640
ttttgctcga cgecggtgtt tgataaccac gggeggetgt toggeotctat ctegetttge 2700
tgtetggteg ageaccagtce cagecgecgac ctctcectga cgctggecat cgeceegegag 2760
gtgggtaact ccctgcttac cgacagectg ctggeggaat ccaaccgtca cctcaatcag 2820
atgtacggce tgctggagag catggacgat ggggtgatgg cgtggaacga acagggoegtg 2880
ctgcagtttc tcaatgttca ggcggegaga ctgctgeate ttgatgctca ageccageccag 2940
gggaaaaata tecgeegatet ggtgaccctc ceggegetge tgegecgege catcaaacac 3000
gecegeggee tgaatcacgt cgaagtcacce tttgaaagtc agcatcagtt tgtecgatgeg 3060
gtgatcacct taaaaccgat tgtcgaggcg caaggcaaca gttttattet geotgetgeat 3120
cecggtggage agatgcggca getgatgacc agecagetcg gtaaagtcag ccacaccttt 3180
gagcagatgt ctgccgacga tccggaaacc cgacgectga tccactttgg ccgecaggecg 3240
gcgegcggeg gotteccceggt getactgtge ggcocgaagagg gggtcgggaa agagetgetg 3300
;agccaggeta ttcacaatga aagcgaacgg gegggeggec cctacatctce cgtcaactge 3360
cagctatatg ccgacagcgt gcetgggecag gacktttatgyg gcagegeccc taccgacgat 3420
. gaaaatggtc gectgageoeg ccottgagetg gocaacggeg goacectgtt tetggaaaag 3480
atcgagtatc tggegecgga getgcagtceg getctgetge aggtgattaa geagggegtg 3540
I ctcacccgec tcgacgeccg gegectgatc ccggtggatg tgaaggtgat tgccaccace 3600
'ﬁl) accgtegatc tggccaatct ggtggaacag aaccgcttta gcoccgccaget gtactatgeg 3660
) ctgcactcct ttgagatcgt catccecgecg ctgcgegecc gacgcaacag tattcegteg 3720
ctggtgcata accggttgaa gagcctggag aagcecgtttct cttocgogact gaaagtggac 3780
gatgacgcgc tggcacagct ggtggcctac tcgtggecgg ggaatgattt tgagctcaac 3840
agcgtcattg agaatatcge catcagcagc gacaacggec acattcgect gagtaatctg 3900
ccggaatate tcottttccga gecggoegggce ggggatageg cgtcateget getgecggee 3960
agcctgactt ttagcgccat cgaaaaggaa gcectattatte acgecgeccy ggtgaccage 4020
gggcgggtge aggagatgtc gecagctgcte aatateggec gcaccaccct gbtggegeaaa 4080
atgaagcagt acgatattga cgccagecag ttcaagcgea agcatcagge ctagtetett 4140
cgattcgcge catggagaac agggcatccg acaggcgatt gectgtagegt ttgagegegt 4200
cgegeagegyg atgogegegg tocatggeeg tcagcaggeg ttcgageega cgggactggg 4260
tgcgegecac gtgcagetgg gcagaggcga gattcctcecc cgggatcacg aactgtttta 4320
acgggccgcet cteggecata ttgeggtega taagecgete cagggcggtg atcteoctett 4380
cgccgatcgt ctggctcagg cgggtcaggce cccgecgeatc gotggecagt tcagecccca 4440
gcacgaacag cgtctgetga atatggtgeca ggctttccecg cageccggeg tegegggtecg 4500
tggcgtagca gacgcccage tgggatatca gttcatcgac ggtgcegtag goctcecgacge 4560
gaatatggtec tttctcgatg cggctgecge cgtacaggge ggtggtgect ttatccccgg 4620
tgcgggtata gatacgatac attcagtttc tctcacttaa cggcaggact ttaaccaget 4680
gcececggegtt ggcgecgage gtacgeagtt gatcgteget atcggigacg tgtccggtag 4740
ccageggege gtocegocogge agetgggeat gagtgaggge tatctcegeeg gacgegoctga 4800
gcccgatace cacccgcagg ggcgagettce tggocgecag ggcgeccagc geageggegt 4860
(i_ ' caccgeetec gtcataggtt atggtctgge aggggaccee ctgcetcoctee ageccccage 4920
‘_) acagctcatt gatggcegceg gcatggtgcec cgegcggatc gtaaaacagg cgtacgeetg 4980
gcggtgaaag cgacatgacg gtecccctegt taacactcag aatgectgge ggaaaatcge 5040
ggcaatctcoc tgctegttge ctttacgegyg gttcgagaac geattgeegt cktttagage 5100
catctcegee atgtagggga agteggectc ttttaccccc agatcgegea gatgetgegg 5160
aataccgata tccatcgaca gacgegtgat ageggegatg getttttecg ccgegtegag 5220
agtggacagt ccggtgatat tttecgeccat cagttcageg atatcggega atttctcegg 5280
gttggegatce aggttgtage gcgeccacatg cggcagcagg acagcgttgg ccacgccgtg 5340
cggcatgtcg tacaggccge ccagetggtg cgccatggeg tgcacgtage cgaggttgge 5400
gttattgaaa geecatccegy ccagcagaga agcataggec atgttttceoc gegectgecag 5460
attgctgccg agggccacgg cctggegcag gttgegggeg atgaggcgga teogectgeat 5520
ggecggcggeg tccgtcaccg ggttagegtco tttggagata taggcctcta cggegtgggt 5580
cagggcatce atcceggteg cegeggtcag ggeggccggt ttaccgatca tcagecagtgg 5640
atcgttgata gagaccgacg gcagtttgcg ccagctgacg atcacaaact tcactttggt 5700
ttcggtgtty gtcaggacge agtggegagt gacctegetg geggtgecgg cggtggtatt 5760
gaccgegacg ataggcggca gegggttggt cagggtcteg attceggecat actggtacag 5820
atcgccctea tgggtggegg cgatgecgat gectttgoeg caatcgtgeg ggctgecgee 5880
‘gcccacggtg acgatgatgt cgecactgttc geggcgaaac acggcgaggce cgtcgegcac 5940
gttggtgtet ttegggtteg gctcgacgee gtcaaagatc gocacctega tcoccggecte 6000
ccgcagataa tgcagggitt tgteccacege gecatcttta attgctcgeca ggectttgte 6060
ggtgaccage agggcttttt tcocceccccag cagetggecag cgttogecga ctacggaaat 6120
ggcgttgggg ccaaaaaagt taacgtttgg caccagataa tcaaacatac gatagctcat 6180

2



gcgtctagag'taggttattc ccactcttg <210> 14 <211> 26 <212> QN@
Artificial Sequence <220> <223> Description of Art|f|C| prlner
<220> <223> prinmer PCTIUSOQ 22874 29 <400> 14 gaagtcgacc gctgcgcctt at ccgg

3

26 <210> 15 <211> 28 <212> DNA <213> Artificial Sequence <220> <223>
Descri pt POhO¥8R tificial Sequence: primer <220> <223> FGIRS0028HH> 15
cgcgtcgacg tttacaattt caggtggc <210> 16 <211> 23 <212> DNA <213>
Artifici eﬁat fcetcagbigeag msaa@eseqqapwm ethaAswg‘q eftHag epe®: priner
<220> <223 ‘igﬁe‘fgcéﬁafffgltsa S ga‘i C‘ztzgf Sﬂt 17538211> 27
<212> 15 Ar}igect as&‘:;% 22 s &{boof
Artificiad BC&:ccB{;dngQrt cE@ﬁa a4 tat el wa 49%8
pri mer <4H¥32cddkgg ataagcagcg tgttgcecctcoc goggtcaact acggaaaaca ccaccgccac 6540
- gttgatctca gtggcttttt tttccaccge cgccgeeatt tgctgggegg cggeccagggt 66090
gattgtctga acttgttgge tcttgttcat cattctctocc cgcaccagga taacgctgge 6660
gcgaatagtc agtaggggge gatagtaaaa aactattace atteggttgg cttgetttat 6720
ttttgtcagec gttattttgt cgeccgeocecat gatttagtca atagggttaa aatagegtcg 6780
gaaaaacgta attaagggceg ttttttatta attgatttat atcattgcgg gocgatcacat 6840 .
tttttatttt tgccgcocecgga gtaaagtttc atagtgaaac tgtcggtaga tttegtgtge 6900
caaattgaaa cgaaattaaa tttatttttt tcaccactgyg ctcatttaaa gttccgetat 6960
tgcecggtaat ggccgggegg caacgacgct ggocecggegt attegectacce gtetgeggat 7020
ttcacctttt gagccgatga acaatgaaaa gatcaaaacg atttgcagta ctggecccage 7080
gecccegtcaa tcaggacggg ctgattggeg agtggectga agaggggcetg atcgecatgg 7140
acagcccctt tgaccceggtce tcttcagtaa aagtggacaa cggtctgate gtcgaactgg 7200
acggcaaacg ccgdggaccaqg tttgacatga tcgaccgatt tategeegat tacgcgatca 7260
acgttgagcg cacagagcag gcaatgcegce tggaggeggt ggaaatagec cgtatgetgg 7320
tggatattca cgtcagccgg gaggagatca ttgccatcac taccgccatc acgccggeca 7380
aagcggtcga ggtgatggeg cagatgaacg tggtggagat gatgatggeg ctgcagaaga 7440
tgecgtgeceg ccggaccece tccaaccagt goccacgtcac caatctcaaa gataatcegg 7500
tgcagattgc cgctgacgcc geccgaggccg ggatccgegg cttctcagaa caggagacca 7560
cggtcggtat cgcgcegctac gogeegttta acgcectgge getgttggte ggttegcagt 7620
gecggoccgece cggegtgttg acgecagtgcet cggtggaaga ggccaccgag ctggagctgg 7680
gcatgegtgg cttaaccagce tacgeccgaga cggtateggt ctacggeocace gaageggtat 7740
ttaccgacgg cgatgatacg ccgtggtcaa aggegttect cgecteggec tacgectcee 7800
gcgggttgaa aatgeogctac accteccggea ccggatccga agegectgatg ggctattegg 7860
agagcaagtc gatgctctac ctcgaatecge getgcecatctt cattactaaa ggegeocgggg 7920
ttcagggact gcaaaacgge gecggtgaget gtatcggeat gaccggeget gtgecgtcegg 7980
gcattcggge ggtgetggeg gaaaacctga tegectcotat getegaccte gaagtggegt 8040
ccgccaacga ccagacttte tcccactcgg atattcegeceg caccgcgege accctgatge 8100
"agatgctgcc gggcaccegac tttattttet cecggcectacag cgcggtgceg aactacgaca 8160
acatgttcge cggetcgaac ttcgatgogg aagattttga tgattacaac atcctgecage 8220
gtgacctgat ggttgacggc ggcctgegte cggtgaccga ggcggaaacc attgeccattc 8280
gccagaaagc ggcgcgggeg atccaggegg ttttecgega getggggetg ccgccaatcg 8340
ccgacgaggda ggtggaggec gecacctacg cgcacggeag caacgagatg ccgécgcgta 8400
acgtggtgga ggatctgagt gcggtggaag agatgatgaa gcgcaacatc accggectcg 8460
atattgtegg cgcegetgage cgcagegget ttgaggatat cgecagcecaat attctcaata 8520
tgctgcegeca gcgggtcacce ggcgattacce tgcagacctc ggccattetce gatcggecagt 8580
tcgaggtggt gagtgcgghtc aacgacatca atgactatca ggggecggge accggctatc 8640
gcatctctge cgaacgctgg geggagatca aaaatattcc gggegtggtt cagcecgaca 8700
. ccattgaata aggcggtatt cctgtgcaac agacaacceca aattcagecc tcttttacce 8760
£ ) tgaaaacccy cgagggceggg gtagettetg ccgatgaacyg cgccgatgaa gtggtgatcg 8820
ST ‘gegteggecece tgccttegat aaacaccagce atcacactcet gatcegatatg cccecatggeg 8880
cgatcctcaa agagctgatt gccggggtgg aagaagaggg gcttcacgce cgggtggtge 8940
gcattctgeg cacgtocgac gtctccttta tggectggga tgoggccaac ctgagegget 9000
cggggatcgg catcggtate cagtegaagg ggaccacggt catccatcag cgcgatctge 9060
tgcegetcag caacctggag ctgttctcec aggegecget getgacgetg gagacctace 9120
ggcagattgg caaaaacgct gcgcgetatg cgcgcaaaga gtcaccttcg ccggtgcoccgg 9180
tggtgaacga tcagatggtg cggccgaaat ttatggccaa agccgcgcta tttcatatca 9240
aagagaccaa acatgtggtg caggacgccecg agcccgtcac cctgcacate gacttagtaa 9300
gggagtgacc atgagcgaga aaaccatgcg cgtgcaggat tatccgttag ccacccgetg ™ 9360
cceggagcat atcctgacge ctaccggcaa accattgacc gatattacce tcgagaaggt 9420
gctctctgge gaggtgggcc cgcaggatgt gcggatctcc cgccagaccce ttgagtacca 9480
ggcgcagatt gccgagcaga tgcagcegcca tgeggtggeqg cgcaatttee gecgegegge 9540
ggagcttatce gccattectg acgagegeat tcoctggectate tataacgege tgegecegtt 9600
ccgctceccteg caggcoggage tgctggegat cgccgacgag ctggagceaca cctggcatge 9660
gacagtgaat gecgecttig tccgggagtc ggcggaagtg tatcagcage ggcataaget 9720
gcgtaaagga agctaagegg aggtcagcat gecgttaata gecgggattg atatcggcaa 9780
cgccaccacce gaggtggege tggecgtcoga ctacccgcoag gcgagggegt ttgttgecag 9840
cgggatcgtc gcgacgacqgq gcatgaaagg gacgegggac aatatcgcecg ggaccctege 9900
cgcgectggag caggecctgg cgaaaacace gtggtcgatg agcogatgtct ctcgecatcta 9960
tcttaacgaa gocgegecgy tgattggega tgtggegatg gagaccatca ccgagaccat 10020



