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PCT/ US96/ 06705 Bl OCCONVERSI ON OF A FERMENTABLE CARBON
SOURCE TO 1, 3- PROPANEDI OL BY A SI NGLE M CROORGANI SM

FI ELD OF | NVENTI ON 5 This invention conprises a process for the
bi oconversion of a fermentable carbon. source to 1, 3-propanediol by a
singl e mcroorgani sm BACKGROUND

1, 3- Propanedi @lg dgiside TONOMEr having potential utility in the%&

pol yester fi bers and the manufacture of pol yurethanes and cyclic nd

10 A variety of chemical routes t&IHLB- propanedi ol are known. For

exanpl e ethyl ene mc@wvmmﬁmﬂmpmmﬂm%msm over a

Fycrogen and an aci byrﬁﬁ@m@%’?& R MGROHRBAIIN o Ton o

acrol eien fol | owed by reduction, or " - 8Car bons such as
gl ycerol, reactgd in theghigs groP ikt dﬁc&ﬁ;drsmnbﬁafdiﬁﬂﬁ:ﬁﬂﬁn

over catal ysts havi L@& I %ﬁ? dic table.
Al'though it is posscﬁgl an tL Igrgalﬁwg |o°g§ ese net hods, they
are expensi ve and gener at e wast cBASBERQPUINt ai ni ng envi ronment al

EOlsl utants. il 1,3 Prbpdﬂéﬁolh@ﬂﬁoh@ﬂwmfzﬁ thé Prodaaion of I

, 3- propanedi o cagﬂgg“@r ? nf :“qg: ;:H% hﬁig 8{ dlaycerol .
Bacterial strains o pr ﬁgce -pr opane- %h%%l%ave een found,
for exanple, if0the grodyarieyof ghemical poutesito, L 3mrepagediol are knownForoxsmple or |
|l yobact er, Kl ebsi ethylkene bxidé aiag be tinvetedao d, BRﬂbpmaﬁbmverdchmhnhase

catal §3edg"ycer°'r§§3§‘.**§n éeﬁﬂ"e'%%ﬁ %ﬁﬂﬁ“?’?‘?’ét Bl i

catal yzes the conv&falytisselution phas ed by redn cmn,or
3- hydr oxypr opi onal wﬁh&ﬁaaslsﬁamrgtymwm&m sexibe of GartiohnonoBfe akECONd

2;iegbr§d5cpt;:er duﬁ:“@%’éﬁ’%&%%opane OE%% &ngep%ﬁéguéurther

and, as ar it 15 possib
accumJI at es i n hi gkxpeosive and generate waste stosmsexint Beavizseraneatal polintants. on
consunes a redUCIt'iﬂsﬁ‘&HH@Jvﬁf&o#&aW ped

lbe prods
[err]-nicotinam de_adeni d nuc tide OX|d|zedto
ni coti nam de adeni ﬁ'«?“b'g m yggot %ﬁﬁ'@#ﬁ’jﬂ“‘mmwﬁu 133
production of ~203- pmmm&mw:mlmﬁmgvr@&mwiMd
under anaer obic comt&&mﬁr,mbm:ﬁlﬂnméuh Edctdbacilifis) ad Pélbiucter SB\ saciecazed i n

these cona g tﬁfﬁwﬁ"%ﬁmﬁ?wr%“ﬁ » AR e

Kl ebsiella, a par afgagtion sequence.
glycerol to 3-hydroxypropmnaldehyde (3-HP) and water, Bquahon 1. Inthe

25  second step, 3-HP is reduced to 1,3-propanediol by a NAD*-linked
oxidoreductase, Equation 2. The 1,3-propanediol is not metabolized further and,

as a result,
Glycerol = 3-HP + H,O (Equation 1)
30 3-HP+ NADH + H* — 1,3-Propanediol + NAD* (Equation 2)

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

35 @®ADH).

The production of 1,3-propanediol from glycerol is generally performed
under anaerobic conditions using glycerol as the soie carbon source and in the
absence of other exogenous reducing equivalent acceptors. Under these
conditions, in e.g., strains of Citrobacter, Clostridium, and Klebsiella, a parallel
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PCT/ US96/ 06705 pat hway for glycerol operates which first involves
oxi dation of glycerol to di hydr oxyacet one (DHA) by a NAD[err]- (or

NADP[ err]) |inked glycerol dehydr ogenase, Equation 3. The DHA,

fol l owi ng phosphoryl ation to di hydr oxyacet one phosphate (DHAP) by a

DHA ki nase (E [err]

avai l abl e forodgl osé/&z%‘hem s and for supporting ATP generation l:’-‘Ta‘%e

gl ycol ysi s. | n copithway fortglydeiul ofieritepwhidiafistinedlvesatxidation oftghyceroptnt hway rray
provi de Carmmr(gm? Wk&:mmbgmﬂemamt her than

consunes NADH. {ieu.m)n ae a .Cl trobact er

K
freundii, the geniSiydmResaey Eq"laﬂgn W Qctivities of
gl ycerol dehydr atmephmhmmmabmmmmt ase (dhaT),
gl ycerol dehydtogenase (dhaD), and di hydroxyacetone 15 Ki nase (dhakK) are

enconpassed by.the dhaGlmtdlerNAU‘heemm-FHMmHH"‘from (Bquadoni3pct er and
Kl ebsi el | a have been exprepiﬂg Qin} coli and have
shown to convert gl ycerol gpr opanedi o0 @g%l éal

processes for th repar cerol, are knQwn . ovewhel m ng
majority of gl ycg?"g‘fm% gifb%r @%%WWQZEMMWI?&' 20 fungi’
and al gae ar el@l @ydobmnhmméﬁrmmﬂlglmympaﬂmammuﬂe by

converting gl ucoS@eh ast &Rk Ehsumes NADH.
fructose-1, 6-bi sphosp at [of0) 5| r the de

Meyer hof Par nas pat hm&kﬁeﬁé@gggme%ﬁ%ﬁdﬁv% "85 f“‘%&%@*ved
car bon di oxi de or dn&p@aqnnxmﬁef@mmm dhal), § Fepropanediol3- car bon
i ntermedi at es of dxiteredadtase (dRaly, giycetol déhytgénase Wbon 25

!\%ntpﬁ(r)ggﬂa?:ae jtha%g%n Mg%ﬂﬂi?er C%VGI’ t efﬁ%% O I soner

di hydr oxyacet one Citrobactep, gyl K h
bi ol ogi cal net hoc#homitotmnwrtglycerolg:byﬂmdnﬂ 1, 3 pr opaned| ol producti on

are known, it has nevg;oﬂ;?g,n mﬂmg&&ﬁ&%@%ﬁ&g%rﬁeprocess can

be accorrpl I shed a,sin a t her. . the, chem cal nor
bi ol ogi cal net ho@@%@@%&&fwﬁm@mmw& oﬂ(:fer
1, 3-propanedi ¥ fungiend dmm&ﬁ@mMWMW@m&bmce

ﬁgguictlgm cal procaﬁmgagl&oemr&m tdwfrmqugs- :szfl g
| ow energy i nput im&w;ﬂla#%% né@?%@\a/e eé’%gﬁl ng ﬁé@ a’f% I'S g%‘e’é“
nore desirable pﬂ!ﬂ?@%éﬁﬂ“‘wmﬁé‘%% nafecip disychiomplastsinga theyo U | d

have the ability &mhnnmmedimwcmarahmwcle Inamiwsomepsmha-mrbon _
car bohydr at esys0r W ?éeﬂldﬁg& roduct .
Al t hough a si ngl gan n er5| on armentﬁp% ar bon ou ce ot her

t han gl ycerol 8% desirabl e, it
has phosphaﬁeandulhmatelytoglycerol Although bxolog@al methods of both

glycerol and 1,3-propanediol productmn are known, it has never been
demonstratedthatthemureprowsscanbeaccomphshedbyasmgle organism.
30 Neither the chemical nor biological methods described above for the
production of 1,3-propanediol is well suited for industrial scale production since
the chemical processes are energy intensive and the biological processes require
the expensive starting material, glycerol. A method requiring low energy input
and an inexpensive starting material is needed. A more desirable process would
35 incorporate 2 microorganism that would have the ability to convert basic cartbon
sources such as carbohydrates or sugars to the desired 1,3-propanediol end-
product.
Although a single organism conversion of fermentable carbon source other
than glycerol or dihydroxyacetone to 1,3-propanediol would be desirable, it has

2
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difficulties to overconme in such an endeavor. For exanple, Gottschalk
et al. (EP 373 230) teach that the growh of nmost strains useful for
the production of 1, 3-propanediol, including Ctrobacter freundii,

C ostri-di um awy@ ?ﬁlcum Clostrldlumbutyllcum and Ki ebsi g}, ‘Jﬁﬁﬂé’f)‘ '
pneum ae, is disturbed by t he presence of a hydrogen donor such as tructose
or gl ucosebeesdoaimentedithat theresyegignificant di evereomednsichian ys

buchner, which endeavoﬂrﬁd'leﬁﬁnﬂl Bdifschiatk @ di. (P 378 230) teactihid thé fowth off

gl ycerol and fru
provi ded as the sé&e car%sgn sour(,pmd“an‘(,Jn FW%MW% E‘g‘%en shown
that resting ce|ﬁ@néaﬁlm'dwq%ug!%§éwmdm w@w a%wbﬁﬂlanot 10

produce 1, 3- p50ppmﬂ0ﬂhe,1(diau¢ed Bammmﬁn&t?:k&OIS
(1992)). SI m | ar by s! t rgigpngw ﬁLI&DQVﬂFi

pol ytropus, whi c%l produces 6%%%2’1‘?1% e} ﬁy\ﬁg uo% ycé and acetate
are provided, wipoducsd,3-propanediolin PnElNcos, st r at es

ot her than gI ycmotmmmlmMMthwmmbh&t al .

Arch. M crobiol. thie |ochem
o e W '”M%WM TR ¢ ol

not produce 1, 3 @Bwhr&dnhﬂy,ﬁtmmmghtmoﬂlmy&mmpomasewwhence of
exogenous gl ycer -propanediol which

1, 3- propanedi ol Tr E,Ar‘ycerol e béegn 8 rtedd\/nerf C -substrat es
capabl e of pr OVI Wﬁ%ﬁ?’gﬂi%‘ abl e
sugars, are incImandglheospr(&ubstd¢mhdlmmsl4mlwam4)haﬁaﬂbeen :

cl aimed for ifStT&ﬁeGﬂ' t;ﬁ; ‘:Bzﬁh %?&E}?Mflﬁ?%wz»lﬁ@ﬁuﬁh rtbmBinpiEUTONI 2

DSM 4270 roent | ?,qmgffxé:gd 9&'“2},#% ucgse %G%Péggﬁ”aflmmeng cell's

supra.; and- Tra -
of Kl ebsi el | a pndegsmetipaeiups ] 3M@QWMQOWIQFR&PWQI ucose,
whi ch produced n&ogenous gijcetolPr Opanedi ol -T. Tong, Ph.D. Thesis,

Uni versity of Wscons ve been
reported for the .cof M%% 'idl awﬁifﬁﬁg %E?c/oskeg%?’%%r“uct ose
by a reconbi #intrepasted wggle WMHCWMVMWMI is
produced in the hhnmmbﬁe ycmhaedﬁm@rﬁbssalkwmmynddﬁ&emse

systens, single m%mmatl ng
SRR s i ki pmmciw g e

ese i sc ream
t hat produces etalJDBs‘Iﬂb‘lﬁd-D;dmmtfoﬂgmmgcdk@kab&zgﬂammdl ol produced

:nt he ?bsencgs OfAYGCZS%SW%H d ; jdn'EEHJﬁothe We:jghlt ?f
iterature clear su roduct. 0 anedi ol from
a carbohydrate s Pg’g%i’; ﬁﬁ'% 14’“’r%r‘lig ngsllﬁ

The probiemto bHd9%H mg:é Mﬂ@fé@%&
production of 1, ﬁdmmmsmmmghmmmmm howewer,imoexpensi ve

carbon 1,3-propanediol is produced in the absence of glycerol (Tong'et al., supra.). In
30  these systems, single organisms use the carbohydrate as a source of generating
NADH while providing energy and carbon for cell maintenance or growth. These
disclosures suggest that sugars do not enter the carbon stream that produces '
_ 1,3-propanediol. In no case is 1,3-propanediol produced in the absence of an
exogenous source of glycerol. Thus the weight of literature clearly suggests that
35 the production of 1,3-propanediol from a carbohydrate source by a single
organism is not possible.
'The problem to be solved by the present invention is the biological
production of 1,3-propanediol by a single organism from an inexpensive carbon
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bi ol ogi cal production of 1, 3- propanedi ol requires glycerol as a
substrate for a two step sequential reaction i n which a dehydrat ase
enzyne (typically a coenzyne B[err]-dependent dehydr at ase) converts

gl ycerol to arydoismregedi ate, 3- hydroxypropi onal dehyde, 5 Pissiedod NEN
reduced to 1, 3-propanediol by a NADH (or dependent

oxi dor educt ase. SEpratesHeh as,ghijcpsenr %‘Wagf‘%]" glipredginnofnecesit at es t he
use of a mmwolmwmmmm:mmwm utilizes
this reacti on i which& garanedi ol .

Furt her nore, der tﬁ!make t'he_proc Calla¥¥ ble, a |less
expensi ve feedst‘%é%ﬁ?’f'ﬁf yseroh fo EW&IW%P@%EW debyfee ded.

d ucose and ahmmmmléwmmmﬂ-mmmammt as

di sgustsed abzge oxﬁo?edﬁ%@ﬁ'ﬁa& I &h@%ﬁe%faﬁo@mﬁnﬁﬁﬁh%ﬁwt thenset

producti on agle 0 Singl'e q nj sm has en.sho o..conver

gl ucose to “é’“t?r"ﬁﬁ ﬂé‘ 8 &n Tndstrial proct g@b tﬂg&}% ® sol ved the
stated probl em ameMQmmmwéhﬁrmwoL Frchersors, ihordebtoopakeverting a
fernentabl e car &'#é‘&n SthicAK!Viabid, @ Iess exp m&v&b&!s&%ﬂﬁﬁlg?hu BNy @ single
organlsm d,ucosg i,s used as a d substr and I oconver si on
is appli cablg' o“?‘&'ﬂﬁ”‘&‘?‘g’ﬁ d’eﬁij’g g% b‘%ﬁﬁsms har bor i ng
the gene for a @W&tbabesms%mbo\teo Bnmtoxgmgéhl&pmpmolot her

sugars through tpbeingliC Qs resiftGloihigle crPanisii Basdyeri shovn thefreitglasbsdto 20
wi th good vyi el dsﬁ?ﬂ'q'g gtivities. Furthernore, the present invention may
be gener al p |ed to include any carbon substrate that is readily

converted to pplicaats baye sobved theysiatrd prehiemn aprthe present invension |  conpounds
at the oxi dasi Orprmm&rdioconmmg@lfgmﬂble(arl@nso@bmeﬂyitoS phosphate) or 4)

Clerr] conpoundsg, Oi”h’ﬁ i Sedydy 'ﬂ‘yﬁf (e.qg.,
di hydr oxyacet one ﬁﬁﬁiﬁ at e or ‘g gfﬁmﬁygemos“s. &hq B ateg
SUMVARY OF THE I n conprises a

process for themmmmmfmmmmmwgmm
1, 3- propanedi ol oAy ofheSsugéts through gradbfivh Painidy tb € 3Spropiiedio gene

capabl e of pre i n h t SBes nt act| n sal d cr o-

o ban Smwi { e M i '%%*F%g‘ 9%
genetically al tmmmmn&lmm %Wmmt ant of a
m cr oor gani sgn_ Rogry&mbh%/dmy&&yddmﬂirﬁasgwﬁpmsmhﬁ@aaaeﬂahoﬂeh%/drat ase
enzyne or a diol Hﬁhm HC cu»m%mm&g laffaién i on
further corrpriséﬁlyt g?o u t o t e a%%rv% ggseg %‘Q duﬂé!?ﬂ

present inventi P, &ly °ﬁ’@m§hﬂﬂA

fragnent of 28bodtph®sphiate).i soI at ed from Kl ebsi el | a pneunoni ae wherein said
fragment encodes an active gl ySMMART OTRE RSCERMFONT havi ng t he

restriction digest in Figure U Thi s m d, when
transferred into a Q'ge m&%oncompnsesaprocessfor?hebmconvemono(}s 2

carbon substrate to 1,3-propanediol by a single microorganism having at least one
* gene capable of expressing a dehydratase enzyme by contacting said micro-

30  organism with said substrate. The microorganism can be a wild-type, or
genetically aitered, such as a recombinant microorganism or a mutant of a
microorganism. Preferably, the dehydratase enzyme is a glycerol dehydratase
enzyme or a diol dehydratase enzyme.

The present invention further comprises the product of the above process.

35 The present invention further comprises 2 cosmid comprising 2a DNA
fragment of about 35 kb isolated from Klebsiella pneumoniae wherein said
fragment encodes an active glycerol dehydratase enzyme having the restriction
digest in Figure 1, columns 1 and 2. This cosmid, when transferred into a

4
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PCT/ US9/ 06705 m crorgani smpermts netabolismof a carbon substrate,
in particular glucose, to 1, 3- propanedi ol . The present
i nvention further conprises a transfornmed m crorgani sm conprising a

host m croorgani smand the above cosmd or any DNA fragnent of 5 sai d
cosm d encodi g ogaswsti ve functional protein other than a gl Yeqrfebsnsros
dehydr at ase enzyne. The invention al so enconpasses a

bi oconver si on pmg@wmﬁw&mmm@wﬁmmwwm to
contacting, unddg3-propdnedible condi t i ons gl ycerol with a single

m croor gani sm havi ngpad orbeasineait %W hydrat ase
10 enzyme, the mqro | anlsm se ected mt e g ou S|

menbers of the COMPUSIEZAI onyces
Pi chi a, Kl uy\ﬁertsai;lcmldencodmg@aachvdiuncﬁmm WS Mucor,

Torul opsi's, Met MJMLﬁﬁzyme Sal nonel l a, Bacillus, Streptonyces, and
Pseudom)nas TheP%nvent i on al.so encqgl)asses a bi oconversi on

process to produce 15ei i prpgrce  nder
suitabl e condit |1cﬁwppmethdrcbnmmmgcmnmmmmlbhmﬂma@lmrdwmhargam sm

havi ng at | east spgR Fg,g BigfabIe lof @Elﬂ;dme enzynme
wherein the ene encodes cerol dehydra and | S i.S0l §t ed from
the group cdflsi STPRY 'g?mf‘?g?%é ?‘gﬂ?é%@ffg? Spsistng of members o

Lact obaci | | us, mM@JMm@vgmMmeemcmmmmnd
Qostridium 20 Candida, Ham%b@b@?&mﬁék Mudbr, TIPS erkylobderepCONVEr Si on
process to prod opanedi ol r|5|ng contactlng, under

sui tabl e condi t#%ﬁg’m‘g’ gﬁ?ﬁ’b’n%ﬂ" %ngf a single mcroorgani sm
havi ng at | east one Wmummwammmmmm ase enzyne
wherein the 1senqseﬂsﬂdaﬁ GodpALAY cokflotry, ah &smmecmaﬁuﬁslascml ated from

t he group consi of nenb rs. of the gene Kl ebsi
Sal nonel | a. §°bsgg° gﬂq‘&%&’ﬂ§ﬁ?§?ﬁ°§ e ect ed fromthe
group consi sti ngamsmsadehyémsnw encodes glycerl delydrase hact er

Clostridium KI Misﬁohmdﬁomthegmupbmhﬁngoﬂmﬁmbaﬁkﬂdmmmg&,l | us,
Saccharonyces, £%80628 Citrobacter CPoiébactst, i da,
Hansenul a, baryorry es cor 'I’oru 0 séri l%gc I\/Iéxﬁ; o act er, loslioh.

Escheri chi a, Sal nmone R plpq gncomgp PEMSOoNas.

Reconbi nant m cnwﬁwmmmmmmmmmmt h in the

BRI EF DESCRI PTI Qsflse %% kot gartifth hining it icas BRI EF
DESCRI PTI ON OF THE FJGU§§W F| ure 1s genere r.1gtion digests
(EcoR 1, BanH 1SRERSRS §delygrargse pazype wherem ’“’f?ié&"’éﬁ&‘ DKP4

| abel ed as col u%ﬂmmaemmumgmmofmmmm&;m a 0.8%
agar ose gel 28! eshioréla €sis. Ml ecul ar size narkers were

5 : WO 9. .
PCT/ US96/ 06705 %%g%ggmon W anes |M&gﬁcﬂlemmm%%gl ed as

numbers 1 and 2™e@bemgEthe genera Citrobacter, Enterobacter, Clostridium, Klebsiella,
Aerobacter, Lactobacillus, Aspergillus, Saccharomyces, Zygosaccharomyces,
Pichia, Kluyveromyces, Candida, Hansenula, Debaryomyces, Mucor, Torulopsis,
30 Methylobacter, Escherichia, Salmonella, Bacilius, Streptomyces and
Pseudomonas.
Recombinant microorganisms embodying the invention are set forth in the
BRIEF DESCRIPTION OF THE BIOLOGICAL DEPOSITS.

