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.METHOD FOR THE PRODUCTI ON OF 1, 3-P RECOWVBI oo
‘CC]VPRI SI NG GENES FOR VITAMN B12 T 'I ELD OF | m%ﬁ%{e present
i nvention rel at es to the field of nol ecdéls* bi ol ogy and the use of

reconbi nant | for the production of 1, 3-propanedi oi.

speci ficall yQ][/? descrl bes the expression of cI oned genes t hat @%9&03?
intracellular transport of vitam n Bl2TIDLEONj unction with genes that

effectively convert @IEJTQ{@r %Wﬁgl?’ﬁﬁtﬂ#@ﬁdﬁ 6F31 ﬂof’ﬁaﬁgﬂﬁlﬂtﬂ BACKGROUND

1, 3- Propanedi ol is a nmononer havin I on of polyester

fibers and the manuf &YB@WBMN QRGYSN %ﬁ@l\é INGEHMWatinds. A variety
of chem cal routes to 1, 3- prop@Re\drrmMmgl,krmngpﬁgm exanpl e, 15

1, 3-propanediol is prepared 1) frEggﬁt e over a catalyst in the
presence of” phosphi ne, water) ca drogen and an acid; 2) by
the catal ytic sol utT}@rprmatsmvmdn adliteroatie Bed of mbiectla] Hidwgdarslythe estuct i on;

or 3) from hyd $ as & e sence of carbon
nonoxi de and héﬁ‘%ﬁﬁgetﬁ@;t al&él%{ﬁﬁsgl\fflﬂﬁ Zaiy ?goﬁ&gﬁr(? Méﬁg VI|1 of the

peri odi c tabl e ERgFPgshe XPErIueR Bﬁ‘éo'teé gﬁ’é"ﬁé‘i‘%ﬁgeci g ‘B‘r"éﬁﬁﬁi‘l‘éﬂl ol by
t hese net hods, tridspyrt af Etaeip Bpsinwenancogendr gines thasdffeciideleamsercant ai ni ng
envi ronmenial known for over a century that

1, 3-pr opan;e(gl o] %Ae{lh&gge”ag%gc}ucgﬁﬁ?ﬂg% the fernmentation of glycerol.
Bacterial strains able to produce 1BACKGROUMNBi o have been found, for
exanple, mthe gr OupS-PQﬁahﬁﬁc&G:t £ﬁ1))n@hé}5ﬂawn§mumv 12516@?&(&&9&6@ﬁ[ﬁﬂyester

I | yobacter. Kl I I GLEEaund? each case

studi ed, gl yceﬁlg 7%45 t@%nver%&%%%If !ilygfe ga?'c'icco'ﬁ'p%m}v\o st ep,

enzyme- cat al yzed re&d@ﬂwogfé‘t&mb@mqsrfptﬁ@rtfnangilolsat@lplo“al denyxamniase

catal yzes the Pglb\v’cﬁfaﬁéc%l lgf,regdry@e)rmmEmvﬁn@aﬂa@efoepaeﬂh@mhM&%n&e?: HP) and

et | ok phalpnie S R BO B RnS ey Frotasgnd spp oty e dught PR ©

(Equation 1 ) ®ludenphasabpidratiphofaciqldn mlblpm:d@dlrmucuod\lAD‘f) féquati on 2) 35 The
1. 3- propanedi Ohydréaftdhs mhapglbbe?@ldrefak{w [ethe ?t@gencétéf GrichhddoxidaGaymul ates in

hi gh concentral'ﬁl on | e overa%’ ti.on con m% a reducing

equi val ent in P gFBPH?’&F‘ag‘?E&FgBEBPmS,f@&U O&ﬂelﬂ‘?& igdablyeni ne
di nucl eot i20e (AINEM)gh xtvmpmxbiestogxmdﬂatzéﬂ ptrq:anemotbyrthmedeetlanﬂsnhﬂeardl nucl eoti de

(NADH) - C0000g e SO RARE B0 02ean VO RO BETLFASNAGAZ0 The
producti on of 1 , rop anedl ol rom cerol 7i's sev ‘or red under
anaer obi ¢ condi ti or{ "queﬁ'?g ’E‘b‘fefaﬁeft% thagy (1 8- Eﬁ?@éﬁob@ﬂﬁ?é’f%ﬁ‘deq n the

absence of ot hiesm eredfgemausion efiglgtdidl. Bauierallsehins asle @Pprodisee 1iIpiRpardchese
condi tions. 1 sl B hufd ki ORBRYED o L0SIL 0] illclotihpl o1 | 2 for

exanple. a 5 parall I'rst invol ves
oxi dat i on %of g@ye;r@%qfert &V‘tﬁaﬁ% r&é@éﬂfé!e{lmq@be angd/Pe{ob@arsr - I each RasoP+- )
| i nked gl ycer ddtudiehyBcagbnassvettbtiioal, 3- fbp&)ednoThﬁa tWdioed, @ Hy%dlﬂalvzed

hosphoryl ﬁ
CEauat ton 4). e ndelibier H BET R38R Fr BEORIE o ?I*Qza%wng TR g AP
generation vi alyqem! tex-apiosypramorpldebpde/ (StEP) agd ywater GEquatidinD+ IntheDHA + NADH +

H+ (Equation 3s¥cd?ﬂ/§te SHP is 1240 & 1AQRobmaME BPINAD Gk contrast to the
1, 3- propangdi ol i}F g ‘iq gt hway may provide carbon and energy to the
cell and ;r)h%oducf(é OrgduEtaNG ( H%{ﬁm nsumes NADH. I n Kl ebsiella pneunoni ae and
Citrobacter freundii, the genes encoding the functionally |inked activities
of glycerol dehydratase (&Hg®yol-13HBtdhénedi ol oxi dor edutEquesor bhaT) ,

gl ycerol dehydpgemmapHdmal) i, apdpshelids nugeet one 20 ki paffnédhpK) are
enconpassed by the dha regul on The dha regul ons from Citrobacter and

Kl ebsi el | &4 ha cblejegrfg d%§§%%t!§lng§lczfﬁ‘rg|, h| a asc%ﬁemggg%&nﬁlaqeen shown to

convert glycer ropane i on of
1, 3- pr opanedi dughwmm@yorg}ryb@meﬂnaa%aommeacam cprpumgs a yesiueingp sequent i al

r1 Sag te i ggdle Et V\mqahamndﬂ hwé)ixbgg ﬁﬁ@c&ﬁ@?fﬁ?eggébgl(ﬂiMgétgﬁ}nlldétaaeﬁﬁgﬂﬁlﬁﬂgotﬁe
3- hydrpoxypr opﬂﬁ% Efg 's Qg ?%fﬁ"é“‘?’ﬂéﬂmﬂéa ‘{‘]'B‘C%%d%&\g‘}a@ded. ol by a

NADH (or NADPH) dependent oxi doreductase. These cofactor requirenents are
conpl ex and necessitate the use of a whole cell catalyst for an industrial

process incorporating this reaction sequence for the prod i h
L
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30 1, 3-propanediol. A process for the production of 1,3-propanediol from
gl ycerol wusing an organi smcontaining a coenzyne B 12-de |
.dehydratase is described in US 5,633,362 (Nagaraj an et a@ﬁ%@v@e%er?boghe
process is not linted to'the use of glycerol as feedstock. d ucose and

ot her car bohywoabessséer e suitabl e substrates and, recently, theseusyheEksat es
have been shown to be substrates for 35 1, 3- propanedi ol producti on.

Car bohydr at es are crheyeoduedod of [L3-Bropamqdénd &imogiyeesdl myzemesadd pedfamebi al

cul tures wher &, { GRIBRIALRE dstheldifctfo) LEMIBAL Elub sk GREH mbY One

m crobi al species and then converté‘ o 1, 3-propanedi ol, by a second

i crobi al specibsence phothertxgeHYs [eduging equatalent ageeptpssy Wﬁs‘g% of sinplicity
25 Novenber 20AdNEh M SEmBtoPGFHADRD/ QS hfivar) ehdeKleboelin. fa esanmge.ea Or gani sm

able to convert b r | . 3-pr nedj ' g aouch an ,
organi smi de%aﬁf‘e{)gzﬁﬁ?@%y %?@c %ﬁb?@%g(%g} @%’%Blé?lbgasl . cﬂ'é‘é@%‘é&{:qg{ﬁi a, such
as Sal monel | a @hydeasiterd @Hary 28Rt or dyiledlinked eyesrehnme Bt 2 to
tenable atdlB Oazﬁhy&bgﬁﬁtﬁ&d%@%ﬁfhdft)ﬁtrﬁéﬁﬁlmgf&Wﬁ’éﬁms ! 19%&3@5"5_Spe0| Sst must
ranspor Jrom out si 0 . erm ~12-," is used to
refer collect i‘%)éY‘Vo’fy&c%‘B'éen‘?Vﬁ@‘% (i)ff‘b‘efldé’?' iﬁ%ﬁ%@%@qw&?ﬁ&)ﬁcwa&mﬂe t he
upper axi al 5'avdiabte foolivsgntheshs apdiar supparegd ATRdenwrdtionamofdierarhplgand (f or
exanpl e, ap aqélgc-o, Syano- or nmethyl group); and the radical species,
cob(l1)al ant n. Pé transport into bacteria presents two najor problens.
First) the B12 10 nol.ecul g | 00 rge,.far sage throu out er. menbr ane
porins. thus requiri cﬁrogbbs&éi?léﬁfxeﬂqﬁ&%?gﬁe transpor?g‘élk?g?'b Second,
owing to the scarcity ofDIBAX2ATR—+ BélAdhviADPhnent, t he out €Equadorb4)ane
transport system nust have a high affinity for B12 and nove it into the

peri pl asmfsor jaubseAtRthe | B3RSRAEdioIPARARY! RRMaf%A) BBy FFE PRl ahdner
menbrane. For E. coli V\:HI c(gpla unabl e t 0 synt hesi the 15 corrin ring of
eypetlpngprodyces gath

B12, an ext er fRFEY iR yees tather than cagsumgs N h under certain
conditions. These riedikbselephamvainelaed Cieeritrer fbewiiptht goet esvodingM es i s
present --25 J . Ly, ) [ Uk € .- 500
coenzyne B 12%ﬁt{g@%}ﬁggﬁéﬁgétﬁg%é%%B@?’Jogﬁ]g%rgﬁga%dégg)aI}rﬁﬁ’g?pg? ?dﬁ?ilse dependent
growt h. Sever dxidoresugiapes(dhe D, glaegirkdelydrogenased dhainansalibydpxyaeetane The 66 kDa
outer 20 flmlbrlﬁﬂilﬁe HalKe afe e&dﬁ)ﬁﬁﬁ@&h@&g&é@ltﬂi. gﬂhearlﬁ)zfz:rég'u_lohs erﬁlnd= g 3 nM
receptor for n - - 0-_and nef. cobal am.ns, and. t he
correspondi ng@%ﬁ?%%%%gwgﬁgé\%&ﬁn F’Wrﬁsﬁ%dtlg?%‘g'ﬁggﬁ%fc g}éa'ldzha& b%ﬁn | ow

|l evel s (< 1 nipown spepnyepelyserel oy lxpopanedioh-esent per cel|. However, the
growth of cells inmtﬁicﬂoﬁéﬂl‘bﬁjdﬂétmJffil?hprb?&h@ﬁiﬁlr@cﬁuiﬁl%l)/cagle_i]sa!“\/_) represses
synt hesi s of Btgl%, afnd g&/eq at 25 | pvels o g FMd%f)t ake activities are
repressed 80- SYTEASHCT R EVEAFREARTIUA! repgtion gn WRISH p IBINIEIESE RS epr essed by
aer obi osi 5 Tr(apspby & coenzyme Be)-gepcnginadehydetpse)rcosvertsglicaobroaet | on of Bt uB
with a 26 kDa ih@RfddidlE SoKyaRskyBfoplonhieryAP Gwhifh RtheRPeddydlgpendent process

that also requiyes co-transport of calcium In fact, the high affinity
bi ndi ng of B tIZ{'PES’pﬂFgB’Ii%%a%@u@f&‘éﬂ@ﬂﬁ&??“ﬁﬁ‘ﬁ%ﬁ@ﬁ@“@?% #€nce for a 30

reci procal B Xkafaepesyigamertaheicomplak and ngessitite thaiukdroBa WHolé o¢ll easdigst um of ~
30 nlVI at pH . i s j ] c . cal cium
decreases wt h‘ﬁﬁé‘c‘?zé‘é%?%%ﬁsq%@ hg"\{ﬁls“géﬁéf‘%f tE)or? %ﬁ%q}?l\:/e(:fo? E)Hreé%m{ug&‘ﬁ'rl ve a

st r uct ur al3%l tlet-BloPafisditbe Gdtioqesy fof thy meqsyetion qf d . rprapasdiehemglycaiehg, Bt 2
penet r at rertS) t heusingtag lorg@R(shT cOReaindhg gcoefa@mé Bw-dﬁpéﬂd@?taﬂdsbﬂehﬂ'dgﬁlgsedi SO eger ﬁi zes
out er - menbr ane n 5 for i,r0 i_nc ing_ the FepA and FhuA
oystens.  Thus ries BrH8 o253 uBs Paisied 'L phof Biowefly B pREess T n R (e
absence of pr de 8ierise phglessolas feedstockat@uedse Bndigthericarbghysiratease suitables with a

hal f life of -gBsuaied ardFedefitiRlifiest Aibs@RbEnalvO béen!sRswn R be BBGraRS Vi ty.
fromBtuB.to.th

Transfer qf. Bt eriplasm c binding protein.is poorly .
25 Noveribel 20ooPRERISIoL SRS seT Cakiohy S covettl Bk Dawpaiiohay + nvol ve a
pr ot ei n encodedingynikédemixretiial lcoltures whére theaatbohydrdtalisfosiefeimeentedtansport acr oss
the inner ne ' [ : : ' coded by the,
bt uGED oper on  BroLoy SRR pitidsifa Hel Collalepd ) BloBhRUBTHERPDI0 2

peri pl asmi ¢ biSEPRAJigioBiabinscIes ndS Boadh6BhdHayriesrp.)p Fatreatpns pt emphigityant
phenotypes of these two genes are corrected by a nodest increase in

external B 12 and it is thought that the BtuB/ TonB system concentrates B 12
in the periplasmand fortuitous transport of B ~~ is thus facilitated into
the cytoplasm BtuE may not be involved3n transport and its function is
unknown. The bt uCED 10 operon appears to be expressed constitutively and is
not regul ated by the presence of Bl12 in the growh nedium The transport

pat hway can be summarized as an initial binding of Bt2 to the outer
menbrane protein BtuB, followed by interaction with the inner nenbrane

T e O e o, . . ~ -



25 cause repression resulting fromits conversion into coenzyne B 12.
Control appears to alter continuation of nessage synthesi gg N%‘/é}ﬁgerlﬂfﬁﬁ
“initiation, so the use of foreign pronoters for btuB expression does not
necessarlly afford protection fromregul ati on by coenzyne B t2. An unusual
feature of btM/sBegul ation is that repression seens to be asCeUb®emssse when
the btuB gene is carried on a nuiticopy 30 plasmd as when in a single
copy. This appdeeamonyagRingle organisar3bdniospnusreestohydgics &0 bf-prepanediglget

sequences SUQJgBRfetred. Baétg@&gﬁﬁﬁmsafesctrhedmepsewenmqgﬂfezlaeﬁl55 t2) in the
cell By gene fusi ?‘P st.udi es tranfcrl gﬁ“ onal and

b, a%%fm e agle 1 blet
transl ati onal contPBI® ApHI&Y tﬁ‘); g J&ISF fefle AL S 8d t oget her,
t hese vari ousofmmgriys t@@lablfgagbsltor&lmmrhémyslmtascnt(Wﬂecaie abuu@thﬁfct i nteraction

occurs betsmeee&&eﬂ@(%m%o&% ARImt isi AN &adgthe b B L NfsRERGLT on may
i nduce nRNA f 0] fgoﬁgf:to st abi I'7 ze the hai r.pi n thereb%/B |OCkI ri bosone
t

access to thdefe wYalniQf0eay me B 12 dra vARYRS of eqfamime Bz Whete, BE MBRE al
*portion of th&idsuBokyaiasesyl jidand is :ephaterdabntloinoﬂteshgnnd (orprasse.an and

regul ation s h I ving the 25
Novenber 200 P d)sapsaﬁldmgﬁ)ﬁﬁr&{gg@g %%P’gﬂ%ec uen IiaEan?h transcri ptional
read through and that@nRONARHO PATEHAERTFSAL VARNY PFRIMSTFitstabtsRri bed regi ons

in regul g Oﬂmh@cﬁxlcb@%b ldfgetfmﬁge ft@éug&tduﬁﬂﬂbt&'&db%efp@ﬂhﬂ’ @{uslra]luem gno acid
bi osynt hetic unu ion are that

s of t
i npor t ant gsgfcé o ava bra%erte fvé%fnwe? ?'ﬁ f’P{g’gﬁ? Sc‘f?ir&? Bquence and
that this reguFlmelrlmomfltfr!edhﬁsOlbmmembralmtcmsmﬂ systegrmiust havesd bigh on.  The

problem to bersalyeds arfdhﬁ‘od@ﬁteiﬁ%ﬂhe b&v,ﬁ&m f%?sdb% mtmspdrek bEh%H y
produce 1, 3propanedi 0 ﬁgﬁeans of a_si qnt or cont ai ni ng
léluﬁé}’

a coenzyne BFSUEPEResHie ot mrmbane EoF ?FPeSyé ?”F Flity of
coenzyne 1Bi z coointrivg @iy am dx;cmdhwgmhesiem@és mﬁmir@lrfer gro“glem&m &mtaodl ng
activities r Dl Bredleh
Applicants hgcé'tem{s?ér} e‘{'eﬁgqst at e%l p o) I em rowggm ME SI ngl e recorrbl nant
or gani sm capé’é?sé‘“o*fﬁtqw"lfé‘?%‘lﬁ ‘h@éﬂ%ﬂf‘bﬁc Eﬁ%lf%%"éir“sﬁogﬁowyfﬁef er nent abl e
carbon sour ceB dinictsuley atemc&de’cl f&ramﬂm:ﬁé mnmbﬂaeya@@eﬂienm: Bbaravai |l ability
to the enzyne iIs §Q‘k’1€e}a tﬂl’#ere el 3? Nge of B 3 Eersgnﬁgoggshlg nes. Preferred
na FE1Tom 53‘15%‘% ger )

substrates ar Iucose %g set Mt es

i ncl udi ngof ermpeghremwotemr yerves asghe blghgffeﬂwﬂ(@ﬁrﬁ) 33 recaptessfornd i xt ur es

t1 hgreof Thg aBERSANtaq h@V@%b%d%éﬂWl@S?dﬁnMQtﬁﬁﬁécér%s Mb%é?' 0- |or|0filuctlt ﬁn ?f
propanedi o]. conpr ontacting a transfor Wi a

| east one fercf’réﬁ RGeS %F%E‘r‘?{"g 'ﬁl}c}’fé’ é"ﬁ‘&eﬁ @fq’éb w\/‘gvegggﬂr{ﬁ)o”ff@ | east one

conpound sel eopiesioff BwB ardpresgntpsp celbnHowevenghogrowytasfaebal raedia,

hydr oxocobal faahamm"gr}ﬁg@m@s: 608,350 1 u %eslsy%thgfnggpﬁﬁfﬂ hd év%n gf oduced,

the transfo t .cell r|5|n él‘b ast .one copy, of a gene
encodi ngsza P %Vteg'l‘ﬁ%%ﬁ‘éif'ﬂ‘@k"aacﬂ Wﬂ?’&tg'%fgés &?3 gyi’“}(l g‘!ff”"f"é@s@‘eone copy of
a gene encodlmgoIaBpraisebneixassemgy aerobmmdoil‘adspbhame thcpdripldsyr reduiges at | east
one copy of Qhegiﬁ{}?acﬁ&?i?f%ﬁﬁ \9ithvzi ﬁé&gx&ﬁﬁ&f?ﬁr’ te?r( ?&Hiﬁa eRé g%e' n; (d)
at | east one copy of a gene enco Ing a vi ranspor

permease pr otdepaadent piocess)thajalsp seppireperstrarspyr of caleiyandn fags dwiligd vi t ani n B12
transport ATRffify birkdthd6 Bl TB@BQIB)KS ehllamw\l??ﬁleﬂt nidhetk isaéﬁd%n&:l@r 4 eceptor

pr ecur sor,nencoded r upt ed y its
coenzyme Bl Z ‘%“‘R{a‘f“’ﬁé 13 ngg&ﬁ%a?ﬂg ‘? hoé Cf‘ﬁt%@\grﬁw r
concent r at i ont pit 6o satyratingdlegels afill; |1|"h)s aféumy/é)r calgjumhdectea®s pitbpanedi ol

pr oduced frorme&&emg( iR, TdiPuseé &ec&m&l@me&o &ved straBiufhl Bldaich at a 0.1 to
10.0 fold nol ar tiotot

unt ratase present e invention
further provi 8@5‘1 t%?m %FCEQT?aé@P?@F’Nﬁ thfé’)“%f“i“@?é‘? one copy
of a gene encotivey ewefbitieicy. TanB atyoandgizydondrasemizrend wartsport fystemat | east
one copy 3gf %ﬂﬁﬂem%ﬂﬁ 'tﬂEQF A%Qt%%@éhggl'ﬁtﬂ B}KBEQ@SQU&W& eQELIVILY;