cagtctagag ttattggcaa acctacc <210> 18 <211> 25 <212> <213>,

. Artificial Sequence <220> <223> Descri ption of Artificiigéggaﬁéhggﬁ'priner
.. <220> '<223> prinmer <400> 18 gatgcatgcc cagggcggag acggc <210> 19 <211> 29
<212> DN@,iﬁﬁﬁgpArtificial Sequence <220> <223> Description of Artificial

- Sequence” ¥ <220> <223> primer <400> 19 ctaacgat t gP¢TUPY228Hy
aaaatgtcc <210> 20 <211> 30 <212> DNA <213> Artificial Sequence <220>

- <223> DesgLipti ALLiLi glal Sequence: priBL. $220> - <223> DfdJ¥R
PCT/ USOT g%és%g ﬁﬁaééﬁﬁéioﬁﬁ%i@g%%%f& Eﬁéﬁé@%@égﬁégﬁ@ f8d0 <210>
21 '<211xgdGtgger ¢ 25t abbliferedldcyadhddgt i €adkt ot qupiRgecetd2 Ofytgsddada Denori ption

of ArtifitgaggcdSequeErcegaqari heyrcaR0>ggog@@Rkc prhicrazaagd (0>ga2d9qut gt G648 gat

',CCttt1:aafﬁptgg%&%aatgzqggcqggfogtquaccct gceggtggtg gatgaagtga cgetgetgga 10320
gcaggtccec gggggtaa tggcggeggt ggaagtggcoc gecgccgggcece aggtggtgeg 10380

.gatcectgteg
ggccatcgte
cecgeagyag
aaagcgcecge
cgectgeget
tgagcgggtyg
ccaggatctg
cgagtgecgec
aatgcaggtt
cgtggaggcec
ggcgatcctc
gataacggcg
gctgggecte
ggaaagcctg
cagceccggeg
taacgccage
tgtcaccaac
cgectttgtg
ggaagccttg
gcegegceaat
tcgecgccagce
accttaaccy
gcgggcetgeg
attatctggg
cacctaaatc
gtgctgecegt
gggctctatce
gccgecagtce
atacaagcgt
ctgaccgacg

<210> 2
<211> 22
<212>
<213>

<220>
<223>

<220>
<223>

<400> 2
gctttctgtg

<210> 3

<2tl> 23
<212>
<213>

<2205
<223>

<220>
<223>

<400> 3

DNA
Unknown

DNA
Artificial Sequence

aatccctacg
cccatcgece
gatgtgcagt
ggagaggccg
ccggtacgeg
cgcaaggtaa
ctggeggtgg
atggagaatg
atcgceccgeg
aacatggcca
gacctcggcg
gtccatctceg
gaggatcttt
ttcagtattc
gtgttcgeca
ccgetggaaa
tgcctgegeg
gtgctggtygg
tcgecactatg
gecaggtegeca
ctctctcttt
ggcagtgcgt
tcgetgeget
geecttggegt
cggecggtgac
ttattgttge
gccagetgtt
ttaacctgge
ttgcecgtgga
acggcaacgg

Pescription of

primer

ctgcggcttt

primer

ggatcgccac
gcgccctgat
cgegggtgat
atgtcgcega
acatccgegg
tggegtecct
atacgtttat
ccgtegggat
aactgagcgc
tcgecgggge
cecggetegac
ccggggcagyg
cgctggcgga
gtcacgagaa
aagtggtgta
aaattcgtct
cgctgegeca
geggetceatce
gcgtggtcge
ccgggetget
aacgtgctat
ggccgagttt
gegggtegee
cgccatggcec
cattgecctg
ccagacggcec
tctegatcett
cggggtettt
gaccaccate
aattc

Artificial

Description of Artificial Sequence:

tggtcgagga tccacttcac ttt

cittctteggg ctaagcccqgg
tggcaaccgt tccegeggtgg
cceggeggge aacctctaca
gggcgcggaa gecatcatge
cgaaccgggc acccacgecg
gaccggccat gagatgageg
tccgecgecaag gtgcagggeg
ggcggcgatg gtgaaagegg

ccgactgcag accgaggtgg

gttaaccact cccggetgtg
ggatgeggeg atcgtcaacg
gaatatggtc agcctgttga
agcgataaaa aaatacccge
tggcgeggtg gagtictttce
catcaaggag ggcgaactgg
cgtgcgecga caggcegaaag
ggtctcacce ggcggttcca
gctggacttt gagatcccge
cgggcaggge aatatteggg
actggccggt caggcgaatt
ttcaggatge cgataatgaa
cttggcaccg gattgctcat
ggggeccaget ttggtcagtg
atctacctga cggeceggtgt
tggetgttecg ceotgttttga
ggggcctict gegeccgecege
gaacagagtc agcatatcgt
tccacgtace cgecatccaca
acggcaatcce tgatggcgat

Sequence: primer

primer

aagagaccca
tgctcaagac
ttagecggega
aggcgatgag
geggeatgcet
cgatatacat
ggatggccgg
atcgtctgea
tggtgggcgg
cggcegecget

cggaggggca

ttaaaaccga
tggccaaagt
gggaagccct
tgcecgatega
agaaagtgtt
ttcgegatat
agcttatcac
gaacagaagg
aaacgggcgce
ccagacttet
tttettegge
ggagatcagt
cteeggegeyg
acgecgcaag
getggtgtat
gcgcggcact
tatcactttt
gatcatggece

10440
10500
10560
10620
10680°
10740 -
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12145

22

23



<211> 51 8 18 February 2004 WO 01/12833 <212> DNA <213> At guence
<220> <223> Description of Artificial Sequence: prinmer ﬁgfégh%t;g§gﬁpr|ner
PCT/ US00/ 22874 <400> 22 gcgcggat cc aggagtctag aattatggga ttgactacta
aacctctaggghlgb <210> 23 <211> 36 <212> 'DNA <213> Artificial Sequence
<220> Bcription of Artificial Sequence: primer ES3GIS002838s o ey
<400> 23 gatacgcccg ggttaccatt tcaacagatc gtcctt 36 <210> 24 <211> 34
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence:<2 ﬁ?nér <220> <223> priner <400> 24 ttgataatat aaccatggct
. gctgcetgcet Ta 4 <210> 25 <211> 39 <212> DNA <213> Artificial Sequence
<220> . < g {ﬁ&ﬁbpﬂmgaméktlfICIa| Sequence: prinmer <220> <223> .priner
<400> 25. gtatgatatg ttatcttgga tccaataaat ctaatcttc <210> 26 -<211> 24
<212> DNA220>

<223> Description of Artificial Sequence: primer

S <220>
<223> primer
© <400> 4
aaagtgaagt ggatcctcga ccaattggat ggtggcgcag tagcaaacaa t 51
<210> 5
<211> 23
<212> DNA
<213> Artificial Sequence
- <220> .
Yy <223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 5
ggatcaccgce cgcagaaact acg 7 23
<210> 6
<211> 25
<212> DNA
<213> Artificial Sequence
- <220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 6
ctgtcagceg ttaagtgtte ctgtg 25
) <210> 7
o Co«211> 23
<212> DNA
- «213> Artificial Sequence
<220 :
-<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 7
cagttcaacc tgttgatagt acg 23
<210> 8
<211> 20
<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: primer