35 Fxgnrelshowsrestncuond.tgests(EcoRI BamHl BooRVandNotl)of
. cosmids pkP1, pKP2 and pKP4 labeled as columns 1, 2 and 4, respectively, and
separation on a 0.8% agarose gel electrophoresis. Molecular size markers were



cosm ds containing a glycerol dehydratase enzyne. Figure 2
shows a partial physical map of pKPl1l and the position of the genes
based on DNA sequence. The genes were identified based on conparison 5
of deduced open reading franes with the Genbank data base using the Tfasta
program provi ded by a sequence anal ysis software of the University of

W sconsin I cs Conputer G oup, Verison 7, April, %395@

Sci ence Drive, w?/%%gﬁt(;n W 53711]. . ?SEF
DESCRI PTI ON OF mw&nﬁwend Cohmmsmbeledasnumbers 1 andDERBSIcAS AND

SEQJEQCEK:Slls-” Ntﬁumdscontammgagl td e gR4mie. COIi | :I):—lS[ err] cont gl ni n?h
cosmd p cont ai ni 0 e Si a.gene.encodi ng e
gl ycerol dehydrat aseﬁg‘?ﬁ)}mggmpg% %ﬁﬁ‘%&ﬁ&ni’g vvi th the
ATCC under the gmbasgdonwlwqmt'rhesenesm indcbasedoncomparisan ed ATCC
69789. The tsangf bk open W%% MM

containing a portion of KI ebS| ell a en di ql
dehydr at ase- enzmﬁ@f E‘B‘l’iﬁr’f’g& Qgg\ﬁtﬂﬂ"m %?@8%%
the ternms of th&ﬁmwm Yexisonds Apils 1 991a 5§ THSoienee Daive Madisone

Pseudononas aer wisgpag strain PAO 2845; pDT9, transformed with a plasnid
contai ni ng the dhaB operon (RS-0 QRASHEST ~on 96 with the ATCC 20

Pi chi a pastwl s strain NSP4ZDER epl i cat ive pl asm ds
cont ai ni Nng expr essi Othe tRARSISIThedE, dhaT genes,

was dep05| t ed 1%,3?& 1141996 vm t h i he A Eg FF é ug t he
Budapest % %5’! ces
cereyislae, st réppsited ondRApsl 1%mmmmmnwasm d
cont ai ni ng the hddha&’hgnmdxrcdﬂm PhischrsiitformaiE.coli DHSes  deposi ted

before the g§1 ﬁ:?ﬁ#ﬂm%m ting a lgiﬁ;gﬂmmgg %!uln@ﬁ on May
9, 1996, wit e un er erns ? i ¥§ and was
desi gnat ed ATCC!l m@%wpmlﬁm 199

transfornmed w tmmmnwmm@dmmmmmaﬁe 30 and

dhaT operon, ﬁmgl{lp g nat i onal
appl i cation, on May .9, 1%%% Wt E ng ﬂ Fﬁ EE% :E‘H@% Sl_h#he Budapest
Treaty and was S strain
BGL88/ pV26 mmmwmwmmmmmsm Abe dhaB1,
dhaB2 and dhaB3pg@mW fpldsinfiisl NSt.ant 35

![Eteer nat i gﬂggpe L cat | on, .on x ?Fé}%m%%%nper t he ter ns 'of

subtilis strai MMMBMWMMATQQ)MMWMM pI asm d
cont ai ni ng t he ThekPind was desighabi? ATCCHII63R TheFadcharinyces cerebidine stinsi t ed

téef ore the 44 | imﬁiwﬁwmammmMI dhaB2,

PCT/ US96/.06705 dhaB3, and dhal operon, was denopied before,the filing efthe instanty i 1y t he ATCC
under the terrr&nefnahdmlapphcau&ump MMMAMW&MCC 98050.

ThetA_sp_ergi dlﬁs B 7ﬂ Nividtaly asm d
o 1 ) oS st g o A o
30 anddhaTopemn.wasdeposﬂedbefomtheﬁlmgofthemstantmtemahoml
application, on May 9, 1996, with the ATCC under the terms of the Budapest
Treaty and was designated ATCC 98052. The Bacillus licheniformis strain
BG188/pM26 (Clone #8), transformed with a plasmid containing the dhaB1,
dhaB2 and ¢haB3 operon, was deposited before the filing of the instant
35 international application, on May 9, 1996, with the ATCC under the texrms of the
Budapest Treaty and was designated ATCC 98051. The Baciilus subtilis strain
BG2864/pM27 (Clone #1), transformed with a plasmid containing the dhaB1,
dhaB2, dhaB3 and dhaT operon, was deposited before the filing of the instant
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5 application on May 9, 1996, with the ATCC under the ternms of the
Budapest Treaty and was designated ATCC 74369. "ATCC' refers to the
Anerican Type Culture Collection international depository |ocated at
12301 Parklawn Drive, Rockville, NMD 20852 U.S. A- The desinations
refer to the accessi on nunber of the deposited material. 10

Appl i cants havgopéiydeded forty-si x sequences in coformty w tgm.
for the Standard Representati on of Nucl eotide and. Am no Acid quences in

Pat ent Appl i cat intamastiogizlapplication, on Miay!9, 1995, with 4BATEC vndi thetttimspidiei dent  of

TN N o o v i o ey A
15 ' D| sél oéure | ng uc eo??ﬁéﬁﬂ%@%iwg’eque gdo

The presenT i nvéhTioperop, was depesited heforedhe filing uction of

1, 3hp(rjopaneols Ol agpliGition, Jmayg;mbmbmm anag sﬁﬁgbﬁd@wam S\Th TEe
met hod i ncor por X ic
is 20 cont gctﬂ%&%ﬁ ca %Es?t?ﬁ@?g %ﬁ%pan‘é@?& W{;m at ed
fromthe grow hCulture Collestipn interpational depesitorydeasted o Prive, ype

or gani sm or WBYRMQMOSSEU&A maﬁ@hﬁmmmmwa gene

encodi ng a dehy %%ﬁ? E&@g The present nethod provides a
rapi d, inex en5|ve and_ envrr nnentally responsi bl e source of
1, 3- propaneH ol nondaplic prayided forpy-aix spanenses isfcopformisy with {Rules and ot her

pol yners. fortheStandﬂﬂ onloﬁmaeoddalahmmmawm used for

I nterpretati on ha| B As used
herein, the term nk&el C_aci. re erslfo a %rg@ E“{ =e!cu!f : \A/ﬁf'thﬁ can
be si ngl e- st r arid& pyblished in SupplementiNe. 2 0 QFFPOL & Wé‘hs( nucl eoti des) 30

contai ning a Slm.th&M%ﬁﬁﬂWAwsrmwr nucl eic
add

£9 AL l-act e LN Iﬁ E% g ecule
hi gher pl an{s wﬁe T1 DY ' etic mat er| aI
whi I e ribonucl ei ¢ acid ‘ LVE sfer of the

i nformation in DNA imwﬁﬂeﬁﬁonﬁovﬁesamwmhol ogidahprodutition 6f body of

genet Ic materi mww fsglgﬁﬁ term
"nucl eoti de seque refers tqQ a nNer o .ch can be
singl'e- or dou Wam%emmme@m Lis
natural or 20 tmﬁ&atmmmwwmw or

RNA pol yTEhsia. be a wild be
VO 96/ 35796 The single organism may be a type organism or may aganetically

PCT/ US96/ 06705 8ltered organism harhoring 3 gane sncoding a debydratass efzymes i | or refers to
DNA sequences t hat MMWMMWMMse a

change in the Qﬂﬁﬁm Propiediol monodtusdtnl ifl i preduedafoL Nanges which
may alter m)re 0_aci ds but do not affect the functional
properties t ﬂaﬁms the DNA sequence. It is. 5 t herefore

under st ood t hat theAsmmmmsmmbmm
exenpl ary sequedsims and\dpeéificstivhi ons to the sequence, such as del etions.

i nsertions, or SUbS%W%j&%“M@W%%a@&WM changes
that do can be single-stranded or double-stranded, composed of monomers (nucleotides)
30 containing a sugar, phosphate and either a purine or pyrimidine. A “nmucleic acid
fragment” is a fraction of a given nucleic acid molecule. In higher plants,
deoxyribonucleic acid (DNA) is the genetic material while ribonucleic acid
(RNA) is involved in the transfer of the information in DNA into proteins. A
“genome” is the entire body of genetic material contained in each cell of an
35 organism. The term “nucleotide sequence” refers to a plymer of DNA or RNA
. which can be single- or double-stranded, optionally containing synthetic, non-
natural or altered nucleotide bases capable of mcoxpomuoanNAorRNA
polymers.
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not substantially affect the functional properties of the resulting protein
nol ecul e are al so contenpl ated. For exanple, alteration in the gene
sequence which reflect 10 ‘'t he degeneracy of the genetic code, or which
result in the production of a chem cally equivalent amino acid at a
given site, are contenplated; thus, a codon for the am no acid

al anine, a hy | am no acid, nmay be substituted by a

encodi ng anot &@?P&a&?g hydr ophobi ¢ residue, such as gl ycine, 3950%2&
hydr ophobi ¢ resi due, Asusedhsreingl'essentiallysinilartrefas to RISAscauiences i@t may ar | vy,
changes 15  whi %rﬁmwmmm%wwwmaed residue

posi ?.”SEP?chifé%ﬁ?‘e'%‘%‘ﬁebﬂ%o@%%&m;fa@ﬁ&e%*%lgi s?%de%?%‘gl ni ne,

can al so be expeeffesthedunntional propertiss of thaprotein epcedediby fdsluct .
?I:ucl eot i dF chgngmﬁhdmdthatmﬁ@l fiéroénicOrfipakesihvie tah and 4
-term nal portiagns r ot ec Os expected to
alter 20 t he amw @?@F%Mt#ps%%ﬂgﬁge% *in fact be
desirabl e to makdnsertions, ofgybstitations,in thesequenge which silent changes thandot he

effect of alterahmbm&mpaﬂuwhemﬁhﬂpmpmmwmﬁgp&mmn Each

of the proposed ' 'Gm'!?ﬂ g Igléllln t he
art, as is deter%%!astgi on o tr%‘ettgntl%lp%ff | ol ogl ca¥ ac g&%y |n
decpr yyhichaesyltin

encoded pr odut s thesgsastpey of the, genefic ¢
"essentially 25 chenﬁcaﬂylequwdmmmmaagbema&saﬂcbmmphad:mnbm are
()

I def db
al so defined by _%&%WWCGS

di t 0. 1X_SSC, o 1%8 flaning,
condi tions ( P?fi%" otger ﬁﬁ lop %&?ﬁ'?&mﬂagmnt

exenplified here
t hat expresses ahztp‘emomcceq@thmmhasvalm leucing,| ax dsoleycine.gSimilady, ences

preceding (515n0md¢smi)nm§hcm}d& Tgﬁ@vel}fmrgeagesldﬁ%i'aﬁ&ﬁer}dﬁ&l&om ng
ers

region. "Native" a und in
nature with its ggpr‘*s{%ﬁ*fn%%@é#oggm&&&ﬁ% R o s, ol
"genetical ly altasysing belexpacted toprodussiediglogieatly equivalent to
any m croorgani sgrodadti mabmde@hmgeewmmhbﬂtﬁrm&aﬁanmmmnm ch has

undergone an alt :ﬂﬁ%ﬁ& B&id A4
m cr oor gani s g‘ OB%’::I’II s gﬂ% eﬁ%‘?iﬁg@ﬁi& aJ‘FRt!’i‘t Eg under goi ng
transformati cid
fragnments, mut agmu@tssvfthetshquencemnmeagsmdz lahu@mmthﬂﬁologlgﬂt

‘et hanesul f oni c Agdeiity Of the Plotéth."Bich 58 it PFoposed modifdaBbs i well wihidlther at | ons of
8

'{/\gegg/eg!57ggnorre OCu%neslnllmt!m art, as is determination of retention of biological activity in the.

PCT/ US96/ 06705 encoded products. Maseqver, theskilled entigan recognizes thaty essantigllysni d,
Virus, aut onQsousimilatapiueacss efdmpassed bysthijlitveation g€ alsoHefindd by dririability

sequence, phage gf Q‘Eih%ﬁﬁ!{ﬁ'gg’” r of a
singl e- or doubl e- trande Eﬂﬁﬁmgk |ve§s? %%n%asrl\)ys ggtﬁ%ﬂ{m in

whi ch a nunber o ces have been joined or reconmbined into

a 5. unique constrd&@dﬁaﬂwbhmdemaﬁdlﬂamnmwnpeaﬁ@pmwuer

fragment and Ww@é @Mdodi t h
apropr| ate 3' unt ence The
term"” transfgpma WQ'PFM% “‘f'@‘i g%qw REEI°8h of

new genes in a c &EWFVFFB“FRY!BWWMUCI eic acid. The acqired

genes The term “"genetically altered or genetically altered microorganism” refers
to any microorganism, suitable for use in the present invention, which has
undergone an alteration of the native genetic machinery of the microorganism.
35 Microorganisms may be genetically altered by undergoing transformation by
vectors comprising heterologous nucleic acid fragments, mutagenesis with
mutagenizing agents (e.g., UV light, ethanesuifonic acid) or any other method
whereby stable alterations of the cell genome occur.




10 may be integrated into chronosomal DNA or introduced as

ext rachr onosonal replicating sequences. The term "transformant"”
refers to the product of a transformation. The term "genetically
altered” refers to the process of changing hereditary material by
transformation or nutation. The term "expression” refers to
the transcri pigy@ogixpes transl ation to gene 15 product from ap, ?ﬁﬁ&ﬁ@% s
for t he sequence of the gene product. The term "plasm

"vector" or "cosmid" mm&mwmwaﬂmdms’aMmmmsbenmsoml

afngnlt Ofte? 'fh |g m& i f dtg& 1~f phigy dr u d bI t r anded
nmet abolismo e C USL(It’i I II’C al ou esrane
DNA nol ecu ?6 e-or don I}I{'ﬁkuf % "g refer
to any enzyne tmwmemﬁwmdemmv%mjw@bmbmmmglycer ol
nol ecul-e to tye igehstclionwiietis caiabRIbf introducinga froigRe fragrfiént elk® pUr pOses

S]eh;gfafggzeghd %%%ydr%?‘ase g%éeafrﬁgx?cg%lé rreappt%isa%r aﬁlgtgmg‘aghycerm

gl ycerdl and 1, zcgpeseeimtep esll. respectively. 25 The term "carbon
substrate"” or carbomw&mmoﬁmf”eﬁs&aﬁmﬂmmm | e of

gt(:al lngarsr;at gﬁgl Icgf%vp om prow ?mdﬁ%ﬁe agion suWher t han
W

gl ycer ol

Or gani sns: 30 wmmmmmlmmoﬁecessary genes

that wll encod Qﬂﬁﬁd'f mﬂwmg a carbon
substrate to 1, ropane |3F9 %e constructe usi ng techniques wel |
known in the artﬁﬁﬁwwﬂé °‘W¥\Pé’ﬁf‘¥°8n genes encodi ng dehydr at ase
enzynme were |sol at ed 'muemﬂ'exptssion tmstoﬂxetransmpﬂanamdth@mlaaomtolmnd used

to transfor g@hﬁkr&the and AA200.
Met hods of o tal ni ng eS| % jrom act e‘{| a wg nope e conm)n
and wel | known in th £, VEFIop; 95| SRy i‘ﬁ‘mﬂ

sequence of mhkogvmﬂﬂekmnﬁenma@g@egwmnmmmm be

created by rest ringhhd¥m of the cell, and usually in the form of circular double-stranded DNA. 9
WO 96/ 35796 molecules.

PCT/ US96/ 06705 éndoul ease digestion and may be screened w th probes
conpl enent ar4? t o t he The term "dehydragase grzymes will refes &0 ayepeymfhatiecapable of | s

i sol ated, the DNsomeitirgerativeiting aglycerol moleenls go the prodan 3-hydtaxppropionect ed

41583, 202) (o oniaiee amu%?ﬁsﬂ?%ﬁimﬁﬁ%% “‘%*“??‘2%%# AP0 osing

appropri ate v ectipelude a glycerol dehy 1y be
created where Iaofgtycemgm,z-pmbanedlol respemnlyc DNA( 35- 45kb) may be packaged
into vectorsp;and Usedhl ferne4tBér Nubitrate or"mnwwwi&& vectors

are uni que in bein ag&retoa date. | ar ani.t|es of DNA.
General ly cosni %&Y % &WW@” sequence

whi ch i s needed #MMRMQMM@WGM@WMWMYWO t he
foreign DNA. In Mﬂmmhe cos sequence these vectors wll also
contain : ' .

30 Recombmant organisms eonmmngt!mnecessary genes that will encode
the enzymatic pathway for the conversion of a carbon substrate to 1,3-propanediol
may be constructed using techniques well known in the art. In the present
invention genes encoding dehydratase enzyme were isolated from a native host
such as Klebsiella and used to transform the E. coli host strains DH5c, ECL707

35 and AA200. '

Methods of obtaining desired genes from a bacterial genome are common
and well known in the art of molecular biology. For example, if the sequence of
the gene is known, suitable genomic libraries may be created by restriction
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an origin of replication such as Col E1 and drug resistance markers such as

a gene resistant to anpicillin or neonycin. Methods of using cosmd
vectors for the transformati on of suitable bacterial hosts are well
described in Sanbrook, J. et al., 15 Mol ecular doning: A Laboratory
Manual , Second Edition (1989) Cold Spring Har bor Laboratory Press,

herein incorp 55?579&/ ref erence. Typically to t?ﬂﬁss%ﬁﬁi& ds,'
forei gn DNA |g&|650 ated and |igated, using the appropr% e
restriction endosbdquglesse dissstion andmay be soprened,with prgbes;copplemrmtary 4a theq

vector. Cosm d Vv desiredgensetunns. mﬂmséqmmhemeﬂahebmmm

reacted 20 wth t}n‘?gbdggﬁ&r* dchhfnl - During
t he packagin ro re clea g& orelgn DNA is
packgged igntg th &a%&go?’%giﬂ% B"&B‘E”ésr‘? s ticl g These

particles ar est hmnafemhnbmus,mgm:pt@unevecms.sw tabl e host cells such as E.
coli. Once injected i Nﬁm&@&lf@&mdhﬂﬁnés%ﬁ'&%wbmlmﬁé%bﬁes under

the influence of the ¢ [ S manner |-arge segnents of
forei gn DNA .can S@W&M@é@%@éﬁ%@?@@ﬂ??@mp ?ﬁt Hb%‘fm cell's.
Cosmi d vectors amappropsia bosts: Loshisiwectpisare uniquicdalbeingable toaechnwnddateriargt e

cont ext of the p ﬁﬁﬁﬂfesbfmﬁtﬁéﬂc colidSrettBisHaveS R I Yne cOfy &%Q%C DNA

];jlrgrcr]erdl o gber&@l’%gﬁﬁera é}b‘?‘wm g g‘gssegs ﬁengéﬁ?g%egle & Broce si ng

pneunoni ae was i &hsifareign DNA. hygdditionive the coxsequannetiese vectorsavill plso containli gest ed

with the rFstrictan Ofigia o yeplicanion fth as ColEl] @hd dfug Sésistadioe inBikers 3uchQs digene/eCt Or
Supercos 1[err ggglgg%gq ﬁm“ gg 9@ Bﬁﬁlﬁli Qgg@gmg famFacts
Fol I owi ng construc I on ? vec 0 co | )‘Z{‘inﬁ ue ce Is wer e

transf or ned wit h SRREORRA etal., the
ability to casveiMg J.U.:‘f Sl@ing: oA 1.2 funag ;s&coiwwﬁmmsw)tctmmﬁgs in the
presence of gl ycepnaler ;e foresteP’ OPanedi ol formation.

Two of the 1, 3- propan ’%B‘?OSI'[IVE i %r ts anal yzed, and t he
cosni ds were named pK W% é@'@gﬂﬁ‘m

10 Wﬁ&rmmmn mdonucleases, adjacenttothecos region of the cosmid
PCT/ US96/ 06705 WWMMMWM% o DNE & tB18actedom C.

freundii, nstr t| t ho nsf.or mants .copt ai ned DNA
encodi ng the lyC vﬁma%ﬁ‘gg &m%”i ﬁ?"fﬁ% I
positive transfommm Gwedmﬂhhm pKP4
and pKP5. DNA Semﬁbﬂ@ebmﬁleﬁalfpbﬁﬂeim wamd&mrmd&dua&m

iez\clggit ingnau?: IO: z% %@%ﬁat 213 genes Pn%e#mme%ﬁk$ﬂ9wﬁﬂkl}%d§z 'l a

cosmd, alter nat SSBEHRS not
limted to, @bt rMoffmmeNNmbamoMﬁmmedmmmbmmhom her
genes that will pggitively affect the production of 1,3-pr opaned| ol 10

may be expressed in syita Ie hosts. Fo. | t be hi sirabl e
to over - express& ﬁ?‘i ‘{ ﬁ% W %Eﬁat hway
and/ or ot her mﬂ%@ﬁmwswwme aghmﬁmfm PNAfemaund i n

wild type cells. biddsrial gicrdliown to posfeds geiied caphilsiél ofProdebsingglyRedl /e cl oning of
the genes enggdi EQW@P@&MQt&nmcDNAmz pneumoniae 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 GigapackIl
packaging extracts. Following construction of the vector E. coli XL1-Blue MR
cells were transformed with the cosmid DNA. Transformants were screened for
35 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
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mul ti copy plasmds or placing those genes under a strong inducible or

constitutive 15 pronoter. .Met hods for over-expressing desired proteins
are common and wel | known in the art of nol ecul ar biol ogy and exanpl es
may be found in Sanbrook, supra. Furhernore, specific deletion of
certain genes by nethods known to those skilled in the art wll
positively af product I on of 1 3- propanedl ol . z;p@jﬁsgggmg uch
met hods can bfeve‘? ﬁt hods | nol o 30 VoI uma 21 ™8

edi tor, Acadeni c ¢ gene BYEHRE B t o t he

cells exerrpl i fi emmmmmvmmdpwﬂldehy&amod will be
Shec 120 n?lke gseoﬁ{e:‘fgl aﬂ%%h}g B cL t 'Lﬁl 3- Cel |
specifically GSW’&Q % roducti o propanedi,o S
that 25 nornal | BEFoR R"'F‘af‘g Jhe I"Bﬂ@&f%“;pat hway's,
or that exhi bft DNA encedinga dipbdehydratasecgeot-i t ¢ repression could be nutated to
av;): d these Ehenotyplm twgh?w?ﬁ&h@in@&ﬁbﬁ%ﬂxﬁ@&emf WM’ f type

cells are subjec a i.te r ssion from cpse an

by- products in t @’ﬁ%’&"l?ﬁﬂﬁdﬂ W%%thﬁ%ﬁsm‘g"& Q‘Pﬁﬁm strains

of these wild tylmitedtgaGirobarrercClosidi, aid Salongfleopanedi ol 30  production

that are resistant tO@rpendthd YN Podiively afivot thélploaudiioh lof ¢ Blpaépartedigiel ul i n
and %Ffeﬂhomvfﬁﬂ(E*"Wﬁﬂ?mbkh%tp%p‘i%éwﬁ %W‘ﬁs@% be
exposed to a varmywmmmm&e WHOHPWUFY 0&9! rrut agens
and then screenepathwdysatievelctit higher fﬂﬁﬂmwtmg pé&tions

t hr ough radlatlo E:Hﬂﬁgl !'SHIE [Hé/z may be
used. Suitable s%w wav wavel eng or eé'itlncﬁlﬂﬁuh?og%%g&wm fall

wi thin the rangemsiticopyplasmidseor placing thosp genes rhmns

radiati on 15 i proiviotes. mﬁmmmmm&mwwﬁmwm n nucleic

acl d sequence 1 gffom in the art of molecular biology and examples may be found in Sambrook:

PCT/ US9/ 06705  Supra. Finsherorrs spesificdpletion ptreptain genesiby ancthnds kegrra @ithese Sj nce
all cells have Diiiiied in the artoyill ipositiedhafficsts ptddattion®f E 3-pregamedioliost UV

i nduced mutat i on&m@i&%a&%ﬁmmfmmﬁrﬂﬁmﬁgyl nhi bi tors may
be added to #6; e,g gﬂ \soz‘g pr ogess .and gg 4 z€ t he nunber of
effective nufati PE‘EWI? 3{ ‘}Fﬂﬁﬂ?‘f“m s Rigee }ight in the 300 mm
to 400 mm range BMutantst so possi bl e but are generall y not as effectlve
as the short wave Wmhmwmw&%wne&m

activators such $ QS t

Miut agenesi s wi t h'%gﬁ’ wﬁeﬂbgé%égéﬁ g%hé{a?&%%te fé’r“ﬁa’gr@rm?l ng mutants
and commonl y useWesifipallydesignedito ephanee @H i cating
DNA 10 sugh amﬂdhﬂi&w&amﬁbd%&mdk@ﬁpmﬁ-pmhéme@aﬁw&mw ect
replicating DNAz ﬂh@&l&'ﬁ@ﬁmtaﬂsﬁttémo?d&%eﬁﬁw frameshi ft

mut at i ons. Speci eat | nts usipg. radiation or
E‘Ei’mﬁ&i‘“ﬂ’(%fl ject g@“ﬁ&“exarrple

chem cal agents
Thomas D. Brock malmmwmmwmmmwmmmmmhwm

M cr obi ol ogy, Seﬁaad:sﬁdin&bpmc& sbﬁi,s-imﬂaﬂedml 15
Sunder | and. Y. Qo 0o 00 oo e e, G B Pl G 26
the present invention.
Methods of creating mutants are common and well known in the axt. For
example, wild type cells may be exposed to a variety of agents such as radiation
or chemical mutagens and then screened for the desired phenotype. When
35 creating mutations through radiation either ultraviolet (UV) or ionizing radiation
may be used. Suitable short wave UV wavelengths for genetic mutations will fall
within the range of 200 nm to 300 nim where 254 nm is preferred. UV radiation

in this wavelength principally causes changes within nucleic acid sequence from
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227, (1992), herein incorporated by reference. After

mut agenesi s has occurred, nmutants having the desired phenotype may be
selected by a variety of nethods. Random screening is nost common

where the mutageni zed cells are selected for the ability to produce the
desired 20 product or internediate. Alternatively, selective isolation of
mut ants can b erforrred by grow ng a mutageni zed popul

sel ective rredl a \,ﬂﬁ”?g onl resi stant col oni es can develgm%g@%’gas of
mut ant . sel ecti on mdme gytepinedo ajenine and thymidine. \§ince alt art of

i ndustrial m crobepdibgychatiffs Bacedald Sepaif Most UV inducedeiviations, Afentsisucd as, Food -

fhgmp’roéj’negllgl’ (%F‘on pa‘%qﬁﬁmé wm&m&%{e‘ r%?%ﬁgnzyne

pat hway. The pr om dugations. dﬁ”gwm UY mppegsiops using e
acconpl i shed Wy tllgatinlhémﬂmgtos@t)mangem osﬂiblesbumegmrangnotas

representative ofewg? W IwithSfnbiy t he art.
d ucose conver e In a serle S eps nzymes of the

gl ycol ytic path gors guch as pyoglen (DHAP) and

3- phosphogl ycer al dehydﬁ(@eﬁﬁ)swnhchamoﬂgmlsdd fdngumahdgyummither
hydr ol ysi s of ?&ﬁﬁ:&ﬁﬁd tion,
or reduction ﬁé 8 p%eate m @¥

hydr ol ysi s. L§§ 2 Awmehat of

cel lul ar phosphatméuems mmﬁWWMect 35
to tPrgl r subst rat&&%nﬁ%ﬁ%t Yddial‘ioﬁéf‘cﬂ%ﬁnda!‘ H&%ﬂ'd&&ﬁn&nbﬂx%[ﬂﬁt iJY(

r econbi nai on. redu ze err or
NADP o 1) 11 niced®h S RSy T b33 15 Porp i HioesGplokf oucet | i o
t he host by recorbdustnal Kicropivlopy, SpesmdHdition{1989) Sinaver Associates, Inc., _

12 / / 80 %aé'faﬂﬁ,MA. or Deshpande, Mukund V., App!. leochemlBu()jrecr']hngl , 36, (

PCT/ US96/ 06705 lggﬁ a glycero ehydrogenase(E. C
1.1.1.6) which ca%nT()}b&‘? b e revgr3| e reactlon of Equation 3.
dycerol -> 3-HP + H@\ftermutagenesis has occumed h@ying the degired pix NADH + H+

-> 1, 3- Propanedi ohapﬂbd‘délaemdbyavmtyofmeﬂ&daqukmdbm@)emngismostcommon G ycerol

+ NAD+ -> DHA + Qnﬁ%;r deSidP! IS
converted to 3 anggng Vi afeui]e I.nter dl.at t% rocgﬂga o _
pr opi onal deh ﬁg%' Bégﬁf’tﬁ"e caphe _

i nt er medi at e 10 mmwmsmwmmmmmmlww
dehydrat ase enzy rigsisiit ehlokies\can develop) MEREBHE thubirt delt@tidhaid highily daveldpatir oduced

nto the host b t | ycer ol
:jehydrat aseS(E %@%@%’ Otg?g-fr dﬁmfné‘ggaxw @?E&g’ns,%%gly%) or any
ot her enzyne abl @W&%V‘z "Pﬁ@"ﬂv d ycerol

dehydr at ase, 25ut Mutatiatisc thwaegul on. 15
1, 3-Propanediol is pr Rl eed 5- : athbrak! aﬁ{é}ﬂo‘ﬁ, err&ﬂr
NADP[err]) . | inked QST enzyne of Th Vit ftpan lgt.roduced into the
host by reconbi nZ9wse ' ?F'\% #h%‘??ﬁ‘ﬁ'ﬁn of

1, 3- pr opanedi ol Gmmmmqﬂgmemfpmwmhmmﬂmwmmﬂmm Glucose

is converted in a series of steps by enzymes of the glycolytic pathway to

30 dihydroxyacetone phosphate (DHAP) and 3-phosphogtyceraldehyde (3-PG).
Glycerol is then formed by either hydrolysis of DHAP to dihydroxyacetone
(DHA) followed by reduction, or reduction of DHAP to glycerol 3-phosphate
(G3P) followed by hydrolysis. The hydrolysis step can be catalyzed by any
number of cellular phosphatases which are known to be non-specific with respect

35 to their substrates or the activity can be introduced into the host by recombination.
The reduction step can be catalyzed by a NAD* (or NADP*) linked host enzyme
or the activity can be introduced into the host by recombination. It is notable that
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1, 3- propanedi ol dehydrogenase (E.C. 1.1.1.202) or other alcohol

dehydr ogenases. Mut ati ons and transformations that affect
carbon channeling. A variety of 20 mut ant or gani sms conpri Si ng
variations in the 1, 3-propanedi ol production pat hway will be useful in

the present invention. For exanplé the introduction of a

tri osephosphatygg bgsassy ase mutation (tpi-) into the mcroorga%g‘mkﬂg
present. invention is an exanple of the use of a nutation tTO_ Inprove
t he performance M dhareguloncosping glyael deljydroprnase (E&L. it drl. @arhighcatpiyzes t e

toward a struct uglreeesisie feactivh of Bqudtion3npai r or inpove the activity of an
enzymatic activity or can be directed toward a regqgul atory gene SO0 as
to nmodul ate the expression |dyelelQh 3P £RLYTRLI C activity.

élotnte; gft :o\altrelt Yéul éﬁ'ﬁ%ﬁgﬁ af?gwq?ﬁ}‘gﬁﬂaggeﬁgﬁl gf&ﬂ“émﬂ%panedl ol
production. Thus it i sGlycerbli wNABRE -9doHA +IFADHer Hfesent i nveqnasiont3)

antici pate 30 nodi fications of a whole cell catalyst which lead to an
i ncreased pr oducmmrwisoonvmdﬂnﬁa fdpwivﬁhhemtennedtdh@ﬂﬂ@dmﬂﬁi Car bon

Sgl;tsglr ﬁt gﬁl t abl eprogmgal ?3( g%%@%?’aﬁ ;nyﬁe:t rat eﬁg%ﬁ%?gcng

but are not APni &P isgrogyced A flehydrgipse cgaame, et ose
ol i gosacchari des'bsuﬁbdaﬂaylmﬁammmuoducedmou&ﬂﬁstbmbmmﬁmlm such as
starch or cellul gggﬂtu&'n é“&ﬁ‘t‘“’g@ é“é{%ﬁ xtures from
renewabl e feedstgg'?s sucE hees ey p?}CAZIBW'Ef&H ornsteep | i quor,
sugar beet nol as&&§;4-aidd b%ﬂ’@?‘bﬁﬁﬂzymﬁ eatalyze fhis ransformat

substrate may al Gﬂy&ﬂ&igdm&;bmmﬂbldﬁydmmﬁmaﬁedbylﬂmﬂ%mﬂde, or

S‘é} 2?98'6 15  1,3-Propanediol is produced from 3-HP, Equation 2, by a NAB®- (or NADPY) VO
PCT/ US96/ 06705  Hinked hogjengympe o theacikity an itenduerddntg the hpst by segombinationn; cal

i nt er medi at es haThis€inal reaction indtheprodtctioh ofl 1,3 girgpanedidl car beeatdlyzed by r om si ngl e

carbon sources (Q? Opmﬁﬁécﬁélflﬂhyaogmseftﬁm'ﬂ%w&ﬁumm@ymwn
reported in nethyl otropi e et 8 grlc Blo?|

Chem, 53(2) 541- 543, Mytiagedsand
Bi ocheni st ry2024mmomq@msywvmesmhhmlu@§mﬁmat e single
car-bon conpounds patheagiwillbei usefibinditd préstntiheéntioh.” PoiteRitigle the ittoductioibdta, and

bl ose” * - niisheiboled it GRS WWM%&%“P&"‘W

xyl ul ose- nonnphom"’@”(m‘? k‘“““"’“%@%ﬁ"lw pgrEpEnance ond
Edition, Spri nge&ub&té&@dﬁ@ﬂﬁéﬁ:ﬁmﬁ&&ﬂﬁbﬁﬁ%t&ﬂ@msﬁuﬁ@g«mmﬁmphat e

pat hway invo !Hﬁ %gﬂlgg's W
ri bul ose- 5- ph% ‘? orm tgon stgar { %recor?%s ?ructp e and

eventual ly the tﬁ W%P%'&%‘E ew se,

t he serine pat meﬁmmwbmspmw t he
9%0?' yt lf pat h\Wadntrol particuldr 3yt tctiGities RF thdleMkinedrhin@b1,3-piopanediol I'n
addition to one are

al so known to utw ﬁ%eﬁ%ﬁ%é‘%% P‘glatrﬁn con@ounds such as
met hyl ani ne, 381 u sfriwhols sell eatalysywhichilead to,an ineresssd pradpction|of ¢
activity. Eﬁ:prepm&nble met hyl ot roph| c yeast are known to utilize the
carbon from Z1el Gade@r M trehal ose or glycerol (Bellion et

al., Mcrob. ﬂ‘v'::“:‘

substrates. Suitable substrates m: include but are not limited to

35 monosaccharides such as glucose and fructosz. oligosaccharides such as lactose or
sucrose, polysaccharides such as starch or cellulose or mixtures thereof and
unpurified mixtures from renewable feedstocks such as cheese whey permeate,
comnsteep liquor, sugar beet molasses, and barley malt. Additionally the carbon
substrate may also be one-carbon substrates such as carbon dioxide, or methanol
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20 Compd., [Int. Synp.], 7th (1993), 415-32. Editor(s): Mirrell, J.

Collin; Kelly, Don P. Publisher. Intercept, Andover. UK). Simlarly,
vari ous species of Candida will netabolize alanine or oleic acid
(Sulter et al., Arch. Mcrobiol, (1990), 153(5), 485-9). Hence it is
contenpl ated that the source of carbon utilized in the present

I nventi on may s a wde variety of carbon 25 cont ai rija%s%%%hg at es
and will onl y‘ﬁa | ough

mted by the choice of organism
it is contenpl atmmmhwmmamymgmﬂdn@mmmsubst rates
and m xtures t hedepinstided. ﬂyée@dlbﬁdhﬁ:ohliﬁanpiﬁﬁemmm nftieahel; r ed

car bon substrate I
In addition to an ap prwgmo I ce, W@F{cgﬂ‘ﬁe{&'am 30

contai n suitabl eeti#h Biol. Chens S3@0 540343, 61989 pucinbacteria Glupter etalymonent s,
Known D tBiockentskiy, 24341484 1S5A(1985)). Magamﬂmnumymgk of the

cultures and pro %:’?E Sal}gi!{gt]grgmﬁa?@ ¥g f Or
1, 3- propanedi ol pro uc cul ar entlon I'S glllven to Co(ll)

salts and/or vi tEfRduee ribaloseTy i cal | y

cells are grown mﬁn@ﬁ&phﬂe,&hpﬁgﬁ&nﬁ,ﬁrﬂﬁd:ghxylﬁlmé—mm&phogpbmﬁ(ﬁomwﬂk, ITEdI a
(O] .

in the present iy Qqﬂ{@
Luria Bertani (LB) "u @PSE‘ SDgg%rot% or ea?? medl
(YM Gt HEbuigss mongphosy wég/m"ﬂ i i 5o be used
and t he nbulose-S—phosphaﬁetoforma6carbonsugarthatbecomesﬂ1¢toseand WO
334?3232/ 06705 ey i e catbon prodec d\7\7t3F1ph°f t ul
. ro r.ate | ro 0 ar
m croor gani sm w M atcs the one tﬁﬂfeﬁ?’f"ﬁg’%ﬁf?&g
m crobi ol ogy or Yiemethylenetetoahydrofolate c. The use of agents known to -

modul ate catzholite mmm%ﬁm&%b&b&imm oudphﬁ aﬁiéﬁislaﬁ:

adenosine 2':3' E@; [@M g@ p gﬁ IB reaction
media 5 S m%ﬂm{m t‘ﬁe ugg 0 %gn o ié rrg‘ e enzy%etlc
activities (e.q.metplemipe, glucosamips gid ajesristy, fos metheliccactiBity. o

1, 3- propanedi ol mmm;ﬂe,mmmgmbmcmdmknownmumlghumbommth or as an

alternative to lmeﬂlmﬂw d¢anges for

t he fernent on are en 9 to pH 8.0
is prefered (R, 6%’"“% ﬁ)' 18’32 B‘?‘“”(s) t’&fﬁg% P
per f or med under la@rhtﬂubhﬂnrdnmbAndmnMK)t Snmlanlxevaemusspeaesaofaerobl c or
choater?bl c COWWWfW%{ﬂmmw@Mbtiﬂﬂn@ﬂwﬁwws hod of
ernment ati ons e,Rr esen met hod o
fermentation. ?903'51585)’485-93 B ?é%“?‘é‘??&ﬁ?‘g‘?l on |s a ?Fg%}é%psystem wher e
t he corrposition wilized in thapreaeny investion may encomppss apwids vaset of egrben o

f er ment at i orezsanconfaininy supsttates atd Wifl dnly be Lirhite yaheathoivs of okgarisig. t he

fermentati on. Thus w@l M of m% depdiedia is
I nocul at ed W|tht ezﬁm ofporg nism or 095 tﬁ"gsms errrentatl nis
permitted E‘Hﬂ'i“ﬁg‘ﬁﬂmf P’n‘b‘ " however,

a "batch" mmsmneghcwﬁmm;shmmmd.the addltlon of
carbon source and at mmﬁgmwﬁfmm férmertation ddeldiaigust act or s such

b onmse. conpia FPOE BRRE EeRE e, sefge Dot ﬂ?ﬂ%ﬁﬁ@%%ﬁhéet e
t he ferment ati ortothpseskilladdin the\art; switable for ¢he groweh of ghe cultyressand promotion of

the enzymatic pathway necessary for 1,3-propanediol production. Particular

attention is given to Co(ll) saits and/or vitamin B, or precursors thereof.

Culture Conditions:

35 Typically cells are grown at 30°C in appropriate media. Preferred growth

media in the present invention are common commercially prepared media such as.

Luria Bertani (LB) broth, Sabouraud Dextrose (SD) broth or Yeast medinm (YM)

broth. Other defined or synthetic growth media may also be used and the
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noderate through a static |ag phase to a high growth | og phase and finally
to a stationary phase where growh rate is dimnished or halted. If
untreated, cells in 25 the stationary phase will eventually die. Cells in

| og phase generally are responsi ble for the bul k of production of end
product  or internediate. _ A variation on the standard batch
systemis thewhpskdagch system Fed- Bat ch fernentationﬂﬁﬂﬁﬁﬁﬁ are
al so suitable in the present invention and conprise a typical batch

system wi th t he approptiate wedintyfor grovthad thet pagticolar microfgehissnwiibe knowobynent s as
thte L elr_rrfnt atlo'ﬁoﬁé&ﬂrswﬁ&ﬁ?mf&ﬂoﬁﬁkﬁi&ﬂ &ﬁnﬂ%ﬁtllme mﬁﬁlse?fl |
catapolite represslLan | S _a 0, 1] net.a | S e ce S an
where it is (e)lgTor'é'me cg%"% %n%ﬂ:ﬁ@ Oxﬁ]x%:tgé% ceclfnthe
medi a. Measur emwe%monwmmmmﬁmmﬂmmmmed Bat ch
systems is dsffmlﬁﬂﬁwoﬂ@%mwmmmmmwmgbmmﬂ of the

changes of meas Y 4. Q Eil the
partial pressure 0o e\ﬁ;\b&%e gases Suc aw iE géiﬂgnﬁﬁtch
fermentati ons aceniBERAERB With o asfn alteTaative o ganatis magipulations. exarrpl es may be
f ound in Br OCkSumwlﬂ-IrangesforthefermentauonarebetweeanS0bopH90

15

PCT/ US96/ 06705 Wﬂex%%-?éa%pﬁ& txiglgrefeﬁregﬁse present (Ptrllventlon is perforned in
bat ch node P is Reactigps ma derpgrabis of gaacyRbin conditions bl e (o
cont i nuous fermmmmmmmwms fernentation is an open
system wher e afs ..on nedia is added continuously to a

bi or eact or and ’ \ =condi tion nedi a,i s rem)ye
si mul t aneously for p*ﬁ‘?&mﬁ"ﬂ‘ﬂl i medh ‘g tation, 1y
mai nt ai ns t he cbbtchfermentation is @ dissedisystem gherkahs camposition ef the mediadsset & ar e

primarily iRzl O%mg?:ﬁmﬁ Bermentation $Emm§ {mphﬁqgﬁn al | ows
for the m)dg?atlon one wector or aarﬁslmtsub ND er o?l aciQrs at affect
cel | growth or Sfermepition. cB %@BF’B?W"#SF@W@? H"e nmet hod wil |

maintain a |im ﬁdmglmdmmerMauammmmnmmpmdt rogen
| evel at a fixegy éctha ;ZMeT A1/ BEWEver, hObdtdler ate. I n

ot her systens aﬁg&%& L k@g&ﬁf‘ &‘ggaﬁ“g ﬁg
conti nuousl |'1me € ce oncen ra |on Aeasure nedadl a

turbidity, 59 kemoi%smhtcomﬂms actorR Supk W&@@FW%%| nt ai n
steady state gr ufchsysensiths meaboiecriditivmdsh comositiofedfithd Heemdtigngec Medi a

{or montat i on. . NEDREEY Bp mgﬂﬁ’@% Wﬁ%ntg@% growtﬁ*“fac g 10 e

conti nuous f er mtpdgsateshropghe groptyies ghase andfmally 49 & zi ng t he
rate of pmwpmmmmwmommmma&dmmmm al

m crobi ol ogysan @ﬁqoéiﬁ{,gé geRhally arBr OCK, supra.