(c) at |east one cop % ne en vitamn recept or precursor
protein; (d) S&%‘e‘l‘se@§t°%$\é°‘8'b%yhbﬂ*‘e& i‘fé?F‘eOfé?'i@S’élswh%ﬁ‘%‘he roi5 oNBveber 2002
vitamn Bé-Zt Wﬁrd_bcﬁ&iiﬁimﬁﬁﬁllﬁﬁm&goﬁlﬁlaﬂd G?gﬁnﬁﬂl)ijblaftohﬁ)%éfm Wgopy_ of a
gene encodi ng.V).tam n r t 2- 0l ndi n rote ereln
Phe i cam n Aot Tedeltt 80hLARE Biln (e pitniesiic Bk Horlh Gty “er enent
(c) is disrupted by its coenzyne BlZ bi nding sites are not regul ated by the
intracel lular concentration of coenzyne B12, and wherein at | east one copy
of any of the genes of (c), (d), and/ or3 (e) is introduced into the host
cell. The invention still further provides a process for the bio-production
of 1,3 propanediol conprising: (i} contacting a transforned host cell with
(a) at |east one fernentabl e carbon source selected fromthe group
con5|st|ng of nDnosaccharldes ollgosaccharldes polysaccharldes S|ngle

o, o . L o . = o




SEQ ID NO: 2 is the nucl eoti de sequence for a Sal nonella btuB, encoding the
vitam n Blz receptor precursor protein. SEQ ID NO: 3 is thegsNdGéREEI B2
*sequence for a E. coli btywC, encoding the vitamn B~2 transport system
pernease protein. SEQ ID NO:4 is the nucl eotide sequence for a E. coli
bt ub, encodi-nYXME8t ani n Bi z transport ATP- bi ndi ng pr ot ei n. PGASPIHONO S
I s the nucl eoti ﬂe sequenc for. col | <§ cod the vr tamn Bi2
transport peri Shar@REE2e9/28 érrﬂer '"@é@%wm%‘cr tbh ’t’? dele&Sience for
dhaBl , encodi ngatheetiasubunit of the gl ycerol dehydr at ase enzyne. SEQ ID
NO: 7 is the nucl eot | of the
95 ;&w&@%@g RherdfidiancS0 28R4 o) i By d;gcs.,u@wxﬁ

gl ycerol dehydratase en nucl| sequence for
dhaB3, encodi ngreteias 9@9%% the dfuCGhdopgrare dbuf apdBipd} eemble BpspAR. SEQ 1D
NO: 9 is thesnugr&eins ete,uﬁﬁtguqraﬁpraﬁrﬁrcutma'gpraemoﬁrmuﬁlrabsm AlTPainding

dor educt th . PHK28- 26
21271 kb Ecol ST s PERARE Saies P b RE RS, SRRty | 1 (<

4

t he nucl eot i de estemabBge afidn lfathmsgh.t it élecﬂmﬁﬂn@ system egndenteataribhatrothesequence

2002 W0 991 53005 Lo SRR MBERD 1T (Bl e Soplest T ¢ he
i

construction of &?&aéétgf InyIXEindragsp W@E)ﬁlr\lg’é‘é‘n?“ ‘Pﬁs%m“ﬁbﬁéeéhs NO: 24

i s the nucll@ot iogeronagprarsae bt exprassed cwstittivaly p@lis a&2Ogulaisdbly iha ptdsence

construction of,ctghe; expLRsh fRapgssette for dhaT and dhaB(l, 2, ~) 5 SEQID

NO:2 is the nucle tlde equence for the glucose isoqnerase pronDter sequence

from Streptonyces. @THF‘!‘.%WIB@Q&RYP% onummatipgd gsippmtridndimeoi edent

i nventi on pr ovitktesuter m&hirate ;froreui:thBpgillﬁakd By integattion mj;hlhe inngsr opanedi oi

from e fet tent ghloGar HO0SRURSRd L. Betl LWL SSAINLORN AOuREZR0I o The

met hod i ncor porates m Ccr oor gan smcontal hi ng genes enco cerol

dehydr at asd¥ 1psnpln@pla@é@ﬁ @hd Mlh’dr@éf%toab@m%twiya@rm@@mﬁ@ @andn Bt2

recept or precurtﬁgﬂ(,&tugﬁ)othacgeﬂgsnencodl ng vitamn B 1~ transport system
per nease protein(Bt 2 trans ort

and 2 codi vitamn B
ATP- bi ndi ng protein’ 'grql} FﬁS’l ﬁ’?Bﬂﬁ E%B?fbétﬁtt“’s‘ﬂﬁr?‘:w tacted with
a carbon 15 sulss¢nzyme Bqndn thSGWSﬁaMtalmqnﬁamqirratiathﬁBoﬂi‘htt foemgpiowt h

medi a. of cellular coenzyme B, results from the activity of ATP:corrinoid

20  adenosyltransferase, encoded by the bruR gene. As noted above, the presence of
B, in media results in a reduction in BtuB function, but it is important to
emphasize that this direct repression is observed only with coenzyme B, and not
with coenzyme B 5 precursors, as seen by the addition of various B, molecules
to a btuR-defective strain. Coenzyme B, precursors supplied in the media may

25  cause repression resulting from its conversion into coenzyme Bj,. Control
appears to alter continuation of message synthesis rather than initiation, so the use
of foreign promoters for btuB expression does not necessarily afford protection
from regulation by coenzyme B,. An unusual feature of bruB regulation is that
repression seems to be as effective when the btuB gene is carried on a multicopy

30 plasmid as when in a single copy. This apparent lack of titration by excess copies
of the target sequences suggests a large excess of the repressor (coenzyme By,) in
the cell.

By gene fusion studies it appears that both transcriptional and translational

control applies to bruB expression and, considered together, these various features

35 suggest a mechanism in which a direct interaction occurs between coenzyme B,
and the mRNA leader. This interaction may induce mRNA folding to stabilize the
hairpin thereby blocking ribosome access to the translational start. The
requirement for a substantial portion of the bruB transcript in control of its own
expression and regulation suggests that post-transcriptional events involving the
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The present nmethod provides a rapid, inexpensive and environnentally
responsi bl e source of 1, 3-propanedi ol nononer useful in the production of

- pol yesters and ot her polyners. The following definitions are to be used to
interpret the clains and 20 specification. The terns "vi2fNoveribet 2002ept or
precursor", "BtuB" or "outer nenbrane vitamn B ~ 2 receptor protein” refer
to the polypeptide | ocated on the outer nenbrane of bacteria responsible

for the trarseehid NiB EMIpAYTEn Bfloende batly BRRE/IMdA Mdal throsphas® halsRibm,
tr~et hycobal am.n, and cobi nam de fromthe 25 cul turi)e medi a t8 t he

peri pl asni cndftiek Inpelyenentotiianispbekregipnsp geeplaiais breniarmesied fTuB i ncl udes,
for exanpl eattehtitiop c&it@dl m&nﬁfmdﬂﬂoswth&tnq)amwﬁs paiRsunadua FReRE behim col i
(GenBank M A, 12) (SEQ ID NO 1 )) and of I£anllat hrrrurrumf(;Ge Bank
MB9481 ) ( SHEEIptsrNge Bt impppant esw%towerterefe ratedyihirihg SEBLoding SHUHKE A%y st em
pernease prfhehi regdRtibifRktsbothttAfscAplionR@ptrasiaibecat ed on the inner menbrane
of bacteria, that together with BtuD, transports vitamn B t2 and coenzyne
B~ 2 fromthe periplasmc space to the cytoplasm BtuC includes, for
exanpl e, the pol Y@@ﬂbbl@kﬂ tERLRHRE bPihe pleSerd intntid iehodi to Bioldgally ﬁ@r@ar}k
ML4031 ) (SEQ I D NO: 3). The terms "BtuD' or "vitam.n Bt2 transport

ATP- bi ndi ngPioPaedichby theapspf a spatesrecambinagl Qraanim crataimiRga anmedivs i nner

menbrane of 4fefdei delydrithatentyd@ehRSikingiiechyBlabfhty flcBsiTPAE BS ty/ink @fdymeByt 2 or
coenzyme B ~ Z fromthe periplasnic space to the cyt OPI asm BtuD incl udes,
iy

for exanpl etherprrée%wfﬁerﬁn.gaeeseﬁ@a&é&cwlqsﬁep?rrsr'fts ehe'a1SPet: coli (GenBank M
14031 ) (SEQ ID NO:4). 7 25 Novenber 2002 WO 99I 58686 PCT/ US99/ 10356 The
term"BtuE" refers to the pol ypepti de encaoded by the htuE gene of E. coli
(GenBanl: Mt4031 ) (SEQ 1D MM@%M@%@&W conponent of the
transport systema ;ﬁrtem&ﬁzrmorveitrr@aae& prdBlBMd)&@F(ﬁlﬁﬁng@fngleldMlﬁaﬂf ase enzyne"
refer to the 5 Fy eptid responsi bl e for a coenzyne ~~-dependent

enzyne acuvP"tg?/'“f‘Pr a%palﬂe OE%rﬁaﬂryefa@Pe medipted bioganyergipn Efiﬂﬁ?'é‘?"f’faﬁb carbgh SRUECo|

nol ecul e t odidiy R psia@barﬁdiay%eu%@phanaladﬁravd@ to Eereniyhre lpem]aﬁb%@sy gk the
present invention, the dehydrat ase enzyrres i ncl ude a ycerE)Ba dehydr at ase
( GenBank UOE"F?‘TC‘)O B oorrsyortasnesa Perfesred sibsy EFF%&’%%'@“(SQ%‘P@ erol FAREAAEST havi ng
preferred sulstdditRsesHcl@dingGa@hRhtatle cabshydrateRsRRNEMOR bubstASRAE i@ty -

G ycerol dehydratase of K. pneunoni ae ATCC 25955 is encoded by the genes
dhaBl . dhaB%r8hd dhaB3 identified as SEQ I D NOS:6) 7, and 8 respectively.

The dhaBl, dhaBZTﬁ@ﬂeﬂhﬁ%ng@ﬂﬁsv.a&%rmrs fbiBe Bio- pﬂ)duaﬂﬂ oy1sqiawahéd$orof t he
gl ycer ol deh rat ase) enzg‘ , respect velé lgglqierol ?PSU tase and di ol
dehydr at as PCEMI P8 gonta teseé@"\%\h% [with at{lepstong ‘l?BﬁB‘H%‘i tion)
t hat bi ndBclze.mz A yamectﬁeamwaﬁtbfa|éasdonstB@h,9dnh@§waMedmm teé froep wﬁestargmﬂnt of
coenzyne recursor, (or vitamn coen

precu)r/sor (B’Fa“\)/‘iogé dr°x2§°bﬁgmﬂ'r é’édearﬁl%’a‘i\l\hali"ﬂ'é @V?@%ﬂbd’f"pé"%r@r ratr o of
be'[ ween 0. 1p1®ﬂﬁi:ea,(ihe ﬁ‘reﬁlkﬁhhédﬁho'&@el] b(ﬁn]ﬁ‘fshlgd(faﬁﬁta&et e aypy&;f a-ﬂél% e'h&}’dliﬁ‘g a

"oxi dor educt ase" é ga anedr oh i dor educt re 5

pol ypept i det”é))e"r‘é"é’b‘ﬁﬁ F‘EMd tgsp petiy iy dRAT st QR FpY a%ﬂ‘ﬁte"‘io "’é&é’é"d‘?% of

cat al yzi ng hdveng @dioieqictart adivity:de)0x kpst 0pé mpgbde@enéendoemg a?vrtmmrm.pedr ol .

1, 3- Propanedi ol oxi dor educt ase |lncl udes, ffor exa d| rf’@. ﬁ? gtr de
encoded by [SREPIYPEFIGRHECERIRY It 8§91 a@@%fgfﬂ%) "lfri’d‘”ﬁag’ eHPISPYEd as SEQ
| D NO: 9. Theysteil pebméasOROE T BndRe)at leastivde c@@@ﬂ@@ﬂe@@rﬂﬂin@ﬁitﬂmnﬁlﬁrm}&ﬂ 25

i nt h d | d th
or Fvat we o B SYNER B e N B RAR BB e FATPS P AUy SHRALY Il | gand | <

replaced W pdneaf blyslemXe) indisreptyd wiielydn hadnaymd 1B, bindihg sigsatcoivategalated byn of

hydr oxocobai,am n. t hyl cobal amin is &L vative o enz ~ ~ where
the upper adedjtrase 1@@8&?%@1% Icof'lzéﬂﬁg”r%“ (E)prle%rc,yérdf‘glr}'? ﬁ? r??%ﬁiﬂl? noi et y.
The 30 t er nprodyc@d GomBedpai)l Mhe éfﬁ:ctlu&&(fhohﬁl of eftaiin By, it frex dlletoi 10 BtfoMencddr coenzyme
B~~ where the r#itger axi a‘LLW'S1 ox%‘3 S -adenosyl ligand is replaced with a
cyano noi et {PHOTHEe PBPYHE oF ydIesR Nt and "B ~ 2" are used

i nt erchangeabl y tme irneénﬂa.bn ﬁ@dhbﬁﬁ&xh&é@:ayraﬁ@orﬁﬁenasyml dBmiprising: @&rat Mast 'bweels of .
coenzynme B ~ 2 upper. .axi a enos is replace
Gt anot hePoRic ARt SPETIERRFE e AT ReR)Ra ) b RREERYD Yhoup: and
the radi cal géeefdodig agpadiéih hé@hgaamdmdoilélaectﬁseamwtp,qemm offe copy op# géer sor "
refers to a derjivatjon of coenzyne B ~ w?‘f)re t he u#ger axi al

5' - deoxyadefRSEPRE p VHAIHE Brageqepisr é’&%‘HSO’R’F?‘G“e @LLePS) 8 PBY AL 2 2F e‘?:°88‘r‘}§§rre B ~
~ precursor wil | nean that coenzyme B 1 ~ precursor is present in the
system at 25 Noverber 2002 WD 991 58686 PCT/ US99/ 10356 approxi mately a
0.1- to |l 0.0-fold nolar ratio to the anpbunt of dehydratase enzynme present.
The terns "pol ypeptide" and ' "protein” are used inter changeably The terns
"fernment abl e carbon substrat e' and ' fer rrent abI e car bon source 5 ref er to a

T T 1 1. . o oy




The terns ' "host cell"” or "host organism refer to a mcroorgani sm capabl e
10 of receiving foreign or heterol ogous genes or nultiple copses of

- endogenous genes and of expressing those genes to produce an active gene
product. "Cene" refers to a nucleic acid fragnment that efNessdser@00pecific
protein, including regulatory sequences preceding (S non-coding sequences)
and followi ng (3" non-codi ng sequences) the codi ng sequence. "Native gene"
r efers to 1YtamigBperamport eysteth perménad proinkiide) ttt $ea§1Wﬁe tpyuf agaeensdipgences.

"Chineric ge efers t hat i S no at.i ve gene, conprising
 equl at or y R Batanpes A1En L Rading proteit, bt Yo Hareckonat ur o
Accor di ngl yprecurohprioein éhcfizt ®y 2 \geme0iTRlchisat (b)aguisﬁ:t)tea Yy &eqm&mesa gnstddnﬁg)m ng
sequences that are derlqu ron%%hnferent sourg , _or I% gu L uences
and codi ng YEYUEARIEEHRGIRYd PffeFonsnigalien oLeRtPaene Hypand Fperrig ablesth
manner di f f @fe@Bpy dfaapof thagenboote), (d), andbiifepis mtﬁﬂd@gan@uﬁ hgendl. refers to a

natlve gene |n its .natural.location. . in the n . 0 sm A
Moreignt o~ helBBreoul GERPRRdE e Ao DR Bomse IRy T ound i n the
host or gani manbdtbl colnpfising: $i) tontdcamid L @shsforhdd Hodkeceh ath (Hragrast s by gene
transfer. genes can coO se native genes nserted into a

non- nati ve % %‘?aﬁk?rﬁag’ﬁ? S%’fceéﬂf??g‘hlr@“{j@#é‘g’p cqisiyfipg plmonesacchatides, qone t hat has
been i nt roducgeshccmhoest ,btﬂysg@nmnes RBingR chibaimSifbetraia] gloderddy IS Rebky Setohbindt er s

"encodi ng" an codj n refer to r ocess en thro h the
Tehani ous FSTrREBIEAETEA b 1 lieeaAORT UL AP e e
sequence. Tie gmpe@ﬁﬁn@ofey@@dﬂbﬁgm&] SRR6dccblalaaiih, A0d afacbbelafitie Mbeebyncl udes
DNA 30 sequences t V%Ive ase chan es that_%é qot cause a. change
in the encoggcﬂ“’&?ﬁ o %ié’?‘é‘“"eg the frpns ‘t“ﬁ‘t/'b‘tst/‘é? IFRURT A Y 8K Rh P ORES 2l t er
one or mor Egeg%ﬁ&dﬂgﬁﬁﬁn[)e’{r&hﬁvu@(h deRydradst aatvit] Ee) zft]lcllélﬁttdné)&giy dﬂﬁ@@?l’t ihes m;] t he
protel n encode t he se n i.s t ore understood t t the
P vent i on SHEOHBELREE 3 B FhaHITHECeAt TG (R Sy oBet A tpeeone
Modi fi cati ofgitdnfin Bheecspatiftciesor prdtehh; &b ablsastleletop il gehd\&Rbdih @M Gitantih
substitutiops in the sequence whi ch produce silent changes that . do. not
subst ant i al Py "ARPREEYSIHEPF S PrEiTLy @ 'Bir( ?etaf'té’Ee BIPYrhd ey §’[}‘f°tdi“ﬁd "?iP'Bt ein
nol ecul e ar By, &hssport AMP LS ER-Biflding-priotedh SR 1€ast (ﬁiefcefﬁ)&iﬂa(gﬁﬁe dnBodik}en 16105

sequence Wwhj h re | ec ne of the or .which result
e s e 5P oL HERT Ry B e et SR E feaf v opR o B s ¢ o
al’g 9 f 25 éﬁbvﬁﬂ@ﬁpro%G\(}Qij@a%@b&Sﬁﬁﬁhdﬁ’ﬁEﬁta@S&:Wvb ﬂ:ﬁ%@reﬁﬁﬁle@fjﬂ@hﬁ&@@ ofthBus, a
coaon or the a no a .al an—-ne,. a ro opl.Cc, am no Cl