5



<213> Artificial
» primer <220>

rattc <210> 27
Descri pt
cat ggaat
Sequence <220>
<223> priner <400> 28
<213> Artk#i®i al Sequence <220>
primer <23823> <ppBeerpriner <400> 29

Sequence <220>
<223> priner

<211> 24
Sequence:

rtificial primer
qlglgécttac tagt <210> 28

<223> Description of Ar gg;g
39 9 WD 01/12833 <400> 26 cata £

<212> DNA <213> Artificial
<220>
<211> 19

<223> Description of Artificial
ct agt aagga ggacaattc <210> 29
<223> Description of Artificial
catggaattg tcctcctta <210> 30

Lyéaﬂyence

aaggaggaca
Sequence <220> <223>
<223> Briner <400> 27
<212> DNAPCBARURSTY £ ci al
Sequence: prinmer <220>
<211> 19 <212> DNA
Sequence:
<211> _

15 ~<212>' , §213> Artificial Sequence <220> <223> Description of
CArtifici ahtRAVELE @at BdHEY i 20
<210> 9
<211> 20
<212>  DNA
<213> BArtificial Seguence.
C<220> .
<223> Description of Artificial Sequence: primer
<220>
<223> primer
. <400> 9
atggagaaaa aaatcactgyg 20
Y <210> 10
i <211> 20
<212> DHNA
<213> BArtificial Sequence
t<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 10
ttacgecccg cectgccact 20
<210> 11
<211> 20
<212> DHNA
<213> Artificial Sequence
- €220> .
<223> Description of Artificial Sequence: primer
S T <220>
: <223> primer
©<400> 11
tcagaggatg tgcacctgca 20
<210> 12
<211> 26
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 12
26

cgagcatgec gcatttggca ctactce



<220> <223> priner <400> 30 gatccaggaa acaga <210> 31 12>
DNA <213> Artificial Sequence 18 February 2004 PCT/USOO/igé%énﬁé;%%ﬁ%Q 19

15 10 18 February 2004 WO 01/12833 <220> <223> Description of Artificia
Sequenciw Brlner <220> <223> priner <400> 31 ctagtctgtt tcctg?<210> 32
<211> 9VOIUBII oA <213> Artificial Sequence <220> <22BET/BEWERSMt i on of
Artificial Sequence: termi nator sequence <220> <223> terninator sequence
PCT/ US00/ 22874 115 <400> 32 agcttaggag tctagaatat tgagctcgaa ttcccgggca
tgcggt accg;pat egagaaa 60 aaagcccgca cctgacagtg cgggettttt tttt 94 <210> 33
<211> 37 <2x242NPNA <213> Artificial Sequence <220> <223> Description of
Artifici ad21&eqlehilicipt iSggpene220> <223> pri mer

<220> i

<223> Description of Artificial Sequence: primer

<220> .
<223> primer
<400> 13
'gcgtcectagag taggttattc ccactettg 29
<2i0> 14
<2il1> 26
<212> DNA
<213> Artificial Sequence
<220> _ _ _
€223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 14
gaagtcgacc gctgcgectt atcegg 26
<210> 15
<211> 28
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 15
cgcgtegacg tttacaattt caggtggc 28
- <210> 16 ‘
"-) o <211> 23
<212> DNA _
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 16
gcagcatget ggactggtag tag 23
<210> .17
<211> 27
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer



<400> 33 ggaattcaga tctcagcaat gagcgagaaa accatgc 37 <21q

<212> DNA <213> Artificial Sequence <220>

Sequence:
<210> 35

<211> 33

DescriptV%RP%ﬁwﬁﬁtificial Sequence: primer
February 2004 WO 01/12833 <400> 35 ggccaagctt aaggaggtta attaaat gaa aag

<210> 36 <22841> 26

DescriptF€ﬁ3bfEﬁﬁﬂ?#icial Sequence: priner
PCHVIJSCXJ yA

Art|f|0|£

Sequence primer <220> <223> pr
<210>
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
<220>
<223> primer
<400> 18
gatgcatgecec cagggcggag acggc
<210> 19
- <211> 29
<212> DNA
<213> Artificial Sequence
<Z220>
<223> Description of Artificial Sequence:
<220>
<223> primer
<400> 19
ctaacgattg ttctctagag aaaatgtcc
<210> 20
<211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
<220>
. 223> primer
<400> 20
cacgcatgca gttcaacctg ttgatagtac
<210> 21
<211> 28
<212> DNA
<213> Artificial Sequence
<220>
«223> Description of Artificial Sequence:
<220>
<223> primer
<400> 21
gcgtctagat ccttttaaat taaaaatg
<210> 22
<211> 51

<223> Descri pt

<220>

<212> DNA <213> Artificial Seq

<220>

i mer

primer

primer

primer

primer

uence <220>

<223>

ﬁgﬁén? Ar f|C|aI

prinmer <220> <223> priner <400> 34 gctctagatt agcttccttt acgcagc
<212> DNA <213> Artificial Seq

<223> BFIHSPO/22BT4H1 18

uence <220>
<223> priner

<223>

3--<400> 36 gctctagatt attcaatggt gtcggg 26 <210> 37

13z Ak biddaci@lc;Sequence <220> <223> Descri pti ogy of

25

29

30

28

<211>



I

<400> 37 .gcgccgtcta gaattatgag ctatcgtatg tttgattatc tg 4|§ %f)ﬂlf? §®4 <211>
> 36 <212> DNA <213> Artificial Sequence <220> <223> Descrip G '
~Artificial Sequence: prinmer <220> <223> prinmer <400> 38 tctgatacgg
gatcctcagro‘g ét ggcg gaaaat 36 <210> 39 <211> 18 <212> DNA <213>
Artifici Z%l%’ nce <220> <223> Description of Artifici ZCTES8YUEFEL: | i nker
<220> <223> |inker <400> 39 tcgacgaatt caggagga <210> 40 <211> 18 <212>
DNA <213><A¥2> f P al Sequence 18 12 18 February 2004 WO 01/ 12833 ‘
PCT/ US00/ 32%374 RzrificiadpSeengascription of Artificial Sequence: |inker

<220> <223%.1nker <400> 40 ctagtcctcc tgaattcgl8 <210> 41 <211> 4549

<212> DNA<27331 3B Rripdiloh] ¥ APRGYEIRE sequence: primer

<220>
<223> primer

o <400> 22
gcgcggatec aggagtctag aattatggga ttgactacta aacctcectate t 51

- <210> 23
<21l> 36
<212> " DNA
<213> Artificial Sequence

<220> :
<223> Description of Artificial Sequence: primer

<220>
gﬁ\ o <223> primer

| <400> 23
gatacgcccg ggttaccatt tcaacagatc gtcctt . 36

<210> 24

<211> 34

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Segquence: primer

<220>
<223> primer

<400> 24
ttgataatat aaccatggct gctgetgetg atag : 34

<210> 25 '
<211> 39

- <212> DNA

L}) ‘ <213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<400> 25 ]
gtatgatatg ttatcttgga tccaataaat ctaatcttc : 39

<210> 26

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: primer

<220>
<223> primer



<220> <223> Description of Artificial Sequence: pCL1920 <2S0%
pl asm d <400> 41 agctcgtcag cgggtgttgg ‘ 1§%%%ﬁ1ary

- cgggt gt cgg. ggct ggct t aact at gcggcat cagagcag60 att gt act ga gagtgcacca
t at gcggt ccgcacagat gcgt aaggagaaaal20 taccgcatca g ccattc
gccatt caggc glg%%aact gt t gggaagggcgat cggt g180 cgggcctctt cgggﬂﬂ’%@ﬁ”
ccagct ggcgaaagggggat gt gct gcaaggcgat t aagt 240 t gggt aacgc cagggttttc
ccagt cacgacgt t gt aaaacgacggccagt gaatt cgag300 ct cggtaccc ggggat cctc

t agagt cgatdo caéﬁigat gcaagct t ggcgt aat cat g360 gt cat agct g

tttcct gt gtAgasEiTgRtEgeTA ég‘&%\attccacacaacat acgagc420 cggaagcat’d
aagt gt aaagg@h.ggggt gect aat gagt gaget aact cacat t aatt gc480 gttgcgcetca

- ctgcccgct édiasagircgggaaacct gt cgt gccagct gcat t aat gaat 540 cggccaacgc
gaat t cccgeliggt aepacgggt aagcct gt t gat gat accgct gcctt a600 ct gggt gcat

- t agccagt ctajdat grtdtgedcBryaredat ccgaagt ggt cagact gg660 aaaat cagag

' ggcaggaaci.ggtgaacagcaaaaagt cagat agcaccacat agcagacc720 cgccat aaaa

cgccct gagenas CClGACAAdnt 44 het {atall akgagi-agt id-erd,/80 tgcatgaatc
cat aaaaggcgcct gt agt gccat tt acccccat t cact gccagagccgt 840 gagcgcagcg

aact gaat gt¥@egaaaaagacagcgact caggt gcct gat ggt cggaga900 caaaaggaat
att cagcgafzczt'*@'ccl?:rg‘é{‘@t‘,t t gcgagggt gct act t aagccttt agggt 960 tttaaggtct
gttttgtagaggagcspacagegtttgecgacatccttttgtaatact gcgl020 gaact gacta

aagt agt gagitlqabacacagaaetggoatgt attctttttatcttttttt 1080 attctttctyy
- tattctataaattataaccacttgaat at aaacaaaaaaaacacacaaagll40 gtctagcgga

atttacag ctggcagaatttacaagttttccagcaaaggt ctagcl200 agaatttaca
- gat acccac 1;0 ggaaaaggact agt aatt at catt gact agcccl1l260 atctcaattg