20 S cont gt e i.nveni i on be practiced
usi ng elther &Pg’b‘h‘b‘gfﬁﬁgﬁ'r’&c‘g—?f?&mfgﬁ% F’B’E@%‘g%g and that any
known node of MMMWWM@FGG-MMI ly, it is

cont enpl at ed t hFed-Baich Sexiiitatidh processes a1 EN0ishitabRCin @it plesént Afenfiértands Whol e
o o onanod o %‘gﬁ&ﬁ%ﬂs}m e /eREbprion that i fiflbdak’ 18 3delin
’ 30 the fermentation progresses. Fed-Batch systems are useful when
catabolite repression is apt to inhibit the metabolism of the cells and where it is
desirable to have limited amounts of substrate in the media. Measurement of the
actual substrate concentration in Fed-Batch systems is difficult and is therefore
estimated on the basis of the changes of measurable factors such as pH, dissolved
35 oxygen and the partial pressure of waste gases such as CO,. Batch and Fed-Batch
fermentations are common and well known in the art and examples may be found
in Brock, supra.
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25 ldentification and purification of 1,3-propanedio: Met hods
for the purification of 1,3-propanediol fromfernentation nedia are
known in the art. For exanple propanediols can be obtained fromcell nedia
by subjecting the reaction m xture to extraction with an organic sol vent,
distillation and col um chromat ography (U S. 5,356,812). A parti cuI arly
good 30 orgaﬁg gﬂgq%) gent for this process is cyclohexane (U. gy 473)
1, 3-Propanedi ol may be identified directly by submtting the rredl a | gh
pressure liquid chr oﬂWW@R&MMM“# t he pr esent

invention is ﬁ NEdnfeablitdiahft theahetBod Wéuld be et&c@ﬁﬁ&meﬁmemm analjyt I cal
i on exchan | R 'd g MR RH% lFslﬁ” juric acid in an
i socratic 35 fagg\‘h éekﬁe S swt%%\e I'n present

i nventi on conpri @mmemﬁaﬂsmwmwaaem gmguntiof | g

contenpl ated § haéonﬁiﬁohﬂhhﬁx&ﬁkéniovﬁﬁ;iuhﬁa&bﬁdhﬁforpmcessmg Contmuous
16 WO

PCT/ US96/ 06705 proﬁaryo% c_or ethﬁary |c goﬁxamtl?xgh% I’l mh?gd only by

their ability toceligpe in log phase SrowWAB- dehydr at ase enzyne. Particul arly
useful in the presentcmmfmemuﬁdnauewsfmmzmmlﬂaﬂothmamﬂmadyI y

adaptable to | ar §m31§ F&&rg@&, e emrmg g sne are
wel | - known in th@%rk gﬁ%t |a 0 IQQGSS? cexmg esﬁo?(ﬂ-| whi ch

may be found P’?:Eﬂ“?‘i?r al
Appl i cations” anuvelataﬁxﬁhtemm«mhﬂmamemwmmdnk New
Yor k (1994M tindsusiyeast and

filament ous fungl | cal |y the W her a glycerol
dehydrat-ase or a“MopPe ffgtfﬁé‘?e é’é/m”megﬁg%“éfk g?t‘ ONSBE ficity for
ei ther glycerol Gentiugussystasas stiNedp majntaip steady\state, growth ommW thus theenzynes
are capable of cmwwsmmﬂwmma{mmdagmwmde

Eﬁlﬁpﬁétﬁ%i“n{ailncﬁﬁﬁ%ﬂﬁ{ﬂkfﬂdﬁ%recor?%?ﬁ%%dﬁ%rgams@ troaef R g

to the genera Ci tongpuaus fermentation pEgeatsesss wall as Ef'ﬁﬁ?f%ml‘b“a'm
Sanonel | a, and memnwmmmmwmmmmmmmu ed in

gggc%gr onsgegél:) %ggﬂ%&c&ﬁar %@%Onm 5?‘)\2& OAspg;gl lC%}lEi_l da,
ielia % Pﬁﬁge%

Hanmenul a, Du
Met hyl obacteri a, badyfeﬂd)whermnmmsesmdthatwdmbwnmuﬂedéhydrat ase

enz%/ng gthelrI Ceﬁhﬁeﬂhkﬁ%btﬂb%%%m Additichsy fénplated thaticBtiRAy e
i ncl ude Bacil |l us erichi seu i e
not wishing to biﬂngo(ﬁua‘E i/' dl? ?ﬁuﬁwiﬁé?ﬁ%r g%’?‘:1'|ms“\rf‘\'}:isll bel ongi ng

to the aboteadivient -in nature that are suitable for
the present 25velfentifivation and purificati patddivl: S of appl [ cants

experimental work it pgge &ﬁ% wdgi£el |'s may
be used in the pre ent |nvent| ca t ave enon tra ed for
exanpl e that cel ‘F§ ﬁﬂ"ﬁﬂ?ﬁé‘i 03| tion

are able to bi OCWMWMMMQMMV&QMM®lxmt3paned| ol .
Cells exenplifi e&mgwgﬂwﬁ,ﬂﬁmywwsgsﬁsgymmyg&w ive for
the dha 30  organic solvent for this process is cyclohexane (U.S. 5,008,473).
3-Propanediol may be identified directly by submitting the media to high
pressure liquid chromatography (HPLC) analysis. Preferred in the present
invention is a method where fermentation media is analyzed on an analytical ion
exchange column using a mobile phase of 0.01N sulfuric acid in an isocratic
35 fashion.
Cells:
Cells suitable in the present invention comprise those that harbor a
dehydratase enzyme. It is contemplated that suitable cells may be either
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genes, reconbinant E. coli strains conprising elenents of the Klebsiella
genone cont ai ni ng genes encodi ng either glycerol or diol dehydratase,
and reconbi nant E. coli (tpi) strains also transfected with el enents
of the Klebsiella genones and 30 harboring a nutation in the gene
encodi ng the triosephosphate isonerase enzyne. Although E.
coli transfor ntai ni ng the dha regul on from Kl ebsi el

pneunoni a mergﬁp%ig%@o convert glycerol to 1,3-propanediol even |n REPES
presence opmgmmmmmbﬁgmdmwym@pabﬂanmm ot ech.
3;1 149 (1992))fnﬂ:nvedehyd€a:a3eaiz9aanp&hem h&ﬁép‘dsehvmaﬁaﬂwgwarl SIS i n
the presence o a e i scl osure,
appl i cants have %lﬂgﬁgi é%“%?%%?al’?ﬂ‘? hg# sﬁﬁkﬁ%&m AR cont ai ni ng
either of two m%psmmwynmé@%efmmmwm of dha
regul on from#l efick hiag b Fetd i Recorabinait MidrobesFop Tndastdint dndAgficuliatah f eed of

gl ucose wi th o exgachaus N a0/ol HiRlonPOARE huc, Fow Pk, it Fotk FCL707.

PCT/ US86/ 06705  (1994), andtinelnds ferpenistivg brotesiaas well pyreast apd filgmontousfomgt  si ng
the K. pneunoni aWymemmmde&WmiNMyMt
producti on of 1 qps@gﬁfjhp% > [ m&&gmﬁ&s&gp%g?ﬁ
exogenously adde %ﬁ:ero a ﬁérﬁb col | st rai ns
constructed # 1"5%%@ mw hydiox¥ containing 5

cosmi d vectors pﬁpﬁﬂdwmmm&kmmﬁedml,&deVWan t he
ECL707 reconbi Nagintainifly under the

‘“ﬁ‘w‘? BRSO oA
T b opanedi ol beogi %@w@%ﬁa@?fnv@%%%ﬁ?wgﬁ@ﬁﬁd@%%e 4 vere
t he reconbi nant Swnamella, andLactababullns rmmm:mrhmmbngermsnhued/mh@rs pKP- 1

or pKP- 2, Exaggl ear@t W’RQ%G&WE ve
tri osephosphat ee% rase nzy % ‘n of

St[,
AA200- pKP1, sel onpygessii Bie: Hgnsenula, Dunglelids ., 4 o nt
i solates fromt heebmmmmm,uammwfobmnmbeﬁvé-mfma

iAgogrOEggegl Ol jeBorAbihii défydekasé az;mom&aeushmaummmm preft@e strai n .
p vvas [ j t g se an
15 gl ycer oI secor%ﬂ?'g&g Q&gb%wpﬁ §§%ﬁg’ayé Iv"“\i&.'rredl um
cont ai ni ng véﬁ“

1, 3- prOpanedi ol wobrbnm;@:khedgmups eﬁm&ﬁmmmhambsﬁ&hmforﬂn aEmepﬁm.S. .

~ Al'though differing i ngyap egmhgﬁgh ?nd
genetically, the coenzyne erri= epen enzynes

dehydrat ase (B. CWidg variety of) BFMW catal yze

20 the convermdmmﬁn@hqlfoeeximdﬂh&-deu:jvmpmmm ' yattphe@btypicr ol
dehydratase, 25  compbditioR @be aﬂle% bﬂ@&%d&%fs%% dafboR IRREFRE L, pmpaammha

ot gl yoer ol oM PRpRed ndder a k pappioniel %?ﬂﬁ@éﬂﬁgpameﬁe o

(Forage et al., SeneggeqombingntE. cqﬁmg’mprmmgemg E. coli
strains BCL707 ameﬁmmgemgmmmldmmmmg genes

for a diol dehyqumh)g%xg% neurmnl agﬂ?&% B%QK@P fAPgeneakfind Exanpl e

2 and Exanpl g 4

mut agenesi s 9 onParberneA Wmﬂ‘egeﬁ%ﬁ‘!ﬁ‘ thedyio myﬂ %“3?

Bacteriol. 124, 348 (ANhdughkE. mmm&mmamtamng/&e dha reguion from Klebsielia
pneumonia were able to convert glycerol to 1,3-propanediol even in the presence
of glucose or xylose (Tong et al., Appl. Biochem. Biotech., 34, 149 (1992)) no
1,3-propanediol was detected by these organisms in the presence of glucose alone.

35 Indirect contrast to this disclosure, applicants have discovered that three strains of

E. coli, containing either of two independently isolated cosmids comprising the
dha regulon from Klebsiella pneumonia, produced 1,3-propanediol from a feed of
glucose with no exogenously added glycerol present. E. coli strain ECL707,
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expression of the dha regulon (Ruch et al., supra; Johnson et al., J.
Bacteriol. 30 164,479 (1985)). A strain derived from K. pneunoni ae ATCC

25955, di spl ayi ng t he sane phenotype, has been simlarily prepared
(Forage et al., J. Bacteriol. 149, - 413 (1982)). Expression of the
Kl ebsielia dha structural genes is, in part, controlled by a

repressor (pr bdasple dha R) (Sprenger et al., J. Gen M crobi
135, 1255 (1989) Appl i cants have shown that ECL2106 whi ch i's cons(h?sutlve
35 for the dha Seteiaingcasmidapears PKP a5 pKE-2icomprping hiedtparumanigedha f ced of

glucose in WMW@&M&@#G&M@W 6. This
is in contrast t%hﬂ?de‘in gegaﬂ* da%,m 4)MRecbimbihdhe NOt
produce det ect abl levels of ctedfmm g{m&) rf | ol und the sane , ,

condi ti ons, Exanﬁﬁ”%‘m an altemate also containing ) g
VO 96/ 35796 5 cosmid vectors pKP-1 oerP-2 werefonndtobemoreeﬁectwethanthe

PCT/ US96/ 06705 _BCL07 recombiniiinSiehERE 1 9ritentdil shfgilintiiadis g gCnes i
ECL2106 is further ) cqQnt ro&,&g‘pﬁ% @tgab ite., eﬁ‘%ﬂgsmfﬁ repger et
al., J. Gen Mcrm‘“”l ) Fng, olite
repre55| on can b@oatghqgmmhythpbmﬁnvgsommnph4wm@msmbmﬁ@ﬁral genes

under the contr Olsdhs PKIPE mz,ﬁmmpm%;f ated for
1, 3- propanedllg oxi.dor, freundi i and d{t@'
om Qephaty 1sgmerase cozyne 8 o) . 177,

dehydr at ase f
2151 (1995) andAmmﬁmo%pKBl,sele@ed@rﬁnﬂwm&MQMM2 (1995))

By elim nazl ng tahd@mﬂmtmqw@pﬁmm@rm&)&ﬁ&&agﬂ&r& manner, tﬁn :
i mprovenent in r L) %gngg: gl ucose in e
absence of an exQ J’r%ptfs’edfﬁlﬂsgﬁéce ?mcer 'S hi evi'csf An even further
i nprovenent is o@g‘ip(’rﬁgp Wasm“"h"ﬁ %H’r%ﬂ’%r‘?ﬁ&\“f’%g“bs is -
descri bed, by5Sexglypéral, mmhetdndstage,ﬁlergu}wncens suspehdhﬂlmamedmmconwnmg As

t he dha regul ons ?Jl el gﬂg&s afddiol With lk%pgl y
simlar, one of i | n gpr at teac hat
i nvol ve the 15 WS‘B‘SEH‘ g"b‘?‘%‘ﬁ n REgEe % absence
of an exogenous mmymd@emm,ﬂﬁmthMemmi es to

gltrcobgczer sp. I @atztnesmmo diSafR BN QD £58 chlrol

y utyri ara et a

Bi ot echnol . gﬁ]d g'e g ffe%oilf'g{}% spropon Fﬁgﬁ%ﬁq‘b%&%@hd to
Clostridia sp. abutmetdiol deydratase, mencompassedbythedharegulom K. pneppyomiaes

:BENER%AL I\/EtTHODS ATCC 8724, containfitigQCdiol deRrirdess &bﬁdma_?_lywbmehﬂt&asd nglt i o][ls and
ransfor mati ons k :Q&i: u able for
use in the foll oggg% gm‘flé%m dnﬁd’ %ELI JE&'%&W f“fg iﬁ ..et al.,

Mol ecul ar C onin G“ AA209; d’P’P‘F’HH’s"Wﬁ Spring

Har bor Labordﬁoryecmrm4@n%ﬁiggenesforadmldehymmmm hods suitabl e
for the maintenag, BG1 OBk g Exampfeed, €rial cultures are wel I known

in the art. Techn qu sui fabl se In.the foI I o exanpl es may
be found in Manual 01‘3é % d by mutagenesis from illipp

Gerhardt, R GE mmymnﬁmwal- M!WWIZWN@W).WWWWI lis A
Wood, Noel R. Kr expRessitnl ofthe Bha fgaloid(Ruchiefd., sipsld; TohmABieéti al.0N) Bacteriol.

30 164,479 (1985)). A strain derived from K. pneumoniae ATCC 25955, displaying
the same phenotype, has been similarly prepared (Forage ¢t al., J. Bacteriol. 149,
413 (1982)). Expression of the Klebsiella dha structural genes is, in part,
controlled by a repressor (product of dka R) (Sprenger et al., J, Gen Microbiol.
135, 1255 (1989)). Applicants have shown that BCL.2106, which is constitutive

35  for the dha structural genes, produced 1,3-propanediol from a feed of glucose in
the absence of exogenously added glycerol, Example 6. This is in contrast to wild
type K. pneumnoniae ATCC 25955 which did not produce detectable levels of
1,3-propanediol under the same conditions, Example 6. '

18



Soci ety for M crobiology, Washington, DC. (1994) or Thomas D. Brock in

Bi ot echnol ogy: A Textbook of Industrial M crobiol ogy, Second Edition (1989)
Si naner Associates, Inc., Sunderland, MA. All reagents and materials used
for the growt h and nmai ntenance of bacterial cells were obtained from
Al drich Chem cals 35 (M waukee, W), DI FCO Laboratories (Detroit, M),

G BCO BRL. .t hersburg, MD), or Sigma Cheni cal Conpa IS,
MO) unl ess WO ?@ rwi se speci fi ed. %&M

19 WO 96/ThE efjfiession of the dha structural genes in ECL2106 is further :
moans hour (3). " apledby cusbol i gRab Bobagd 1A OO MRSoUBL 255 1088 0
means day(s), n@b@%aﬁ}mﬂm P?ﬁt?rg"ﬁ}ﬁ fon.g g"h?g’r%g éﬁanp is 50
[err]g/L anpici Iﬂemmmmmﬂmcmuohpjmmmmbmnt a| ni ng
58 [err%g/wtaawmeﬁi&.éﬁaﬁbafoﬁspmpmaoﬂamwmp}%&ﬁ t
abrevi ations are, us n IVI y
based on carbon, deg M § %M‘fﬁm&aﬂ ?eéacteméﬁz,eﬁﬁ

dehydr at ase act i (#995) ahd Tehimptsy etab, 5 BielaCheyt. 2ZQ, 7442 @%menyehmms

1, t2h|or18|oanedlt gl lcg&bsmbz lﬁﬁlaihQMWmtﬁ&ﬁﬁnh& tlxﬂihegf bal gehydes
Wi met hyl be azol o zone. .ha e Cri y Forage
and Foster P’?‘ﬁ'cg itlm %[g? ?&theﬁ?%l‘g e activity of
1, 3- pr opanedi®l sourceofsix%u&a@gm m@femeﬂtelao

1, 3- propanedi ol Applopeiae m&emmmmgasmdes&nke,wenaﬂple,mmmutpwn or in slab

gels using 1, 3- edi ol and NAD as substrates as has al so been
descri bed. Johnson and Lin, J.Bacteriol, 169,2050 15 (1987) .

I'sol ation and I dent i #5d8e g segnions of Girabacterand Klebsiella sp. ate steiggly onyer si on of
glycerol to 1, 3-sinilraerecdi sitill wbthe am will appectidiy thaftedchings that indoleé thees wer e

per o e, bt MR ﬁ“ﬁ&%ﬁﬁfﬁ%ﬂ%‘su.ta DN GBS i or s

20  Maxi ma. 820 sepfeeofgixg f%ﬁ’?ﬁj’ - PEPligHto Qﬁ’(’j’bﬂ"e’dét@c‘?’r“an. Sanpl es wer e
injected onto aﬁmdmmﬁhbmeﬁbmommglﬁoemhbxﬁﬁﬂqusmmbmudtdm

\é\gtﬁs1 ?"'fordtof'ﬁ‘\ m%%hﬂ? Bet 81, %éﬁmﬁxaﬁ(?zé%hﬂw f}dggi“ (]6 mm X ol

, tenperature. contro usin err err] as mobile
phase at *ﬁﬁ\ﬁf?ﬁ BWHW n quantitative anal ysis was
desired, sard es were 25 pr epar ed WEXAMPLESWn amount of trimet hyl acetic

acid as external GENERAEMETHOD Typi cal I'y, the retention tines of
gl ycerol (Rl detectio

trinmethyl acetic aci d (5% nﬁrqpa&edl 8%‘{)%%?"3 %%W%N%G 08 mn,

and 35.03 nin, !@srfeemhoetty’rechmquesmblefmmmfpme&m@lmwamed. ol was
confirmed by GC/be.d.Arsainyﬁ;eﬁ Néaak, Ble aftald) Séchel hni ques

it 2bl o metRod ut.ﬁﬁgt%'*ﬁé%&t%ﬁii’%?@%.ei‘rfl‘” o e

chr omat ogr aph coupl edatefials and ‘gl ective
det ect or bmnalcultu:esarewellhmwnmthean Techmquessmmbleforuseinthe

following examples may be found in

Bacteriplogy (Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W.
30  Nester, Willis A. Wood, Noel R. Krieg and G. Briggs Phillips, eds), American

Soclety for chroblology, Washmgton, DC. (1994) or Thomas D. Brock in

. Tex tial Microbiology, Second Edition (1989)

Smauer Assocmtes Inc., Sunderland MA. All reagents and materials used for the

growth and maintenance of bacterial cells were obtained from Aldrich Chemicals
35 (Milwaukee, WI), DIFCO Laboratories (Detroit, MI), GIBCO/BRL

{Gaithersburg, MD), or Sigma Chemical Company (St. Louis, MO) unless
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(ElI') and a HP-1NNOWax colum (30 mlength, 0.25 mmi.d., 0.25 mcron film
t hi ckness). The retention tinme and nass spectrum of 1, 3-propanedi ol
generated 35 were conpared to that of authentic 1, 3-propanediol (me: 57,
58). An alternative nethod for GC/MS involved derivatization
of the sanple. To 1.0 nL of sanple (e.g., culture supernatant) was
added 30 uL ofy, ‘? rat ed (70% v/ v) perchl oric acid. MNM ng,
the sanple was Trozen and | yophilized.

20 WO 96/T3% negning of abbreviations is as follows: "h" means hour(s), "min”"

ECTé us96/ 0ﬁ7P5 lmeansnﬁmﬁe” (3), TSee"rhdafis Skond(s), "d"meansday(S), "mL" means dded

i s(trinethylsi W 4 %sgai hﬁgr adde
to the |yophili Zﬂeﬁgﬁﬁé{%“ a e’g)‘?mpté(l)ér:gi an (?Jé%_i%}t% for one h.
The sanpl e was chusie: mM|CM| centrifugation. The
resul ting 5 | i quiwita el thblesincfoll wing tamvﬁﬁmeﬁ,usémecwpier of which was
used for anal yS| " g@] Fif ?@% oghap X I% 5 colum (48
m 0.25 mm . Wgnéelmg ‘E‘L%@L romj%xy@e rentific) and the
retention ti rre MYRaLEsBect r um of the 1, 3- propanedi ol derivative
obt ai ned from cul tur e smmmmem:ymanmeeﬁumwasda&ﬁmmt ai ned

fromauthentic s{ ﬁﬂﬂgggﬁl ?ﬁz'
1, 3- propaned; oI do tarns tlﬁh&c aracterl s ﬁ’gqué%;smo %g%ﬁgdef 30 and 115

AMJ. 10 has brgn fiescribpd by Earage and Foster K.
pneunoni ae (ATCC(B&EﬂﬁE)Bw gctami‘69|, 24910979)). Ths am\dtymfruiq:tqﬁnmol at

37[err] C wi th aghaddnsid %Qén@,? J d at 3,000
rpm for 15 mn, | Pont v Q%i_f ce tr room
t enper at ur e. H’a’lé’i‘@'t"?&r I“F”@g taswas decant ed.