O I R A 0
gl yci ne), opromm&@temyyime@h&bifelemeﬁi(d(tms(d&uq)tedaﬂ]ereay itheenty@ie® Neinding

i sol eucine)., Simlar i.,ch result substitution.of one

negat 1 vel y firargent asiedl PoRtadBfoneaiinden slegharh ¢ i Meafer e ut am ¢
aci d)) or othe 1pgsofahadéd] prodhed deeh stepgi)due for anot her (such as |ysine for
arginine), can also be expected to produce a biologically equival ent
product. Nucl eoti de changes which result tn alteration of the N-term nal
and C-term nal portions BRIEHIEESIIR]PEION @EISEOMJENGMLIISMNIB so not be expected
to alter the activit in fact be
dosi rabi e to mkaPHLT vt g BRE EicdinnkBat TPt A Sl ey PNt B ect o
al terati on Représhatinnoif blgcletaideam,i\mnfo)AmIf quhmcmmtf’mlem A;Ehcﬂmonn‘(Amhﬂepr oposed
nodi fi cati ons, i he, ro he, ar

ot er m nat | S 15 4Eosintnsh B Bfiah G e AP B Tohh SR NER SR BPBuuct s
Mor eover, t HE199R), wnthd7€rHRslasﬁlrlemsgnd Appentiioat A sme{uqemmtsd“mpassed by this

St ngent | COBRITIBHaNGps LS agite tieddipedashoeido RtTsdteRGo L Thud

exenplifi edlnhaelemat Pro]ibrey Oeaimivdtion PWHEY) Standand S5 € 1998) drldahd Jequencey linsphg on and

transl ati on to odi.n the.s he gene
pr oduct . Thgq'f'% s oB{hng]B M) eg]é@tl%g‘]{[ﬁa" ﬁ% 5'(59%?3%'{ gg“tm“?gg ‘fgmhh Ctaxt ra 20
chr onosomal ofahefsdminisaftive rlnsnactroyi;)n The Mtpmmﬂlﬂemlpame cnmam pia:rdne tditet dode foent r al
met abol i sm of .t ul a ubl e- stranded
oA ol ecul Steoldh fienee B a5l b i e BE R Spifer kg e ences
genone |ntegmﬁﬂmhgwaeqméUEAGIYUBagadmﬂsmm@ﬂewhudekﬁeqmﬁd@emnﬂ13m®ah or
circular, of a single- or double-stranded DNA or RNA, derived from any
source, in which a 25 nunmber of nucl eotide sequences have been joined or
reconbined into a uni que construction which is capable of introducing a
promoter fragment and DNA sequence for & sel ected gene product along with
appropriate 3' untransl ated sequence into a cell. "Transformati on cassette"
refers to a specific vector containing a foreign gene and having el ements
|n addltlon to the forelgn gene that 30 faC|I|tate transfornatlon of a

1. . o e . Y o v o o o e




for the intracellular transport of vitamn Btu. The genes involved in 5

1, 3-propanedi ol production will include a dehydratase gene (typically a

- glycerol or diol dehydratase) and an oxi doreductase as well as other
proteins expected to aid in the assenbly or in maintaini2HNovemissra00bity of
t he dehydratase enzyne. These genes may transgenes and introduced into the
host cell, or may be endogenous. Genes responsible for the intracellular
transport 03030i(1985) dhdn the Bioshérhicdl Oodrigll MdeNAR): 34586578 (1938) whitkeare heenli Nng a
vitamn B ~, ~ recegég{ﬁfrecursor protei n(BtuB), at |east one gene encodi ng
a gene encolfHBEE BRCF'B°¢2 t ransport system pernease protein(BtvC) and at
| east one gene eSEQUD MY:VisttidAudleBide sequeh@TSTIMIA coThuR)iencbding thy ifaminBf{, Bt uD) .
At | east one of these %Fnes will be a transgene and introduced into the
product i on CEFROr PRGRSPINERor med production 15 cell is then grown under
appropri ate condsk®mmNJ:Dis thdicRbRdequedt fofa Shimorpll® praBasitsing tecamm nant
or gani sns cgntainin t he necessary genes that will encode the enzymatic

pat hway f or PREECHBTRIEECHROGI™ a carbon substrate to 1, 3-propanedi ol may be
construct ed usi ngEQ 8 NOD: 3 iseke melebtidernemdndeFort V& cali buC) dhcbdif thE eifdiih BZ0

i nvention genes encodin | ycerol dehydratase (dhaB) and 1. 3-propanedi ol
oxidoreductE@Emvﬁﬁg?TpW%Fg“ﬂ§gﬁated froma native host such as Klebsiella,
and toget her w t BEQED&D:£RARAIGRoRIcWE,vehie s a £ BbM BruDhéndbding b uidniikBYD) , and
Bt uE (bt uE) isola$§€ fromnative hosts such as E. coli and S. typhi nmurium
are used t o"¥FRNEALTRIPABEP AR ai ns such as E. toll strain DHSa or FMS; K
pneunoni ae st r ai SEQ T NTEisdmNicleltide@¥ytle@dorsd K. @b bAE nc&ilddkhovitavhaB,, S.
cerevisiae strain YPH499, P. pastoris strain GIS 115, or A niger strain FS
1. Rati onal BBt ARRBSMYRET®Fhe production of 1, 3-propanedi ol from gl ucose
can be acconpli shed IHNG:68 theucRYERGeqiRhdESr M8 BleBRRing ThY & subBhit &Shd S
representative of a nunber of 30 pathways known to those skilled in the
art. G ucos&lysegoldehdetaseenaymea series of steps by enzymes of the glycolytic
pathway to di hydgpe Y ars.? RehdRRBMRALEqehidN) 2788 eﬁcoemgs%%mm%@ﬁedehyde
(3-PG. dycerol 1s then fornmed by either hydrolysis of Pto

di hydr oxyacelyesne deinidrtase enzymeed by reduction, or reduction of DHAP to

gl ycerol 3-phosp 0 ! . is step
can be catal yzed ?%&ﬁﬁﬁﬁéﬁg?k%?&%éﬁ¥ﬁﬁﬁsg%ﬁ%é%ﬁ%?@gﬁéﬁaﬁ¥g “ggg%knomn to
be non- specgly¢erolielydratass parytnet 0 t heir substrates or the activity can be

i ntroduced into . i .00 Ther ct p can be

catal yzed by a I\aﬁ"?;Nrﬁ&%M@%ﬁ?ﬁfg%Lﬁgés}tfore%?{fnegg%@g{lﬂéb Sgetclzltg ivity can be

i ntroduced ¢p¥idaedugsedrmgimeby reconbi nation. It is notable that the dha’
regul on contai ns B2RAR 39 T 99/ 10356
dehydr ogenase f E?%??¥ﬁ$h?£ﬂgf%aﬁggﬁgggggfﬁges thg%%gggsgﬁ%Fgﬂéggction of
Equat i on 3. fr@gmenteaplainizg the @ opetan (Equation t) 5 3-HP + NADH + H -~

1. 3- Propanedi ol @W§*l' i + = .

(Equation 3) 4 y%%r 0 %E]g%%é{raggé}df cg)% q)fg%% géré&% %lf)m%e}ﬁgéw{] %t? Jr_ritgdi ate
3- hydr oxypr ssabemaisga inthe ¢@strRyiomef thaexptrssion vretor pTaskd i n detai | above. The
internediate 10 3-HP is produced fromglycerol. Equation 1, by a
dehydr at ase enzyne whi ch can be encoded by the host or can introduced into
t he host by reconbination. This dehydratase can be gl ycerol dehydratase
(E.C. 4.2.1.30). diol dehydratase (E.C. 4.2.1.28) or any other enzyne able
to catalyze this transformati on. dycerol dehydratase, but not dio
dehydratase, is encoded by the dha regulon. 15 1, 3-Propanedi ol is produced
from 3-HP, Equation 2, by a NAD+- (or NADP+) Linked host enzynme or the
activity can introduced into the host by reconbination. This final reaction
in the production of 1,3-propanediol can be catal yzed by 1, 3-propanedi ol
dehydrogenase (E.C. 1.1.1.202) or other alcohol dehydrogenases. The dha
regulon is conprised of several functional elenments including 20 dhaK
encodi ng di hydroxyacet one ki nase, dhaD encodi ng gl ycerol dehydrogenase,
dhaR encodi ng a regul atory protein, dhaT encodi ng 1, 3- propanedi ol

oxi doreductase as well as dhaBl , dhaB2, and dhaB3 encoding the a, (3 and y
subunits of the enzyme, respectively. Additionally, gene products
designated as protein X, protein 1, protein ?, and protein 3 (correspondi ng
to dhaBh; orfY, orfX) 25 and orfW respectively) are encoded within the dha
regul on. Wiile the precise functions of these gene products are not well
characterized. the genes are linked to glycerol dehydratase (dhaB) or

1, 3- propanedi ol oxi doreduct ase (dhaT) aRd are known to be useful for the
production of 1, 3-propanedi ol. Coenzynme Bl~ that is bound to glycerol
dehydr at ase occasional ly undergoes irreversible cleavage to 30 form an

i nactive nodi fied coenzyme which is tightly bound to the dehydratase.
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PCT/ US99110356 to glycerol. required for the production of |.3-propanediol.
The term "glycerol - 3phosphat e dehydrogenase” refers to azgq\jdr,gﬁ,%rg@oz

. responsi ble for an enzyne activity that catal yzes the conversion of

di hydr oxyacet one phosphate (DHAP) to gl ycerol - 3- phosphate (GP). In vivo
G3PDH nmay bevowssssdNADPH, or 5 FAD- dependent. Thé".NADH depemrdentsogrmassne ( EC
1. 1.1 .8) is encoded. for exanple. by several genes tncluding GPDI
(GenBank Z74071 x2) SEQIDGO 2 (23anBerihery 884 G0 5he cphstyetiqBRIZXpressiBank (084182) ,

or DARI (GenBaéyforgggglz# &ént-inveliBoNADPH- dependent enzyne (EC 1.1.1.94) is
encoded by gpsA (CGenBa IE

. (cds 197911-196892 and L45246)
The 10 FAD- dependefEQ é%ﬁsrjé‘%(‘ﬁéée t“fie%@sfequgﬂ%rf&foa‘éa‘stw "@@2@?
Z47047x23)) ofn tgbp&)s(r(ietltﬁaﬁkhﬁxj)#k?ﬂ&&)a,ssene fay|dpABEd GeBRAAK) l\/20938) The
term "glycerol - S eﬁ%p% Lble for an
enzynme act?vr ty th ?539{3’3 geS{hghga‘?:ooltr?gé |oﬁ¥§$9%*zl§§(gr%o - -p%hosphate and
wat er to gl ycergoteFaquehnes SEepABEGshat e. 4 ycer ol - 3- phosphat ase i s
"encoded, for 15 exanpl eDwatILCﬁPUESC@PTEWOE4“HI41MmﬁbN or GPP2 (GenBank U

18813x 11 ). Gene JII'E e g en?tmg/btﬁ)n\ﬁecrvxd)f a?rlt)etthodr}lo{llﬁolggl !{1 y proguenes from a

bacterial genone a nol &cul ar bi ol ogy.
For exanpl e) ilf-propansdiqlpme feormentablegarben sar¢eniowsinglouecaapiirangenoni ¢

i brari es 1978y oR8nisie athe theéodiRdkpdriibd mnc?&réﬂﬂ%ﬂé&ta@rﬁﬁéfggieg@&wm@ and may

be screened V\n&ﬁn Ierrent ary to th desired uence. Once
t he sequence sﬁr%fgﬁ&z@&m pRpansdio! e faps 8§ ﬁ‘ﬁg ’?f’d‘a‘Pd pri mer
di rected anpl Bfj mtptmmrmmm&)umgemsnmiggrmmwpvheanaparemtemn (PCR) (LJS

g 6?3 rz?zt et \?gct or s?rbrglgm é (n%?l% ieseldl:(gcd?@mﬁcf}rﬁﬁg ari eé%n@b%&c a?gd
V\:ﬁgl’ epl arge sBYHin(BUD @'WW%’SQ’&‘H“%)S%?C‘ lé)a/@éﬂ into vectors
and used 19 t subReieand &Bﬁfrmhetﬁtles hoﬁteaﬁoﬁomagfbmmte&as are uni que in being

abl e Lo accommodat o] Qg QAR biER: 2hopl e GRS Bld BRIy roct or s have

at | east one copy O g ey r Backaglng and
subsequent ci re@mrmhlqwrcmféﬁ-rsopmn@otrommrrganuemmmqpauiﬂlptwrmf to the cos
sequence t hesgoly@edrPhfd dthérlpofinfe@s.cont ai n an origin of replication such as
ColE 1 and drug r _Eé%)nce {.kers suc (gqene rzn ﬁ?tant o anmpicillin
or neonycin. Metho °‘d§tgnﬁ‘§ GeRs 4e {p "B? OARFPIR G YUNS AR nat i on of

sui t abl e Pact specificathost s are wel | descri bed in Sanmbrook et al., Mol ecular

C oni ne: A Labor at e, A@g’r%&m,ﬁgcqp&pgd » “ )orGgHg r Sefbidge 35 Har bor
Laboratory Press, D& r|n jcally to c one
2

cosnmids, for eV i'%ce ‘QbP gteeu réfﬁdtolq“ig léRfP“ 1%64%‘ SBMFopri at e
restriction emembtankefibascriaaelpansibie fdrahe thmsmosoficogizpme &5t he cosm d vector.
Cosm d vector eacted with
a DNA packagi ﬁyaﬁg{lﬁ?%‘fu‘mﬂﬁfgbé’&ﬁ’g’i’?gﬁ%ﬁ lgggl gﬂd ra?{lt&e ﬁﬂg%be;c kaging |3
25 Novenmbé? 2ogelrw@9r<5®esenniemlosw 1033k prpnsesef ttwe%fat WVeAtioBs  ar e

cl eaved and tBﬁxB‘mélou@wdeI&emmse RRCHo@aMd ehdvided bhexelbamﬂgdaeytﬂ on of the

bacterial vir art.i ¢ e t 9,,t ransfect

sui tabl e hostg.sch mh'%ﬁOIe(Ge E&N@ﬁ”j&éﬁéfqm )e ‘ﬂ%%ﬁ't' né”cel |, the

forei gn DNA chphiniuniumAGenBankdY8948d) (SEQ IRNOR)of the cos sticky ends. In
this manner |arge ﬁé@ﬂﬁ?rﬁﬁc’otr‘fv%ﬁin%y %p%a@yhanbsﬁﬂea@&admand expr essed

i n reconbjnant .host, cells..]sol ation an enes encogdi n~el ycer ol
dehvdr at a3® ( FREIA? thﬁr?dlyf.c%“dﬁj‘o“ﬁé?ﬂé’dlt?ﬂ ‘“B‘?(l”&f'o’rrl’éﬂ%é’? g%‘g ﬁ‘é g?\}g‘trhods f or

the identif cozitthrmD.rtchns;mﬂsarttmom By, adth ed2naymle Ehzaﬁrormﬁre@edplrasnm@pzessentl ally
as descri bed gyl G886, e ,aaqdéaero?%zsgrsprtcaregm@tmetam@as gace. Cosni d

vectors and c{owgr ﬂtans @rrratr on hin the context of

t he present BEnSAt £ sod (Genbank M0 DYRERLR NP 3henoni ¢ DNA from bacteri al

%egera knovvg t 0 poFkeeAngdBied” oretpabxhﬁl Bf; tRhgoassTmbinding pesteih™ tefer to I |
pr opagedi S re anal yze

and DNA s%géuefr?tlm gﬁg%gd"%°°g{eﬁ%§ PR 4ns"|P °3‘§° r%{'e O?Pgaeagt Ihg{tggaﬂff%@r ol

dehydr at ase gBWE, frapsppits rw@rzgr@qmme B g diaom ppatnlafgn@ﬁaﬂsetonb@e

trgnzt;] orT mant scy fs%tnsdmmd ulmcrbdk%;ﬁét%eqi tqiteedatamdbatta%&ene tflhan
an aT were |so c I at e expression cassettes for
co- expr essi onf§fi © f@i&ﬂb O@S&jlﬁwgiwx)encodr ng B ~-, transport
functions. 20 Although the instant invention utilizes the isolated genes
fromwithin a Klebsiella cosm d, alternate sources of dehydratase genes
include, but are not linited to, Citrobdcter) Costridia, and Sal nonella. B
~ 2 Transport ;genes Rationale for B ~ 2 transportgenes 25

Adenosy! - cobal am n (coenzyne B ~2) is an essential cofactor for glycerol

dehydratase activity. The coenzynme is the nost conplex non-polymeric
natural product knomn and |ts synthesrs |n vrvo IS d|rected usrng t he

s o o, - o o o o - ~n AN
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division. The avail able pool of free coenzyme B~~ ~n the gg|
i nfluenced by the rate of uptake. the relative affinities of @M%r%&%

DhaB for coenzyme B ~,, and the concentrations of the nRNA and DhaB. Si nce
upt ake is reggyesskeyen using B~~ enriched nedia. an | nport aperhshafdssy
determ ni ng whet her the uptake nmechanismis restored will be partitioning

of coenzyme B t2 bghyween "BheE Trefgtsltatierpolypspideencdied By ecpresginemtand DhaB

enzynme. This pre N5 Pindds SEalxGISEy EhRntQortisoenzyne B
~ 2) being reg:)o(ggﬁﬁ%B%agﬂuéﬂa}ésm(P?rrﬁﬂ?]a?isnons ﬂk EaSSe of&?’redloa cont ai ni ng
coenzyne B~~ paesPanspiemin pl ace of coenzynme B~~ may all eviate the problem

but this will 10 omhyteags %l?@f’ﬂl@éﬁfd}‘al&%i dr Sdehgdathdeenkymé’sper foalle pr ecur sor s

will be copverted t t he,bt UR- encoded ad nos Itransferase
te eyt oSer PREHRAECTRRBREIEof ottt RiTERan e el SRS A75r L
synt hesi s fr onamblend ysomeBzing 21 cayaitiag iaclycemlrpioletule & thepragictbt uB expr essi on
by cl oning Oner"df'dx?&B ,oasxaamdelspmad uﬂpeseg BPﬂh@Béeéin mveﬁhdagxhef B~2to

menbr anes and ncr ease rates o land 15 L@gzﬁ b e pr onot er
is replaced, Wedraigsesnamesipn! ‘éJ §'y5-ﬁ idghy &fatﬁf&%"ﬁﬂa% gﬁé

regul ati on. Banda Hiohdehydratase (GanBaak Dd50A ) hagug preRrad sybsuates of giycans por t
system  Sqyer gl PB%Sﬂaﬂalarg ﬁaﬂwlggé s;cefm aafvarataeaw n@wpm&e&? cThe 66

kDa outer nenbranée recept or or a enozé aquo- ,
cyano- and meghds 129“@6%P>a%ﬂ§“°él4ﬂa@hé‘"€6‘? e fradd| ideg
Transport intaoe Measd 91’3’3&[&1{/&9{Ull‘hcedhdmedhdHZQhﬁﬁthXFgeﬂés cBHuBJr\l\het&] a 26 kDa

weross the | nielbia e dhA B RRABL Mo RO TR L e
by the btuCEDddyérmeaBﬂdr@l énmd@mﬁmwmeéomplawﬁwh ap poft 3 fbundqui ri ng a
peri pl asnig blc&qu.d%maebxadc@aﬁyﬁw B#af 239 icHidiReddi.Ndi ng site. The
outer menbr ane. ot otBr A aﬂa%%%irf%&e%ws e Biaarsnrpelet St o ier © 1"
nmenbrane pr ot eican Fangpearnund Be @errgy (aopemaedy,) tsipasedton tieispsierantia bi ndi ng t o
periplasm ¢ Bl Chd o%bcwe@nb%aqmmnaﬁogtoftw@éhwaag@aam@ to the inner

menbrane protelns Bt uCD cation to cytopl.asm _Anplification
of 30 bt UBCED expr &B%ieHRS tﬂ?"‘b ‘BQfF‘ﬁ@e o MTW?%BW’;SP‘&QQWB@*‘%@F%%

i n::lr easedZ?l [\dleﬂ@lﬂ:ﬁptﬂie(s) réspommfoalaﬁn;mm;[ a_cll_mmyahaedcapalblesf aialymﬁgke into
cells sol a r ne si on

pi asm ds t hat h%gc%ﬂg@f’f iy (ﬁbweb (?Jm}a hg& fe @?@QE&O@ 4 wé‘f"@
constructed f gKidpigdugtasg ingindes f?freaﬁ@ptfr fhe@eh'e@ndbpmde%bn@e meusfnand bt UE.