- gt at agt gali;agaal Ga¢el Agagspahlgagat gt at gt ct gaattagl320 ttgttttcaa
.agcaaat gaact agcgat t agt'cgct at gact t aacggagcat gaaaccal380 agctaatttt
at gct gt gt¢ff®act act ca. accccacgat t gaaaaccct acaaggaaagl440 aacggacggt
at cgt t cactd2dP aatesgatridget tadat HaryahSamemgeagdya®erl500 at gctt at gg
t'gt att agcf.aaagcaaccagagagct gat gacgagaact gt ggaaat cal560 ggaatccttt
ggt t aaagggidsbgagakklt ccagt ggacaaact at gccaagtt ct caal620 gcgaaaaatt
agaattagtttttagtgaagagatattgccttatcttttccagttaaaaal680 aattcat aaa
‘at at aat ct ¢fif@acatyt t aagt ct tt t gaaaacaaat act ct at gaggal740 tttat gagt
gt t at t aaaHFRAR M d82aatfaaaact cacaaggcaaat at agagal800 ttagcctt g‘g
tgaat tt aagi,t.cat gf t aat gct t gaaaat aact accat gagtttaaaal860 ggcttaacca
at gggttt t gaaaccaat aagt aaagat tt aaacact t acagcaat at gal920 aat t ggt ggt
t gat aagcgemggecgorcgact gat acgttgattttccaagtt gaact agl980 at agacaaat
ggat ct cgt édlcegadittif jokpdatamena®at aaaaat gaat ggt gaca2040 aaaaaccaac
aaccattacgjcagattcctacctacat aacggact aagaaaaacact ac2100 acgatgcttt
aact gcaaa@ég,t)ca,gggc(g@?ﬁq,gt 34 hoppacagnathhdlgaotgagalleo tgcaaagt aa
gt at gat ct caat ggttcgttctcat ggct cacgcaaaaacaacgaacca2220 cact agagaa
cat act ggct2#®at acggaaggat ct gaggttcttat ggctcttgtatct 2280

<223> primer

<) j <400> 29
“ catggaattg tcctectta - 19

<210> 30

<21l1> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer

<220>
<223> primer

- <400> 30
gatccaggaa acaga ' 7 15

<210> 31

<211> 15

<212> DNA

<213> Artificial Sequence

10



~ atcagtgaag cat caagact aacaaacaaaagt agaacaact gttcaccgtt acaqgtr_%@é%g)gzom

- aagggaaaac tgtccat at gcacagat gaaaacggt gt aaaaaagat agat acat cagag

cttttacgag tttttggtgcattcaaagctgttcaccat gaacagat cgacaat gt aaca2460

gat gaaca acacct aat agaacaggt gaaaccagt aaaacaaagcaac 3 WO .
01/ 12833?‘@p @té%?%ar y 2004 PCT/ US00/ 2287-1 %ME&%T}

‘cat gaaat-t gaacacct gagacaacttgttacagct caacagt cacacat agacagcct g2580
aaacaggcga CBC'[ gctt at cgaat caaagct gccgacaacacgggagccagt gacgcect 2640

ceegt 9999%ﬁaab&%&g{g&%ﬁﬂétcaggla&g@saats@g&&%u { Gaggeogcaaaccgg2700

ct gaagccggat ct gcgat tct'gat aacaaact agcaacaccagaacagcccgttt gcgg2760
gcagcaaaaegamt gggaat t aat t cccct gct cgcgcaggcet gggt gccaagcet ct cgg2820

gt aacat casggfeccpeitvect t ggagccctt gccct cccgcacgat gat cgt gccgt gat 28380

cgaaat ccagag:cct% acccgcagttgcaaaccct cact gat ccgcat gcccgttccat 2940

- acagaagct bgig@ aaggat gct cgect t ccagaaaaccgaggat gcgaaccact t 30005

'~ catccggggtcagcatcaccggcaagcgccgcgacggccgaggt ctt ccgat ct cct gaa3060

"+ gccagggcagatoocgszicacagcacct t gccgt agaagaacagcaaggccgccaat gecct 3120
gacgat gcgg%@gqa&tgaaacct t gcgct cgt t cgccagccaggacagaaat gcct cga3180
cttcgctgc ca %t €Goggt gacgcacaccgt ggaaacggat gaaggcacgaa3240
cccagt ggaé in'aggc éf%caggg‘tg%ugf’%%gct gt aat gcaagt agcgt at gcgct cac3300
gcaact ggt ggapgaacct t gaccgaacgcagcggt ggt aacggcgcagt ggcggtttt ca3360
t ggctt gt t atzpact Dédcripititog gy rat e atsgQedncgggdatebaageagcaag3420
cgcgttacgccgt ggeAwesat gt t t gat gt t at ggagcagcaacgat gt t acgcagcagg3480

- .gcagtcgcg%ogaaacaaag t t aaacat cat gagggaagcggt gat cgccgaagt at cga3540

ct caact at ¢s¥ra09L a9% Lagcol &alggagcgccat ct cgaaccgacgt t gct ggccg3600
~tacatttgtacggct ccgcagt ggat ggcggcct gaagccacacagt gat attgattt.gc3660

“tggt t acggkgEecgsaaggcet t gat gaaacaacgcggcegagcetttgat ¢’ aacgaccttt 3720

t ggaaact t egeftevers ECtpyaabrfa§erisyagrc s gE ttAgAHFCEACBEEEYBPB050

t t gt gcacgARPCPLaCECEGE YT GIYHET-EEydFEagcgegaact gcaat t t ggag3840°

aat ggcagcgsapt gagatt ctt gcaggt at ctt cgagccagccacgat cgacat t gat c3900

t ggct at ct kgrit-gagaaaagcaagagaacat agcgtt gcct t ggt aggt ccagcggcgg3960

aggaact ct k2pet cogfgt t cct gaacaggat ct att t gaggcgct aaat gaaacct t aa4020

cgct at ggadetTycleedéedt SRErHYcgat gagcgaaat gt agt gct t acgt t gt 4080
cccgcattt ggiacagcgcagt aaccggcaaaat cgcgccgaaggat gt cget gccgact 4140

gggcaat ggagsdc chaeIgConast ak-cpacesoisealiaflet ggagrtagacagget t 4200

at ctt ggacaagaagaagat cgctt ggcct cgcgcgcagat cagtt ggaagaattt gt cc4260

act acgt gasa gagat caccaaggt agt cggcaaat aat gt ct aacaatt cgtt caad4320
“gccgacgecgeétitgBydtegcggcet t aact caagegt t agat gcact aagcacat aat t g4380
ctcacagccaggqt akgaggt caagtctgettttattatttttaagegt gcat aat aagc4440

cct acacaaghifgggagatat @lgead 3aggeehgoGktiddct t gt t at cgcaat agt t 450037

. ggcgaagt aatcgcg?catccgcattaaaat ctagcgagggctttact a4549 <210> 42 <211> 199

<212> DNA<210>
) <211> 27

. <212> DNA
{¥) <213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<400> 34
gctctagatt agcttcecttt acgcage 21

<210> 35

<211> 33

<212> DNA

"«213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: primer

<220>
<223> primer

11



<213> Artificial Sequence <220> <223> Description of Arthid.gi Seppuence:
gl ucose isonerase pronoter <220> <223> pronoter <400>.4;3F'e8hﬁb
gaattcactagtcgatctgt gctgtttgcc acggtatgcagcaccagcgc gagattatgg 60
gctcgcacg{ctcg&ct gt cg gacgggggca ctggaacgagaagt caggcg agccgtcacg 120

ccctt gac ¥ YO8 Bat cc tgagcaaata attcaaccact aaacaaatc aacdIS00/2283¢
cccggaggt aaccaagcett 199 <210> 43 <211> 21 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: prinmer <220>
<223> priswps14sW0 01/ 12833 <400> 43 gacgcaacag tattccgtcg ¢ <210> 44
<211> 42 ggelddZgeribNbaggddderaAattddaebdd aSgquence <220> <223> Descriaspti on of
Artificial Sequence: prinmer <220> <223>.prinmer 18 February 2004

PCT/ US00/ 2874 . <400> 44 atgagctatc-gtatgttccg ccaggcattc tgagtgttaa cg
42 <210> }g&ﬂ? > 33 <212> DNA <213> Artificial Sequence <220> <223>

Descri pti@nsof MArtiefdiGhateqi@qeence: priner <220> <223> priner

<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 36
gctctagatt attcaatggt gtcggg 26
<210> 37
<211> 42
» <212> DNA
.'} <213> Artificial Seguence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 37
gcgccgtcecta gaattatgag ctatcgtatg tttgattatc tg 42
<210> 38
<211> 36
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
" <€223> primer
) <400> 38 _
tctgatacgg gatcctcaga atgcctggcg gaaaat 36
<210> 39
<211> 18
<212> DNA ’ :
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: linker
<220>
<223> linker
<400> 39
tcgacgaatt caggagga i8
<210> 40
<211>. 18
<212> DNA

<213> Artificial Sequence

12



<400> 45 gcctggcgga acatacgata gctcataata tac.
DNA <213> Artificial
Sequence:
<210> 47
Descri pt
primer

W oS

pri mer

<220>
> 28
8Rrtificial
<400> 47 tcaaacccgg tggtttctcg cgaccggg <210> 48
February 2004 WO 01/12833 <212> DNA <213> Artificia

Descriptigngf Artificial
t at cgacggez238C Osds@giptS3a or 48ti r521d> s6Qhens@1 22i kA <213> Artifici al

Sequence <220>

R

<220>
<223>

<400> 40
ctagtcctce

<210> 41
<211>

<213>

<220>
<223>

<220>
<223>

<400> 41
agctcgtcag
attgtactga
taccgcatca
cgggcctett
tgggtaacgc
ctcggtacec
gtcatagctg
cggaagcata
gttgcgctca
cggcecaacgce
ctgggtgcat
aaaatcagag
cgccataaaa
tgcatgaatc
gagcgcageg
caaaaggaat
tttaaggtct
gaactgacta
attectttett

~ gtctagcgga

agaatttaca
atctcaattg
ttgttttcaa
agctaatttt

‘aacggacggt

atgcttatgg
ggaatccttt
gcgaaaaatt
aattcataaa
tttatgagtg
ttagccttga
ggcttaacca
aattggtggt
atagacaaat
aaataccaac
acgatgcttt

‘tgcaaagtaa
cactagagaa

atcagtgaag
aagggaaaac
cttttacgag
gatgaacagc

l;nker

tgaattcg

4549
'<212> DNA
Artificial Sequence

plasmid

cgggtgttgg
gagtgcacca
ggcgccattc
cgctattacg
cagggtttte
ggggatcctce
tttecctgtgt
aagtgtaaag
ctgccegett
gaattceccga
tagccagtet
ggcaggaact
cgccetgaga
cataaaaggc
aactgaatgt
attcagcgat
gttttgtaga
aagtagtgag
tattectataa
atttacagag
gatacccaca
gtatagtgat
agcaaatgaa
atgctgtgtg
atcgttecact
tgtattagcet
ggttaaaggc
agaattagtt
atataatctg
gttattaaaa
tgaatttaag
atgggttttg
tgataagcga
ggatctcgta
aaccattaca
aactgcaaaa
gtatgatctc
catactggct
catcaagact
tgtccatatg
tttttggtge
atgtaacacc