The bacteri al ceﬂnbsq;ubla&basmsbi@deﬁmmmsmmmq@actm.,dﬁ?,@ﬂSQorml DNA

was i sol at edsas @931)| ned beI ow W th special care taken to avoid

shearing of DNA {l,, i QienfifidaRSn 1333 i ded). One tube of bacteria
was resuspended T “TU EDTA and SOOLEGH] L of
| ysozyme (1 ng/ nL) w%eammmdml@tlmw@lwmméhn and

t he suspension mesasw&ab&doﬁbdﬁﬁﬁéitﬁidaﬂﬁe efﬁdmﬂedmbkwbdoate 20

was added to brigad din the
sol ution bﬁco r}g%%al r. roﬁ%sw é.% was ed and the

suspensi on Vs 1’9?‘6’("’5 §ﬁ§’]ﬁb¥°‘l°ermved

and transferred mpctad]ontoaShedehSH-mll cahdnﬂammﬂﬂhmpﬂeham&added to yield

a 0.4 Mfinal copgRRlMik:a) !&g:pedwxm\é@hum}ﬂioﬁi"ﬁé@&hmﬁ%ﬁmﬁﬁded to the
te

liquid. A glass ubewasmser e and.the DNA was
gently spool ed. m% ‘B’é‘s EOd]Lhi%' 78@"8f“nanol
After drying in mwmmﬁmmmﬂmmw@mkwmrer and
the concent rmlqaep&m%ymwdwnmé@aﬂﬂa&ﬁama&Msmﬁl cal ly. A

?in'tﬁf:?d,ni'tL?2°2fﬁ%@“ﬁé’8@%%ﬁé%f%'g%f§%§% Mﬁ(\’/ég&ﬁar Py

di gested with S#steation), aditrimethylagstic acid (UV gad Bl DNA (2 ug)
was di gested vvitZﬂBmmitmlibeBSau,aﬁspecuvely (Prorrega l\/adl son W) at room

tenperature in 200 [%&{oftlgt ABaigRd wee N N,
Zagpn%FsO]g 5(% ir rﬁgﬁe r e ?ﬁd trangfe?ug% t ?b}eeges %ﬁhﬁ“ﬂ!’ﬂn
al i quot art of GC/MS. OnesunablemthodunlmedaHewlettPackardSS%SeneslIgas
chromatograph coupled to a Hewlett Packard 5971 Series mass selective detector
(EI) and a HP-INNOWax column (30 m length, 0.25 mm i.d., 0.25 micron film
thickness). The retention time and mass spectrum of 1,3-propanediol generated
35 were compared to that of authentic 1,3-propanediol (infe: 57, 58).
An alternative method for GC/MS invoived derivatization of the sampie.
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.
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35 (2 [err]L) was withdrawn and anal yzed on a 0. 5% agarose gel

el ectrophoresis to determ ne the | evel of digestion and the rest of
the sanple (48 [err]L) was stored at .-20[err]C. The gel was stained
wi th ethidiumbrom de and visualized under UV to determ ne the
partial digestion of the chronbosonal DNA. A decrease in the size

21 Woo365$r9d 96
PCT/ US96/ 06705 of the chronobsonal DNA with increase in tl’%ps\s;\séossms

observed showi ng Ahammdw(um@ﬂvhémﬂhmmemm(ﬁwﬂimmsoml DNA
is due to the actjagen 1 thedpiphilized Wgoﬁiﬁh %&M&Wcﬁﬁ}oﬁhthe
sanpl e by standar, prot ocol r 00 5

A cosmd library T‘%&S’&" %"E‘Hﬁ%’ﬁ’ﬂ {é'gg)’g
prepared using Sd{&!!ld(m@l twe pheses, therupnenpf @hichyeasiuped fonenelygisndhext r act s
using reagent g plguapie was clirtBifoapid v DB -5 coindfl (48m, 645 mal 1®.,I0BS dniCt | Ons

provi ded by the %Lﬁ‘é%ﬁ’qd neynoni ae
contained 4 x 10[ L‘g‘%&lgﬁmmfe gomPS?‘%r as %wmf
transfecting E ture SUpEIHatANts werecompareis ol at ed
from6 of the E tsmommmmcméwmmsspemamw Insert

of DNA (25 to 30 '
Cl oni ng and trans O%Wn o : co ﬁosftlcm °§29m5 tlﬁ.]clggm% mr the 15
expression of 107 Sops NL.Qf S preumoniae »-M,,,;,-,,,-,, ibragies,t heti ¢ S12 nedi um was used -
in the screening of chpr&amahae(ATCCBﬂﬁﬁngwhmI(lOrmLm.Bméﬂximt&)t&b make

1, 3- propanedi ol . %W EETaa i ofe) nﬁm( w%w 50 mM
t h h ,
YR SN oy e S err]
ﬁ grggﬂrgm (Cj:oCI [M@aiexdp@lhtad’l%mﬂuqiem@wammd ahdbﬁct{-.mlce}ll\ﬁdllht\r?nne
cgn5| sted of: %5 o ax-ZO"Cammm u Slﬁ %-S %% E ?fer pH 7.5;
5 mM pot assi i spwalﬁmmv H%(wszvmaafew 0Ope
CaCl-[err]; 50 [emqewmqampm@ewqusaﬂ.ofwm}wqmmw ZnCI

% Fgrgflr\/lr] . CUSth| N‘r?g h grochl or 0 ast ext.raci % c%gg]no
acids; 0.8 [err] b%f%?t?'? &éﬁég ﬁ%‘ﬁ”%@MSR}fﬁ%

suppl enent ed 28 t W%P@#?éﬁome 98%¢ This,reguted inghe salution) 204
D-gl ucose as r eqbeédnsing ciéd. MWK&MH@WWW (Ruch et

ﬁl. ' éefbggﬁgtse(r)lrm er o%gé?ter aer%g:l]le ﬂ%@n@x@%%r om : Fu[?nas
(Harvard Medi cal 208 sesinm chigride was gddedypyield20.4 M final genceptiationa TH8d as a |
I 3P2L:gg(rjyf (r:ul txwelumesofe_lt_hanol were atrdeahcthelliqmldpmeglmmbcmaﬁ"ﬁﬁa%e% was
Bl ool 2 ) e ] R et e AL, W
500 ul of water and the concentration of DNA was determined spectrophoto-
metrically. A diluted aliquot of DNA was run on a 0.5% agarose gel to determine
the intact nature of DNA.
30 The chromosomal DNA was partially digested with Sau3A as ontlined by
Sambrook et al., supra. DNA (2 ug) was digested with 2 units of San3A
(Promega, Madison, W) at room temperature in 200 pL of total volume. AtO, 5,
10 and 20 min, samples (50 (L) were removed and transferred to tubes containing
5 umol of EDTA. These tubes were incubated at 70°C for 10 min. An aliquot
35 (2 pL) was withdrawn and analyzed on a 0.5% agarose gel electrophoresis to
determine the level of digestion and the rest of the sample (48 yL) was stored at
-20°C. The gel was stained with ethidium bromide and visualized under UV to
determine the partial digestion of the chromosomal DNA. A decrease in the size
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the cosmd DNA isolated from Kl ebsi ell a pneunoni ae ATCC 25955 contai ning a

gene coding for either a glycerol or diol dehydratase enzyne. Cosm ds

22 WD 96/ 35796

PCT/ US96/ 06705 containing the gl ycer ol dehydrat ase were identified as
pKP1 and pKP2 and cosm d containing the diol dehydratase enzyme were

identified as g Tr ansf or med DI—|5[ err] cells were i d%lﬁésﬁﬂsﬁ§

DH5[ err] - pKP1, KP2, DHS errl.n P4. 5 E. coI|
ECL707 (Spr enge?:’%b’é’i"l"“? d shegying that the

obt ai ned from E. mmmmmmmmemmsm and

was simlarly tragA VWabBeraidel 1¢ By kddarfprétbéck meiRsONI ae. These
transformants werg ide t|f ed a ECL707 pKP1 and ECL707-pKP2, containing

t he gl ycerol dehﬁ?’élf'g‘ré]‘e Qie Zd ECL707- pKP4 cont ai ni ng t'he di ol
dehydratase 1§ gene. Ammﬁm&lmw&@m&m@Mtlon in

the tpi gene (Angﬁpiﬂﬂ scosrmdv&&ﬁklﬂaﬁd%aﬁickﬂ trabfd/0) ) was
pur chased fromt e E. . con t 9.{‘%%0@ geﬁ . ?ﬁ-! Un yersity (New
Haven, CT) and waE"§ o?"f%’ds eg'fa & o gi ve the
reconbi nant or gareyided kxigonamfastuges werefoliower (The packageddG prewrmamnias t he

gl ycerol dehydr aba:&ﬁnmﬁao%d 0\ AP phigditer & ABfeAhiRed e tiddsfecting!E. coli

dehydr at ase [err]: Si x transformation pl ates

cont ai ni ng appr OXI rra?ef 000 col oni es of E. coli XL1-Blue M
transfected with K pH %P%WMWMW%OPHWWMMdl um and
centrifuged. The tbeontain largevinver of DPNAc(25do 30nkb)r esuspended in 5 nm LB
medi um + glycerol. An aliquot (50 ,,“ui_ : nocul ated-into a 15 nL

t ube containing S12 nt he i ¢ nedi um ' '
vitam n B[ err] +0. 00355 E4SP-1ER N HE Ao o o

medi umto thd5top and wrapped W asionf of roga bated at 30C A slight
25 turbidity wapgserved after 48 h. A quots anal yzed for product

di stribution as rd ove at 7 and 132 wer.e positive for
1, 3- propanedi ol , the g’gﬁ%’m%‘ig %FWE ﬁ{l Qbe ?1‘{}’ eased anount s of
1, 3- pr opanedi ol . Wmformmﬂb&tm Ia3-propanedipl. p¥AZ  mpediten pontains:

1, 3- propanedi ol nommmﬁwmlioQOphdsphmwmmmonto

IS_IB;’ISPZWEOFL)?:I es 2éd§:;: SOW? gwm?ﬁga I N I?OI’ ?l 8 UCtIOﬂ ht

1, 3- propanedi ol . cl ones and
transforned into E cMe&untAasedfdiilﬁ{mﬁ:rahdfcﬁnanaﬁmmﬁmWft d0mMe again

checked for amhidBin! Qike! S0AMOI0PsA&: I5 5 MiVPpdthsaingd Or mants were
characterized furjhe S
DH5[ err] - pkP2. 3B WW@?@S?M@%&O% l‘#K‘P
subcl oned i nR§ pFei3lY KM ZnCl; 17@MQ§QW¥5W¢@B@42WNWMQO&MMM and
termed pHK28-26 m&xéliardmcm«mamm;mta&wmommainﬁdamw gmaf the
rel evant open r eqgiiag g0 A8 S0 Gho! Medinm A ofll SiRGcBRa SRR QIS VOO O!
dehydr at ase and genes r’r%cessar Tor ‘gul
glycerol or 0.2% glyoerol plusO 2% D-glucose as required. .
Cells:
30 Klebsiella pneumoniae ECL2106 (Ruch et al., J. Bacteriol., 124, 348
(1975)), also known in the literature as K. gerogenes or Aerobacter aerogenes,
was obtained from E. C. C. Lin (Harvard Medical School, Cambridge, MA) and
was mainteined as a laboratory culture.
Kiebsiella pneumoniae ATCC 25955 was purchased from American Type
35 Culture Collection (Rockville, MD). )
E. coli DH50. was purchased from Gibco/BRL and was transformed with
the cosmid DNA isolated from Klebsiella pneumoniae ATCC 25955 containing a

gene coding for either a glycerol or diol dehydratase enzyme. Cosmids

22



23 WD 96/ 35796

PCT/ US96/ 06705 Referring to SEQ ID NO 1, a fragnent of the open

readi ng franme for dhak encodi ng di hydroxyacet one ki nase is found at
bases 1-399; the open reading - frame dhaD encodi ng gl ycerol

dehydr ogenase is found at bases 983-2107; the open readi ng frame dhAR

encodi ng t he r is found at bases 2209-4134; the I ng
Rl SRR

frame dhaT e 3- propanedi ol oxi doreductase is found ases

5017-6180; the mmmmwmmm caidontifieg as pEPL apd pRR2 andni t
gl ycerol dehydr adomiid dofitafriniitle aiol &by &hgﬂdiﬁﬁ&pmdi ng frame

dhaB2 enc und at
bases 8724- 9308%‘)&8 open readlaer?ghﬁz%ne ﬁg@ggﬁﬁ%ﬁﬂ’i € gama

subunit gl ycer ol DB#%pBP4t ase is 10 found at bases 9311- 9736 and the open
readi ng frames dhaBX, Eeaaancnmsngeak&ieaal I. Gen.MszBi&D,OlM I255q19'89)) is found

at bases 9749-1 94&@!1 | ue MR
transfected V\nt#@%;oc ag}a osm (F Lﬂ&ﬂrﬁ(ﬁ rom p’neum)n ae \/\gmE
i nocul at ed i nt o Wes@imilat WW%M um
(amoni um sul fattﬁnsﬂ:ﬁnaﬁdwaeﬁdmﬁﬁums IMEEL707115KPZ)

thgﬁ gfﬂ bu;f °l n}f‘ﬁ%‘%{?&‘ﬁ?’%% %ﬁﬁ@?ﬂﬁ%g@%ﬂﬁ? 1. 9‘2"%“‘%00 [err],

2.53 uM Na[€tr]¥B¥ err], 2.42 uM and thiamne hydrochloride, 2 uM + O. 2%
gl ycerol + 400 ng/mm&ozwmmmgymmmwm(mammﬁa [err] g/ nmL

anpicillin. In WM{C%I&O&@S’@W M Sodont ai ni ng
LB-50 20 pcu ft 100 Jer t hdr awn .
and centri fugedvE?‘? Yale bn““’%?'ﬁ {’Wﬂkﬂﬁ\q@ ni cron

nyl on nmenbr ane foohmerNBaGgweﬂmmmmbmmmrgmmmwfdﬁﬂ aﬁdmme was

processed fofs HR 46 b cerbiQfbh} diifse defid) 33 AA200-pRP dhikiol

1, 3- propanedi ol oducti on were identified after sgreenlng

“approxi mately 2 i8 Three positive clones were identified, two of
which 25  had g2l on LB-50 anp and one of which had not. A single

col ony, isol ated Six trdrBforMAfon(ilatkd @nialifh 9&@035013,5,@/51 on LB-50
anp and verified.fQ t

desi gnated as p% "5&9%‘8"%“3’%‘0‘%*’8%2 aﬁ' W@%@ %ﬁd ra| ns
cont ai ni ng pP4 mk LB medjpm agd poptrifu F%W“e

i ndependent trar&ﬁnmmnédmﬂasglmleakna&qﬂﬂﬁmn]qummammtaa 1S el f i ed for

i ran B0 707 wotbee trmwéigmh%ccosm 5%9 Giyceral + 400 gg permilof CO11 -
correspondi ng t 0" 3By agllﬂké’gg Kesgt ?ﬁ'a"'t p‘ 8’§’°V§§ withihe and naned

ECL707- pKP1, ECLméium rbe mawm@mﬁmm ae33Cc A slighty. 35
ECL707 is dejscCtinbiditywas loBierved after 48! pRAud Ridbtotigpendent
G Dy oxyacer onceBRor R ok 'ﬁ#ﬁwﬁ%ﬁ%@g S °8§?n?%%ﬂz§@ HOE R oT or ace
system respect itims goints containing in
The bacteria, testing positive for 1,3 propanedxol production, were serially
diluted and plated onto LB-50amp plates in order to isolate single colonies. Forty
30 eight single colonies were isolated and checked again for the production of
1,3-propanediol. Cosmid DNA was isolated from 6 independent clones and
transformed into E. coli strain DH50.. The transformants were again checked for
the production of 1,3-propanediol. Two transformants were characterized further
and designated as DH5c-pKP1 and DH5a-pKP2.
35 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:1). Sequencing revealed the loci of the relevant open reading frames of the
dha operon encoding glycerol dehydratase and genes necessary for regulation.

23



24 WD 96/ 35796

PCT/ US96/ 06705 Twenty single col onies of each cosmd
transformation and five of the Super cos vector al one (negative
control) transformation, isolated from LB-50anp pl ates, were
transferred to a master LB-50anp plate. These isolates were also

tested for th sty to convert gl ycerol to 1, 3- propanedi g, J‘.{Wr to

determne 5 | co [ drata act i VI t The or mant's
wer e transferredl‘ﬁf"’é‘!‘\n gkslﬁs&%ﬂ é‘ﬁ'ﬁ?ﬁﬁ%‘ y éfg%xat es

cont ai ni ng 200 [m@mmmmmmmamwmmmmo 2%
gl ycerol or 0.2%ggh¥ FQ&,{Q, fomdﬁfbgﬁgggglgmqameon for 48
t

i ?Erig[?LiLﬁghtoS%%%% dha g e b %aﬁﬁéi%mpm

The 10 result§ omwwwmdﬁmlmmmfmda

Conversi on of gl )55@59(,171;5136.& he afpha SitrinECL 707:
nunber of positive is nu r | S tested sf or mant
G ycerol 4 ycer oﬁﬁﬁf'ﬂ&"’@ np’““d bages 2%@1 &?’ reading frame Jj??g

19/ 20 Eercoding therbeta subumt glycerol dehyydratase is fonnd at bases 8724-9308) tig0

ECL707- pKP4 readmgfrm'&/d?ﬁB3 the gamma subunit glycéfol déhydratase i
ECL707-sc 1 pen 9%? 36 cocoding - d,ﬂléﬁ iy %foo

E. coli stralﬂ A%B WSt ng? or‘%dﬁ\ﬂfeﬁ cosﬁ%mﬁ P e’tfﬁﬁ?ﬁ%

correspondi ng t oofraknown fanction iy foynd atbases §74h Y720 vector al one and named

15  AA200- pKP1, AAzomgKBaommcm1 vodmid Strain

AA200 is defecti ¥ %“E“"m

Twenty single co rﬁggﬁstt%&mé&?gg%ﬁm%ransf or {pgg”%ﬁgpﬁ%gm t he
enpty vector tra lBl-ﬁ‘i”ltyto
convert 1§l ypHr?to 1mwmmrsmmmp}mm MMMZ,MMEC::CIQJ I strain

bl o (e " eSUbITImNE MEL, SORMPRICS! a2k, M c“esroam“’%‘ St panedi ol
by transforned ARB IM: NseMePa 3 ZS@‘E' \%fgmm 0%%)

i sol at es/ number Wm&ﬂlm/m’egfuumm3n+000ﬂ%am®tm50um

7750 T o L s e MRS 17120
17/ 20 20 Aﬂ?ﬁammm‘mﬂédz After 96 h, 1 n@’é@gﬂvﬁ %mandcenmfugedma 16/ 20
AA200- sc RmmnnucrofggegubecontammgaﬂZnncmnn)@qtgnembraneﬁher Bacteria

were retained and the filtrate was processed for HPLC analysis. Positive clones
demonstrating 1,3-propanediol production were identified after screening
approximately 240 colonies. Three positive clones were identified, two of which
25  had grown on LB-50 amp and one of which had not. A single colony, isolated
from one of the two positive clones grown on LB-50 amp and verified for the
production of 1,3-propanediol, was designated as pKP4. Cosmid DNA was
isolated from E. coli strains containing pKP4 and E. coli strain DH50 was
transformed. An independent transformant, designated as DH5o-pKP4, was
30 verified for the production of 1,3-propanediol.
ECL707: '

E. coli strain ECL707 was transformed with cosmid K. pneumoniae DNA
corresponding to pKP1, pKP2, pKP4 and the Supercos vector alone and named
ECL707-pKP1, ECL707-pKP2, ECL707-pXP4, and ECL707-sc, respectively.

35 ECL707 is defective in gipK, gid, and ptsD which encode the ATP-dependent
glycerol kinase, NAD+-linked glycerol dehydrogenase, and wzyme I for
dihydroxyacetone of the phosphaenolpyravate dependent phosphotransferase
system, respectively.
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PCT/ US96/ 06705 EXAMPLE 2

Conversion of D-glucose to 1. 3-propanediol by E. coli strain

AA200, transfornmed with Kl ebsiellia pneunoni ae DNA contai ni ng 5

G ass serumbottles, filled to capacity with nedia (ca. 14 nL of Medium

A as defined JodnsadP! € 1 suppl enmented with 10 [err]g/rrL kanﬂgy %ﬂ,‘,@.@g 0. 2%
0

D- gl ucose, plus or mnus Q. 0 .mM cyclic adenosi ne, 2 r%g?p sphat e
(cAMP)), were mnocuW?“@ﬂs‘Wl?ﬁm%M%@%‘@“mWn%ﬁ‘ﬁ %f E. coli
strain Mmmmmmmmmmmmmwmm pKP1 or

pKP2, the 10 &Egrgp mﬁwFM Tiesolifaes Qere Wlto!t OF al one.
In order to av cont act W t &)ﬁ rﬁt the I riocul atign was
performed from ®stedfar thetr ab £ W&Mﬁl d
culture of the ﬁmmdeWMammmmmmmdea 72 hr

at 30[err]C Wm%&.ng LofMe%QI’m ned by the
change i n absorbance a 6 Wh I ni r 15 0 020 AU.
The extent of ¢fRRlCTENEL ¥ Pg% {6 g‘?’ (9]

det ermined by mme“MW%MWefmmmMMered

suf fix - Xfq Mw&%ﬁ%m& Yriylon SHeF M PtirdiRab@aphell by PECPTRSENt ed i n
Table 3 and o"ﬁé&s G 4 Table 3
Conversi on &} ﬂfgf‘ﬁ“cﬁ?é“?&“’f“?'ﬁ”b‘p’anedu ol - by
transforned E. coli strain AA200: w t hout cAWMP

[ 1, 3- pr opane- Tr ansf or mant Chelde L) di ol ] (mV Con. (%

Sel . (% AA200- pKP1- 3Convdisi6&5&'glycemlto 1,8-pfiipanediol 17 1
AA200- pKP1-5 .tﬂai:Efom:edECL707ﬂdnmber of positive ifblates ber of isoldtes tested

0. 007 nd - 0.2
14 5 Txanstogugy” DKP1- 208229 116 n 27

0 " ECL707-pKPé 205 19/200 3 1 /20 8
AA200- pKP2- 10 ECAIT87-pKP2 0.2 1820 13 20/20 7

0 509 P 2%2&‘;27;1‘“’4 TR 5 Mg@g) pKP2 20  0.094
nd 11 5 ARP00- pKP4- 4 . 0.1

28 AA200- pKP4- 19 0. 197 34

3 AA200- pﬁA&Q@‘o 0. 206 0.1 38

AA200-sc-1 0. 097E. coli strain AXP00 was transforme@ &ith cosmid K. pne@monweDNA

(2).6176 Néhrresponding to pKPH,$KP2, pKP4 and the Supercos vector alone and named

15 AA200-pKP1, AA200-pKP2, AA200-pKP4, and AA200-sc, respectively. Strain
AA200 is defective in triosephosphate isomerase, (1pi°).

Twenty single colonies of each cosmid transformation and five of the
empty vector transformation were isolated and tested for their ability to convert
glycerol to 1,3-propanediol as described for E. coli strain ECL707. The results of

20 these tests are givenin Table 2.

Table 2

Conversion of glycerol to 1,3-propanedxol
by transformed AA200: Number of positive

_isolates/number of isolates tested
Transformant Glycerol - Glycerol pius Glucose
AA200-pKP1 17/20 17120
AA200-pKP2 1720 17/20
AA200-pKP4 220 16/20
AA200-sc 0/5 05
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PCT/ US96/ 06705 Tabl e 4

Conver si on of . 0. 2% D- gl ucose to ) 1, 3- propanedi ol by
t ransf or ned " E. coli strain AA200: with cAWP

[ 1, 3- pr opane- Transf or mant . O err] ~dioll (mMV) % Con.