The four 35 g@@amamemwmombm)layd BGRME@Q;WHBWIH c primers and E.
coli chronosomal The“four ] ed 100 er on expression
%‘g ‘CB’H p anz%mg an% HOS corE%J ZFOI'

pl asm ds. Al expr lgs&% & ranscri ption and
t he nati v@S bt interclipagenbly blmﬁgd@xv@nﬁwcmlmw é{ﬁdmoc@a@mllplsabm d al so

contai ned eit Qgivahve ofcod ef@,,wﬁeacﬂuaﬁgaaamrs-a@dxgsdene n. igoli on nedia
containing a illin or%I ‘S mer, 6 PCT/ US99/ 1
B56 gene enggeé’? E)A&'h‘hﬁrha K& oL - ﬂ‘éﬁ‘:?'? Ql’set 58@“?’6? tion on nedia
eont amng chl ohpdrpkenbaahin. Mebylcebabmigisthe ddrivatys qf(cactnzmme@neWberbher Col E 1
or pl SA Hogtfe L@géxja%:ais ée%i?}a%eﬁ&?{hg%h ére{alQEedt\ﬁﬁ; d1h ?i*?ﬁ&lé&@t THE oduct i on

1. 3- propanedl cQoexpr essi on o ne. enco a_dehydr at ase
enzynme and¥t h&¥geRranorhalagy %lEI“éedf‘BFe F‘h‘f’r‘%ﬁ‘c‘gq‘l"%ﬂ"&t"f B""*UZY‘P‘F Qr?s‘ﬁ%‘?'? may be

ei ther prokar yhetuppercixiat kdeoyys'tadersusgl ligahd isreplhdediwitha cyaho/mbigtyt [Tdier abi | ity
to express ac reheny |y useful
for plrooductl o#n\é? ‘%%}{n (Si)antcaldlia a‘;gugﬁ%ém gLa E’E mtr&g'so&t“%éégja‘éﬁ% Y

Ent er obact er . c@nayne Bah GWVW%C@FWTUC%QG@&@t‘@UPPE%@Q%baC| | lus. 10
Aspergillus, S%h?dd@%é??ﬁgan&%ﬁl@@s’ﬂ@ﬂhﬁi@iﬂé?ﬁémdZtﬁﬂ%ﬁ@fé”'&{ auwces, Pichra),

Kl uyver o rda, Hansen Tor ul opsi s,
Met hy| obglé er cya@?c?fe’Pf‘EHlga?“psﬁ?[iw@ﬁéﬁecé'?s%&n? |c$*g§gl)alg?xpe biBes and
Pseudononas. NastzymeB prpreqirson’ refees toragleeiMation oy evenzone Bewikere the lupper

Kl ebsiella Sp%ﬁhleﬁde déﬁ%mm ?@a&@eﬁheafecé@ dmoun®! dfcocpRpmbar omyces
speci es, and Kl ebsi eI I"a speci are bl cularly, preferred hoSts. Strains

of Klebsiella B‘GFHSFH'&B a'Feé“ METE%"*T‘?%‘FSS‘H&H iSyHtemabn grown on
gl ycerol as the sole carbon. It |s contenpl ated that Klebsiella can be
genetically altered to produce 1, 3-propanedi ol from nonosacchari des,

ol i gosacchari des, pol ysaccharides, or orfe-carbon substrates. 20 Vectors and
expressi on cassettes The present invention provides a variety of vectors
and transformati on and expressi on cassettes suitable for the cloning,
transformati on and expressi on of genes encoding a suitable dehydratase and
genes effectlng the |ntraceIIuI ar transport. of Bt 2 tointo a swtable

1 . o e S ~ - o . [




25 Novenber 2002 WD 99158686 PCTNS99110356 Initiation control regions or
pronoters. which are useful to drive expression of the rejsNaMmEs 2082 Of
the present invention in the desired host cell, are nunerous and famliar
to those skilled in the art. Virtually any prormter capabl e of driving

t hese genes woomsssseabl e for the present invention includingpeutusofiosdsi Mt ed
to CYCl, H'SS, GALL. GAL10, ADH, PCGK. PHO-, GAPDH. ADC |. TRP | . URA3,
LEU2, ENO TPhprrasiefatdiy f 0r1- exifx@fdd owlar muSdc dlearnmmupcedehydedsel (useful for
expression ineRhahi Qleen@nd lac. trp, ~. PL, 7-PR, T7, tac, and trc (useful
for expression i'n coli). TermnatiqQn control regi ons al so be derived
from various genes IRatErRR WI’FBH‘} h@nd r IPERY QFF #3641 erc@g%ﬁm ly, a

term nation site nile eemutfesnasdis garboncubsiate,” and “fesnentable qarwheoured’ | f

i ncl uded or t ncodi ng t he
enzymes. are. | Fared satBn BHECRpRAD oPbeibd e RTlATh, AOE YR DG

expressi on coResYt lm%gilwdmwu ¥ carbem pousess seqtedsfiom ¢h q&ﬁo‘ipne formatl on of

* the appropri ai:&xsisﬁngﬁﬁﬁx@ﬂ@%ch@i&s di [g@@di.f:lﬂfn'ﬂ@é pORsRthaided, @tyc@mhost s and
expressi on of

ctl 0 nediol Once suitable
cassettes ar edg‘é’agof(ﬁfg{oélﬁ mt“hg eonlfgg%m{e&of ?’Hﬁ%rf%&'ﬁ{egt)pr opri ate host
cells. Introducti ofh¢ wros thest ¢¢Bspr ‘Gwist orpdnisnherefea ysemiceoarganisal edpabjet he 20

genes respgns bbleeelmr'g fbr@ffzh%? ﬁétleﬂéic%u&e%eg SrARRARPE oftes (‘{F'elnhog’éﬁoﬂsl gép&r ol
dehydr at ase (dhaB gglge oxi d oreducta (dhaT), "either

separately or 2} 5’:53‘“5115595 W%ﬁb‘éf“ﬁi/g?«“r‘f “ﬁ?‘ocedur es such as by
transformation (e. 8Geneliséfery teahwdleiorngie fragradit thiar expresses sspedifie ptotedpor at i on)
SUpr & §r§237ﬁﬁ{°h%p%*§ée%f@ SeTanes ﬁ%ﬂﬁ?é‘%’ KR seoh B0 1 et
encodi ng gl yc&llovingEyaentoding seaueaess) CSd’BHﬁSI&ﬁ‘é‘Gl oNa'b%&?B? defsetase (dha~,

Bt uB (bt uBj, Brgaﬁ dstfbui{d-in n%td)vﬂbitﬂ@mregﬁﬂtoﬁt tbﬁuér%b:uE)meﬁTﬁtS@d eto trglnSport
vitam n B~~ or temalalntotec as to ena e

U vom ot Caeno IFER AV RnPhd KBl Ale TR St MU RUESRL

Fer ment ati on mur:@pes that ﬁenpir@mwgﬂhvenmw meserdmngin, achimenc gensl e car bon

substrates. Shjal abmpriseiesilieiyeeqibaYes 48 Louify @dherﬁé@thﬁ%e HdriVedl &€mt O
glycerol) dih gtﬁo acet one, nosacchari des such a ose nd fructose,
1) Gosacehar | O AT T el DRED SRouess G6Lcolii ok braier et bRt ae ot ar ch
or 35 cel RQl osmne spurae] kit arresget] lrea mafjer difterenn han ithfat évindixsares from

renevabl e feedgjpy g&mg&& @éfe&*aﬁsggpoeﬁg%xe %mﬁ A RS ERnbindypr . sugar

beet npl asses, Itiona e carbon substrate may al so
be one-car bona%ﬁ'tgé?*?’&t& E’?t&f‘h%she&i? BWdBﬁ%l‘?fE’sd?aﬁéﬁq{%B?U“aibr whi ch
met abol i ¢ confomndiithe hbét@rgamisnd) baokigioh Bahtrddatarinddhakas olgasisth ®gn

denonstr at ed. n from
single carbon sour ces ) ano or nal yde or
genk trangfer. \@Q?Pgéneg g%%@%ﬁ%gggqe? Rl RAUELLE
formate) Bhs DESHSTeRfIBeIC §enpfetiyrasgesphise appathekhas besndamodicedr) | Agri c.
Bi ol . Chem . g4 e gerddmé¥h3a trinsiftBion proekdure. bacteria (Hunter et al.)
Bi ochem stry, 24, 48 41. S »198% These organi s n, assimilate
single 5 carbon co‘ﬁ%g URas emr:%{ir'l'éq § %db% 8§$rt8%1g3r3?859$¥8 cpngtgﬁténe to
formate, and pwerghd gb«;l@etsmlso mcquatohwac}tr@tisla@anqumssmmla@ agd can be

through ri bul ﬁeﬂﬂénqﬁb %E@%?encbbx"n W3Pecfid dn'ﬂﬁo a@l sd Eﬁﬂég}fbludes DNA
xyl ul ose- no =ot lgygghal ism ,Second Edition,

I Met a
Spri nger - y("V?L gs¢ changes &‘f"o‘{ﬂ RS Y55 A SRANEE BHbE e pat hway
i nvol ves t he cxmodmwocacldodr whichintel vevbdsh clizRiges hitivsay aligplvosptmbe to form a
6 carbon 5U9a&nlx@%nd@%‘?H@ﬁot&?ﬁé&%ﬂéﬁm@&%f%&ﬁ@rﬁ'&' dehéJ?&eﬂm%@&ie& gybon

product gl yceral de-3-p' r~osphat e the serine pathway
assinm | ates t%%sﬁ‘ﬁFB‘iﬁn b'éﬁlif&fﬂ'ﬁ ‘F‘ﬁ?rﬁfo?%@a‘g}h?ﬁ’dF%q“(?“ﬁH{‘W? vi a
met hyl enet et r moydthart the3pezifid exemghint seqterices. Wlodifizaiohow thd sequencadcit wo car bon

Substrat egs R AL U fond S QUARK ST HEcRlRE: LRNBrdBodlifche 2o & nurber

of ot her CTarbon-con ucosam ne and a

variety of ani:h?@g%ﬁcth@tsiof@F S%\ﬂ&!ﬁyb’laéfeﬁdhﬂ ﬁquona!mmpmmém resytingy | ot r ophi c

yeast are knOPMtéi@niéldchl'eéﬁ: dSecofRd J%%delaaépamsti&mfe(géﬁetrehal ose or
gl ycerol (Bellion et  al

nmp 7th (
1993), 415- 3zs°qemcea¥'w§5fﬂﬂ%ﬁ5ﬁm%seneﬁﬂcyngegfrﬁ"ﬁcﬁeep{ ‘EﬁﬁX’gP ‘li%bl i sher
I ntercept, Anm)demonldlﬁ)i ch&umllyaﬁqhw)alemammnuacnd pecgieen mfe fandi da wi | |
nmet abol i ze al anine or oleic acid (Sulter et al.> Arch. Mcrobiol., 153(5),
485-9 (1990)). Accordingly, the source 8f carbon utilized in the present
i nvention nmay enconpass a ~rride variety of carbon-containing substrates
and will only be limted by the requirenments of the host organism 25
Al 'though it is contenplated that all of the above-nentioned carbon
substrat es and mxt| ues thereof a| ~e swtabl e |n the present i nvention,

e oy o o, o -

Al




25 Novenber 2002 WD 99158686 PCT/ US99110356 coenzyne B ~ ~ inside the host
cell be approximately equal in nolar concentration to th
. dehydrat ase enzyne. Culture Conditions: Typically, cell s%g?“erwéﬁ\tgv?n@%?z 30 C
in appropriate nedia. Preferred growth 5 nedia in the present invention are
common conmer svaddsgeger epar ed nedi a such as Luci a Bertani (LB)POTAUISY/ 10356
Sabouraud Dextrose (SD) broth or Yeast Malt Extract (YM broth. O her
defined or synt$netemplaiedwkhssendan fajheamipo pdd alapge- 2y dfaplobip APEwr i at e
medi um for gr ovdcid, fay bbb Guiptititédchyl Adodon edcoding anothen lvds lhlyddophdbivonesidiy soneone
skilled in the art of m I B At hence...The use of 10
agents known to's‘ﬁ%‘aaﬁlggi%}a?%ég)? gg%qqgg{%ﬁépélgrg%ssﬂol% (%}%pégﬁlﬁ]@bl?ucll?\%?rr ectly,
e.g., cyclic adeslesined 3imikrlynehangss sdisaesult ingybstiiugien peonermegatiyelvat ed i nt o
the reaction Megiagred Ristub & othbiSudheS affanRURIA for KW AGd)MBibAkat e
enzymatic activities (E. g.d Snél EEOllrt esh i SEEPB’I Ie? and al kal i ?28 t hat | ead
to enhancenment RASUYFlCEFEEd I5PSHT Y pRherishe S108 19T ArRYAF RSP th or as
an al ternative ¢xpegehetpraduce abpidgitallp aquivdlént Sraductb Naiclebtideanhgrgss facicht he
fermentation ar@sﬁama?ﬁmfﬁhpmt&x& l%n(pCaWﬂﬁﬁzﬁ pBtdofs Of th@pldif- 0 1S

or . th g may be

preferred as the range e Initiral, condition,  Reaction

per formed under MaEFWH UG RISQIEPIPECIRLIQFHIEY tB?l%‘:‘WHéPg‘ 8 RERSIB | rsogye

m cr oaer obi 0 comedst it afag imfaet pr debeabled. mdke meaitasf thnsquatde Thadanesent
invention may b r ' ' ' f . t - Ok, GOIH.4 NUOUS
processes and tﬁ‘é@ ‘gﬁéﬁﬁ%ﬁgfmﬂné%g%%%@% é‘)rlﬁéﬁqg%tf@ﬁ%&oﬁﬁlpggﬁl& er ﬁﬁ%bg.

Addi tional |y, iRropesetmadidispions égvelhwithip ghe rgutipg\skileinithgasbhips iszed on a
substrate as WhademaRlibn 6fvehiisd & bidl6icdl Ategdyan tHe@néRledBridags.on condi tions

for 1, 3-propan oi production,. 25 The present process is enplified
herein as a bat ﬁ'eﬂ%‘tgh'gﬂgﬂhe#)ﬁ’%ﬁf%’?%%tﬁﬁsﬁ‘i%ggeisfﬁ‘fo"ﬁ’éfsc‘?ﬁ& ggﬁmnt ation is
a cl osed syt ennwintipearelabsocisfipaidiyttheinatolity i by brisliieaundsr ggogeat candigiobegi nni ng

of the fernent gl |RsRNG. RRKDSUES Q@)Ewm@tmrst:égfe?ge'rs%%@{fgg%&{eﬁﬁés mggir;nigst he

fermentation. us, @t@ t he, bee]r?-' nnl,,n%fof &l‘g

i nocul ated with the 8T FXBESIAN SHFSo BE FanicERpEonAnd SRS IR 88NEt i on i s

permtted to oguuducaficinngenotddinggfot the séymesoesif ¢ gehsy priodadt! y, however, a

batch fernentation iﬁ:c"té?ﬂl%c‘\‘gl'élsﬂll\édt’ hyE&SPefh “E‘%Fé&e b L e of the carbon
t In

source and attenpts are o n made at control g tactors such as pH and
oxygen concéht rfqrepsomatclement 9Ben cayingagnes Whelsare spimspaf thegfaradf t he batch
syst em change ocfaasbotishlof theell Cantd ueually i the femi 6ff dietibbddublt-standddampaed. Wt hin
batch 35 cul tur | I ou a static. |la hase to a high
oronth T og- phaciieii SuIPHEhBkewhybOHAh bRk fich ik BARREs Pndpid 9,
di mi ni shed or Haleg@tng seruenses: Phage@r neaktdtide sequenres.dingarioppizgujarpifase wi | |
eventual 'y di e.sifgpd-lop dbubld-SeanBOPDRAGS RN A dedivedl forh @SRRI DinvHida t he bul k
of productifn of el venber. 2002 WO

nd(gpro ucléf Qb nét &r megi ate. 19 %% Ng (
99/ 58686 PCT/ USBYPTOXSECACHET AT 6 "a1° P8 /4P AF G BHER M 9 4T85 i s t he
Fed- Bat ch f er neaenstiucton whish émapbledf insodicing apoometht feagment and PN Asent

invention. In tRpsenVefor dkéi&ieddend M&t%ﬁng%%p&ﬁit@ﬁ‘unhﬁﬁ‘sla‘i&pﬁ rate -s
added in increnents as t %‘Eatl.on %%gq(,ﬁgr;es. Fed.—tBatch systens are

he ferne
useful when carSBERFE B asHlec SFAGHOMRARRE 1514 2 BREEISEABO 1 | am of ¢ ho
cell's and wher econtainireg ajﬁosdigxagﬂmambhdvmgeelémmistiadddiﬁmum_tthe fokeigupesieniatte in the
medi a. Measiy ergeffiahuahfBriflo A a pHRSHAAGS: SANCERIESIoh kel db- o a4 Ch
n the. of t

systens is difficult and Is therefore esti mated as|. e changes

of measurabl e fSREQBY vectascantaiging s forgignasns and haxipgelementsdn additiqndp they|
pressure of wasforig@aeasthatidllovwafer éiBanceBakprdssindfitiet gdmlic s het.nent ati ons 10

are common and wel | fﬁn?ﬁ‘éﬁfi‘aﬂ‘%@%g : i n. Brock.