Sequence <220>
<223> priner
<212> DNA <213> Artificial
Sequence:

Sequence:

Description of Artificial

cgggtgtcgg

tatgcggtgt
gccattcagg
ccagctageg
ccagtcacga
tagagtcgac

‘gaaattgtta

cctggagtgce
tccagteggg
cagtaagacy
gaatgacctg
gctgaacagc
ageccgtgac
gcctgtagtyg
cacgaaaaag
ttgcecgage
ggagcaaaca
ttatacacag
attataacca
ggtctagcag
actcaaagga
taaaatcacce
ctagcgatta

gcactactca

tataaccaat
aaagcaacca
tttgagattt
tttagtgaag
gaacatgtta
gaactaacac
ttcatgttaa
aaaccaataa
ggceogcccga
accgaacttg
tcagattcct
attcagctca
aatggttcgt
aaatacggaa
aacaaacaaa
cacagatgaa
attcaaagct
taatagaaca

pri mer

<220>

<223> Description of Artificial

Sequence:

ggctggctta
gaaataccgc
ctgcgcaact
aaagggggat
cgttgtaaaa
ctgcaggecat
tccgctcaca
ctaatgagtg
aaacctgtcg
ggtaagcctg
tcacgggata
aaaaagtcag
gggcttttet
ccattracce

acagcgactc

ttgcgagggt
gcgtttgega
ggctgggatc
cttgaatata
aatttacaag
aaaggactag
tagaccaatt
gtegetatga
accccacgat
acgctcagat
gagagctgat
tccagtggac
agatattgcc
agtcttttga
aaaagaaaac
tgcttgaaaa
gtaaagattt
ctgatacgtt
agaacaacca
acctacataa
ccagttttga
tctcatggct
ggatctgagyg
agtagaacaa
aacggtgtaa
gttcaccatg
ggtgaaacca

13

<220>

33 <210> 4
<223> Description of
<400> 46

<223> priner

pCL1920

actatgcggce
acagatgegt
gttgggaagg
gtgctgcaag
cgacggccag
gcaagecttgg
attccacaca
agctaactca
tgccagectge
ttgatgatac
atccgaagtg
atagcaccac
tgtattatgg
ccattcactyg
aggtgcctga
gctacttaag
catcctettg
tattcttttt
aacaaaaaaa
ttttecagea
taattatcat
gagatgtatg
cttaacggag
tgaaaaccct
gatgaacatc
gacgagaact
aaactatgcc
ttatcttttc
aaacaaatac
tcacaaggca
taactaccat
aaacacttac
gattttccaa
gataaaaatg
cggactaaga
ggcaaaattt
cacgcaaaaa
ttecttatgge
ctgttcaccg
aaaagataga
aacagatcga
gtaaaacaaa

Sequence:

atcagageag
aaggagaaaa
gcgatcggty
gcgattaagt
tgaattcgag
cgtaatcatg
acatacgagc
cattaattgc
attaatgaat
cgctgectta
gtcagactgqg
atagcagacc
gtagtticct
ccagagcegt
tggtcggaga
cctttagggt
taatactgcg
atcttttttt
acacacaaag
aaggtctagce
tgactageccc
tctgaattag
catgaaacca
acaaggaaag
agtagggaaa
gtggaaatca
aagttctcaa
cagttaaazaa
tctatgagga
aatatagaga
gagtttaaaa
agcaatatga
gttgaactag
aatggtgaca
aaaacactac
ttgagtgaca

‘caacgaacca

tcttgtatet
ttacatatca
tacatcagag
caatgtaaca
gcaactagaa

9}:} E?L?a&.é‘?ﬂ =

cggggcgct g ggccagtact 9 21
Sequence <220>
<223> BEIHSPVZBZH> <
<211> 28 28 15 18
Sequence <220>
<400> 48 ctcagccgga

<223>

primer

18

60
120
180
240
300
360
220
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460
2520



<220> <223> prinmer PCT/US00/ 22874 28 <400> 49 accagcgcyqg ¢abadal 8ods
cggctgagta ctcaacacct gccagctctt tacgcaggtt 60 <210> 50 g%% % <212>
‘ [S)NA <213> Artificial Sequence <220> <223> Description of Artificial
equence <220> <223> primer <400> 50 cagcatgcct gcgaaccaca
ggcctatc“§§{45§é> 51 <211> 28 <212> DNA <213> %rti?icigﬁ U&A¥et <220>
<223> Description of Artificial Sequence: prinmer <220> <223> pr| mer <400>
51 at gaa@aeaﬁaaggpg g Qggagtatwaa@awttzaﬂwcwak@ﬂﬁc%t wZEQ‘iﬁ 28913>
Artifici aracaggten 3t cgastepaad GEFy nce:
prinmer, < 004

PCT/ US00
13B0 - <2

s

Eéach@aa
cgaaatccag
acagaagctyg
catceggagt
gccagggcag
gacgatgcgt
cttegetget
cccagtggac
gcaactggtce
tggcttgtta
cgcgttacgce

.gcagtcgecce

ctcaactatc
tacatttgta
tggttacggt
tggaaacttc
ttgtgcacga
aatggcagcg
tggctatett
aggaactctt
cgetatggaa
ccegeatttg
gggcaatgga
atcttggaca
actacgtgaa
gccgacgcceyg
ctcacagecca
cctacacaaa
ggcgaagtaa

<210>
<211>
<212>
<213>

42
1399
DNA

<220>
<223>

<220>
<223>

<400> 42

gaattcacta
gctegecacge
cccttgacaa
cccggagygta

<210>
<211>
<212>
<213>

43
21
DNA

<220>

<223>

<220>
<223>

a@ dgTeE TR 3e Hooc

“LE ARbtecicbt QAL bL@I5Y

ggcccgatcc
atccttgacc
ggcgaacaaa
cagcaccacc
atccgtgecac
ggagaccgaa
gcccaaggtt
ataagecctgt
cagaaccttyg
tgactgtttt
cgtgggtcga
taaaacaaag
agaggtagtt
cggctccgca
gaccgtaagg
ggctteoccet
cgacatcatt
caatgacatt
gctgacaaaa
tgatccggtt
ctcgeccgecce
gtacagcgca
gcgectgecg
agaagaagat
aggcgagatc
cttcgecggeg
aactatcagyg
ttgggagata
tcgcaacatc

promoter

gtcgatctgt
tcgactgteg
tgecacatce
accaagctt

primer

ttggagcect
cgcagttgca
cgatgcetege
ggcaagcgcc
agcaccttgce
accttgeget
gccgggtgac
tcggttegta
accgaacgca
tttggggtac
tgtttgatgt
ttaaacatca
ggcgtcatcg
gtggatggcg
cttgatgaaa
ggagagagcyg
ccgtggegtt
cttgcaggta
gcaagagaac
cctgaacagg
gactgggctg
gtaaccggca
gccecagtatc
cgettggect
accaaggtag
cggecttaact
tcaagtctgc
tatcatgaaa
cgcattaaaa

Artificial Sequence

Description of Artificial

gctgtttgee

gacgggggca
tgagcaaata

Artificial Sequence

Description of ARrtificial

tgrectecog
aaccctcact
cttccagaaa
gcgacggcey
cgtagaagaa
cgttcgccag
gcacaccgtyg
agctgtaatg
gcagtggtaa
agtctatgec
tatggagcag
tgagggaagce
agcgecatct
gcctgaagcce
caacgcggceg
agattctccg
atccagctaa
tcttegagec
atagcgttge
atctatttga
gcgatgagceyg
aaatcgcgcc
agccecegtceat
cgcgegcaga
tcggcaaata
caagecgttag
ttttattatt
ggctggettt
tctagecgagyg

Sequence:

acggtatgca
ctggaacgag
attcaaccac

Sequence:

14

tqdﬁ@@éﬁdbb
cacgatgatc
gatccgeatg
accgaggatg
aggtctteceg
cagcaaqggcc
ccaggacaga
gaaacggatg
caagtagcgt
cggcgcagtg
tcgggcatcc
caacgatgtt
ggtgatcgec
cgaaccgacg
acacagtgat

agctttgate

cgctgtagaa
gcgegaactg
agccacgate
cttggtaggt
ggcgctaaat
aaatgtagtg
gaaggatgtc
‘acttgaagct
tcagttggaa
atgtctaaca
atgcactaag
tttaagcgtg
ttcttgttat
gctttacta

F‘%%:%E‘J%CF 395 f‘% di

gtgccgtgat
ccegtteocat
cgaaccactt
atctcctgaa
gccaatgect
aatgcctega
aaggcacgaa
atgcgetcac
gcggttttca
aagcagcaag
acgcagcagg
gaagtatcga
ttgectggeeg
attgatttgce
aacgaccttt
gtcaccattg
caatttggag
gacattgatc
ccageggegy
gaaaccttaa
cttacgttgt
gctgccgact
agacaggett
gaatttgtcc
attcgttcaa
cacataattg
cataataagc
cgcaatagtt

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020

'4080

4140
4200
4260

4320
4380
4440
4500
4549

glucose isomerase promoter

gcaccagege gagattatgg 60
aagtcaggcg agccgtcacg 120
taaacaaatc aaccgcgttt 180

primer

198



<213> Saccharonyces cerevi siae <400> 53 Ctttaattttctttta

. actctcctacat aagacat caagaaacaattgtatattgt60 acaccccccccct Cgfgtéggry 2004

cat aaat at t gat aat at aaagat gt ct gct gct gct gat 120 agatt aaacttaacttccgg

ccacttg agaaagagaagttcctcttctgtt 180 tctttgaaggctgeccgaaaa
gccttt cﬁd’é@%@#gt gat t ggat ct ggt aact ggggt 240 act act at t gccgégﬁﬁa@%m

t gccgaaaat t gt aagggat acccagaagttttcgct cca300 at agt acaaat gt gggt gtt
cgaagaagagaieaadyygt gaaaaat t gact gaaat cat a360 aat act agacat caaaacgt
gaaat act tIpRgrerRReat tatdiceytrgcegacaat t t ggt t 420 get aat ccagact t gat t g&t
ttcagt caaggat gt 4gacatcatcgttt_tg:aacattcca480 catcaatttttgccccgt at
ct gt agcca%qltlga gtcatgttgattcacacgtcaga540 gctatctcctgtctaaaggg
ttttgaagtiggbgcsmaaggt gt ccaattgctat cctct 600 tacat cact gaggaact agg
t at t caat gtlygbgcAmti &t citaggtgmeaccat t gccacc660 gaagt cgct caagaacact g

gt ct gaaacaacagt t gctt accacat t ccaaaggattt ¢720 agaggcgagggcaaggacgt

cgaccat aaygff Tct C . ttegacott agt gt cat cga
agat gt t gct g‘ﬁtgat%%%gg?%g%é%%?g%ﬁ?g%agggﬁ%gg gttgttgccttaggttgtgg

tttagt cgaagpyit-ct aggct ggggt aacaacgcttct gct 900 gccat ccaaagagtcggttt
gggt gagat€x@3eagatimeygt caaat gttt tt cccagaa960 t ct agagaagaaacat act a
ccaagagt ct %ggggqgt tgctgatttgatcaccacctgcl020 gct ggt ggt agaaacgt caa
ggttgct aggf%%@%&@%@acttg&eé&%@@g@qg@w%g& P80, ggat gt gaaaaggagt t gty
-gaat ggccaat'ccgct caaggttt adatt acct gcaaagaall40 gttcacgaat ggtt ggaaac
at gt ggct cegioegagsgact t cccat t at t t gaageccgt al200 t accaaat cgttt acaacaa
ct acccaat%gaa@:t gccggacat gatt gaagaatt al260 gat ct acat gaagatt agat
ttattgga at f.ca ccccactttt1320 ttcgaggctcttctatatca
.attcat aaattagca i3 gjtaqa%?acﬁ%b(g%t aactactt 1380 <210> 54 <211> 391