% Sel . = 1-3 0. 102 0.5 19 2
AA200- pKP1- 5 %Q@é@ﬁp 1.5 21 37 peTrUSOGIETIS

0. 236 1.4 24 EXAMPIE 2 0.071
0.8 15 dversi viRi00sedd P 3-pithanedihl b9 2 i nd

40 0 nsformed Wit BRbsiellia pneumonide BN 2 . 27
16 A200- pKP2- 10 U. C B o . 0.2 .. 13 7
AA200- pKP2- 14  0.213 0. gehvdratase getiviy ¢ 27

0. 155 5 0 6 Glasssernmbottlﬁﬁﬁﬂedtocapachiwuhmedw04mlRﬂ’MﬁImm0 198
1.2 ip Exbdyle 1 U 10 ughot iddbnycin and 02% O L

31 QQZ KP4 21%4 Q 37

3 AA200 prp cose, mmmnsﬂ cyclic adenosine 2 mongﬂlosplmte 3
AA200-sc-1 0. (&AMP)),weremnoculatadlw:thselcctedsmgle coRiy isolates of E. Eii strain "

2d199 cmgth K%umomql'edehal ent | Lo anecll o? \}\ég
Dori i ed by d N qeeummaziar peRopesn PR, of s Supsirge wck M’“‘p

EXAMPLE 3 Co reontactiwith giycerol,dhe fonoculation wagpesfooped feath itheig pn ggar plate of st r ai n
DHS[err] transf OTIIB?-QOamporﬁ'omahqmdculmreofﬂ:esam%ﬁemuﬂmﬁlréﬂchbﬁmumm ae

DNA 5 t b@l v E.
coli strain DHS[éIr”‘?“]b %oﬁfaéﬁ%?'ﬁ%@hed&ﬁepna%gﬂﬁ?@e’ﬁaha regu vyagn cosm ds
pKP1 or pKP2, werdeterminedby the hange inabsgsbance gt 608 the jnitial GDgpepwesn

1, 3-propanediisl 02090, THRG tentoffpldudpd depltion fift praduoct dxﬁn&tt&mpieeseht ed in
Table 5. determined by HPLC. Single colony isolates are identified by a mumbered suffix
".x", ¢.g., AA200-pKP1-x. Cumulative results are presented in Table 3 and
Table 4.

Table3
Converslon of 0.2% D-gluoose to 1,3 propanedlol

I1, 3- propane-

Transformant ODgan diol] (mM) Con. (%) Sel. (%)
AA200-pKP1-3  0.056 0.05 17 1
AA200-pKP1-5  0.115 nd 0

" 0.007 nd 0
" - 0.076 0.2 14 5
AA200-pKP1-20  0.116 nd 27 0
" 0.205 03 17 8
AA200-pEP2-10  0.098 0.2 13 7
AA200-pKP2-14  0.117 0.5 17 14
" 0.129 0.2 19 5
AA200-pKP2-20  0.094 nd 11 0
AA200-pKP4-4  0.198 0.1 28 2
AA200-pKP4-19  0.197 0.2 34 3
AA200-pKP4-200 0206 = 0.1 38 1
AA200-sc-1 0.097 nd 22 0
" 0.176 nd 46 0

26
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PCT/ US96/ 06705 Conversion of 0.2% D-glucose to

1, 3- propanedi ol ' by transforned E. coli strain
DH5[err]: plus (+) and m nus(-) CcAWP.

[ 1, 3- pr opane- Tr ansf or mant O err] dioll (mMV) % Con. %
Sel . pKP1( - ) 0.630 - 0.5 I

[err] KPL(+) %L'%L‘ .6 100 3 b ’f’%?"‘ﬂ"é“s( )

0. 584 100 Table4d DHerr](+) 0.699 _

0.7 100 3 Conversion of 0.2% D-glucose to EXAVPLE 4

Conversion of D-glucose to 1. 3-1m:pnaﬁmdiopbyﬁhsﬁmed)ll strain ECL707.
transforned with Klebsiellia faig

cont ai ni ng dehydratase activity [1 3_ ,dﬁm&ol i st rain ECL707,

contai ni ng the K TRAgHRwME 2 egul o&ogm)ds %i0ERl oOr qugiz the K
pneunoni ae pdu 0 . of e Superc vector Tone re tested
for their abili tW@onvert . ucose tochISS propaned?o tF descri bed
in Exarple 2. | nAAORPERLS, ¢ rsi on wad-3uantitati v, The r¥sults 10 are
presented in Table 6." 0.236 14 24 Tabige 6
Conversion of D-glucose to 1, opanedi oI08 15 23 by
transfornmed E. coli _strain ECL ) . wi th and
Wi thout cAVP  AA200-pKP120  0.153 nd [1, 3- fPopane- O

[ 1. 3- propane- Tr ansf or ie1gs oD e 9 di oI2[7(nM 1600 err ]
diol](mV _ (wigHout cAMP) (with
CAMP) EQ?O%? 100. 6000/98 éﬂi 475 7 0.1
ECL707- pKP1- 3 . EE;Z-“ 0213 ; 200. 422 0.1 27

ECL707- pKP1-7 0. 582 0.1552 0.8®. 522 250. 2 12

ECL707- pKP1-10 Ag"‘g 1 0. 408 0.1

ECL707- pKP1- 18 @?2 0.1%_ 1 12 0.433 40 0.1 14

ECL707- pKP2-4  Ah28GpKP4-4 021§ 0.10. 408 3191 2

ECL707- pKP2-5  AS82MBHKP4-19 0223. 1 0.20. 516 37 0.2 3

ECL707- pKP2- 8 P20 02210 1 0.2 0.486 35 0.3

ECL707- pKP2- 15 . 1 0. 485 0.1

ECL707- pKP2- 19 ‘ﬁ‘ggf 01351 dogos B O

ECL707- pKP4- 8 0. 49Y 0.199 nd 0. 361 49 <0.1 O

ECL707- pKP4-9 0. 541 0.1220 nd). 354 25nd 0

2The identity of 1,3-propanediol was verified by GC/MS as described in the
GENERAL METHODS. .

E. coli strain DH5¢cx, contammg the K pneumoniae dha regulon cosmids
PKP1 or pKP2, were tested for their ability to convert D-glucose to
1,3-propanediol as described in Example 2. The results are presented in Table 5.
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PCT/ US96/ 06705 ECL707- pKP4- 10 0. 515 nd 0. 265
<0.1 ECL707- pKP4- 14 0.512 .nd 0318 <0.1
ECL707- pKP4-17  0.545 nd - ' 0. 388 <0.1

ECL707-sc-1 0. 592 nd - 0.385 nd '
EXAMPLE 5 Two stage conversion of W to
1, 3- propanedi oroggmé’scherl chia coli AA200-pKP1-5 5 af @Eﬁs
flasks (250 nmL) containing 50 nL LB-a nm_giﬂgm wer e i nocul ated with
singl e col oni es of AA200- pKP1-5. The se grown, in dupl i cat e,

propanediol G own

overni ght at 30 or 37[er r Convyarsion ofi):3% B
cultures were spun(10 m nutes, ANFIORNCE % esuspended i.n
production nmedi um wi t hout gl ucoSe-FO=FHARIN [ err]Sderr]; 5 mM

pot assi um 10 phosphate buffer, H7 5 BCB-PIDPMQDS pH 7.5; 0 01% yeast
extract; 0.01% NS roymant ' ! . edet] . and 50
[err] g/ L anpi ci | I*){-lﬂm.ﬁnm ahni ng,sao ei t hors trace memd S A (Q 08 [err]M
CoCl[err], 006p qu,[i_ﬁm r]MFeS rr], 2 [ ] M

H[err]qurr] err Cl[eréiI 0.1 p [err]Nb err], 6.08 pM
NiCl[err], 03[e Arr] 9 8603 mvthi¥® ne) o trace netals

B: (0.7 m\/lCaCI[em-lSG.-}ZgﬁS(-{-)eerWCI[errhﬁ 1.72 [erigoM 15 3CuSJerr],
1.0 [err]MFeCl[err], 2 mMMCl[err], 0.05 mM MCCl[err], 2.42 [err]M

Na[err]Mo(J err], 1.0 [err] M znCl mmm%@d 0. 03 m\/lthl am ne). The
cells were spun a se .u t ”, 3-2lucos . ‘ . ) producti on

medi um cont ai ni ng D gt < bottl es
whi ch were capped and seal e diransfion The bottl es

wer e shaken (250 rpm and sanple ..,7',.%4, sy-rl nge through the

septumand filtered t 7mgﬁggﬁﬁ7 ]“ .

Results are shown_in ?,’:g an b'{oﬁ ér%lgkdgﬁmo%ﬁ%@erx%s rreasured by
enzymatic anal ysP&PAorpERE r@“—’ﬂi’f@ﬂ"ﬁk““wm S theRypercosieptohent s Co.
Inc.) and 1, 3- prapmagdemkeswafoﬂhﬁig&lﬂyltdmnbﬁtﬁ-glucosemmmmdmlas

by *S“"’“’mﬁ"mvfrs%ﬂ‘““r. ervesh Y BRAm ey TRt aned! o

Time [d ucdfe] 2represested in Takle 6. Sel Experi ment

(days) (mv) di oII (mv) (% (% - #1 :

1 0.1 2. Table6 10 #1 4

0.1 2.3 99Convetsmn]<ﬂ’D-glucoseto 1,3-propanediol 1

2.8 2.3 75 byttansﬁ)ﬁde coli strain EER.707: 4 0.1

2.4 99 11 heand wiithont cAMR ur es, containing trace

met al s A were incubated at 37[err]C. 2ﬁ3-pmpane- {1,3-propane-

Transfonnant ODgng. diof] (mM) ODgan diol) (mM)
{without cAMP) (with cAMP)

ECL707-pKP1-1 0.607 0.1 0.475 0.1
ECL707-pKP1-3 0.619 0.1 0.422 0.1
EBCL707-pKP1-7 0.582 0.2 0.522 02
ECL707-pKP1-10  0.593 0.1 0.408 0.1
ECL707-pKP1-18 0.584 0.1 0.433 0.1
ECL707-pKP2-4 0.588 0.1 0.408 0.1
ECL707-pKP2-5 0.630 0.1 0.516 0.2
ECL707-pKP2-8 0.542 0.1 0.486 0.1
ECL707-pKP2-15 0.589 0.1 0.485 0.1
ECL707-pRKP2-19  0.577 0.1 0.504 0.1
ECL707-pKP4-8 0.499 _ nd 0.361 <0.1

ECL707-pKP4-9 0.544 nd 0.354 nd

28
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PCT/ US96/ 06705 Tabl e 8

Conversion of 1% D-glucose to 1. 3- propanedi ol by
Escherichia coli AA200-kP1-5[err] time [ gl ucose]

[ 1, 3- propane- Con. - Sel . (days) (mv) .

gl ol ] (mv) 0 68Rs796 (01/9 | 390 535 PCT/US96/06705 026
20 | BCL707-pKP4-10 35 0515 : ndg 3 0.265 <g 4

23 BCL707-pKP4-14 33 0512 nd 8. 4 0.318 <03

21b BCLYORgRP£ATL | OgIS45T Xt Ur espg cont ai np.3¢8 traceggatal s B, were
i ncubat ed at 30[ t the e of th ction, _fhe presence
of 1, 3-propanedi W {)I’lfl r rre%lsw n&j g&%ﬁ and [ r] G NVR( 300
VHz). - . Conversion of D- Iucose to 1. 3-propanedi ol -by
Kl ebsi el |l a pneum)nl ae ECL2106 but not W%

ym bottles, filled to
{ed froma LB

Kl ebsi el | a pneunoni ae ATC025955'w stage CO;
capacity (ca 14 nL) wth ? 0 G
agar plate coptaining_K prieunoni ae ATCC

25955. The medli a cont® fERPSY err], 0.9 nM

CaCl[err], 4 [ermb&ﬁlﬁe@smklec&oﬁiﬁs@fe&&?ﬂﬂ-ﬂ] ﬁ.e'lhe]wbﬁrgrc}vh’l.limsq err],

2[err]M 10 H[e &&5[@5 I\/hCI[err] 0.1 [err]M
Na[err]Mo(J err], N Cllerr rr Sq err .1 mg/ mL
DL- cystei ne, 10 [err]%’fff{';'f'iJ‘I:{?j&Q %HF’%M!%%&&Q %}a% r]g/nL
vitanmn B[err], mmmmmmmsmnmmnswmmmmu t her

50 mM HEPES g £5; 5094&&6%%}?759@91%9@&:%&, bogyPat ed

for 47 hr at 30 |le fsiiHS Ii se reactlon was 15
performed as destASFBEY ¥ éng‘?ﬁﬁ% @@'&% confpining, o g
Conver si on of Dngmd&AS{@ﬂ&MQIOWCe%%WeSOh2pM

pneunoni ae ECL21 bk'toi‘ﬂkmdz,OIpMNazMoO oospMNlmz,oslﬁh&ﬁﬁst

Fgeg”gpgg:ngwé 2nM thiamine) or trach taétals B: (07n'illtdf(?aC1% pﬂCoClz,17% cose]
diol](mv) 15 CuSOy, i;04gd FeCls, 2 mhEMeCly, 0.05 mM Mn(lp, 2.42 pM NapMp©,4

0.2 2.0Q4M ZnCl,, arlf0U3 mM thiamine). "Phecells were spun d secbhd time, 0.2
gigg ﬁg resuspended in éLﬁeshpmdncti%én%dmmcommng-ggm%semd

2106 HEPESdispensed intg nﬂ.sermbotg&sv_[h.\chwerecappedonqsealedmﬂ:bmyl 2106
HEPES 2. Srubber septa. Tha'bottles were shaken({230 rpm) and samples withdrawn with a

20 syringe through the septum and filtered through a 0.2 p filter before analysis.
Results are shown in Table 7 and Table 8; residual glucose was measured by
enzymatic analysis (Biochemistry Analyzer, Yellow Springs Instruments Co.,
Inc.) and 1,3-propanediol was analyzed by HPLC.

Table 7

Conversion of 0.2% D-glucose to 1,3-propanediol by
Escherichm coli AA200-pKPl-5 .

'I" [Glucose] [1 3-ane- Con. Sel.
~Experiment __ (days) ___(mM) diol] (mM) (%) (%)

# 1 0.1 23 99 10 -
# 4 0.1 2.3 99 10
#2 1 2.8 23 - 75 14
# 4 0.1 24 99 11

2The reactions mixtures, containing trace metals A, were incubated at 37°C.
25 .
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PCT/ US96/ 06705 2106 HEPES 1.3 26. 4

0.1 : 2106 HEPES 0.6 27.5 0.1
25955 MOPS 5.0 4.4 ud 25955
MOPS . 2.5 5.4 nd 25955

1.3 nd ' 25955 MOPS

7.8 W berasos 25955 HEPES 5.0 P“”sgﬁg'"g’s

nd - 25955 HEPES 2Xgble 8 13.5

25955 HEPES 1. 3' . Coxﬁr@mi&nofl%D—glucosado 25955
HEPES 0.6 1 anedi i kP1-52

EXAMPLE 7 time Pr mgd]on oﬁ,g,lprgp&_opanecbﬂ by r egegrbi nant
Pichia pastoris ddy8)1St I UghgN of GHRAPMmAN purposxpressug plasmd 5
The 0. 9kb EcoRl / Xpar=tT : 1T P oo DB D 20

Bartlesville, OK) Wasorepl acea by the 0.9 kb EcoR1/ Xpal fragn@nt from
pACB15 (I'nvitrogen, San Bfego, CA) 56 generate2bhe plasndld pH L- D4B2
whi ch contai ns the foll ogsng el emengg: 5' AOX1, af. pastorgsgs net hanol

I nduci bl e al cohol om?ase I (AOXI) rormt er, Agg(l term 2?, pastoris.
AOXI transcriptional term nat Pdn 1 reg HI S4 past ori*s hi st'i di nol
dehydr ogenase- encodi ﬁ@mmmmtammmsmmewgmmmm%uence
der i ved from t ranspobAsmI &R heseastioisine U pipaRkiEwas confirmed

3' - phosphot ransf erase, eorryC| n and 418
resistance in a w de @%MSWM ful as an indicator of
cassette copy nunber; 3'AOXI, P. gastorl s sequence downstream from

AOXI, used in 15 conj unctlon W|th 5'
I ntegration; ori, pBR322 or Conversion of D Opar
mani pul ations in E coli; angg3%ew, 36 b fae By gene from pBR322
conferring re§| stance to anpiciLl] ! 3@%&%3& feature of

pHI L-D4B2 is that nultiple express - gene - AOXI
tern) can easily be pﬁlwsdnmbmesrﬂlqdltamdtyﬂyamwmmamm an 20
Bgl 2/ Xbal fr agneghscolatddOrd?a ite/ laté chitdining K, ,Enemaﬁhéget:zms&f plasmd for

co- expression of ..dhaBl and anmes for
dhaBl and dhage PEumelies ATCE £395%, The mediy %ﬂ%&ﬁfﬁ%ﬁ us. = .

pri mers(SEQ | D NOYE#)2§Q4n 0-8madM| GaChind pMiGeCls 096 M CuCh, RMiFeROs QIDNOS5
for dhaBL ando dhHEHO mmmm&,w)zmmg,mnmmwoogmmwm at the 5

ends (10mM Tri sp ch@l atin,
200 pM dATP, 200 er pM each
primer, 1-10 ng 9 W““?BZ' BDW

S|te directed vector
paediohbw| | ow ng pl asm d

Perkin El mer Cetﬁ&mmmmwmsﬂuffmpﬂérﬁs mmqomm rr]C 1
mn at 55[efoﬁ'}1¢hr&30"¢‘wﬁﬁe§ﬁﬁng%5259¥ﬁhe®themﬁe icealtion waer € subcl oned
into the ECORL SILE med as described in Example 2. The results are given in Table 9,  S1
Table 9 .
Conversion of D-giucose to 1,3-propanediol by Kiebsiella
pneumoniae ECLZ}OG but not by
Strain Buffer Pi [Glucose] [1,3-Propane-
{mM) (mM) diol] (mM)

2106 MOPS 50 114 - 0.2

2106 MOPS 25 139 02

2106 MOPS 13 14.8 0.1

2106 MOPS 0.6 158 0.1

2106 HEPES 5.0 21.1 0.1

2106 HEPES 2.5 234 0.1

30
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PCT/ US96/ 06705 of pH L-D4B2 to generate the expression plasmds pMP19
and pMP20 cont ai ni ng dhaBl and dhaB2, respectively. The
dhaBl expression cassette on a Bgl 2/ Xbal fragnent from pMP19 was

subcl oned into the BanH / Xbal site of pMP20 to generate pMP21. Plasmid 5
pMP21 contain I on cassettes for both dhaB2 and dhaBl, ‘Hl S4
sel ect abl e maf“k’g)rw"r’ﬁaﬁs Construction of plasmd for co- exprespg’?@n;é(;)h?ﬂgha%
and dhaT #4826 openHEBEYi ng f Admes for 28aT and d¥aB3 were
anplified by PCR 2106 m cCOHEPHS pKP1 0% ng pri aes5s(SEQ IDONO 6 with SEQ
ID NO 7 and SEQ I D 10 1 8 W SEQ | 9 fory glhaT and B3,
respectively)i ncorporﬁs}sﬁg Ec:%ﬁltk ?io'{\lgs at t 'Ee] 5' ends. The products
were subcloned into t#¥RcoRIMIR® of 25 pHL-¥hB2 to gefrate the
expressi on plasm ds p2#53 andMOESL8 contdining 28 dhaT ansl dhaB3,

respectively. 25955 The I expr@gsi on caspgtte on a fgl 2/ Xbal
fragnment from pMP17 \/\%5%5 S oned i_nto the 1/ Xbal site of pMP18 to
gener ate pMP22 whi ch cont expré sion cass®ttes for Moth dhaT and
dhaBs3. Th259551 kbHEBBRRL fra@dsent condabni ng SUChdras del et ed
from pRK20 (Phi b495ps Pejgphem Baglzl esvill ggoOK) to ggperate pMP2.
SUC2 encodes for an 25 inv ase vvhi8 may be 2 ed a second sel ectabl e
marker in Pichia. The ¥ kb H nd3“fr agnent IZ8nt ai ni ng MaczZ was

del eted form pMP2 to generate pMP3. The 0. 4kb Hi nd3 fragnent

containing AOXI termfrom pH L-D4 was SXAMBERE into the Hind3 site of
pMP3 to generate pMP10. Producti ged T eSS

_ |®viteoibindatitichia PASCOYES
was replaced Wt g 200 Kbnar, Al biaghent containing the dhaB3
and dhaT expression C

ASSEL | geherate pMP23. The 5.4 kb
Pst1/Bgl2 fradnent cort&P® ioAp (Fhillips Retrol into the

Pst 1/ Bgl2 sites Sarfiesiilis, OR) wasrgplaced by the\Bi®lkis BeoR 1VXbaltfagmentdronh pAOBISL 1.