t »and.ex L es [FRVio e foun
infra. The method wou SO aﬁlta ‘?eu 3 Eh irnuotﬁlsghefaecrlrlrlic’elnl 'é?f on

met hods. Cont i mepesnésdn sl afterdhe ineorporaiigeef nyglsicapidwbe acayirebgdnaed

fernment at i @3 magiyabel ifite@df8dnte @RloldsHE IDNA 6r MtrbiiRe® afdx@acidbtlosdmatqual

amount of conditi.oned nedia is.15 repoved sinul fanequsly, for. processing.
Conti nuous f er TERHCATREFIURRGEY %f%i"ﬁ?‘i?‘ﬁ?"’t HE}eESl}?ﬂl?rpégd" tt(’féloconst ant ghi gh

density where dsinsfermationprimarily in | og phase growth. Continuous
fernmentation all ows h QA" of
factors that affect T@ghn‘h ?gﬁﬁﬂwtﬁg %];f%gg)?%lé o%%éﬁﬁhat E%H&E%%O
exanpl e, one neERHEER Ry I 98 OF MUK t i ng nutrient such as the carbon
source or nitrogen level at a fixed rate,and allow all other paraneters to
noderate. In other systens a nunber of fé@t ors affecting growmh can be
altered continuously while the cell concentration, neasured by nedia
turbidity, is kept constant. Continuous systens strive to maintain steady
state growth conditions and thus the 25 cell |oss due to nedia being drawn
of f nmust be bal anced against the cell growth rate in the fernentation.
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25 Novenber 2002 WO 991 58686 PCT/ US991 10356 exchange coI urm using a nobile
phase of 0.0l N sulfuric acid in an isocratic fashion. E@éﬁ%ﬁrzooz
-invention is further defined in the foll owi ng Exanpl es. It shou

understood that these Exanples, while indicating preferred 5 enbodi nents of
the inventigiygRk&edi VN by way of illustration only. From bBguedanysse

di scussion and these Exanples, one skilled in the art can ascertaln the

essenti al i har act efﬂe%ésﬁﬁ ifentibh SvolWek lc@;mruanﬁl. oiatpheiiictisieqaadisnng from t he
Spl rit and sc

can _make, vari ous c S if.ications of the
Thvent i on t o SRABOTUEELG AT bR BT AP Rl SR T 2\ erar
NMETHODS Pr ocesibstese foolr.3-ptepansidin yih gomjomsipn Ml@e&en@rﬂgcocumwmme@dqdau ons are

wel | known 'Wo}hﬁlﬁf&exlﬁﬁqmgm%tml eﬁh@rgeﬁ&%\}olﬂleﬁhﬁ fol I owi ng
exanpl es may be found I n

| ar onj ne:
Labor at or y MahérRfopaggdie) r?&OdES“‘EUY"m ‘6?\'“‘1%11‘%3’@‘6?3??153"Flg?yBlfFﬁf_%%léfFeé?lor y Press.
Col d Spring HsardisirdehpdYatgse]l &B8PIn oxiddreducabesasavadl asetheo deoteins dxplres thor t he
mai nt enance i.al. the art.
Techni ques su??a'gé]g\é\%sgmg sdg{f‘llﬂr?(‘:\1 nhl[aq’]"P %H"Sﬁﬁfi gf(lgc ﬁ?ydmwg%h?ound as set
out in Manual Thebe geneh 5@y tr%ﬁge@ér@edmvoea@éemtpmedw qeﬂhmqmaw Gerhardt, R G

E. Mirray, Radhabg é}{ou@@éﬂek fwaorﬁtwe.eﬁeﬂia,mrazglhhmiaﬁgpon\/&flvhth&uﬁg wand, Noei R
Krieg and G Bri f or Mcroblology

et
Washi ngt o d&""?gi‘d?& ‘3“6 "%)/lc?ﬁ%}ﬁﬁsqe "El?’écfﬁcef’ﬁ‘? QféS'fré%rhnol o~y: A Textbook
of Industrial privieon(BiwiBoJ ab dpast oBe gomecknEeling @ gene Sheraling viagso B piransport nc.

Sunder | and, sz(«.-mlp%%%éase &%klﬂ(ﬁw%a a@l@ﬂ;t nb@ﬁc%dH%Qﬁtaﬁﬂ{Bfahe growth and

i nt bact bt h ls 25
S e R
i t her sbur gr e and i a theqa y randformied, pr iamn| ess
ot her wi seysSpegifl il oA mg%paﬁpasteaapaleyasqae e T

hour(s) nmeans sec” neans Sseco means day(s),
"nL" neans mH'lPFQP?@q@ "L" nmeans liters. 30 Isolation and Identification

. 3- pronanedi ol Th&c@ﬂﬁhﬁ@xﬁtiﬂrmwﬂfs o@htﬂﬁﬂnghe h@easa&gzh@mﬂemmhcdaas noni t or ed

b HPLC. Anal |
ovailabi e o BEETaBRhf efFIA IRE ShvafoRpf R shETRE e el o ot hod
utilized a Wanay ke dasiveted3smeiRbaiqueswvelhknesynrig the/are 10 thegresgnd Rl det ect i on.
Sanpl es vgy e lﬁﬁmlahgsﬁe@dn&ah@ dgaycsmq dﬁrkségc%smwmf ahddiof 300 nm

pur chased from, Yt ui x oSH 1011 P
precol um (6 ‘g'ﬁ'aﬁﬁ'ryh b %fsgp%ﬁd%@bgﬁ?tﬁ’lewgﬁ Sﬁ& a§6§1€,&' 0.01 N
H2S04 as nobi tbgeqndxasél gnesatnﬁtbdmg BatBe(boiB)BECribika), rﬁtququmuadlBhEat ive

anal ysi s was @g3) §LfuedRRPh&NWBES sihSR 2T 851 Wdlsh nBrishPi, 2EBLAY, O
trinmethylacetic

as exter ndar venmber 2002 V\D
991 58686 PCT/‘EH‘S%’QT%S%E&’WW &FIEyC‘“csr‘\‘é’“rd[%‘fléﬁPf%M kb Rieugenig] iRl ol (R
det ecti ords. I1ABEER6pS)&dbolodaRiraiiedA BOT 8224) or MSul, S.rdermistuelsaraiat i ¢ acid (UWV

and Rl det eCtW?Wﬁﬂf’Qg%ﬁW‘TSﬁ§th§4 0 r%ﬁ%% mn, respectively.

Production of was co Anal yses were 5
per f or med usfa@éﬁ&&&tﬂla—-t-@éﬂm ques and materials available to one of skill

in the art of GCl Mhe prdtRcsdn dfad- omehmifruﬁﬂémobwcaa\ beawdopiglisiRadyar d ~ 890
Series Il gas 1 Series nass

mat o
sel ective derbE PV FHERT LB aeoha R REFARL SE SIEGEh) oo oo
i.d., 0.239 mmlﬂlmi}'ﬁ kmmﬂt t9ithasa skidlpd inThe ant. eﬁbqqpseohcqnvn@edaln@ Sms>fspect rum of

I3 B?Sﬁiﬂiﬁﬁgﬁw’%‘?f&‘wa’%‘%;m’gg’ “'gy“““@}‘f“éf" P | pvol ved
d a9 S hipetlvs gy e fral g e By bt
sﬁ[Jle\r/ﬁ;!t gﬁil) Wydmlwhd@&ﬂ@&dwydmwannﬁ(ﬁm;) g&m&wlgdl?:mwo,kdrorl c acid.
After mxing) allt}?f,faﬁg V@%])&E{B??'i’,gg@g?}%r@ﬂ?@i&:% by/}.yhr )Js‘srrgm:ure of

bi s(trinefhylsi tri roacet am added to the
| yophi | i 28d rhydEHysis Slepn"ra? 8 c3trlyssdrsany namyert s ard{hoggxa@sqs ‘%e h. The
sanpl e was claé kidvathodk nonspdcifid withrdsgpact talth&wswmésldrugaadcmw caifbe resulting

i aui d. vas pALELAIRIES, hOhos DS BNRRRRIY iR ARG Sfo WY EhalRsatsEd o

anal ysi s. The" 0.25 nm
LD. , a NAD+ (or NADP?) linked host enzyme or the activity can be introduced into the

host by recombination. It is notable that the dha regulon contains a glycerol
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0.25 umfilmthickness; fromJ&W  Scientific) and the retention tine and
mass 20 spectrum of the 1, 3-propanedi ol derivative obtai B§ofs@Brc2dd2ur e
supernatants were conpared to that obtained from authentic standards. The
mass spectrum of TMS-derivatized 1, 3-propanedi ol contains the

char act eri st iwgo beeygseof 205, 177, 130 and 1 | S AMU. |dentifi eariusaoonss
vitam n or coenzyne B 12 25 Cell free sanples were run on HPLC for coenzyne

B ~2 and CyaHOQfébadraéEnase((Exanqcmabmm Ehal 48 el b Ve abit erncriésodral ami n
guantification %/as achieved via first conparing peak area ratios at 278 tun

and 361 nrn wi t1"%8%%htards, and then applyi ng peak areas to standard curves
of the cobal am ns. HPLC I\/bt hod 30 Col um: Supeicosil LC-18-DB, 2~ cmx 4.6
mm (Supel co. I nc., Bell ef ofixserabay 3dilbelaBsi| LC 18- DB Prefistuation Ki t Col unm

Temm: Anbi ent gagpITeN,Q)ﬁrrbgr — D Kropine@ioB® Naghect i on: 254 (g@ua@@;h)%o nm
I nj ection Vol une: 25# Nﬁbl I Eha A@% Sodi um acet .3H20 5.88 nL

1.0 M Tetrabut yl anmori Ui M/Xﬁj 0 22 FoUSer 2002 WO
99/ 58686 Mobile Phase B: 5 Gradl ent: 10 PCT/ V899/ 10356 pH to ~.6 with '
gl aci al acetic Glytetolagicorvenedp |t prapasietiel Phd?emBﬂ(l@eﬂI@w)‘Wder&-l\/bO—l 5.88 nL

TBAH 0.89 nL Apgl 1@x|1al&‘ﬁg$ (”CHBPdsdmér béEﬁ(d@icﬁHé(ﬁﬁn)d: ta@\Wbove. The 1mcrmed|ate
mL/ m nAOAB%) 01,0%&31 0%

S91 . 0604 é PI:}POO:L é%OlOOI g‘{)g 15.5 0.1
100 0 |sol &% or-Bhd’ BPEMeR OB e arl S BREA - Ry 2 dg YEPET FOHVOPAIASE" ( dhaBl
and 15 1. 3- pr otmreechdet bpthedostad gat myedycddh &ifg thivthbhidgsedoorbinabien.i Tkist i fi cati on
and isol ation q{hﬁgﬁs@m ng@IerWeﬁycﬂ-%& & 22, E@oﬁ%?&&gﬁ%&@é ly as

described in US 5 b86, 2/6 g I hcor por at ed %Hre ett %smd vectors
and cosmi d trarfEfofral- 799 Bt AT RERG 2Rl o Fataiiza this ¥ %’Bﬁ‘f‘gkt Yeerphe
present i nvent |dahydraasel, biteot divlxzhgdrgrass)isenedded & olvd dhalBihida om bact eri al

genera knous ! Q pEISEasARIESRAPABNS AD MLAGSSEING BANCSOPNAR

1, 3- propane |oI Yy, genomc pneunoni a

was i sol at ed byuﬂfetfh@asnwewr fhs Bekvityrrap fndroguged dptg ta hosihyargcagphinatiage

res'lt< ri ij i on enmﬁ@fxlﬁak@é\u&ﬂﬁ tliel]ﬁ@ddctl@rﬂoﬂ - pro@mf:e@ﬂrtﬂx deesatalyzedbper cos 1f anﬂ
pac age usi ng a in t ol 1.9 truction of the
vector E. coli 1%8@8 5 R%@ ?%asagfé fihg?) C{’}ﬂ) g‘%@'%&%ﬂ?sﬁ "DNA.
Transformants were dbedbnegulbnis cohwriatd ¢f chcml(fumnv@ elemghty snhwding o

1, 3- pr opaneg oldhbx egéda\mgrwh ya&hdre. murasé 'Eﬁall?'&:ﬁ&ﬂﬂ@ I}Qt:rogliéfl@@l:dk'en&@d
anal yzing the anedi oI r may, i

I 0
1, 3- pr opanedi ol 8§P‘E°I atrF%fﬁ‘é’? Aifins 24 enc {)'Eé’&opéﬁ‘ﬁi“flhe cosnmids were
naned pKP | ancbxpﬂé&ﬂnct&%ss&duedbaﬂgdbceﬁﬂemicbﬁa@itee@nngﬁhhmnﬂ)hmy to the

gl ycer ol dehydraﬁaﬁégggx@%@na@sp&w Cadbfigia bene JRARESHEALLDA L0, { hese

transfonmants cont al odi ng ratase gene. A 12.1
kb ECORI-Sal | fAFgHehtPratigh BPEm 2 a%B‘E?I‘%‘hé OFﬁfERS’“B'PBFCB'i’ aBppriE; 8d¥st em
New Haven, 2GN) ,andasf W4 eespenivelg) aadndoﬂédmdhllﬂhﬂ(e?&aﬁéglﬂé}EQVhﬂk Nepiddjse

Sequenci ng « eveghailal Nanl 5inctlod 8 VRN BASHLI DO LRTERLAL, e dha

operon encoding g genes necessar regu atl on.

Referring to s@yqem! Fttbygcp}asa{dhﬂﬁgweln%-pwanqd@l epidaredesiase (dhafl} andeare or  dhak
(encodi ng di hyd@ewa@@é@aﬁn mrm&qﬁbducﬁoﬂ@mﬂpwpmM&ﬂsc&e e Bt dhﬁm@i&en

rgggd |2 n? B;arrf hq)h und egri])(/:c%dc;l gglygraYa%ee E)c(:)clasmn rflx' ggeassirergverssble ¢ eavage Eo bases

30 form an inactive modified coenzyme which is tightly bound to the dehydratase.
Reactivation of the enzyme occurs by exchange of the bound. modified coenzyme
with free. intact coenzyme B,. Protein X and at least one other of protein 1,
protein 2, and protein 3 are involved in the exchange process. (See USSN
08/969,683). In the separate diol dehydratase system, genes designated as ddrA

35 and ddrB, corresponding to the genes encoding protein X and protein 2,
respectively, are described to be involved in the exchange process. Mori et al., J.
Biol. Chem. 272, 32034-32041 (1997).

It is contemplated that glycerol-3-phosphate dehyvdrogenase and

glycerol-3-phosphatase may be particularly effective in the conversion of glucose
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23 25 Novenber 2002 WD 99158686 PCTI US99/t 0356 open reading frame dhaR
(encoding the repressor) is found at bases 2209-4134; th J

- tcame dhaT (encoding | , 3-propanedi ol oxidoreductase) is %ﬁﬁ\zbréﬁé?gggs
5017-6180: the open reading frame dhaBl (encoding the a subunit glycerol
dehydr at ase)wbh99kgagdd at bases 7044-8711: the open readi ng fpcgARINBERZ 5
(encoding the ~3 subunit glycerol dehydratase) is found at bases 8724-9308;

the open readilpggtggﬁ?(gn@@%r% @lichign bHE3HrophiRiar t TAL &gﬁrgbceq&t@%drat ase)

o
is found at bas /736: apd the open reading f. aBX (encoding a
protein of uniehevabae dabydregenases refers iy E@Y%&@%m E@‘E’%%'Y‘E‘.C"MB‘? tionally,
t he open readiabgvify taiteatalyz¥s the ncoatsian & diydtozyacewhe pidsphas(DHAEY toon) ~s

found at base 202~ ; ﬁftgi F oding a
protein of unslgrl?;oc\%ﬁ@f??%'g?‘?q%%)(q}?f@&ﬁ% (gt a@%gég@@wﬁggﬁ t he open
readi ng franme Fev-dereadensd T hgyNA DT-derendens engypebiar - It Liddds praesed. forf ound at
t&gsels 4%12- 4?42amﬁ€.rt§1§ek|&hi g?:ﬂﬂhd@@iﬂgtﬂ!lDlR@khB@&@?E&ﬂ@ﬁ%& GIPPE‘l asm ds For

e In Trans i e ia C i ns n_of expression
vector gTacl O?E?E'gé@gr}égﬁ6%‘ﬁg>?ﬁ§£§; %"@%%ﬁﬁbﬁﬁré‘&gy%”gﬁ%ﬁ ed by
i nserting | aclZy4geng).(Far MbBRYA]ependedT @iy mNdiQil 4. 15% is(cREABY by §hs4769) and
tac promoter (ApEhaizAbas. (dds199P)1-198808 Ras74kGHaLh8ad)NirRe t he restriction
endonucl ee}se si tedEco(Ii{I o;@g)l%l?%ﬁ%nﬁ%l_tc.l [ ffg, ( %ﬁig) | d Spring Harb.
Synp. QuartP. BiAd}-denpgdenygn : P EnoPEeLEYS (Ge nd term nator
gegu?anc_e (StESmmO:tm:L)éJo) glpBiGankankt Gt 78 B3 2 IR0 ¢GardBahk MRO0ERR)RIThé 0 Sphl .
ubcl oni n~ YEEral oC ; . ~ pen
r eadi ng frame(??rg]lr_ gt%ﬁcg éﬁ&&@ﬂx&%&@?ﬁ%@%%#yﬂ%ﬁ% Fegﬁ?nsﬁ?‘lf %g%%?QPCR usi ng
prinmers (SEQ Reiviythat caialyz Fenvresion of glyicerebd-phesabatpandBateiioEcCoRl site at
tE_et ~! ggd a[\tlgtgly%e%lbaid i%bl_tgemaghéél@ﬁat&' Gméml-lmﬁo hadst¢q§ entBeds iR C| ﬁn6d| i nt _od
pLi t mus w_En n 0 n e e the plasm
pDHAB3 cor’is ai r‘?f‘%&&ﬂﬁ'&%&"{@"‘?ggﬁ %ﬁ%‘gﬁﬁg;ﬁi{ﬁs L%e f}ig@éal ]hg region for
dhaBl, dhaB2, GeheB®latiod dhaBX of the dhaB operon from pHK28-26 was cl oned
into pBluescript!l K&ihod9 of sihidindWR8Fed deflesIRint Abactehl SEhbRE aleSminfodl 1 cti on
enzynmes Kpnl an Eﬁglll?l tgﬁﬁreat '“\E/?Fe pl asm dnpow Tf]éa .ﬂgaBXug{gge was
renoved by di §8$tFng pia Rl ecy _Alﬂ%'lf’g% Pr RFEFE SBUNF A ©fe 5. 9 kb
fbﬁ%\ggnz and Itheggehe rsi(fotmwwpbl_e geld&%hblyméqgnaéyb&md:a&écﬂagmnd:uohr om plasmd
p 05gr € 3 : e open
readi ng frzgne%{‘l%rnﬂ%e g%%?ﬁgﬁﬁg%&%gﬁtﬁéﬂ g‘??‘%%n?ﬁﬁ%gga% t%{F_QPCR usi ng
primers (SEQ MgsiRegenesedpricarPnqethagsquencays isqiated, sy Ll ﬁﬁ@ayé’erIWX‘ﬁW site and
a copﬂs)ensus r uking ewRdded piimagliccted amiplifibatioh methods amﬁaﬁpd(haéra&idg@inat 24 25
Novenber 2002 -99 R I+ 035 ' -~ roduct was
subcl oned I nt 6%‘?14@36?%%62%19%# %%1‘%"@% O?r?féjgf“gbﬁg%[grat e the piasmd
pDTl cont ai ni HgnHeraBLion BSINGRRRrogsERLe Yacirent from pM 1 | contai ning part of
Ehe dha{B ifﬁeng)h tB hﬁeﬁxhﬁ&ly,g_ﬁﬂﬁdaill&?ariebgmﬁ'B%_%%at%ﬂﬁex’ﬁ@a‘igt% s{%?ﬁg(ﬁteldf}nto thTI

o create the dha esSi,Qn pl.asm DI2. e Hin - Xbal fragmen
contai ni ng t hé"‘&i‘rﬁ‘yﬁsi’f’{&fﬁ‘g"g%ﬂg bf:rPS?ﬁagﬁ?'ﬂfovvvﬁ%mfsﬁgng% Ofrﬁ?sgc'rﬁ*racl Qto
create pDT3. Spisoprinsé hasts KeoshidBvgstasnamadique indeingdblsde accomnydate iqrghaT) The
ggﬂ;afgggn;ggq%g%p&@ﬁK?%ﬁgagﬁqe%@iggg&jeﬁhgﬁ a]EI’l%g@{?rg{ep[t!II tlgI%ISCJroscr eating 10
pl asmi d pAH | PN4y ﬁ"égu T"%‘\é‘dé“mg&ﬁmﬁ?'@%‘ﬁ %P‘géﬂﬁ“?'itﬁﬁf‘ﬂﬂi‘faii"'h%f tenpl at e
DNA and s$6t hdteiforefam DAS Iif 8HQidrDo ke b sejublive Bie@ VdotdOwilll3lsd dvataigpor at i ng an