<212> PRT

Eg213> Saceimsonyces cerevisiae <400> 54 Met Ser Ala Ala Ala Asp Arg Leu Asn
Leu Thr Ser23d@ ypddicgipgignAshArdificl@l Fsquelca: Gryimery Lys Arg Ser Ser Ser Ser

Val Ser Leu Lys Ala Ala Qu 20 25 30 Lys Pro Phe Lys Val Thr Val |

le Ay

Ser Ay _;A_é%ﬁggrppr LThr Thr 35 40 45 Ile Ala Lys Val Val Ala Gu Asn Cys
i

Lys Gy

ro Gu Val Phe 50 55 60 Ala Pro Ile Val Gn Met Trp Val Phe

A u Gu Gaposl essAsn Gy Gu 65 70 75 80 Lys Leu Thr Au Ile Ile Asn Thr
Arg H s GrertAgrgddabpcdtacadya obeeptags 36¢95 Pro Ay |le Thr Leu Pr¥ Asp
Asn. Leu Val.  Ala Asn Pro Asp Leu Ile 100 105 110 Asp Ser Val Lys Asp Val

Asp Ile Iﬁgg\?alg_ he Asn Ile Pro Hs Gn

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer

<220>
«223> primer

) <400> 46 _
) cggggegetg ggccagtact g ' 21

<210> 47

<21i> 28

«<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<220>
<223> primer

<400> 47 . 7 )
tcaaaccecgg tggtttcteg cgaccggg : 28

<210> 48
<21i> 28

15



115
I'le
Ser
-~ Leu

Al a
Thr
Asp
Hi s
230
245
260

- 275 .

Thr
Al a
Leu

120
Cys
Cys
Leu
Leu
Val

Val

Arg
235
250
265

H's 130 135

125 17 18 February 2004 WO 01/12833 PCT/ USOQ 228 o Arg
%ﬁdp e@ﬁialrﬁr gda{AI alle

Ser An Leu Lys Ay H's Val Asp Ser

Leu Lys Gy Phe. Gu Val Ay Ala Lys Ay 145 .150 155 160 Val Gn
Tyr Ile Thr Gu GQu Leu Gy Ile Adn Cys
8ot

Ala Asn |1le' Ala Thr du Val

Ala dn 180

Ala 195 . Tyr His Ile .200 Pro Lys 190 Asp Phe
&ap>Hmmalys Val Leu Lys Ala Leu Phe 210 215 220
216> Tyt Phigcibll sSedaén@er Val Ile A u Asp Val Ala

240 Cys Ay Ala Leu Lys Asn Val Val

2dy Leu.d rp @ n a
Zior oot B o Bl ilnfh o
2862285 A u Qu Thr Tyr Tyr An Qu Ser Ala Ay Val Ala Asp Leu lle

Ala Leu Ay
gf{meé'a Al a

n Met- Phe

290<229%5 300mdhr Cys Ala Gy Gy Arg Asn Val Lys Va

Thr
Asn

"H's u

165 . 170 175 Ay
PEAOEP228% Q u Thr
205 Au Ay Lys
Au Hs Arg dy
Gy lle Ser Ile 225
Cys Gy Phe Val Gu
Ile dn Arg Val Ay
"Phe Pro Gu Ser Arg

| Ala Arg Leu Met

@5 3330-315 320 Ser Ay Lys Asp Ala Trp Gu Cys GQu Lys - Qu Leu
T

primer

primer

primer

ads“ﬂég%%%%%%%%t Ala An @y Leu lle Thr Cys Lyg G ._u.\_/al_

28

28

- <210> 49
<21i> 60
<212> DRA
<213> Artificial Seguence
<220>
<223>  Description of Artificial Sequence:
T <220>
"<223> primer
<400> 49
accagcgcge cgtcgatatc cggetgagta ctcaacacct gecagetctt tacgcaggtt 60
<210> 50
<211> 28
<212> DNA
<213> Artificial Sequence
<220> )
<223> Description of Artificial Sequence:
<220>
<223> primer
©<400> 50
cagcatgcct gcgaaccaca ggcctatce
<210> 51
<211> 28
<212> DHNA
<213> Artificial Sequence
<220> :
© «223> Description of Artificial Sequence:
- <220>
<223> primer
<400> 51
atgaacaagt ggggcgtagg gttaacat
<210> 52
<211> 28
<212> DNA

<213> Artificial Sequence

<220>
<223>  Description of Artificial Sequence:

<220> .
<223> primer

16.

primer



Thr Cys Ay Ser Val Qu Asp Phe Pro Leu Phe A u Al a Val f ?ﬁﬁ 360
365 I'le vVal Tyr Asn Asn Tyr.Pro Met Lys Asn.Leu Pro Asp Nétl‘-'eﬁ'd%ry
370375380 G u Leu Asp Leu -Hi s G u Asp 385390 <210> 55 <211> 753 <212> DNA
<213> Saﬁéy@ %cescer evi si ae <400> 55 atgggattgactact aaa

tctatctt él aacgccgetttgttcgacgt cgac60 ggt accat tat cat"{Q-FEISE%{m"
accagccattgctgcattctggagggatttcggt aaggacl20 aaaccttatttcgatgctga
acacgttat ccaagtct cgcat ggttggagaacgtttgat 180 gccattgctaagttcgctcc

agacttt ggé EQ?%Q%QE@@&E g&ttgagaagct 240 gaaattccggt caagt acgsg

t gaaaaat cca tgaagtcccagg gttaagct gt gc300 aacgctttgaacgct.tacc
aaaagagaaai@ggses gt ggcaact t ccggt acccgt gat 360 at ggcacaaaaat ggttcga

gcat ct gggaa‘vca accaaagt acttcattaccgct420 18 .418 February 2004 AWD

01/ 12833P@% 74

aat gat gt &ak caﬁ@‘@‘i 5&’&theéa?er85bsé"§gcat at ct gaagggcaggaat ggctta 480
ggat at ccgagsaakgagcaagaccct t ccaaat ct aaggt agt agt at tt gaagacgct 540

. ccagcaggtattagecyc cggaaaagt Ggtcguthgtaagadeat tagg Ed@@lﬂa@t’tgsoo 60

17

tt cgactt ggacsceees ma aaa aggerareghcateaat tlcagaé %ﬁ; &c g&% '
at cagagtE gtadd cc@ é@ﬁ ca&gégiii ggﬁ 4 0 _
ttatatgc QQ Qﬁg i%g Bacct Btzﬁch 2> FoRT <213>
Sacchar ogysaSce8X e;\éltggg't@ts tl;euaihtrtgibrtdaystd'étte &9 Ser Leu
‘Lys Val Astacdhaadagchsacgt g@aa_eacth mgmcvatc C@ EFﬁthqté I4?é’ Ile Ser
Gn Pro AFaadtIZEiWa&tNaé:EQ‘ZOit259‘37@a11’rﬂ§‘t aﬂf‘ t 4 ys Pro
Tyr Phe A& aﬁl PR gra E gg 4 3@ aZaT Too' g Thr
Phe As ﬂg tcc aaagg tat
p a@t &g@@&t@beca%ltacﬁ%a C%eo du Tyr
:"-""Xa' Asn al;Lg @ct tE a7a5c8(hca u;dtteadalacaﬁ\fab daaggdiitcd 3200 u Lys
“3er Ile @ghlgdé@hgtf’rgma&qacm a:ga86at9@g Of t¥bdaalgy scdtEattoFs MRCW%CLe'LﬁOAsn Al a
Leu Pro Egsca@geta;wgw AP 29219 9gh ISt Potaca totgtgatge trtgaagaac
tgttgcet “taggttgtgg tttcgtcgaz ggtctagget ggggtaacaa cgettctget 900
gccatccaaa gagtcggttt gggtgagatc atcagattcg gtcaaatgtt tttcccagaa 960
tctagagaag aaacatacta ccaagagtct gctggtgttg ctgatttgat caccacctge 1020
- gctggtggta gaaacgtcaa ggttgctagg ctaatggcta cttctggtaa ggacgcctgg 1080
gaatgtgaaa aggagttgtt gaatggccaa tccgetcaag gtttaattac ctgcaaagaa 1140
gttcacgaat ggttggaaac atgtggctct gtcogaagact tcccattatt tgaagcegta 1200
taccaaatcg tttacaacaa ctacccaatg aagaacctgc cggacatgat tgaagaatta 1260
gatctacatg aagattagat ttattggaga aagataacat atcatacttc ccccactttt 1320
ttcgaggctc ttctatatca tattcataaa ttagcattat gtcatttctc ataactactt 1380
<210> 54
<211> 391
<212> PRT
<213> Saccharomyces cerevisiae
<400> 54 _
Met Ser Ala Ala Ala Asp Arg Leu Asn Leu Thr Ser Gly His Leu Asn
1 5 ) 10 15
'f“) _Alé Gly Arg Lys Arg Ser Ser Ser Ser Val Ser Leu Lys Ala Ala Glu
o : 20 25 30
Lys Pro Phé Lys Val Thr Val Ile Gly Ser Gly Asn Trp Gly Thr Thr
35 40 45
Ile Ala Lys Val Val Ala Glu Asn Cys Lys Gly Tyr Pro Glu Val Phe
50 55 60
Ala Pro Ile Val Gln Met'Trp Val Phe Glu Glu Glu Ile Asn Gly Glu
65 70 75 BO
'Lys Leu Thr Glu TIle Ile Asn Thr Arg His Gim Asn Val Lys Tyr Leu
85 90 95
Pro Gly Ile Thr‘Leﬁ Pro Aép Asn Leu Val Ala Asn Pro Asp Leu Ile
100 : 105 110
Asp Ser Val Lys Asp Val Asp Ile Ile Val Phe Asn Ile Pro His Gln
115. 120 125



Val.