Pl.asm d pMPila ' f ){i 1 '-&pﬂi_ “e&kgse and
s kT e o s a0

pMP11lb to gener at(4O0FNRi@moter; AOXI term, P. pastoris AOX b r@satiptidgdl 2erminagionnt i n
FI\/P23 “N'?,izrf“bacqﬁ%;msﬁ%ga’%ﬁim?“é@%%ﬁ%m%m SUC2
chsseltes for boti T kpegientielivid fopmraBadon 803 Sepdng D) c° o ier . s
Transf or mat i on ofanynqghycoside 3-phpsphotmavaierase) iconferring karamycinynesmmysin and p VP2 1
P. pa;storiz s_t{ﬁi@lww\)’ﬁ%ﬁd@Gﬂ!oEi_eIitﬂuﬁfmlas&ilhﬁicﬁﬁvbﬂaﬁenat()he\NaS
e ]y o Gl o, 11
Cel |, Biol. 9333Fgnjunction with 5’AOX1 for site-directed vector integration; ori, pBR322 ogigin

of DNA replication allowing plasmid manipulations in E. coli; and amp,

B-lactamase gene from pBR322 conferring resistance to ampicillin. An additional

feature of pHIL-D4B2 is that multipie expression cassettes (5’AOX17 - gene -

AOX1Iterm) can easily be placed onto one plasmid by subcloning cassettes on

20  Bgl2/Xbal fragments into BamH1/Xbal sites.

LOnstruction ot p

The open reading frames for dhaB! and dhaB2 were amplified from
cosmid pKP1 by PCR using primers (SEQ ID NO:2 with SEQ ID NO:3 and SEQ
ID NO:4 with SEQ ID NO:5 for dhaB1 and dhaB2, respectively) incorporating
25  EcoR1 sites at the 5' ends (10 mM Tris pH 8.3, 50 mM KCt, 1.5 mM MgCl,,

0.0001% gelatin, 200 pM dATP, 200 pM dCTP, 200 pM dGTP, 200 uM dTTP,

1 nM each primer, 1-10 ng target DNA, 25 units/mL Amplitaq® DNA polymerase
Perkin Elmer Cetus, Norwalk CT). PCR parameters were 1 min at 94°C, 1 min at
55°C, 1 min at 72°C, 35 cycles. The products were subcloned into the EcoR1 site
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PCT/ US96/ 06705 (1985)). Cells were regenerated on plates w thout

hi stidine for 3-4 days at 30[err]C. Al'l transformants arise after
integration of plasmd DNA into the chronosone. Transformants were
pat ched onto a YPD (1% Bacto yeast extract, 2% peptone, 2% gI ucose)
mast er pl at e. %096%9%9”' ng of P. pastoris transformants for

dhaB2 onosonal DNA was prepar ed from his[err] transtornmants
descri bed abtRHLPEBZ0 spnetate:tie expressivn plagmids M@%u fic

for dhaBl and dhaa?gmanddhauﬂmkpem nunber strai ns wer e sel ect ed from

transfornmants containifg pﬁgm ﬁggg‘; medi a
suppl emented with i ncrea5| n vel ngi B % toul S, ) up
to 2000 [err] g/ m subplonsdip 'gﬂ‘el° Pge Blasmids ¢ s

significant dupl |pw2Dcm:ﬁns expressionicassewss fadiotiedhaB2 and dhaBE camddins HIS4
transformation ofMWs wi t h dhaB3/ dhaT expression plasmd

pMP24 rans orrrants W th reS|stan eto a_high level of (418 as
descri bed above 15enstmighon of plasmid forco.cxpression.of dueBianddhak by, (i ng the

spher opl ast transfornﬂlhempmmadmgﬂah&:ddrdl@'lahddkﬂﬂevéeumphﬁed@y?ﬂtat ed on
Con s g SRS R kg Tt

vort exed exte % v Q i

cheesecl oth, the aickhshw\émdspéhtméumbymethdomdgmmmw@iuspended in
10 mL 20 wat er. ppiir|-BURs & gehersd o pisAiRPMITY Gné & Soritdifih Fs, and

i ncubated for Mﬁg%ﬁt 30! e!r Al tra%sforman s arise after. :
i ntegration of pl chronosone. Transfornmants appear
as | arge col onies in hsdbrbrprasionsasastsop a Bel2/Xbal SragmprtfrompMPI Tyt r

i sol ati on. Afisr Qxﬁc]bngnﬁw&ﬁbmniﬁllxbﬂlﬁmgfﬁMPWGQeﬂer%anwmmedl a (per L,

13.4g yeast nitroge a&&jw{ Mgzose, 0.4 g 25 bi otin),
transformants were E’FR ont u pI ates %%E(llj rreala pI us 15 q/.L

agar) and grown for 2 f“’&'&?’ﬁ ﬂmﬂ‘% ched
onto a YPD maﬂthepbhnm Bartlesv:lle. mafampm SUC2 eaqaxiesifongn enzyne
activities 30 imyertase. MMJPQMWQW& doubl e

descri bed abo ec ed t.o PCR_anal W t |rrers s for
dhaB1, %‘ﬁa%“m’%ﬁ'ﬁ@“‘m g& QX"" % gggf o open
readi ng frames weR4 kb Hind3 fragmint eontaining AOX] temﬁommmhdwdwm ve

gl ycer ol dehydratﬁsﬁﬁ@mmﬁg&n&epqul ol 35 oxi do-reduct ase (dhaT)

B ety = conts RN Bl o i 1 L
frames. Cell frecBERfFbat g‘QM handidheT expaespion cassattes fieme
prepared as f28 | oppdP2Di0\geheratt pMR23. msbBﬂwzﬁch daB3,
and from pRK20 was subcloned into the Pstl/Bgl2 sites of pSP73 (Promegs,
Madison, WI) to generate pMP11a. Plasmid pMP11a was cut with EcoR1, filled
with T4 DNA polymerase and religated to generate pMP11b. The 1.1 kb Pst/Bgl2
fragment in pMP10 was replaced with the 5.4 kb Bgl2/Pst1 fragment contaimng
30 SUC2 from pMP11b to generate pMP12,
The 1.0 kb Scal/Bgl2 fragment in pMP23 was replaced with the 5.2 kb
Scal/Bgl2 fragment containing SUC2 from pMP12 to generate pMP24. Plasmid
pMP24 contains expression cassettes for both dhaT and dhaB3, and the SUC2
selectablemaﬂ:cr
35 P

P pastoris strain GTS 115(hw4) (Phﬂhps Petrolenm, Banlesville OK) was
transformed with 1-2 ug of Bgl2-linearized plasmid pMP21 using the spheroplast
transformation method described by Cregg et al., (Mol. Cell. Biol. 5, 3376,
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PCT/ US96/ 06705 dhaT were grown aerobically with shaking at 30C in MaY
(Per L, 13.4 g yeast nitrogen base w o amno acids, OA ng biotin, 10
m. glycerol) for 2 days. The cells were pelleted by centrifugation,
resuspended in MM (Per L, 13.4 g yeast ni trogen base vv/o am no acids,

0.4 ng biotin,weoghksset hanol) and incubated as 5  above. g,%;r 6/06705
approximately 24 h, the cells were harvested, resuspended in Per

(0. 1M t ri cene/ KOHIBRDY. Fells mercgregenemterdion mmmm%marm
nmechani cal l'y di srmmmﬁmmﬁmﬁmdmw esence

g](c)s?![ ?\S;Z for the resence ﬁ&faf‘h?&‘ﬁﬁg }Pbggba%?%y%%%' 7 that showed

dhaB2, dhaB3, andzp%iﬂbwse plate: correspondl ng act|V|t|es was
desi gnat ed NVSB42.Stieening of i : In vivo

production of 1, 3- pro t @ B@E ?.E!ﬁ i
P. pastoris I\/BP42 81 E%i% §&gromﬁgﬁ¥1§]%s a erne nter

(B Brai'n Bi ot ech,

I\K/Iél[sgr]P]q?a{r] ]thaoﬁyrgﬁhe(wmwﬁqtrmmi; i & , 2.
err err] Quap g{# :

PTM is a st %f;lﬁlso bf'grn cotalnln SGHI 4.8 mM

KI, 18 mV M er°f% lg(a‘ms} ?OOW@LWW} F‘T":‘J"f

2.1 mV CoCl [err] Gﬂemggemwmﬁmwweqmmmzm mvi Fesq err],

and 0.8 nM g ; difoh BER! b AL =

addition of 2 M - 20 . ge

through agitati om<ertrol. A culture of P. pastoris MSP42.81 grown in

YM brot h at 30[ err] C Wmmfmnﬂmnbmmbaﬁghlevelof@ﬂsmd&n’bmture

was used to i3 D}‘ﬁém MP24 shown
to be depleted(2 I N uatlo usm:he ]
pronoters was i ni é£°§§/ dgn g“?f’é?%ﬁ‘fm? “&’5“32 §$e f eed

contained 1 Ii temmmmmmmgmmwmmm
sol ution prepar eMso&xzdahhnsmwanernL%& kel hgﬂ&btﬂhlmldm added

by HPLC anal ys Wﬁﬂ? %ﬁ%ﬁ#ﬁ%ﬁ?@%ﬁﬁ@ﬁ%‘%ﬁ@%e ibfved

fromthe rea or veppare Al Plated eptogpcrosprplates, and inqubatedforyi ce |
suspensi on was p(ﬁdagsadomdmmmdewwm@dumofplasm&mmmarged

base nedium (6.7 ggg 1.0
g/L Klerr]HPO err Hﬁi erri er?;‘ derr],
titrated to pH 7 %&m H %r epar ed

as a stock sol ut |mmeﬂl-.rt§/4rgwﬂmnombmmmgaﬁospds Qedsuaos;04\gas added

tTﬁ the CS” &tspem ) tiaflsfOinYitsverd fiRakedomto MISWpIRRE r{]g/nt
ree medi a stock ut i ons ai ni ng
1% gl ucose. 0. 508 i%%&“?@vfﬁa‘é%wb@@%wmvﬁ%ﬁw& §cero
(wv). A stock s hIoroqwne(l 06 g/50 n1_ pH? 2) vvas
al so prepared. £ ing of P. pastoris double trans ant aBl. dhaB2, dhaB3lan:

30 Chromosomal DNA was prepared from suc* double transformants
described above and subjecwed to PCR analysis with primers specific for dhaBZ,
dhaB2, dhaB3, and dhaT. Thus, the presence of all four open reading frames was
confirmed.

The presence of active glycerol dehydratase (dkaB) and 1,3-propanediol

35  oxido-reductase (dhaT) was demonstrated using in vitro enzyme assays.
Additionally, westemn blot analysis confirmed protein expression from all four
open reading frames. Cell free extracts for these protein characterizations were
prepared as follows. Double transformants containing dhaB1, dhaB2, dhaB3, and
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PCT/ US96/ 06705 Two nL of the media stock solutions and 1 niL

m xtures of chl oroqui ne and water to give the final concentrations
listed in Tabl.e 10 were placed in 10 ni crinp sealed serumbottles and
sparged with nitrogen before adding 1 nL of cells w th coenzyne B[er]r
m xture. The ttles were incubated at 30Cwith 5 sh | es
taken i medi at'e y after the addition of cells and after 24 hi&}&gmmRQ"%H.p

i ncubation were @dIweregrony apobicallyTyith shaking at303C én MG fPer k. 15:6h¢ yeast)
Tabl e 10 nitrogen base w/olaﬂm\u actdsptl 4 thigbiotin) 1 0xh L Elydbetol \pr2 @dlis OThe

usi ng reconbi nan din L, 13 hI or oqui ne
1, 3- propanedi ol I:enE ﬁgctlon g?'r;{‘gu Ei mf:el;m;;; m

2.5 5 atové Afterappmxnnaﬂaly%h th:g:lellswereharvested fesOspended in buffer 21
4| dferr] /9' ! O™ ricendfiAOH buffer, , PH .2 50 mM K3l and 2% 12-ptopa§rdx?l), .
8. 4 gty 7 mecham: gy Lg«wd(nsmgagla@smdwhﬂevommg%dﬁpm%en gl’éﬂsg '
glu/gly 1Obeads), and centrifuged. 1. 2[ err ] 9 gly 0
0.2 10 Glie)train that showedzpo'@mveforthepresencegfalfouropenreﬂ:bg

2 10 fypes Q. somEptng, Y
1.4[err] [e ddhaBly, dhaBl, é&%ﬁ""&ﬂ%‘ﬁ“s{' aquXities WES ||| ess
not ed. [errmmwwmmmmwaudy [err]The presence of
1,3-pr Opanedl ol mas aifuttiditst 1108/ oichdnvioPsing recombinadEPiekiz Bedorisn GENERAL
VETHODS. 10 { mant for
producti on P. mpﬁ}ﬁEP S&Awﬁfﬂyepr é‘lﬁgﬁq‘g. oll%far 0 g ucose

P pastoris NBP42@§WWM)M L mripimalmeslipm

Bi ot ech, 1nc1y imiFAXNHMSONE0 g/DRthicesl, 23 d/B MESOy 7H,0, @mg/m[ err] Pq err],
2.1 g/L r

it AR R el

Ot herwi se, fer mefft8M G t8; i 00y, 0. rﬂ@?é!l to

t hose descri bed 2hnM€aﬁlge7WmMZﬂSQ4,ﬁﬁmMH§S$DA,§34\mMF¢mmudj)8um t he

S L e o Ve A
base nedi 3m (g {gﬁ ggg‘g’f%"% ,geggggon ff%" et A dfituré'of
35 pastansMSP42813rowanMhrothat30 was used as an inoculum;
20 mL of the culture was used to inoculate the fermenter.
When glycerol was shown to be depleted (24 h after inoculation),
induction of the AOX promoters was initiated by the addition of a methanol feed.
25 The feed contained 1 liter of methanol, 5 mL PTMI and 5 mL of a stock biotin
solution prepared as 0.2 g/L in water. The methanol solution was added mamually
to maintain an average concentration of 0.5% as determined by HPLC analysis.
Fifty mL of cells ODggqg = 20 AU) were removed from the reactor after 15 h of
induction:
30 . The 50 mL cell suspension was pelieted and resuspended in 12.5 mL
nitrogen sparged base medium (6.7 g/L. yeast nitrogen base, 3.0 g/L. yeast extract,
1.0 g/ KoHPOy, 1.0 g/L KHoPOy, 3.0 g/L (NH4);S 0y, titrated to pH 7.2 and
filter sterilized). Coenzyme B 5, prepared as a stock solution at2 mg/mL in
nitrogen sparged water, was added to the cell suspension to give a final
35 concentration of 20 pg/ml. Three media stock solutions were prepared in base
medium containing 1% glucose, 0.5% glucose and 0.5% glycerol (w/v), and
1.0% giycerol (w/v) A stock solution of cbloroqume (1.06 g/50 mL, pH 7.2) was

also prepared.
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PCT/ US96/ 06705 KH err]PQerr], 1 g/L Klerr]PJ.err], 3 g/L

(NH err])[err]SOerr], titrated to pH7.2 and filter sterilized) was
used. -The three nedia stock solutions were prepared in this nodi fi ed
base nediumas well. Al other solutions were the sane. Reaction

m xtures were as described, and incubated at 30C wit

Sanpl es taken v|wr’)n§re gﬁfel y after the addition of cells and aftg‘fvﬂ}%gﬁrs

i ncubat or were anal yz@ﬁ°ﬂ9‘ﬂm@hsmw sixnres of ghioregmines t he
carbon [err] andndwarsid tolgivetincfinal eoncéhtrhtionslisted in Pable Hrwere placedin 10milduced. -

Pl St d CONS I UG adall ki bkl gyl Wit AiEbeg %&ﬂgew&%@nd dhaT
in 10 accharonyc cereV|s

Construction of PifREeroEyEs Bz 0Etws; W‘smm"“ ated b g Cwide s of
expr ession pl asnstekkinge Sempleemkatimnicdiatety sftentheaddition ofitelig aki after 24 h by
recombi nat i on i NiRyERER WRROIESzed HYHBIRD Sthe rbdlits 64T Tobledd, ' €P! i Cati ng

epi somal el ements. For each type of general expression plasmd a yeast
pronoter. 15 was present and sepm&froma yeast transcription

term nator by fragments of taining recognition sites for one
or nmore restriction endorhdli‘mcnonﬁ”-mmeﬂ&obe of general expression
pl asm d al so cont ai ned t helYR&EcomNNINbIICRIa PAMOQS HS for selection in
E. coli on nedia cont a| ni ng anpi ccHl&rmramean ori glpfopaﬁedicﬁpl ication for

pl asm d mai ntain medamd? . an@hM) t her a 2 (mBion _origin of
replication for 20 3 epi saéml el enmengs or sequeng@ad honol ogous to those
found in S. cerevi S|§e gl chr onos s for recopgi nation and integration
of introduced DNA ifito chr onos s. The sel&ctable nutritional

mar kers used for yedst arglpresent of0 the @dpression plasnids were
one of the follow ng: H Sagene enceglyng i Uildazol egl yphosphat e
dehydr at ase, URA3 ggne en q,g%lng orot] di ne 25 phosphat e decarboxyl ase,
TRP1 gene encodi ng (5 58 Phor i bosyl ) - gﬁt hrani | ate i sonerase and
LEU2 encodi ng [err]6i sopr@Wglynal at e #®hydr ogenas@4 The yeast
pronoters used were7 ADHL gifglpAL1l, ansipt he transcpi4ption term nators

ADH1, CYC1 or AOX1 the I r from éChIa pastor|2|§_| Plasm d
PGADGH ( Cont ech, oAIt ) was dlgested Wltfll indl1l 30 and the

si ngl e-strand ends %onver %d to Ecof ends by |I8 ion with
HindlI1-Xml and Et®RI -ery adapt or st \ew Engl and08i ol abs, Beverly, M.

Sel ection for plasgjds WI correct &goRl ends g achi eved by ligation to
a kanamyci n ESI staﬁriuce gene or(b&n EcoRI g'rérent fromplasm d pUCK
(Pharmaci a Bi ot ech Upps , trans mation i nt coli strain DH5[err]

and 35 sel ect|WMDQG@QMMWW%Z‘[EMFQWkanaWCi n. The
resulting plasm lzNo cose redadlddiafAbid4 wvas di gested with SnaBl and EcoRl and a
1.8 kb fragnent E t.tlge ADHI .. 3r onot % ed Pl asm d pGBT9 ,
(Contech, Palo Al mpﬁﬁ"@%@é”?ﬁ% and EcoRI, and the
1.5 kb ADHl/ GAl 4 fragrren ep ace

36 WD 96/ 35796
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P pastoris MSP42. 81 were grown in anostatB femnenter (B Braun
Biotech, Inc.) in 1.5 L minimal medium containing 8.5 g/L. KH,POy, 2.1 g/L.
(NH,),SO;, 10 g/L glucose, 2.3 g/ MgSO,7H,0, 0.18 g/L CaSO,2H,0, and

15 0.29mL/L PTMI Otherwise, fermentation and induction conditions were

identical to those described in Example 7. Fifty mL of cells were removed from
the reactor after 15 h of induction.

The cell suspension was handled as described in Example 7, with the
exception that a modified base medinm (6.7 g/L yeast nitrogen base, 1.0 g/L.
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by the 1.8 kb ADHI pronoter fragnent isolated from pGAD/ KAN2 by di gestion
with SnaBl and EcoRI. The resulting vector (pMCK11l) is a replicating

pl asm d in yeast with ADHL pronoter and term nator and a TRP1 marker.
Pl asm d pGADGH was digested with SnaBl and HindlIl and a- 1.8 kb 5
fragnent containing the ADHL pronoter isolated. This fragnent was |igated

into thev%?fsk@ﬁ gPRS405( St at agene, La Jolla, CA) previ ou%wmgb&fé&ed
|

with Smal and ndl 1. P05|t|ve clones were identified

i nsertional -i nactKieRQuA 88 KgHRO4, 3 g/L OHAsTR 4 tiksted o pl E‘Z‘ﬂ”ﬁha pepti de
and the presence meWMsmcﬁsbngmMueﬁmcHnM| ng plasm d
' The

(pMCK4) cont ai ne%n&?ﬁmew

~0. 2 kb Nael - Eco ra nt on al . term nator
was |1 gated to Emmgmvmvawgis@w'%%ae@ phatea gt @ﬁf%ﬁm

]Eo yi elGiD; EiNzﬂ 8Shﬁ;!qslmmmta§aft&mea&hﬁmdﬁcﬂlsamma&hoﬂmagnenkl 5
romp c ng%é *ﬁﬂ‘ﬁ‘g co

di gested pRVN5 to |e?d ﬁi’f?'asr'rb‘(j BSXNS W t %é)rom)te
and termnator a &ﬁ‘rqua‘dédﬁﬁ 7mMi The
0.4 kb Hi ndl Il fragrrent from pGADGH coWﬂan addltlonal Xml site
was del eted and t pgae B » 9

pGAD- D3. Vect

cont ai ning t inter vening Hindi 1|
cl oni ng g (Stratagene, La Jolla,

CA) vas digested wottbpm Aprei di&eftﬁa'tlmiméw TRPL
was purified and g I‘g into E}%@t‘:&r ﬁg% f ragnent
plasm e

frompGAD-D3 to glve open r§ad|ng
franes for dhaT, <pieamst MW&BE of Benicral FRgession plapmid 4 YSMKPRMBEET ( SEQ | D
NGO 1) by PCR 1fsi mwmm&dé@ﬁ@mﬂﬁnﬁﬁﬁemﬁahs@ﬁbnmnmwefl D NG 8

with SEQ ID NO 9,p ’ dhaB3,
and dhaB1, respe or at| n |tes ends (10
mM Tris pH 8. 3, 5 ‘&% pM

dATP, 200 pM dmﬁmmnmma;mpmmmimmmbfppmfm
1-10 ng target gm& &Lm/ﬁ”PJ;zﬂaﬁ&Lﬂ{efh%i) a&&?foki n El mer

Cet us, Norwal ararreters m.n 55[err]C, 1
i sk Rrepog & Sl it oL
site of pHI L D4 chrmnoseqnmormm@ﬁmmmnémemwo generate

the plasm ds pMPlhronidwbihés. The selecistile miviidnal aikais ibsdFordieast andipredat orind

~dhaRl, respectiv | i on of dhaT.
The replicating 31"Y i) “"&;ﬁ%?% Gblcil P&gs tiﬁgﬁém%l t enove
t he kananycin re dtothe

dhaT 25 5 hosphahedecarboxylase,mlgeneencodmgN-(S'?phosphonbosyl)-V\D 96/ 35796
PCT/ USO6/ 06705 _ anthriefalisdaich@0esH LEU BB Bisobitpyllid despdboplode ¢

(pMCK13) had dha;[E r%'(!:ra&correct or| %ﬁ?ma&irmg%erm&mg fromthe ADHL

pronoter and con
ADH]1, CYC1 or AOX1; the latter from Pichia pastoris.