55 St o Ml SRR ) LR a0 O T IO 1

subcloned into p )t (Stratagene } ) 0 genérate the
pl asmi ds pAH4 TEHRpIREASIRIG Hinr REQMRYam alethpdsof ysing gpsmid xeptors fithe ns t he dhaT
gene in 15 t heasisferriation bfsuitable dactériyl hestPire 9@il escfibedh Sh@blodk eyl 9Ot er i n

pCR-scri pt an taj.n i he 0si i ation. The
Xbal - BarrH frﬂ“ﬁé St 8 'p‘g"“aﬂ S:?‘é°“8%§$‘°§é§n€89&§8ﬁir§ﬁ§’8$t ed into
pTacl Q t 03gen LabaxatarydPresaHBold BipeingiHarbior, NBa(989) r agnent from pAHS

_contai ni ng the RBSTsichlFha ElodeBemias forbizh DINCisiidtlfRed Bl Uigaed, iubink thES+ t O
create pAH [I. 20 Constr.ucti on of ~an expressign cassette for dhaT and
dhaB(l. 2, 3) approprate restriction endonucleases, adjacent to the cos region of the cosmi

vector. Cosmid vectors containing the linearized foreign DNA are then reacted
with a DNA packaging vehicle such as bacteriophage A. During the packaging
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An expression cassette for dhaT and dhaB(l, 2, 3~ was assenbled fromthe

i ndi vidual dhaB(l, 2, 3] and dhaT subcl ones descri bed prey4 | I
standard nol ecul ar bi ol ogy net hods. A Spel-Sacl fragnent %o’ﬂ%’ﬁrheﬁgb{?%e

dhaB(l , 2, 3) genes from pDT3 was inserted into pAH 11 at the Spel - Sacl
sites to creamm piddgss. 25 A Sall-Xbal |inker (SEQ | D NO: 22 angctSdsrionse
NO: 23) was inserted into pAHS which was digested with the restriction
enzynes Sal | - Xbatoctss tier @atsgespiicléfed Imktht forkogn DS isregicigehmiodhahexi t e. The

1 kb Sall-Mul },{)@%ﬁgg&ffbmmw;m MR, THRG JaRs@dst Rkt Qd RN brdceP! aci ng

the existing Sa ragnent to create pDI 18. pDT21 S CO ructed by
i nserting the SatifabNA0P EHAFHBERE £f 9mneT ‘EF‘?QHB‘%‘R%C%O' ?’_F‘BREﬁAf r agment
frompW into pQrcul&iZes (ke xhehi@n&Agf theldoe stigkyeade Insidsmiaasee [pgonot er

sequence from S . %ﬁ@ : C . Lgserted
into EcoRI-Hi nD%‘f%%petélgt@gg&gﬁggp It rkr@s%nggaug%%dréég{}g%ﬁﬂfgg&lﬁ%ﬁ'ggwas
constructed by Fk#lerting EcoRl -Pvull fragnment of pDTS into the EcoRl -Pvul
site of pCL 192@soi4t6H 3dd ¥¥BAinE ONEdnesHc6Mnd ¥ivedrondchgdratag: (FBaAliandl | | - M ul |
fragnent of pDT21 and t(lee M. Ar-(;(b{;\_ ment of pDT21 into the H nDII-Xbal
sites of pCL |9§?—L§2ﬁ——%—’k§v§#&w.‘ fapanedig O £ WO 99158686 PCT/ US99110356 EXAMPLE
| Construction OF Expfetwds b1 tigddengificgtiofand Bolation 7f dedpod dh@ewers derpr essi on
plasnids thgy coukgliMyiasleRBbddRUSCHEIEIT6%hE REREPin¥Shrae@ B trétichad for the

four B ~ ~ transport, genes, btuB, btuyC htuD, ,and btuE., A1l 5 expression

pl asni ds use a é‘“tﬁ’rvﬁﬁﬂfséndf%?m'fir“ﬁﬁ%maﬁ?? Bﬁ‘lﬁaiﬁerﬁlué?rﬁv i the °B‘6?ﬁ't ai ned

ei ther a gene f of theiprdsan irarrase tb elons rgrdepments of genomad DNArfrane taczerabnt ai ni ng
anpicillin, or ' r i Igﬁﬁ

sel ection on ne f%%gg]r??gtﬁg?g&gsé%%érgg%%%ﬁéyggﬁkssﬁg%# @gbrs iféi:;n o‘%%l'
replication areTa#otlkpropgiediof pesitiys transfarmamtsyyiere ppalysed apbDNAsequsscingi ed from
E. coli chr o5rosesvahledbier3ive BoRologl Bothp kiyderobdehph@tabd xdne (dHaBMibi SEQ | D

NO: 19) which ad an M ife. 5. . epd it he 3'

end. ??eacti on mE>s'< ﬁ'f"é)ﬁggéﬁ?cg{lsgﬁ%d’%}l&é ﬂ%ﬁ“r‘f?“égb‘ﬂg‘g_gé‘?}“%%%f@%&&’m MyCh)

0. 000l ro gel at i alycoobdehyraiazregengodiqiand @hp! wealsgard@rrlorzdintpM dTTP, 1 pM

each pri er) |- AGhrifristdedsobhussins P cilliindssith i ¥binbiim O wil y e ase
us

(Perkin-d mer \ Ngrvv?k CTS)é) PCR.garameters were t rninat 94 C, | mn
at 52 C, 2 nin BEncysncedingd g frapspart fAckionseq by PCR product was ci oned

bet ween the2MWcol andABberigh thd ingtant arivepticreutildetic 60Bed(ghesrfrome withinRi scat avay,
NJ) to generat e gidyGieph 8itHi§ MBNHE sdurcdslor BBlydrarBE B&hks Rfude ddehlelnopr i gi n of

replication, arrgi Cl resi stanc 20 genRe, and btuB i s expressed
c

11 n. e .a laclg
fromPtrc. To H’é‘ﬁi[?eg”fﬂbé’?t‘?f’ %’Ef‘%ﬁﬂ“8§ﬁl”§ﬁ BanH fragnent encoding
lacl q, Ptrc, an8;pTtaBspoetzenestoved from pBtuB 1 and cloned into the
SphliBanmHl sites of p 1 Y smd pBtuB2 has a p | ~A origin of
replicati oné chl oran%%é%nﬁ?%(‘)%:@sgag b gehés | acl g gene, and btuB is expressed
fromPtrc. 25 The bt ddgosyebdamm(eocaryine e s angissential cgfactog i ghssokal  DNA
by PCR usihn95pr Héfg'ﬁﬁata(dsﬁml_\;ﬁ@ Whe &Qnﬂnﬁ&\isﬂﬁ@xh d)dgctb\ﬁplgﬁ-hqrnr/:ﬁﬁlgrhgr@ﬁMuS A ral BarH|
site at the 5 en nd a Hi site at t ' yend. e 2.
product was cl oﬁreogu%gf“\}\vé"é‘nan? hgg’é’é}?ﬂs "é.}’]"oﬁi(ﬁr&f—ﬁf‘il peig thg progp C‘%&W&gﬁto
generat e the pl genes.dSyrUEpis obiceanayme BEHD fonnd improk8zoies. iseina obwhickpte cat i on
and a 30 chl or apfbedynflesizetht SbAPGMd 8 Rvo, Wil B i perfmapaitidl PBCED an
SphBanHl fragnment encogl%ghhaclg? Ptrc a@ .btu%ﬁwas. renove frgm. Bt uB |
and cl oned Pht oTPREPNEF FRIGT CXTERlE camof Eabprateihs SRR B CERF K, ‘ﬁ‘% SA
origin of repli et tacatalyieitir conpérann obdobimapiidsettagorinoid and camgingediek tiend t he

btu genes in thg-_&yogﬁdemsggé;g@‘domstream 35 froma trc pronoter. EXAWMPLE 2
Transformants Contaifin nes FI\%'r E t i‘l Tr.anspo’ét Apd DhaB Acti‘}zlgty E.

coli strain FMB was Pm‘?ﬁ‘FWﬂEH’ iCO4 may be g himitinglarioyiop the produelineha ~ ¢ he

bt uB pl asm ds pBingorkl Dhsid B)zyore, jnBrhidizaécintidsed antracdimidavdlabiligpbéfasm d 26

25 Novenber 200 5 o [N ~S on
LB pl ates c%gnt a{g%‘fm%'g‘?-gl?ﬁ‘g&ﬁdsggg@u no%@ﬁ,ﬁ%%@@ﬁ@) é&g{’rﬁ%‘? ﬁ%ﬁk’ﬁ?gdrngloo ng/ L
chl or anpheni col ultimsfelnilgspropanediobproducgionh d higypawbs achiexed:bit ingreatinghe ver e
used for 1.3-pr gpesReinshorts By @itd e call dGitich 8¢ rble@f coenzyme B, as a

repressor of btuB expression, and the levels of coenzyme B, required in

fermentations, it is likely that B, transport declines over time due to tumover or

14



coenzynme B ~ ~ uptake. 5 EXAMPLE 3 | ncreased uptake of coenzyne B t2 in FMS
transformed with pBCED The appropriate strains were gr owdsQyfehivghbodd 37

. © shaking at 250 rpm in 250 niL baffled flasks containing 25 nL of broth
(broth. titrated to pH b.8 with NH40H, contained 0.2 M KN2PO, t, ?.0 g/L
citric acidwdodsghs 10 MySO-7H: 0, 1.2 nlL 98% H, SO4, 0. 30 glrtriusbyieass
ammoniumcitrate. 0.20 glL Cad 2 2H20, 5 nL of trace netal mx, ~ g./1.
yeast extract diliGorgéfiBiBdtancedialiviand Epprveiiablape! ahfricriootdyos.B 3nmce net al

m x contai ned l(@(l, 8>wxll%%§%néeﬂ bg)the M}%Qﬂ (lﬁi?tot}(e(}el%me affhiaedor pthB0 ( 1. 6),

CoS04 (0.52), H20 4 7H20 (4.0 ns (1! i
00) of the OVé’F}?ﬁN‘@W g?re"é’e%@mé%rm C8"‘F°§"Q‘g’ }%{}Bwﬁ“ | asks and
growt h conti nus@BuUrSinde u@mkﬂb&&mcedeﬂcrﬂxsmgsB'r,emdiedlmemhean ihipbfamas added, it

was added at tf?é( r R Rni %,gﬁowpe&r%eg@gaeeﬁaﬂwas%m\o%ww &anH%gﬁ,fggr : g p;\e

Cyanocobal am n (cyano or coe
M cul tures atof meﬁémwmndﬁgegu)mryp@lseeewﬁépiemaﬂi di¢haBoenzyme B ~ 2

20 were perf OrefBfind. nmbpregbatskan(uhesﬂxal ;bretlﬂérh ofaaesxﬁucaam (€Sen#ph€ By )t hdr awn

i mredi ately u%gn addltl% ofl coil {fﬂ aﬂ} ¢ 4 S re pelleted. The
cul tures were EREACRPISE TS SPRAmE tian ¢ t‘ﬁ%? WER ISR PO AR ng unti |
endpoi nt sanplBys prsnrsors ak placees cgenzemie Bny May kldeviatethe palsime bat thisedibw.

Cel | -free 1puPhiaiea et oraemgﬁasdac@msuaas SR rEcufBFBwill bR OV Bl (o fOor 25
cobal am n quantlflcarLB(El B C}{a}iz n qb;antlflc tion was achieved by first
conparing peakK°#¥Re e pihe odlsfh adpppsEliransicrrsh ORe 3% fRISFUEVeRNd ¢ hen
appl yi ng peak tais gaﬁe rtgnlatoarpuldﬂdn Guo vesouple Brul syrmipais dmimeentsme®i,nt anal ysi s
i nvol ved cel | i ﬁﬂ?nﬁ ri plasm
from cyt opl asmég(?l 391{]:]1&‘1 mnm?g}é’?seé QL&%%%XSQ @E‘s&}b E‘k&%wbt hods of
Ertzymol o~y, JgRds tozzyre?fgd bipding ph B1, to memphranss pediingiensed Fes ofuptakpagd wei ghed,
and washeds2Xifithé BruBhatié promdter Bhepladdd, vadld@tuncomplessyhiBiesisprmaBdroat 1 9180
m. of 30 MM Tris gfggg%% psucrose. Wile stirring on a magnetic stir

pl ate, EDTA V\ége "M and | ysozyme to 0.5 nglnL. These suspensi ons
were stirred at roBm transpent tie basterig req®§eOspetifio tragsporE o skamni Pryetahi s

| ysozyne/ EDTA &&Hpafelréaa)re&airhﬁs cémmmueé# n?em%amect ed. Each
suspensi on vvas&? Ig‘ﬁd at 15 nut es_at uper natants, now
consi sting of PH'FBE f)eé?“fsﬁ‘ls§§?ﬂe éa‘?f’BP‘fy et B YU ﬁ‘léism?f Y'ed, and sanpl es

t aken f or 26iPL Cobalmhins arsd the Forrespdndig\cehinamided JPrapod mtﬁﬂﬁaﬁnﬂﬁﬁfh US99110356
Recovered sp h?é@ﬂlaéén& iREhblof WRIEPWIR TDGRDA 1l tnBhrark, fHbiirp oot assi um

phosphat e buf usi n% I ssue tgenl zer. eni zed,
Dnase and Rna§6°9€é33é %REB@H“ PROCESS-my faRIPONtAREPSS 5#5@%‘?"6‘?1%’@%’6@?%‘% ina37C
wat er bat h. Elaymevmc;addm proﬂdihsmwl;mh&dytH&e;m(rEmb@trdnorBtEC@ﬁmBlnmJed for 15

m nut es. I\/gSO J . . for 1 ~
m nutes. Resul’ e%l%sus en %ﬁllgs 5?;&%\‘&:% ?‘Hfgghl&? fglatgr%% or 1 hour
at 4 C. Sép erﬁa ndm&&w ﬁgﬁwpngatbwaﬁdcmmeémm Zdiaagninit@dre col | ected,
vol umes noted bmamg STHTP tetle borer :hﬁh& M BmBlfauE’eéd 1 ineeacansl wegit opl asm

concentration of cobal am n ated u ns that: 1
ug of cells ( b)mlespm 'ﬂﬁ-\%?@‘ﬂéj hf:c?n?g:bg dmpg%qsf rT(?"hz“é'avol ume of a
cell is 9 x 1(bmdmgrmpemidsmxh8nﬁe(m %Im@mmw@l mdé'lneﬂwﬁmfeswﬁlginmhe t ot al

cell volune. TABlEnt pgedtbigé Bn@D Bﬁﬁ#&ﬁsl&aﬁoﬁ’fhﬁ@&ﬁ A‘mEM&Yi@HGFOb3| am n

in strain,EM5, St |rre.h Per i Ias
FVS/ pBt uB35 1@’%@1&%?&%&6“5}%‘?8‘“ ﬂBE’E“ °E¥ ﬁé&'f“%@%é&éﬁ"@ﬁe PdiRe of 10 uM
coenz rune B bf Bjj to mdmtxames lincreased rates of uptake into cells.

Isolation and Expression of the B, Transport Genes

Expression plasmids that could exist as replicating elements in E. coli were
constructed for the four B, transport genes, btuB, btuC, btuD and btuE. The four
35  genes were isolated by PCR using gene-specific primers and E. coli chromosomal
DNA. The four genes were assembled together on expression plasmids. All
expression plasmids use a frc promoter for transcription and the native bru
ribosome binding sites for translation. Each plasmid also contained either 1) a
gene for B-lactamase for selection in E. coli on media containing ampicillin or 2) a
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Strain Time hr Broth Periplasm Cytoplasm FVMS/ pBtuB2 0 9.7 uM + | PTG 16

Bel ow Detection Limt 840 uM 82 uM FM-/ pBCED 0 10 uM +I PT%)&IG Bell:)ov5002
Detection Limit 280 uM 170 uM EXAMPLE 4 | ncreased product foROGFMPer

1. 3- propanedi ol from FMS/ pDT24 transformed with ~BCED 20 E. coli strains
FMS/ pDT24 an®Wo-pa5i8p86T24/ pBCED were cultured in 250 nlL fl asks PCOAISAY 3SR 25
mL of mediumat 30 C, protected fromlight and shaking at 250 rpm Medium
titrated to pHe@e@ngudine qilgrarpheaisal 2aehdd@nyeraseNpiighopan opmgdig containing ¢ aci d,
2.0 g/ L MySO47kktErambhenictr. PRYnidoridths of réplicalioh afedithecCABEMApLSACitrate, 0.20
g/ L CaCI,-ZHZOH 5 l of trace nmetal mx, 5 g/L 25 yeast extract, 10 glL

D- gl ucose, and = glycerol. Trace netal m x contai ned (3./ Lz): Na2S04
{4.0), MiS04H20 (0.3BOaplehoSeLilsfop theTre@mbr@oSxadyqoes 2)3-praganedipbbNdw enber
2002 WO 99/ 58684« ReIIdSHY ckAdaR ofinpaHehiflard @ ehAme MAdndEaldebEsibe 0) . In
addi tion, pDT24 and pE%%}r equi r ed 5%fuﬁ-"nt 'i%%%t.l nomyci n an 28 ug/ mL

chl or anpheni cofor IHEsHRariRia FgnsPeEY B S AN PEP L) ARRBERdEHELGr own as
descri bed abovimwked bnly be tmitdibtlitp o epresy amnive edeyhersi Prefemed hostoedbbd am n
(hydroxy B 12) : : fq ' either 0.40
UM or 4 0 unt  FPSCi B fRPReRTRor Broischih & L. BbartRF BRGNS P e e y
0.01 AU, pH waSiradiaeieraibntedobassClpurigium, ffebfelmdergbarier. dacigbacylus. N KOH, and
tgoe/ ?\llvlusv?sm lCO.@g@PgithS@c&hm&ye@i SHh?oin_dhc&b%}é@s.ZZ@bJacWatr&}p)ﬁcbﬁ(PQ@H&EM ét! on of a
~0% sol uti on. nmoni t,or ed us i orpl trips. ci ence,

G bbst own, NJ)}‘}“&ﬁiﬁ%%%"g’cﬁ}ﬁ}cie’ﬁ’f‘reﬁ‘f’?’o‘%ﬂ’g’ SRR ’F}g‘?‘;e”d%’é‘fdz’é”t he Tri nder
enzynmati ¢ assaylefBlogaaier, 8schetichig.Salmmpella fiaciflus | Sorepromyegsandal i quot s wer e
removed in or dpfe,liSmbhRl € MBsNse RiFed RNEEPlesedt indBnt(dARKEE 20a! XBbsdiand cel |
density (0D600). .The sults are shown in Tables 3 and 4 bel ow. 15TABLE
3Effect of pBCHEGH af“ﬁ]g“‘ifﬁffﬂﬁ’é’f‘isdﬂecbefs' 1, 3- propanedi ol i n the presence of

0. 40uM cyahiocobal ank.rplihyadr/oxompndes bpedien, and Adkoigfia ypeeies are particularly

Bt 2FMSI pDTZ4F i Lob ;

i o, 3. Pr opanBdl ol oLRR0L B el Aarsl s Preungnige are ngum toprofuce

00. 00. 10. 00. 0" 1.9@remnestolygey grqyvmen gycanl@s hesolearben. fds epnempigted