125
135
145
Val
Ay

Ala Thr Ser Gy Thr Arg Asp Met Ala G n Lys Trp the
Leu Ay Ile Arg Arg Pro Lys Tyr Phe Ile Thr Al a Asn
140 An Gy Lys Pro Hs Pro Qu Pro Tyr Leu Lys Ay Arg Asn Gy Leu

150 Gy Tyr Prolle Asn Gu G n Asp Pro Ser Ser Lys Val

Val @“@1@8’3175 Phe Gu Asp Ala Pro Ala Ay Ile Al a Rﬂ\én@“‘l/zﬁi*% Ala Al a
Cys 180 185 Lys-Ile lle Ay Ile Ala Thr Thr Phe Asp Leu 195 200

Lys. Ay ©M& 1ASPpdd Brd i€e \(Bk $a4S cAS Nebll SysCGilly HAEOvadlhsfswxr Thas Asn Ala G u

~ Thr Asp Quidal GQu the 2251330 235 Leu Tyr 1lAPa Lys Asp Asp Leu Leu Lys
Trp 245 250 <210> 57 <211> 387 190 As guﬂ;ysl 205 Ser lle Arg

Val %d‘rﬁl%lapﬁ’éa RSP SKSp Ry tvs S48 T g% Fé § >33 B0 01/ 12833
PCT/ USOO/1 874 <212> PRT "7<213> E. coti > 57 Met Asn Asn Phe Asn Leu

H s Thr ReO-GERrreY ged lser lsett Rpe 16 yrokysiu 15 120 diy @y cAhacyd e Ala Ay Leu

Arg u dn lle Pro Hi1§5Asp Ala Arg Val7®20 25 30 Leu 111 85Thr Tyr Ay Ay

Ay Ser Val s. L Val 35.4Q 45 d LuAspAIaLeu
Lys Ay Pﬂé "\'7%/15 65’@1% E;}* @’ gbug@ldblal Eln ro Asn Pro Al a
Thr Leu Me Asn Al a I Lys Leu |

Tyr Gu
Trp Ser Glu Thr Thr Val Tyr His Ile Pro Lys
195 200

%L#e@hfar{éé@ct 120

130

Va
Ala Asp

205

Phe Arg Gly

Val Val Ala

220

His Leu Phe His

215

'Glu Gly
210

Lys Asp Asp Lys Leu Lys Arg

Phe Val Val Ile Glu Val

235

Ala Ile Ile

2490

Ser Ser

230

Pro His

225
L) G

Gly

Tyr Asp Gly

Gly Ala Asn Val Val Ala Phe Val

255

Leu Glu

250

Leu Lys

245

Gly Cys Gly

Ala Ser Ala Ile Gln

265

Leu Gly Trp Asn

260

Gly Asn Ala Arg Val

270

Gly

Glu
275

Ile Ile Gin Met Phe Pro Glu Ser

285

Leu Gly Arg FPhe Gly Phe Ara
. 280 '

Glu Ala

295

Glu Glu

290

Thr Gln Val Ala

300

Tyr Tyr Ser Gly Asp Leu Ile Thr

“Thr
305

Ala val Ala

315

Val Leu Met Ala Thr

320

Cys Gly Gly Arg Asn

310

Lys Arg

Ser Gly Llys Asp Ala Glu Glu Glu Leu Leu Gln

325

Trp Cys Lys

330

Asn Gly
335

Ser Ala Gln Gly Leu Ile Thr Val His Glu Leu Glu

340

Lys
345

Cys Glu Trp

350
val

Phe Glu Ala

365

Thr Cys Gly

= Glu
L) 355

Phe
360

Ser Asp Pro Leu Val Tyr Gln

Val
370

Met Leu Pro Met Ile Glu

380

Pro Asn

375

Ile Tyr Asn Asn Tyr Lys Asp

Glu His

385

Leu Asp Leu Glu ‘Asp

390

<210> 55

<211> 753

<212> DNA

<213> Saccharomyces cerevisiae

<400> 55

atgggattga
ggtaccatta
aaaccttatt
gccattgceta
gaaattccgg
aacgctttga
atggcacaaa

ctactaaacc
tcatctctceca
tcgatgctga
agttcgectcec
tcaagtacqgg
acgctctacc
aatggttcga

tctatctttg
accagccatt
acacgttatc
agactttgcece
tgaaaaatcc
aaaagagaaa
gcatctggga

aaagttaacg
gctgecattct
caagtctcgc
aatgaagagt
attgaagtce
tgggctgtgg
atcaggagac
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ccgetttgtt
ggagggattt
atggttggag
atgttaacaa
caggtgcagt
caacttcecgg

-caaagtactt

cgacgtcgac
cggtaaggac
aacgtttgat
attagaagcet
taagctgtge
tacccgtgat
cattaccgct

60
120
180
240
300
360
420




.65 70 75 80 vVal Arg Gu A@n Lys Val Thr Phe Leu Leu Al a d Gy
- Ser 85 90 95 Val Leu Asp Gy Thr Lys Phe Ile Ala Ala A ggﬁebgﬂi Pro

- G@u 100 105 110 Asn Ile Asp Pro Trp Hs Ile Leu dn Thr Ay Gy Lys Au
T lle Lys g/%lo?n% 125 Ser Ala Ile Pro Met Ay Cys Val Leu Thr Leu Pro Al a
* Thr er 135 140 G u Her Asn Ala Ay Ala Val |1 ePSUUSHE4s Thr
- Thr Gly Asp Lys 145 150 155 160 Gn Ala Phe His Ser Ala His Val @n Pro’
Val Phe aAtgatjata Ladadisgt ad 6§cct docbdSgaakPracatal tg'ﬁynggdﬁalg Pptagittal 489 Pro Pro
Arg G novatatékaa Aspat@ag cvmgacmmcgsﬁaxggaaaw CHEBIRTE YA & Thr Val
Gu G n cpyreygts Mrac'ﬁ Roop tragarcIcEgse g é"?ﬁ 4 RESSIIEcQa Asp Arg
ttg Gg
5 23

Phe Al a FEIEIRS 10 taagezgat@aa i B uasiacubimnad y Pro Lys
Al a Leut ¥8a Udakddt cASdeth xsaug@pta\éa 0 235 240 Arg 73 Asn Val

Met” Trp Al a Ala Thr Gln Ala Leu Asn Ay Leu Ile 245 250 255 Ay Ala @y Val
Pro G n <A3p> T Ala Thr His Met Leu Gy Hs GQu 260 265 270 Leu Thr Ala
Met Hi s L{; Asp His Ala Gn Thr Leu Ala Ile Val 275 280 285 Leu Pro
Ala Leu . &9> A%gcg&qo\}(&,s%grmglggﬁr Lys Arg Ala Lys Leu 290 295 300 Leu .
Gn Tyr Ala Qu Arg Asn Ile Thrdu Ay Ser Asp Asp 305 310 315 320
20 1 8 Rabpmarsy 2004 WO 01/ 12833 PCT/ US00/ 22874 G u ILe Asp Ala Ala Ile
Al a Al a MPRrClr §ensihr BKe Bruley Ae3893083B e & Bto Thr Hs Leu
Ser Asp T§r Gy Leu Asp Ay Ser Ser 340345-350 Ile Pro AIa Leu Leu Lys Lys
Leu - Gu s@euAJg gaOaspMety ThE 1Benilen 35536Q36brChya Gle Menati s Asp |le Thr
Leu Asp Val Ser ArgoArg lle Tyr A u2370375380 Ala A& Arg 385

: Phe Trp Arg Asp Phe Gly Lys Asp Lys Pro Tyr Phe Asp Ala Glu His

: 35 . 40 45 _

KQQ val Ile Gln Val Ser His Gly Trp Arg Thr Phe Asp Ala Ile Rla Lys
50 55 60

Phe Ala Pro Asp Phe Ala Asn Glu Glu Tyr Val Asn Lys Leu Glu Ala.
65 . 70 75 80

Glu Ile Pro Val Lys Tyr Gly Glu Lys Ser Ile Glu Val Pro Gég ala
85 90

Val Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro Lys Glu Lys Trp Ala
100 105 110

val Ala Thr Ser Gly Thr Arg Asp Met Ala Gln Lys Trp Phe Glu His
115 120 125

Leu Gly Ile Arg Arg Pro Lys Tyr Phe Ile Thr Ala Asn Asp Val Lys
130 135 140

Gln Gly Lys Pro His Pro Glu Pro Tyr Leu Lys Gly Arg Asn Gly Leu
145 150 155 160

. Gly Tyr Pro Ile Asn Glu Gln Asp Pro Ser-Lys Ser Lys Val Val Val
h : 165 170 115