1. 61.212. 5170. BaOK#8sialk:an be E0AY. Ahtred 24 produc@IN3-Prbpare@ioP#6mSHydr oxy S | 2

00. 00. 10.00.0" 90, .06, 1" . 9.7 "
140-31 0. 42, 310merNgatles Gigbsprina s oG indi B o b b o g s
Novenber 2%02 Veworandeaeessipreassgt®s 110356 FMS/ pDT24FM-I pDT24/ pBCEDB12
Addi tion Tl mel, 3- PropanedhiahtInion provides 9 paiedsOleclotaa trafisfodation and a
L~~~AUCoenryme_B 12 00. 0Q. 00..0 9L, 76,9136 0. 113 0 0.12.49.2 . °
122. 11 0.1 3. 19. SPrEHgn fpsetips sujiapledQe e gloning jragsiompation and expression of
192. 322. 23. 32| senggancedieg 7 uiphR. dehyhpase and getes cffegingBORMacsHulehe product i on
ﬁf dl’ 3-pr gpaneﬁlérﬁbortj ¥ BBQO [y (02] %ﬂ%ﬁll\sgi;ostdo_lqgi M.ll:i%bfél %@DTMZ41 %lrﬂegklose gvhich
O o e G E) B o8 PRObAo B BBt B deed. G
uMhr ~gf ~L~~LAl é&x@yapleo Goia tamieriQ Q. Gis 2AcH 8s HatBaofitgo U7 49a -1 0erivkd. 90. 8l
1.6"120. 313. 7I 9" 81228332l BBilocdR%or fotaini ,
i 29. 6" 331636. 6'?%%%&%?&7&8% (J)’% B,’lijoia’o{.ioo. 10. oo‘."ffbéad’.“ﬂ%f"bdl‘.‘sﬁ.%i}bl. $11.52. 71
2.2722. 812. 93. Gewreare known g thase in thegyt. Sampropkeet aboMglecylar{Jonigg:gAg| 3. 143. 8
30 25 NovenbedboZfdét? Manual - volumes 1,2,3 (Cold Spring Harbor Laboratory, Cold Spring
30 Harbor. NY, (1989)).
Typically, the vector or cassette contains sequences directing transcription

and translation of the relevant gene, a selectable marker, and sequences allowing
autonomous replication or chromosomal integration. Suitable vectors comprise a
region 5' of the gene which harbors transcriptional initiation controls and a region

35  3'of the DNA fragment which controls transcriptional termination. It is most
preferred when both control regions are derived from genes homologous to the
transformed host cell although it 1s to be understood that such control regions need
not be derived from the genes native to the specific species chosen as a production
host.
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WD 99/ 58686 PCT/ US99/ 10356 FMsS| pDT24FMs/ pDT24/ pBCEDB12

Addi ti onTl nel , 3- Propanedi ol OD6001. 3- Pr opanedi ol OD6004. 0 piNdvemb&LETENT yMe
B1200. 00. 10. 00. 2. " 82.48.23.28.7.'103.710.3,.3l 1.5"125.012.64

213.314S. Sl 4. 3S. 716.5"167. 416. 67. 320. 4" 331 1. 346. 21 2. 74S. 6 31 25 Novenber
2002 Cd ai ns: wb opkissgess for the bio-production of 1, 3-propanaditelssso3se
conprising: (i) contacting a transforned host cell wth at |east one
ferment abl e car bon [gigwtidiecoattel rRgiofy drgedrhtersawhidh treQisefaf tolde@st one conpound
selected fromthe %r oufth%nsvi stti n gfth c%gnotcopeali m n H%(Sdrr 81(105({%%@' am n, and
aquacobal ani n RRESBHR Oheresvalt acacy of the, BPoalees: THE SeYSREPL G host

cel | conpri si rege nyragroust and damiliaptedhase gkilled inghgyame Ve emypramptent ei n havi ng
a dehydrat ase @ciHi¥btdfividgtheseloeh@3SuitNE FSIRNY prefenfind&iRNERNGRIFRBA Pr ot ei n

havi ng an aoxi dor educt as tivity, (c I y of gene encodi ng
a vitanin B~2 %ﬁ%‘b‘f’%?" @Y@i&ééréﬁ{"ﬁn%‘f‘ﬁ?o’(@iétﬂﬂga@&%ﬁ@f’c@ﬁy of a gene
encodi ng a vi tabCh R, URass pelR, ENSt €hh (astfuldasexpprsabeim; and (e) at | east
one copy of a I [ ' o . oV I igndi ng
protein; wher e@%%ﬁcgrpj\%?gégn@%("i B@%ﬂlg%%ﬁ(? ’Sg’g‘%ﬁ’?ﬁ%ﬁs’%ﬁ% lgteelfpr’l g’%ﬁ’ed by the
gene of el ement?- (asy anddreussiyl SPRXPIFREPRINE. €P)- coenzyme B, 2 binding sites are
not regul at eﬂ by thenhmh:ﬁcac@htrullragiomﬂ?e?sdmde@irve@?oﬁ%ﬁawgﬁn&mivand (}i)
recovering he 3- pr opanedi . uc romste i1). 2. The process o
Claim1 wrg1l rei R j“%ﬁ?égf_ra%%g"°§%c?cﬁ“§‘éﬁ.§'%r%‘f"é‘f’ﬁ“h%%?i T bae) “JeRvaratase activity
of step 1 (a) homeuetel issmost prejaredsianelodedd from the group consisting of a

gl ycerol dehydrat aggr effeclit®exiiiéision df Bk iA@Y SRS DA ENHRingIhe The process
of Claim1l wherein thel.l ngl Vi d}gal genes. of 1 a%ﬁanc% 1 été%?ﬁar.e

i ndependent | y $8UPSHEIHYEE APTAZY JrBRD Bitiatien s8Ry QrPFIEHEd BORSFORI ng of

Kl ebsi el | a sp.conlireptamcsuelr theyexpreSadmendtslia tteformatiod oOhe approphiaten sp. 4. The
process of;5C %%&Algwg! n the individual genes of 1 (c), 1 (d), and 1 (e)
are independently i"sol ated frqmthe group of mnicroargani sns consisting of
Escheri chi a ,g,_,m;—.gﬂ.ﬂ itable hosfs apd expressio S0, 1080f and

Ci trobact er sp.3-propanediol

Once suitable cassettes are constructed they are used to transform

QS

appropriate host cells. Introduction into the host cell of the cassette containing the

20  genes responsible for intracellular B, transport as well as glycerol dehydratase
(dhaB), and 1,3-propanediol oxidoreductase (dhaT), either separately or together,
may be accomplished by known procedures such as by transformation (e.g., using
calcium-permeabilized cells, electroporation) or by transfection using a
recombinant phage virus. (Sambrook et al., supra.)

25 In the present invention, E. coli FMS5 containing the genes encoding
glycerol dehydratase (dhaB), 1,3-propanediol oxidoreductase (dha7), BtuB
(btuB), BruC (btuC), BtuD (btuD), and BtuE (btukE) is used to transport vitamin
B, or coenzyme B from the media into the cytoplasm to enable glycerol
dehydratase to function.

30 Media and Carbon Substrates:

Fermentation media in the present invention must contain suitable carbon
substrates. Suitable substrates may include but are not limited to glycerol.
dihydroxyacetone, monosaccharides such as glucose and fructose,
oligosaccharides such as lactose or sucrose, polysaccharides such as starch or

35  cellulose, or mixtures thereof, and unpurified mixtures from renewable feedstocks
such as cheese whey permeate, comsteep liquor, sugar beet molasses, and barley
malt. Additionally, the carbon substrate may also be one-carbon substrates (such
as carbon dioxide or methanol) for which metabolic conversion into key
biochemical intermediates has been demonstrated.
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32 25 Novenber 2002 The process of Caim1l wherein: (i) the gene of
(i)(c) is a btuB gene selected fromthe group consisting-8fNsRERPEP2OE3 1 and
. SEQ ID NO:2; (ii) the gene of (i)(d) is a btuC gene of SEQ ID NO:3; and
(tii) the gene of (i)(e) is a btuD gene of SEQ ID NO:4. The process of

Cl ai m 1 wher gy od/kgsd €r ment abl e carbon source is sel ected fr emrises gssdp
consi sting of fernentable carbohydrates, single-carbon substrates, and

m xtures thereof. Tigyderslpasiticidn ffdnabiizit cudbesn eduices heg.f medemilabl e car bon

source is selected omth Si St f i
ol i gosaccharid r,mabc%ﬁ:{/é@ag&ﬁgﬁ %‘gg@s %%?_’nrﬁ? cgeﬂﬁc'zzigrrl %8%‘%&%2@?3?%& ,(qg?'%ae?tol ,

di hydr oxyacet ork. 4grét. Béalbekert.o AiSAl 145 LhP§Msand tm bagarigdHyntenst akf ai m 1
wherei n the transhesnipy, I0It4eelss (1989)NeTh@OBIRhhiERS calastifMate spige: copy of a
gene encoding a gl cerol-%—phos hat e. dehydr ogenase, enz e and at |east one
copy of a géne%‘??&%ﬂ?’ﬁ&mﬁ‘ 17, P-oé‘-dﬁ‘ﬁ%'gﬁﬁﬁgfﬁg’émémﬁ%.(’"@.a‘c' process of
C aim1 wherei prdduee gigstrok €lte phthm;ebéq.m'lmﬁ dssimitidrecag be tipowghriingiseng of
bacteri a, yeaSSnonagqéoesEhAt@r@rag@nvst%ﬁréa 0ol xy ke EAEERSSpRhe (Actistatk Wher ei n

the host cell is's ted f g,r_oup of “genera consl sting Q
Gitrobacter, ERasieralMetgbolism, geqond FARn. JArwget Lerag: Naw ¥k £186)). The
Lact obaci | | us, rbape¢ gohbpidsphaeqathaag ipobe:s tHscbhdasaioa béfoaimieesth

05 sl g Y Gk R iy Dovryorvoes,
Strept onyces, aMentylyibobEReLarbon prodypelyserideBydeot-pimsphats. | Likgiisaithe t he
ef fective amuRriffpatiwdyQssinilesihe 0ARe4b6h coplREACTI] the g]y'bd?lgtié}ﬁzﬁl_#@a){
consi sting of cyano olbaelt m.n rOF gr'oxocobal am n, and aquacobalamn is at a
0.1- to 10.0-f S?Iacf"ﬂg?' &P %5#‘?% fhe anobunt of dehydratase present. 33 25
Novenber 2002 12. Al additednop mitizatios of erel dnd cwerparberi substrates) mathylotrepliicone copy
of a gene §RCOQiNisihsRFOIS hoRAMb BEliR AR SHARE cabbl-YoriMningP) at | east
one copy of a gene encoding a protein having an oxi.doreductase activity;
(c) at |east oRSMEYHS G¥C é‘éﬁqg'laé'ﬁ%@?”r‘f@sa&"g‘? ‘f‘grﬁ W"W??P@H@ﬁ@ﬁ? recursor
protein; (d) atmetabalit aaivityc Gpyexainpk, gethgloanpldcyeugt ae kndvantorutiBzezther anspor t
system pernease, Lo hgin%etﬂﬂgmine to form trehalose or glycerol (Bellion et al., Microb.
Growth C1 Compd., [Int. Symp.], 7th (1993), 415-32. Editor(s): Murrell, J.
20  Collin; Kelly, Don P. Publisher: Intercept, Andover, UK). Similarly, various
species of Candida will metabolize alanine or oleic acid (Sulter et al., Arch.
Microbiol., 153(5), 485-9 (1990)). Accordingly, the source of carbon utilized in
the present invention may encompass a wide variety of carbon-containing
substrates and will only be limited by the requirements of the host organism.
25 Although it is contemplated that all of the above-mentioned carbon
substrates and mixtures thereof are suitable in the present invention, preferred
carbon substrates are glycerol, dihydroxyacetone, monosaccharides,
oligosaccharides, polysaccharides, and one-carbon substrates. More preferred are
sugars such as glucose, fructose, sucrose and single carbon substrates such as
30  methanol and carbon dioxide. Most preferred is glucose.
In addition to an appropriate carbon source, fermentation media must
contain suitable minerals, salts, cofactors, buffers and other components, known to
those skilled in the art, suitable for the growth of the cultures and promotion of the
enzymatic pathway necessary for glycerol production. Particular attention is
35 given to Co(ll) salts and coenzyme B, precursors. For example, E. coli and
eukaryotes are unable to synthesize coenzyme B de novo but are able to utilize
" coenzyme B, precursors. Preferred coenzyme B, precursors are
cyanocobalamin and hydroxocobalamin. It is desirable that the amount of
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(e) at least one copy of a gene encoding vitamin BlZ transport ATP- or GIP
bi nding protein, wherein the vitamn B, 2 receptor precurgngo%ﬂbg,;fo@ncoded
. by the gene of elenent (c) is disrupted whereby its coenzyne B, 2 binding
sites are not regulated by the intracellular concentration of coenzyne B, 2,
and wherei n wo%sga6 one copy of any of the genes of (c), (d)(,‘T/BG’Dd//llIBI%(e)
Is introduced into the host cell. 13. A process for the bio-production of
1, 3- pr opanedi aeraymerB siimsige thé host oeit becappragyimately aaed or meldr tresentagbh Wit h (a)
at | east one ftSJ{E%%%P{@f&EH?Q@s@&E&ﬁ@ sel ected fromthe group consisting
of nonosacchar | des | gosacchari des, pol ysaccharides, single carbon
substrates, glg&&&mmoxyacetone and car bon-contai ning am nes and (b)
an effecti ve anmountTypfcalig, ckitage grome at 00PO imabps@iniaetnsdid. rRyefetrbd ggmwatup

consi sting 3| f ,gyd}tmqggﬁl ?eg,} i?rv%ﬂ%wﬁé(&pg%’rl %ﬁ{ﬂﬂf:ﬁ@%ﬂ?%@fﬁ?ﬁk?ﬁ@h&s Whe(rle teby

1, 3propane ans onprising: (a)
| east one copy-usia %ﬂg@db%h@@msﬂbowwléﬁm# 5 bregh o YrastMpliExgectacti vity;

‘(b) at least qwm@m @:h@deﬂﬁw&@ﬁﬁmtmcgrwnmﬁlrﬂamﬂHngsedlmwmeloreduct ase
activity; (c) at east receptor

precursor pr ot @PPPIEg™ f“"? éégfov‘gﬁg?@ggﬁ '6¢ i mﬁéor? a@ﬁ@b‘ﬁﬁ@d’ WX n B~2
transport systsemepmrskdtcden the atteif micrabigloge pr ferméndation soiarcec g uef ofa gene

e CoDy OF 8 e e S yel o ="
dehydr ogenase "gﬁ‘quiﬂet’y, ?{%P%?L%EF mayplso ‘ifrigm&f’g?}&ﬁ\“mat 55?&"%‘86‘3? ng a
protein havi nghmlgllyy,dwuslcoBagrhtssiqnbamasmoaﬂatevznzyynauadcnvn% (dgyenber 2002
wherein at %ﬁ%hg&eﬁﬁf?lg}ﬁt&fana Qﬁ‘zagsﬁj%t %d%&ﬂ%&m@ﬁt)o@g cér%l yaaw@uced into

t he host ceII tamn recept or precursor ro el n encoded by
the gene of ela¥cherused incopungtion Withprasan ARERRDY 19 BeioBADIPWALENs; bi ndi ng
Si Ej e? a;emot r egulSaistsle PM rirges fdﬂ&ﬁeﬂ@ﬁ:}xdmtﬂn&é aﬁcba@f&aﬁpﬂtﬂmm@wooenzynﬁ B~2;
an ii) recoy r|n edi o roduce I 14. The
process of darm mﬁ@ﬁgﬂjﬁ% {50@%2 Qd rgﬂ%/e%fg’g 9%}: ‘ﬁp‘"{enes of (c),
(d), or (e) is int B@d@@@dmambep@tﬁmﬂftéyndqsed:mbw%anaemblc condltlons where

. AA A AsU. Af . Ahaddbbi®dr Micrdderoblcyeotiinionyafe ﬁrei’err%BE A AfLCAF..AQ . Ay. Ay. AF. Any. A

R Ash2. A A A A A AY?. Ay. Ay. AUFE. A& A& A E A Y-3""n7; G 5ARSh
ermeéntations:
20 The present invention may be practiced using either batch, Fed-Batch, or

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

25 The present process is exemplified herein as a batch method of
fermentation. A classical batch fermentation is a closed system where the
composition of the media is set at the beginning of the fermentation and not
subject to artificial alterations during the fermentation. Thus, at the beginning of
the fermentation the media is inoculated with the desired organism or organisms

30  and fermentation is permitted to occur adding nothing to the system. Typically,
however, a batch fermentation is “batch” with respect to the addition of the carbon
source and attempts are often made at controlling factors such as pH and oxygen
concentration. The metabolite and biomass compositions of the batch system
change constantly up to the time the fermentation is stopped. Within batch

35  cultures cells moderate through a static lag phase to a high growth log phase and
finally to a stationary phase where growth rate is diminished or halted. If
untreated, cells in the stationary phase will eventually die. Cells in log phase
generally are responsible for the bulk of production of end product or
intermediate.
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15  Edition, Cold Spring Harbor Laboratory Press. Cold Spring Harbor, NY (1989).
Materials and methods suitable for the maintenance and growth of

bacterial cultures are well known in the art. Techniques suitable for use in the
following exampies may be found as set out in Manual of Methods for General
Bacteriology (Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W.
20  Nester, Willis A. Wood, Noel R. Krieg and G. Briggs Phillips, eds), American
Society for Microbiology, Washington, DC. (1994)) or by Thomas D. Brock in
Biotechnology: A Textbook of Industrial Microbiology, Second Edition, Sinauer
Associates, Inc., Sunderland, MA (1989). Al reagents and materials used for the
growth and maintenance of bacterial cells were obtained from Aldrich Chemicals
25  (Milwaukee, W1), 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.
30 Isolation and Identification 1.3-propanediol
The conversion of glycerol to 1,3-propanediol was monitored by HPLC.
Analyses were performed using standard techniques and materials available to one
skilled in the art of chromatography. One suitabie method utilized a Waters
Maxima 820 HPLC system using UV (210 nm) and RI detection. Samples were
35 injected onto a Shodex SH-1011 column (8 mm x 300 mm, purchased from
Waters, Milford. MA) equipped with a Shodex SH-1011P precolumn (6 mm x
50 mm), temperature controlled at 50 °C, using 0.01 N H,SO, as mobile phase at
a flow rate of 0.5 mL/min. When quantitative analysis was desired, samples were
prepared with a known amount of trimethylacetic acid as external standard.
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detection). and trimethylacetic acid (UV and RI detection) were 20.67 min,
26.08 min, and 35.03 min. respectively.
Production of 1.3-propanediol was confirmed by GC/MS. Analyses were

5  performed using standard techniques and materials available to one of skill in the
art of GC/MS. One suitable method utilized a Hewlett Packard 5890 Series Il gas
chromatograph coupled to a Hewlett Packard 5971 Series mass selective detector
(EI) and a HP-INNOWax column (30 m length, ¢..25 mm i.d., 0.25 micron film
thickness). The retention time and mass spectrum of 1.3-propanediol generated

10  were compared to that of authentic 1.3-propanediol (m/e: 57. 58).

An alternative method for GC/MS involved derivatization of the sample.
To 1.0 mL of sample (e.g., culture supernatant) was added 30 uL of concentrated
(70% v/v) perchloric acid. After mixing, the sample was frozen and lyophilized.
A 1:1 mixture of bis(trimethylsilyl)trifluoroacetamide:pyridine (300 ul) was

15  added to the lyophilized material, mixed vigorously and placed at 65 °C for one h.
The sample was clarified of insoluble material by centrifugation. The resulting
liquid was partitioned into two phases, the upper of which was used for analysis.
The sample was chromatographed on a DB-5 column (48 m, 0.25 mm L.D.,

0.25 um film thickness; from J& W Scientific) and the retention time and mass

20  spectrum of the 1,3-propanediol derivative obtained from culture supernatants
were compared to that obtained from authentic standards. The mass spectrum of
TMS-derivatized 1,3-propanediol contains the characteristic ions of 205, 177, 130
and 115 AMU.

Identification of vitamin or coenzvme B,

25 Cell free samples were run on HPLC for coenzyme B, and
cyanocobalamin (cyanocobalamin) quantification. Cobalamin quantification was
achieved via first comparing peak area ratios at 278 nm and 361 nm with
standards, and then applying peak areas to standard curves of the cobalamins.

HPLC Method
30 Column: Supeicosil LC-18-DB, 25 cm x 4.6 mm (\Supelco. Inc.,
Bellefonte, PA)
Supelcosil LC-18-DB Precolumn kit
Column Temp: Ambient

Sample Chamber:  Dark, 5 °C
35 Detection: 254 nm, and 360 nm
Injection Volume: 25ul
Mobile Phase A: 8.95 g Sodium acetate.3H,0
5.88 mL 1.0 M Tetrabutylammonium hydroxide (TBAH)
4L MQ H,0
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1.3-propanediol oxidoreductase (dhal)
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Methods for the identification and isolation of dhaB and dhaT were done

essentially as described in US 5,686,276, hereby incorporated by reference.

Cosmid vectors and cosmid transformation methods were used within the context

of the present invention to clone large segments of genomic DNA from bacterial

genera known to possess genes capable of processing glycerol to 1,3-propanediol.
Specifically, genomic DNA from XK. pneumoniae ATCC 25955 was isolated by
methods well known in the art and digested with the restriction enzyme Sau3A for

insertion into a cosmid vector Supercos 1 and packaged using Gigapackll

packaging extracts. Following construction of the vector E. coli XL1-Blue MR

cells were transformed with the cosmid DNA. Transformants were screened for

the ability to convert glycerol to 1,3-propanediol by growing the cells in the

presence of glycerol and analyzing the media for 1,3-propanediol formation.

Two of the 1,3-propanediol positive transformants were analyzed and the

cosmids were named pKP1 and pKP2. DNA sequencing revealed extensive

homology to the glycerol dehydratase gene (dhaB) from C. freundii,
demonstrating that these transformants contained DNA encoding the giycerol

dehydratase gene.

A 12.1 kb EcoRI-Sall fragment from pKP1, subcloned into pIBI31 (IBI
Biosystem, New Haven, CN), was sequenced and termed pHK28-26 (SEQ ID
NO:10). Sequencing revealed the loci of the relevant open reading frames of the

dha operon encoding glycerol dehydratase and genes necessary for regulation.
Referring to SEQ ID NO:10, a fragment of the open reading frame for dhaX

(encoding dihydroxyacetone kinase) is found at bases 1-399; the open reading
frame dhaD (encoding glycerol dehydrogenase) is found at bases 983-2107; the
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unknown funcnon) is found at bases 9749-11572. Additionally, the open reading

frame orfY (encoding a protein of unknown function) 1s found at bases

10  6202-6630: the open reading frame orfX (encoding a protein of unknown
function) is found at bases 4643-4996, and the open reading frame orf W
(encoding a protein of unknown function) is found at bases 4112-4642.
Construction of General Purpose Expression Plasmids For Use In Transformation
of Escherichia coli

15 Construction of expression vector pTaclQ

The E. coli expression vector pTaclQ was prepared by inserting laclq gene
(Farabaugh, (1978), Nature 274 (5673) 765-769) and tac promoter (Amann et al..
(1983), Gene 25, 167-178) into the restriction endonuclease site EcoRI of pBR322
(Sutcliffe, (1979), Cold Spring Harb. Symp. Quant. Biol. 43, 77-90). A multiple
20  cloning site and terminator sequence (SEQ ID NO:11) replaces the pBR322
sequence from EcoRI to Sphi.
Subcloning the glycerol dehydratase genes (dhaBl. 2, 3, X)
The open reading frame for the dhaB3 gene was amplified from pHK
28-26 by PCR using primers (SEQ ID NO:12 and SEQ ID NO:13) incorporating
25  an EcoRlsite at the 3' end and a Xbal site at the 3' end. The product was
subcloned into pLitmus29 (New England Biolab. Inc.. Beverly, MA) to generate
the plasmid pDHAB3 containing dhaB3.
The region containing the entire coding region for dhaBl, dhaB2, dhaB3
and dhaBX of the dhaB operon from pHK28-26 was cloned into pBluescriptlIKS+
30 (Stratagene, La Jolla. CA) using the restriction enzymes Kpnl and EcoRI to create
the plasmid pM7.
The dhaBX gene was removed by digesting plasmid pM7 with Apal and
Xbal, purifying the 5.9 kb fragment and ligating it with the 325-bp Apal-Xbal
fragment from plasmid pDHAB3 to create pM11 containing dhaB1, dhaB2 and
35 dhaB3.
The open reading frame for the dhaB/ gene was amplified from pHK28-26
by PCR using primers (SEQ ID NO:14 and SEQ ID NO:15) incorporating a
HindllII site and a consensus ribosome binding site at the 5' end and a Xbal site at
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Subcloning the 1.3-propanediol dehvdrogenase gene (dhaT,

The Kpnl-Sacl fragment of pHK28-26, containing the 1,3-propanediol

dehydrogenase (dhaT) gene, was subcloned into pBluescript]l KS+ creating

10  plasmid pAH1. The dhaT gene was amplified by PCR from pAH1 as template
DNA and synthetic primers (SEQ ID NO:16 with SEQ ID NO:17) incorporating
an Xbal site at the 5’ end and a BamHI site at the 3' end. The product was
subcloned into pCR-Script (Stratagene) at the Srfl site to generate the plasmids
pAH4 and pAHS containing dha7. The plasmid pAH4 contains the dhaT gene in

15  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
pAH4 containing the dhaT gene was inserted into pTaclQ to generate plasmid
pAHS. The HindlI-BamHI fragment from pAH8 containing the RBS and dhaT
gene was inserted into pBluescriptIIKS+ to create pAH11.

20  Construction of an expression cassette for dhaT and dhaB(], 2, 3)

An expression cassette for dhaT and dhaB(l, 2, 3) was assembled from the
individual dhaB(l1, 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.

25 A Sall-Xbal linker (SEQ ID NO:22 and SEQ ID NO:23) was inserted into pAHS
which was digested with the restriction enzymes Sall-Xbal to create pDT16. The
linker destroys the Xbal site. The 1 kb Sall-Mlul fragment from pDT16 was then
inserted into pAH24 replacing the existing Sall-Mlul fragment to create pDT18.
pDT21 was constructed by inserting the Sall-Notl fragment from pDT18 and the

30  Notl-Xbal fragment from pM7 into pCL1920 (SEQ ID NO:24). The glucose
isomerase promoter sequence from Streptomyces (SEQ ID NO:25) was cloned by
PCR and inserted into EcoRI-HinDIII sites of pLitmus28 to construct pDT5.
pCL1925 was constructed by inserting EcoRI-Pvull fragment of pDT5 into the
EcoRI-Pvul site of pCL1920. pDT24 was constructed by cloning the

35 HinDIII-Mlull fragment of pDT21 and the Miul-Xbal fragment of pDT21 into the
HinDIII-Xbal sites of pCL1925.
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using primers (SEQ ID NO:18 with SEQ ID NO:19) which adds an Ncol site at

the 5' end and 2 BamH]I site at the 3' end. Reaction mixture contained 10 mM Tris

pH 8.3, 50 mM KCl, 1.5 mM MgCl,, 0.0001% gelatin, 200 uM dATP, 200 uM

dCTP, 200 uM dGTP, 200 pM dTTP, 1 uM each primer, 1-10 ng target DNA,

15 25 units/mL. Amplitaq™ DNA polymerase (Perkin-Elmer Cetus, Norwalk CT).
PCR parameters were | min at 94 °C, | min at 52 °C, 2 min at 72 °C, 25 cycles.
The 1905 bp PCR product was cioned between the Ncol and BamHI sites of

plasmid pTrc99A (Pharmacia, Piscataway, NJ) to generate the plasmid pBtuB1.

Plasmid pBtuB1 has a ColE1 origin of replication, ampicillin resistance a laclg

20 gene, and bruB is expressed from Prre.

To construct plasmid pBtuB2, an Sphl/BamHI fragment encoding /ac/q,
Ptrc, and bruB was removed from pBtuB1 and cloned into the Sphl/BamHI sites
of plasmid pACYC184. Plasmid pBtuB2 has a pl5A origin of replication,
chloramphenicol resistance a laclq gene, and bruB is expressed from Prre.

25 The bruCED genes were amplified from E. coli chromosomal DNA by
PCR using primers (SEQ ID NO:20 with SEQ ID NO:21) which adds a BamHI
site at the 5' end and a Hindl1I site at the 3' end. The 2557 bp PCR product was
cloned between the BamHI and HindHIII sites of pACYC184 to generate the
plasmid pCED. Plasmid pCED has a P15A origin of replication and a

30  chloramphenicol resistance gene.

To construct plasmid pBCED an Sph/BamHI fragment encoding lac/g,
Ptrc and btuB was removed from pBtuB1 and cloned into the Sphl/BamHI sites of
pCED. Plasmid pBCED has a pl5A origin of replication, chloramphenicol
resistance, a lac/q gene, and the btu genes in the order btuBCED downstream

35 from a trc promoter.

EXAMPLE 2
Transformants Containing Genes For By, Transport And DhaB Activity
E. coli strain FM5 was transformed with the dha plasmid pDT24 (specR).
the btuB plasmids pBtuB1 (ampR) or pBtuB2 (chiR), or the btuBCED plasmid
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s&10% &' (?0 > fvf@%egowed 1& ﬂ}el%g (&e l)ghl My&-swples were withdrawn
immediately upon addition of cobalamin and the cells were pelleted. The cultures
were then allowed to incubate further with 250 rpm shaking until endpoint
samples were taken as given in Table 1 and Table 2, below.
Cell-free supernatants from each one mL sample were run on HPLC for
25  cobalamin quantification. Cobalamin quantification was achieved by first
comparing peak area ratios at 278 nm and 361 nm with standards, and then
applying peak areas to standard curves of the cobalamins.
Endpoint analysis involved cell separation from media, followed by
separation of periplasm from cytoplasm. Methods followed essentially those of
30 Kaback (Methods of Enzymology, vol. 22, pg. 99. 1971).
Recovered cell pellets were weighed, and washed 2X with 10 mM Tris,
pH 8.0. Pellets were resuspended at 1 g/80 mL of 30 mM Tris, pH 8.0/20%
sucrose. While stirring on a magnetic stir plate, EDTA was added to 10 mM and
lysozyme to 0.5 mg/mL. These suspensions were stirred at room temperature for
35 30 minutes. Following this lysozyme/EDTA incubation, cells clumped, and
sedimented as expected. Each suspension was pelleted at 15K rpm for 20 minutes
at 4 °C. Supernatants, now consisting of diluted periplasm, were collected.
volumes noted, and samples taken for HPLC analysis.
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FM5/gDT24 transformed wnh pBCED
20 E. coli strains FM5/pDT24 and FM5/pDT24/pBCED were cuitured in

250 mL flasks containing 25 mL of medium at 30 °C, protected from light and
shaking at 250 rpm. Medium, titrated to pH 6.8 with NH4OH, contained 0.2 M
KH,PO;,, 2.0 g/L citric acid, 2.0 g/ MgS80,4-7H,0, 1.2 mL 98% H,S0,, 0.30 g/L
ferric ammonium citrate, 0.20 g/L CaCl,-2H,0, 5 mL of trace metal mix, 5 g/L
25  yeast extract, 10 g/L D-glucose, and 30 g/L glycerol. Trace metal mix contained
(g/L): NaySOy4 (4.0), MnSO,4-H;0 (0.80), ZnSO4-7H,0 (1.6), CoSO4 (0.52),
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required 50 ug/mL spectinomycin and 20 ug/mL chloramphenicol, respectively.
FM5/pDT24 and FMS5/pDT24/pBCED were grown as described above
with the addition of cyanocobalamin, hydroxocobalamin (hydroxy By5), or
5 coenzyme B to a final concentration of either 0.40 uM or 4.0 uM. Flasks were
inoculated to an initial OD600 of approximately 0.01 AU, pH was maintained
above pH 6.2 with the addition of 0.5 N KOH, and the glucose concentration was
maintained above 2 g/L with the addition of a 50% (w/w) solution. pH was
monitored using ColorpHast strips (EM Science, Gibbstown, NJ). Glucose
10  concentration was monitored using the Trinder enzymatic assay (Sigma, St. Louis,
MO). At various times, aliquots were removed in order to determine 3G
concentration (hplc analysis) and cell density (ODgqg). The results are shown in
Tables 3 and 4 below.
15 TABLE 3
Effect of pBCED on the production of 1,3-propanediol in the presence of 0.40
uM cyanocobalamin, hydroxocobalamin, and coenzyme By,
FMS/pDT24 FMS5/pDT24/pBCED
By2 Addition Time 1,3-Propanediol 0D600 1,3-Propanediol OD600
(0.4 uM) {hr) (e/L) (AU) (78] (AU)
Cyanocobalamin 0 0.0 0.1 0.0 0.0
v 9 0.0 6.3 0.3 6.9
" 11 0.0 9.4 1.0 10.0
" 12 0.0 9.7 1.0 9.9
14 0.0 1.6 1.2 12.5
17 0.0 19.4 1.2 19.3
19 0.0 24.8 1.2 24.1
33 0.0 41.5 0.9 46.5
Hydroxy By 0 0.0 0.1 0.0 0.0
v 9 0.1 6.2 1.0 6.1
" 11 0.3 8.8 2.0 83
" 12 03 9.7 22 9.1
" 14 0.3 10.4 23 10.5
" 17 04 17.3 23 15.8
" 19 04 2290 2.2 18.2
33 0.2 41.5 1.5 35.8
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FMS5/pDT24 FMS5/pDT24/pBCED
By, Addition Time 1,3-Propanediol  OD600 1.3-Propanediol ~ OD600
(4.0 uM) (hr) (/L) (AU) (@) (AU)
Coenzyme B9 0 0.0 0.1 0.0 0.2
” 8 24 82 22 8.7
" 10 3.7 10.3 3.3 11.5
12 5.0 12.6 42 13.2
14 55 14.2 5.7 16.5
16 7.4 16.6 7.3 204
33 11.3 46.2 12.7 48.6
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Claims:
1. A process for the bio-production of 1,3-propanediol comprising:
(i) contacting a transformed host cell with at least one fermentable carbon source

and an effective amount of at least one compound selected from the group consisting of
cyanocobalamin, hydroxocobalamin, and aquacobalamin whereby 1,3-propanediol is
produced, the transformed host cell comprising:
(a) at least one copy of a gene encoding a protein having a dehydratase
activity;
(b) at least one copy of a gene encoding a protein having an oxidoreductase
activity;
(c) at least one copy of a gene encoding a vitamin B, receptor precursor
protein;
(d) at least one copy of a gene encoding a vitamin B;, transport system
permease protein; and
(e) at least one copy of a gene encoding vitamin By, transport ATP- or GTP-
binding protein;
wherein the vitamin B, receptor precursor protein encoded by the gene of element (c) is
disrupted whereby its coenzyme B, binding sites are not regulated by the intracellular
concentration of coenzyme Bi,; and

(i) recovering the 1,3-propanediol produced from step (i).

2. The process of Claim 1 wherein the gene encoding a protein having a dehydratase
activity of step 1(a) encodes an enzyme selected from the group consisting of a glycerol

dehydratase enzyme and a diol dehydratase enzyme.

3. The process of Claim 1 wherein the individual genes of 1(a) and 1(b) are
independently isolated from the group of microorganisms consisting of Klebsiella sp.,

Citrobacter sp., Salmonella sp., and Clostridium sp.
4, The process of Claim 1 wherein the individual genes of 1(c), 1(d), and 1(e) are

independently isolated from the group of microorganisms consisting of Escherichia sp.,

Salmonella sp., Klebsiella sp., Pseudomonas sp., and Citrobacter sp.
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5. The process of Claim 1 wherein:
() the gene of (i)(c) is a bruB gene selected from the group consisting of SEQ 1D
NO:1 and SEQ ID NO:2;
(ii) the gene of (i)(d) is a btuC gene of SEQ ID NO:3; and
(iii)  the gene of (i)(e) is a bruD gene of SEQ ID NO:4.

6. The process of Claim 1 wherein the fermentable carbon source is selected from the

group consisting of fermentable carbohydrates, single-carbon substrates, and mixtures thereof.

7. The process of Claim 1 wherein the fermentable carbon source is selected from the
group consisting of monosaccharides, oligosaccharides, polysaccharides, single carbon

substrates, glycerol, dihydroxyacetone and carbon-containing amines.

8. The process of Claim 1 wherein the transformed host cell further comprises at least
one copy of a gene encoding a glycerol-3-phosphate dehydrogenase enzyme and at least one

copy of a gene encoding a glycerol-3-phosphatase enzyme.

9. The process of Claim 1 wherein the host cell is selected from the group consisting of

bacteria, yeast, and filamentous fungi.

10. The process of Claim 9 wherein the host cell is selected from the group of genera
consisting of Citrobacter, Enterobacter, Clostridium, Kiebsiella, Aerobacter, Lactobacillus,
Aspergillus, Saccharomyces, Schizosaccharomyces, Zygosaccharomyces, Pichia,
Kluyveromyces, Candida, Hansenula, Debaryomyces, Mucor, Torulopsis, Methylobacter,

Escherichia, Salmonella, Bacillus, Streptomyces, and Pseudomonas.
11. The process of Claim 1 wherein the effective amount of at least one compound

selected from the group consisting of cyanocobalamin, hydroxocobalamin, and

aquacobalamin is at a 0.1- to 10.0-fold molar ratio to the amount of dehydratase present.
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(e) at least one copy of a gene encoding vitamin B, transport ATP- or GTP-

binding protein,
wherein the vitamin By, receptor precursor protein encoded by the gene of element (c) is
disrupted whereby its coenzyme B,, binding sites are not regulated by the intracellular
concentration of coenzyme B,,, and wherein at least one copy of any of the genes of (¢), (d),

and/or (e) is introduced into the host cell.

13. A process for the bio-production of 1,3-propanediol comprising:

(i) contacting a transformed host cell with (a) at least one fermentable carbon
source selected from the group consisting of monosaccharides, oligosaccharides,
polysaccharides, single carbon substrates, glycerol, dihydroxyacetone and carbon-containing
amines and (b) an effective amount of at least one compound selected from the group
consisting of cyanocobalamin, hydroxocobalamin, and aquacobalamin, whereby 1,3-
propanediol is produced, the transformed host cell comprising;:

(a) at least one copy of a gene encoding a protein having a dehydratase
activity;

(b) at least one copy of a gene encoding a protein having an oxidoreductase
activity;

(c) at least one copy of a gene encoding a vitamin B;, receptor precursor
protein;

(d) at least one copy of a gene encoding a vitamin By, transport system
permease protein; and

(e) at least one copy of a gene encoding vitamin By, transport ATP- or GTP-
binding protein;

(f) at least one copy of a gene encoding a protein having a glycerol-3-
phosphate dehydrogenase activity; and

(g) at least one copy of a gene encoding a protein having a glycerol-3-

phosphatase activity,
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