Phe Giu Asp Ala Pro Ala Gly Ile Ala Ala Gly Lys Ala Ala Gly Cys
180 185 190

. Lys Ile Ile Gly Ile Ala Thr Thr Phe Asp Leu Asp Phe Leu Lys_ Glu
: 185 200 205

Lys Gly Cys AsprIle Ile Val Lys Asn His Glu Ser Ile Arg Val Gly
210 : 215 220

Gly Tyr Asn Ala Glu Thr Asp Glu Val Glu Phe Ile Phe Asp Asp Tyx
225 230 235 240

Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp
- 245 250

<210> 57
<211> 387

19
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<210> 58 <211> 1164 <212> DNA <213> E. coli <400> 58 atgq%gqﬂﬁﬁmy2004

tt'aat ct gcacaccccaacccgcattct gttt ggt aaaggcgcaat cgct 60 ggtttacgcg
aacaaatt cct cacgat gct cgcgt att gatt acct acggcggcggcagecl20 gt gaaaaaaa

ccggcgttﬁkﬁgﬁagﬁagttctggatgccctgaaaggcatggacgtgctngO gs&%%%ga&gmm‘

gt att gagccaaacccggctt at gaaacgct gat gaacgccgt gaaact g240

agaaagtgactttcctgctggcggttggcggecggttctgtact ggacggc300 accaaattta
tcgccgcqgggg%&gactatccggaaaatatcgatccgtggcacattcthGO caaacgggcg
gt aaagagah §.agaagggccat cccgat gggct gt gt gct gacgct gcca420 gcaaccggtt
cagaat ccaacgcaggcgcggt gat ct cccgt aaaaccacaggcgacaag480 caggcgttcc
att ct gccef@bytA’cagccggt attt gccgt gct cgat ccggtttat accs540 tacaccctgce
cgccgcgﬁ@&d&ﬁg@éﬁéﬁ@g@ﬁpPﬁb@gﬁ CE{%PQE At §e9ess ﬁﬁb&é@tatg
ttaccaaac&ggttgatgccaaaattcaggaccgtttcgcagaaggcatt660 ttgctgacgc
t aat cgaaqgt Gt e¢83aa06GCt.gadRgaQYRCaPRIAACERACYR @by A2 mgrgeraacy
t cat gt gggcggcgact caggcgcet gaacggt tt g2 t ggcget ggecgt a780 ccgcaggact

gggcaacgcat at gct gggccacgaact gact gcgat gcacggt ¢t ggat 84
~ cact ggct@tchic Shp i gRac FH¥ &3561-?4 a %]ag'é’éc%%t g’&‘gggﬁgﬁg ﬁ%ﬁ%ﬁ?gggg

t gct gcaat at gat gaacgcgt ct ggaacat cact gaaggt t ccgat gat 960 gagcgtattg
acgccgcgght@gpgeaaﬁﬁcgﬁaaaiu@bungagﬁaahbaggcg&gcagﬂﬂ@OGapG¢acctct
ccgact acggt cigggacggcagct ccat @6cggcettt gct gaaaathct g1080 gaagagcacg

- gcat gacccaact gggcgaaaat cat gacat tacgt t ggat gt.cage 0 t at
aagccgcé%gc?%h%g% SQZTﬁBAgg%Yézlfngﬁqggz >g%$&ggé%§>L%§§%g?c?g?
<

<220>

Sequence

3> Description of Artificial Sequence: Prinmer <400> 59 gcggtaccgt

tgctcgacge AeAgYhLtdihCLggvaR By BR LeRIbn B3 VaR B2y GMNAGKRE8» Artificial
{egequence <220> <223> Bescription of A®Cificial Sequenc® Priner 32 21 WO

1712833, 5400> 180 HS9RG°L59%:GIFLS 98 Gl IRECHRONLL 48Ce 210 63

100 105 110

Asn Ile Asp Pro Trp His Ile Leu Gln Thr Gly Gly Lys Glu Ile Lys
115 120 125

Ser Ala Ile Pro Met Gly Cys Val Leu Thr Leu Pro Ala Thr Gly Ser .
130 135 140

Glu Ser Asn Ala Gly Ala Val Ile Ser Arg Lys Thr Thr Gly Asp Lys
145 150 155 160

Gln Ala Phe His Ser Ala His Val Gln Pro Val Phe Ala Val Leu Asp
165 170 175

Pro Val Tyr.Thxr Tyr Thr Leu Pro Pro Arg Gln Val Ala Asn Gly Val
180 185 190

Val Asp Ala Phe Val His Thr Val Glu Gln Tyr Val Thr Lys Pro Val
195 200 205

‘,J Asp Ala Lys Ile Gln Asp Arg Phe Ala Glu Gly Ile Leu Leu Thr Leu

210 . 215 220

Ile Glu Asp Gly Pro Lys Ala Leu Lys Glu Pro Glu Asn Tyr Asp Val
225 230 , 235 240

Arg Ala Asn Val Met Trp Ala Ala Thr Gln Ala Leu Asn Gly Leu Ile
' 245 250 255

Gly Ala Gly Val Pro Gln Asp Trp Ala Thr His Met Leu Gly His Glu
7 260 - 265 270

Leu Thr Ala Met His Gly Leu Asp His Ala Gln Thr Leu Ala Ile Val
275 280 285

Leu Pro Ala Leu Trp Asn Glu Lys Arg Asp Thr Lys Arg Ala Lys Leu
290 295 300

Leu Gln Tyr Ala Glu Arg Val Trp Asn Ile Thr Glu Gly Ser Asp Asp
305 : 310 315 320

20

<211> 33



<212> DNA <213> Artificial.
Sequence: Pri nmer
cgcttgccct gatcgagttt tgc 33 <210> 62
Sequence,
cagct ggc
~Sequence <220>

cccagct

Artificial

c aat

<

teeadt

Squence

Sequen

<

"De

ce <220>

<211> 30

<223> Description of Artificial

2B A%

<211> 20
223> Description of Artificial

< >
é?éﬂgéﬁbttcg 20 <210> 63

<223> Descri

_ q%&p% of é{ficim
18 February 2004 PCT/ US00/ 22874 33 <400>°6E &% ga
<212> DNA <213> Artificial
Sequence: Prinmer <400> 62

<212> DNA <PLFIISAPRI% i al

Sequence: Pri nmer
21031 0% rg <Rl BndBhe @it E1PONA <213>
_ scrpt1 on of Artifisisal
<400> 64 ggcgacccga cgctccagac ggaagctggt - <210> 65

<400> 63

Sequence: Pri ner
<211> 30

<212> DNA

<213> Aneiféloi bl SequBNTEis 4220Se<RoBIyDeBer byt Peh Fy P81 PFT ci al
Sequence: Pri mer <4d0> 65 ccgcaagat?4%acggatgca tcgfﬁgaggg 30 30 30 22 3

Ile Pro Ala Leu Leu Lys Lys Leu Glu Glu His Gly Met Thr Gln Leu

355

Gly Glu Asn His

370

Rla Rla Arg

385

<210>
<211>
<212>
<213>

58
1164
DNA
E. co
<400> 58
atgaacaact

. ‘ggtttacgcg

gtgaaaaaaa
gaatttggcg
gttcgcgaac
accaaattta
caaacgggcyg
gcaaccggtt
caggcgttcc
tacaccctgce
gaacagtatg

- ttgctgacge

cgegecaacg
ccgcaggact
cacgcgcaaa

- cgegetaage

gagcgtattg
acccacctct
gaagagcacg
cgtatatacg

<210> 59
<211> 32
<212> DNA
<213>

<220>
<223>

<400> 59

<210> 60
<211> 33
<212> DNR

1i

ttaatctgeca
aacaaattcc
ccggegttct
gtattgagcecc
agaaagtgac
tcgececgeage
gtaaagagat
cagaatccaa
attctgecceca
cgccgegtcea
ttaccaaacc
taatcgaaga
tcatgtgggc
gggcaacgca
cactggctat
tgctgcaata
acgccgegat
ccgactacgg
gcatgaccca
aagccgcccy

Asp Ile

360

375

caccccaace
tcacgatgct
cgatcaagtt
aaacccggcet
tttectgetg
ggctaactat
taaaagcgcece
cgcaggcgceyg
tgttcagecg
ggtggctaac
ggttgatgcc
tggtcegaaa
ggcgactcag
tatgctgggc
cgtcctgect
tgectgaacge
tgccgcaacce
tctggacggce
actgggcgaa
ctaa

Artificial Sequence

<213> Artificial Sequence

<220>

cgcattctgt
cgcgtattga
ctggatgccce
tatgaaacgc
gcggttggceg
ccggaaaata
atceccgatgg
gtgatctecce
gtatttgccg
ggcgtagtgg
aaaattcagg
gccctgaaag
gcgetgaacg
cacgaactga
gcactgtgga
gtctggaaca
cgcaatttct
agctccatce
aatcatgaca

gcggtaccat tgctcgacge tcaggttite gg

21

365

380

ttggtaaagg
ttacctacgg
tgaaaggcat
tgatgaacgc
geggttetgt
tcgatcegtg
gctgtgtgcet
gtaaaaccac
tgctecgatcee
acgcctttgt
accgtttege
agccagaaaa
gtttgatigg
ctgcgatgea
atgaaaaacg
tcactgaagg
ttgagcaatt
cggetttget
ttacgttgga

Description of Artificial Sequence:Primer’

«223> Description of Artificial Sequence:Primer

Thr Leu Asp Val Ser Arg Arg Ile Tyr Glu

cgcaatcgct
cggoggeage
ggacgtgctg
cgtgaaactg
actggacggc
gcacattctg
gacgctgcca
aggcgacaag
ggtttatacc
acacaccgtg
agaaggcatt
ctacgatgtyg
cgctggcgta
cggtctggat
cgataccaag
ttccgatgat
aggcgtgccg
gaaaaaactg
tgtecagecge

60
1206
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1164

32
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WO 01/12833 <210> 66 <211>.27 <212> DNA <213> Art|f|0|q E ueng <220>
<223> Description of Artificial Sequence:Priner <400> 66 365 @?
acgagttctg agcggga <210> 67 <211> 30 <212> DNA <213> Artificial Sequence
<220> 3> crlptlon of Artificial Sequence:Prinmer 18 Februané 2004
PCT/US(C%%& 27 <400> 67 ggaattcatg aacaacttta atct g&&dA508@282H10> 68
<211> 30 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificing§egyence:Priner <400> 68 gtttgaggcg taaaaagctt agcgggcggc 30 23
gcgagectega cgettgecct gatcgagttt tge 33

T <210> 61 -
<211> 33
. <212> DNA
. <213> Artificial Sequence

<220> . .
<223> Description of Artificial Sequence:Primer

<400> 61 ‘ . ’ .
gegagctcga cgettgecet gategagttt tge 33

<210> 62

<211> 20

<212> DNA

<213> Artificial Sequence

L <220

<223> Description of Artificial Sequeénce:Primer

<400> 62 . )
cagctggecaa ttccggtteg 20

<210> 63

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 63
cccagetgge aattccggtt cgcttgetgt 30

<210> 64
<211> 30
<212> DNA

'QQ} <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 64
ggcgacccga cgctccagac ggaagetggt 30

<210> 65

<211> 30

<212> DNA

<213> Artificial Sequence

(o
£220> ]
<223> Description of Artificial Sequence:Primer

<400> 65
ccgcaagatt cacggatgca tcgtgaaggg : 30

22



WO 01/12833

<210> 66

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Primer

<400> 66
cgccttettg acgagttetg agoggga

‘<210> 67

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Primer

<400> 67
ggaattcatg aacaacttta atctgcacac

<210> €8

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Segquence:Primer

<400> 68
gtttgaggceg taaaaagctt agcgggcegge

23

18 February 2004

PCT/US00/22874
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30
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