Plasmid pGADGH (Clontech, Palo Alto, CA) was digested with HindIII

30 and the single-strand ends converted to EcoRI ends by ligation with
HindITI-Xmnl and EcoRI-Xmmnl adaptors (New England Biolabs, Beverly, MA).
Selection for plasmids with comrect EcoRI ends was achieved by ligation to a
kanamycin resistance gene on an EcoRI fragment from plasmid pUC4K
(Pharmacia Biotech, Uppsala), transformation into E. coli strain DH5c and

35 selection on LB plates containing 25 jg/mL kanamycin. The resulting plasmid
(PGAD/KAN2) was digested with SnaBI and EcoRI and a 1.8 kb fragment with
the ADH1 promoter was isolated. Plasmid pGBT9 (Clontech, Palo Alto, CA) was
digested with SnaBI and EcoRI, and the 1.5 kb ADH1/GALA fragment replaced

fragment 20
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LEU2 marker . Plasm d pRNV6 was digested with EcoRl and |igated
to the dhaT EcoRI 5 fragment from pMP13. The resulting plasmd (pRVNET)

had dhaT correctly orientated for transcription fromthe ADHL pronoter
and contained a H S3 Construction of plasm ds for expression of
dhaB1 The replicating plasm d pGADGH was digested with HndlIl,

10 dephosphorwmgﬁand ligated to the dhaBl Hi ndlllI fragner;d,&MlS

The resul ting t%easm d@ MCK10) had dhaBl correctly oriented for
transcription frob¥ lg?cﬂ!!mﬂ%eﬁ /RANE by diggstion,
Construction of phﬂsSnaHaﬁtEcoRIp’lhsasulﬁnpﬁeu&r@ZCKll)mampﬁcaﬁnilphsmnd

and 1§ gat 64 ?Lafhe%ﬁ“%ﬁg Egor%% *’ﬁ“‘?‘?‘%"‘“‘%ﬂq higt wﬁﬁi;"j%‘”?l ﬁtged

pl asm d( pMCK17) had d he
ADH1 pr-onot er anmcmmwmmmmm 'I'hzsfmmmhgmm was

di gested with Snbge ﬁﬁ@f it anfi’ OM
pMCK17. The resurﬁpmpéasm %ﬁ%}ﬂﬁﬁ\ﬁﬂ%‘g dhag 28 correctl orientated
for transcriptio | S3 mar ker .
Construction of mlmdﬂscmlae&ﬂphﬂsmdeuﬂ%mneeoﬂheADHlprm
replicating pl asnﬁ BRIK4) cetgined 4 ADEIS A a

wi th EcoRI, oﬁlﬁ@ ted and Ilga?ed to the daB3 EcoRl fragment from
25 pwPl4. T Iasm d I\/CKl) had dhaB3 correctly oriented for
transcrlptlonfromthéf'heﬁkm.z m@mnﬁ Tﬁcmﬂlﬂl@ 1

The replicating plemSfator WisHgaéd\ 3-(Stfalagene, La Jolla,
dephosphoryl at ed, e QE sjw EﬁﬁR' 4. The
resulting plasm dc‘?g%é#lg%jsﬁﬂ or ec’t ori en%'ﬁgifﬁ&k? SCription
from30 the ADHIf9m mstm#emsélsmdemﬂ-EcoRl Pl asni d

pRS404 was dlmstagbsw vlﬁstto dﬂenshlkb MnﬁdﬂWMwltﬁtﬂebﬂ)Hlprmﬁiér'/ECORV
dhaB3 fragnent fr PE ﬁ gﬁg}nwz had dhaB3
or ranscr| |on pronot er _and

correctly orienta

cont ai ned a TRP1 mar k e Ok POHDGH corseinipg ap additignah, (ha

expression pl asmmnlsltewasdeletedaﬂmeeemnmsadlmumyiemmekﬁm 52

Jor L an ) g, 1 PaAPRER, W“ﬁ?r Henfidde Dyrpeagass "o
Vﬁ@?"ene th g sa s P g ndlnt clofidl °

Li Cl / pol yet
38 mm 'lhepRS404vector(Strm;ene,LaJolla, CA)wasdigested

PCT/ US96/ 06705 wmlré@.in’al iéﬁkﬁ i®n was
achi eved using a Frozen- wﬁ{‘g% #T2001)
from Zyno Resear ange, n| re gro uppl enent ed
M ni mal Medi um (
25 'IheopenmadmgframsfordhaT dhaB3, and dhaB1 were amplified
from pHK28-26 (SEQ ID NO:1) by PCR using primers (SEQ ID NO:6 with SEQ
ID NO:7, SEQ ID NO:8 with SEQ ID NO:9, and SEQ ID NO:2 with SEQ ID
NO:3 for dhaT, dhaB3, and dhaBl1, respectively) incorporating EcoR1 sites at the
5" ends (10 mM Tris pH 8.3, 50 mM KCl, 1.5 mM MzZCl,, 0.0001% gelatin,
30 200 pM dATP, 200 pM dCTP, 200 pM dGTP, 200 pM dTTP, 1 pM each primer,
1-10 ng target DNA, 25 units/mL Amplitaq® DNA polymerase (Pexkin Eimer
Cetus, Norwalk CT)). PCR parameters were 1 min at 94°C, 1 min at 55°C, 1 min
at 72°C, 35 cycles. The products were subcloned into the EcoR1 site of pHIL-D4
(Phillips Petroleum, Bartlesvilie, OK) to generate the plasmids pMP13, pMP14,
35 andpMPlS oontammg dhaT, dhaB3, anddhaBI respecuvely

'I'he xephcatmg plas:md pGAD/KANZwas digested with EcoRI to remove
the kanamycin resistance fragment, dephosphorylated, and ligated to the dhaT’
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0.67% yeast nitrogen base w thout am no acids, 2% glucose) for 3-4 days at
29[err]C 5 with one or nore of the follow ng additions: adenine sulfate
(20 ng/L), uracil (20 ng/L), L-tryptophan (20 ng/L), L-histidine (20
ng/ L), L-leucine(30 ng/lL), L-1ysine(30 ng/L). Col onies were streaked
on selective .plates and used to i noculate |iquid nedia. Dependi ng on
the vector u oe3Sb@Ni es arose either after I ntegrati

DNA or from fggl | ca%‘él)on of an episone. In addition to 10 ??gﬁs or ma tlons
with single pl afieoRIfagment from A The resulting plasmid (PMGE 1 Hrhad dfal

pl asm ds were Cabired§l ofierited for transciiptivheifm e ADH 1¢jramore ridcohttinedat r ansf or ned
S. cerevi si ae Strain YPH499 transforned with plasm ds pMZK1,
pMCK10 and %{”

p Was_gr.o on Suppl, ed ni pal i nt ai ni ng
b. 7% yoast 15 " nit FigeA BBACES WS el Fih oocind Lgniod b TR o,
raf fi nose, 23 niffagmestdronnpMP13. Thegedultingplasiiil (pBVNGI) hadsiha® camettd0 ny/ L -
hi stidine. Cell Qrwgﬁd W{%&S (W A=Te B ST | $r dhaB
activity. A speC| I C aﬁ?l Vity o g‘fAlﬁl}lnt er ngy was gqﬂéobt ai ned.
EXAMPLE 10 20 Oonstruct i on of aI ter nate replicating and integration

plasm ds for the :,transfornatlon of S.
cerevi si ae d is constructed

by isolatin Ec %5 pr.0 aqnmen KAN2 and
ligating thi S‘H‘E‘n ‘? X Mﬁ‘"ﬂ%ﬁb@“ﬁé&’i"ﬁ&%ﬁ a Jol | a,
CA) previously mmwmmxmmm& mcrmtiQnMare

identified by i Qﬁ@gﬁnppﬁh‘dﬁqﬁabmwuzm t he plasm d-encoded | acZ
al pha peptide and A ADHI g pronoter fragment. The

resul ting pl asni '-’“" " MECoURrl and Smal and i gated

to the 0.2 kb ADHL t&msphwcﬁlélwmw¢wﬂl% d pGBTY by
di gesti on wigsh Wmngmtammmmmmm@ﬁmmmme cont ai ns

tcjlgﬁlgt 'I‘A\llzl)l:g-l g??ﬁ%@ﬁﬂ‘d@% expr ESSI on o?%oem%r%&%%e vect or

PMCKS is di gest ed The dhaT gene is
exci sed as an EcoRl WMwmﬁmﬁmamﬁghdmgaSnmml pMCK5.

The resul ting plgsss %E Jadmid' mrlpggdfmﬁS
transcripti fromt eA ﬁ!r ter ar@&gé d’ rker
The i nt egr at ‘6 f'm“fﬂé dhaT

gene wth flankllﬁ§3Mter and term nator is exci sed as a Kpnl/ Sacl
f ragnent iConRsti@tdripthailids!fdr xnfbsdimpeliapaps 0 PRS404. The resulting

\F;\L)ag 21/ g 5 g SESS dhaT The replicating plasmid pYES2 (Invitrogen, San Diego, CA) was d@swd

PCT/ US96/ 06705 With EcoRF, dephosghogylated and ligatedsp the digBE EcqRlifagment fram he  ADHL
pr onot er . and@5c o pivit1ds The resulting/ flakinidMCEK1) had dhaBDomtectiycodenteddér pl asmi ds. for

S Seohompher g e ool e Lt 11 S8,
from pI asmd pwP15 a l@‘&f‘% dp% ’KAiTz

dephosphorylated, and ligated to the dhaB3 EcoRI fragment from pMP14. The

resulting plasmid (pMCK 15) had dhaB3 correctly oriented for transcription from

30 the ADHI promoter and contained a LEU2 marker.
Plasmid pRS404 was digested with Pst and HinclIl and ligated to the

Pstl/BcoRV dhaB3 fragment from pMCK15. The resulting plasmid (pMCK20)

had dhaB3 correctly arientated for transcription from the ADH1 promoter and

comainedaTRlearker.

' « . cerevisige strain YPH499 (ura3-52 lys2-801 adeZ-IOI trpl-del63
his3-del200 leu2-dell) (Stratagene, La Jolla, CA) was transformed with 1-2 pig of
plasmid DNA using a LiCl/polyethylene glycol protocol published by Stratagene
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pMCK5. The resulting plasmd (pMCK8) has dhaBl correctly orientated for
transcription fromthe ADHL pronoter and contains a URA3 narKker.

The integration vector pRS403 is digested with Clal and Aatll. The

dhaBl gene with flanking pronoter and terminator is excised as a Cal/Aatll
10 fragnent fromplasm d pMCK8 and |igated to pRS403. The resulting

pl asm d has oghabeBl correctly orientated for transcriptio ADH1
pronoter and wo contains a H S3 naker. The rep?‘%wgp&

pl asm d pYES2 |S(C&W7&mﬂmtm&mMLum&nﬁmﬂwaswﬂevednsmghe GALl

pronmot er el ement plosenl B W4sE Frahdfointatioh K@\ g‘;g

di gested ADH1 pr ter nt from aI
fragment from pl\%‘ﬁe 5%%"6“?%@?@@@ %T‘gﬂ“?m

pr onot er veﬁé?%ue@tmmzbwm&oﬂémm @%ﬂm&)ﬁﬁ-ﬂﬂmxtam ectly
oriented for 5 with 6t \drihdr®bf tBefolloRgt Adaitiohd:ladpsineRilfate MFHJ)WS a URA3

gzgﬁg;phoryl at eﬁombﬁgﬁﬁﬁ% Lgul%m szg"%g@g Wﬁ"%ﬁ? o?&&bment

from ptasm d pNﬁ?MHﬁd”Fﬁd—ﬂe@ﬂ%mW@meﬁ@MMQmﬂgmﬁd&sm d has

dthl correctly ﬁw.mé |oa&hmmusedjdomg§dmmrmrmter f
and contains a ression o
dhaB2 ors pgﬁﬁ&ﬁw&nd %m)igt ed with

Smal . The 25 o oanepwemwemw exci sed

as a SnaBI/NaeI phsnmdéwagmnbd&ut.om pI asm d pIVCKl? and ligated to each of
the integration g5 have dhaB2 correctly

orientated for transcy! pt Lon LTomtine “ADHT pro
the LEW2, TRP1, or U dransformed with plasmids pMCK1, pMCK10 and

EXAVMPLE 11 30 pMCK17 was grown ossnmmmxﬁnﬂmmmmo wﬂzayeast

t ransf or mant rlﬁm amin Qbs
1, 3- propane genbgser%lg‘r?lmng o?a%ds cer VI SI éezg{lf or g]%’é

Chr onpsonal DNASM'f B 3G me/k-jysing pud 20 mp/L histidine, Cells;were homagenjzed
transfornants, mammqsﬁfer@tsﬂaamwewmﬁdamnfnﬁmmm@pmw IS
anal yzed by PCRW primers 35 specific for each gene, as described for

Pi chia pastoris (SEQ iD NG 2-9).
40 WO 96/ 35796 W .

PCT/ US96/ 067295 forthese by S,
cerevi siae transfor rred Wi t h Tr ansformant s

gg%‘: ggng gggl&%?&%&%ﬁ%naem I ca 'solam{gndescrl ts)ﬁgk: Eg
at 29[ err] C i nSvinaBYEs? ?‘Fé%sé“"wsng :
L-l1ysine, 1 ng/ mmmmmmw&mmm;mmumymm@ phase is
'rrregﬁgfegr rrantﬁ angi Rivci’aRd REGE. Phsittveibied RR16IBkG by intkfictiallind&fbalith HPLC.

of the plasmid-encoded lacZ alpha peptide and the presence of the ADH1

promoter fragment. The resulting plasmid (pMCK3) is digested with EcoRI and

Smal and ligated to the 0.2 kb ADHI1 terminator fragment released from plasmid

pGBT9 by digestion with EcoRT and Nael. The resulting plasmid (pMCKS5)

30 contamsbothADHlpmmoMandtennmatorsequencesandaURMmad:er

AP -‘n {

O

The vector pMCKS is dxgested with EcoRI and dephosphorylated. The
dhaT gene is excised as an EcoRI fragment from plasmid pMP13 and ligated to
PMCKS. The resulting plasmid (pMCK?7) has dhaT correctly orientated for

" 35 transcription from the ADH1 promoter and contains a URA3 marker.

The integration vector pRS404 is digested with Kpnl and Sacl. The dhaT
gene with flanking promoter and terminator is excised as a Kpnl/Sacl fragment
from plasmid pMCK?7 and ligated to pRS404. The resulting plasmid has dhaT’
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S. cerevlae pMCK1/10/17(HW #A was deposited and desi gnated ATCC

EXAMPLE 12 10 Production of 1, 3-propanedi ol from D-gl ucose by

Cl ostridi um past euri anuum ATCC 6013 under a

hydr ogen at rmsphere General growh conditions for O ostridium

past euri anum Cl ostridi um past eurianum ATCC 6013 was grown in

60 nmL crinp s ‘ga serum bottles containing 10 niL of ss
noted. The crifpe sbottl es 15 cont ai ni ng the nedi um were, aseptically
sparged with nit reogenlyriengated for transcription ferenthe ARIHL Prometer andept#S@Nedi um A) |
adjusted to pH Y'ﬁuucmeau ned the foI | owi ng conponents in_g/L:

KH err]PJ err] 1. : ‘ § Ndbegsr]Cl, 1.8-2.5; KCl ,
0.50; MgSgerr]. ) ; extract,
2.0; cyst ei ne- H # é”y%@‘%b%?%‘ga@&nzm c
aci d, 0.0080; 820 Mzmma&smmwxmmmmwmmmﬁja@dmm@w FeSO4
7H20, 0.050; CoCl 5&11@% hwﬁab Qentitedfr0; Znl a2,
0. 00050; Nazwbm%tggﬁ%%&pl ﬁ@ 2 ?mf ?%;;?‘]% msm%[err] 0
0.0050: to whi ch tEasEEHeonIERm tehp conEins PEEEL ed bel ow. Al |
i ncubati ons were perfmmgm:oﬂﬂwmkmkwngdﬂmdm%rpm 25

A 10 nmL batch of jed \thd fermin(acer i e2GRd 48 8 Clal/Aatll NOCUl at ed
with 1 nL of frozen stoc I,Um pas m ATCC 6013
whi ch cont ai 1 B W{;w g:u}lﬂ"@r 96 h,
0.5 nL of the grdlmngombﬁy Srientat PIOOtEr fresh

medi um and glypisink a mnued After 24 h the at m)sphere in the
new y i nnocul ated 30 S _Was S ze 3 Qgen gas
and i ncubation was comﬁﬁié hgn@ ?ﬁzgz &ﬁt’gﬁ"g%“% : Hte a ueéus phase
was sanpl ed at t Hbe G4k prometerglepentid replaced by ligatipnwith g Spalignd %‘hﬂmanal ysi s
by HPLC as degrr i digedtell ADH1prébier i gnint iR PGADGH. ATHhaeB! Hindlll andiXbalshown i n

&%b'gg/ %é?ge  fragment from pMP19 is ligated to those sites in the rmodified, ADHI préiroter

PCT/ US96/ 06705  version of pYES2. 'The resulting plasmid has dhaB1 comcﬂyomdefoﬁl

Conver si on of D- gransciptiort frorh tii> ADHD prosstitey|andgon@linsst WRAB eargenst eur i anum
ATCC 6013 under a hyd %&&Wﬁr sted with HinBIIW8nd dephosphorylated. The

.l 1t 1|1tLM|

E}nkocose 20 G(%%?E genemexcmdas ane- ﬁ,fmmplasmld(p%ﬁaedhsﬁap i cat e
114 - pMCK4. The resulting plasmid haszlhaB! correctly orientated for transcription
119 r'ﬂomtheADHl promoterandé’bnﬁmsaLEUZmaﬂnuO B

tm

ThevectorspRS404 pRS405 andpRS406are digested with Smal. The
25  dhaB2 gene with flanking promoter and terminator is excised as a SnaBI/Nael
fragment from piasmid pMCK17 and ligated to each of the integration vectors.
The resulting plasmids have dhaB2 correctly orientated for transcription from the
ADH1 promoter and contain either the LEU2, TRP1, or URA3 markers.

30

Chromosomal DNA from Ura"‘ Hist, Trp* or Leu* transformants,
constructed as described in Examples 9 and 10, is analyzed by PCR using primers
35  specific for each gene, as described for Pichia pastoris (SEQ IDNOQ:2-9).
[ L

.
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96 B 59 0.1 2.5
[err] The presence of 1, 3-propanediol was confirmed by GO M5 as described in

t he GENERAL METHODS. . Production of 1, 3-propanediol from
D- gl ucose b C ostridi um pasteuri anum ATCC 6013 in the
presence of nethyl viologen 5 - Experiment 1. Al cells were grown
accordi ng to tyegegsbecoOl in Exanple 12. A 10 nL batch o

(described in Exanple, 12)
\MthllTLOf 4cq|7u|o.-obw 7‘17.; ) rmed
whi ch cont ai ned digpgenes mately 15% (v/ v) _ gI ycerol, in dupl i cate. After

96 h 0.5 b of the offuisbiaiflchmakinpeRar ﬁm&&ﬁﬁéﬁgﬂ L of
fresh medi um and r QW After vI ol ogen
Lo o ety o bt o ot ot 5, s apbicall e apoccii new y

i nnocul at ed V¥ al dlakmgatzfﬁahswﬂmmmvo&ZDMMMtﬁoaMas

sup ol errent ed WI th 5% I ucose vvas | nocul at ed

continued for a {4 glﬁe Wcﬂhﬁ ﬂg@s B tis debched

begi nni n and nd of th r_an P, C as descrl bed
i ngt he GI%NERAL 18 %‘?81 ?‘E“‘Sﬁ‘gk%ﬁﬁfc'ri

Table 12 S. ar@vm@@%ﬂmm@@#émmq;@ @d@mwmmcw

Cl ostridi um pasteurianum ECAMELE_L ATCC 6013 in the presence
of net hyl viﬁ% . I . ) 0S,e )
G ycerol )

(mv) 113

1.8 3 4

0 3 5 1 ClosmdzumpaslgtgtanumATCC@wasgmwanOml?%ampsealed

3.2 4sequm bottles eqnpaining.10ymE of medivgy, unlesy ngted,, Theeriraped begies onf i r med
by GC/ M5 as d.ﬁscaodmﬂngmetdmﬁmnwerease hm‘ogenpnorto Experi nent

2. Medium A suppjnggmag a“{%](dqw%;ﬂf % § WoNehined gl ucose
was i nocul at ed froma rozen st.oc Ef 3 é’url %ﬁlunf_w
42 yipgggmponents in g/L. B $0;, 25

PCT/ US96/ 06705 KCl, (50 WS04 TH,000.50 Callly, amnsmaqm Oyeastexsiant, 2996 (v/ V)

gl ycerol, at a re,tswuq&m 0.50; &&Mmms%&s&ﬁﬂ&k wm After 48
h, 10 nlL of d| um
and growt h V\%(g c@ﬁhrﬁ@aﬁg @Pﬁm‘ﬁﬁﬁoqg

chilled on ice a®81%;RMnGo#H0Q0010:40d,48,/00050; %Moﬂ:tﬂﬁgﬁtq Under

anaer obi ¢ condi tNmEGHIoeoom hﬁmmmm:wma&bmoﬁnpmmf er

(50nMM phosphat e
andhauWPéved umﬁkﬁ %ggresuspen‘g'}ejsglwmg

gassed with Nerr
anaer obi ¢ buf f er %3
25 AlOmeatchofMednnnAsupplenmmdwithS%gluoosewas
inoculated with 1 mL of a frozen stock of Clostridium pasteurianum ATCC 6013
which contained approximately 15% (v/v) glycerol, in duplicate. After 96 h,
. 0.5 mL of the growing cell suspensions was passed into 10 mL of fresh medium
and growth was continued. After 24 h, the atmosphere in the newly innoculated
30 vials was pressurized to 30 psi with hydrogen gas and incubation was continued
for a further 96 h. The aqueous phase was sampled at the beginning and end of
the final 96 h for analysis by BPLC as described in the GENERAL METHODS.
The resuits are shown in Table 11.
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a volunme of 8 nL. In duplicate experinents, one nL of this cell suspension
was I nocul ated into 10 nmL of Medium A suppl enented with 1% gl ucose and
0O mM 10 1M 5 nmM or 10 nM nethyl viologen and incubated for 240 h.
The aqueous phase was sanpl ed at the begi nning and end of the final
240 h for analysis by HPLC as described in the GENERAL METHODS. The
results are s Tabl e 13. CT/US96/0

Table 13 %&onverm on of D-glucose to 1, 3-propanedi oI by 5703

Cl ostridi um past euri anum Table AkCC 6013 i n the presence of
met hyl vi ol ogen (W) ConversiWofD@maetol&pmpmdmlbyClomdzﬁzwmm

d ycerol 1, 3- Propane- n Reimigen atingsphere

() diol (MM {rgge ]
n .

0 B ng) " A Y14 nd'¢ 2.7

Bl err] nd nd nd 1 0 : A
40 nd B nd'A 47 240 nd Alerr] 34 nd
40I 1 , : mb 19 g 0.1 45 c 2.0nd ,
n n

A 0 %’ B s " o 4 25

240 A a'Ifheprcl.st’:mqa,ef1,3 propanedlolzyas confirmed by GC/M$as descnbedmthe 0
B 3g  GENERAL METHODS nd 240 B
nd 3 1 10 0 A 40
nd nd 240 EXAMPLEN3 nd 2
5 Producti of 1.3-propanediol b-0] B { ) ! urig, nd
240 B nd , [ er r] The

presence of pr opanedi, ol “WAE CONTT I ed DY o/ Vo as de bed in the
GENERAL NETHéDS Ezpegimentd. ﬁ“‘ﬁ%ﬂ?}g Mﬁ%@“m@d& ti onal

gl ucose, 1% fi naExamphe EhtA 40 mlrhatch of MediunmnAdesckiled in EXample 12)

Pt/ USo6/ 06705 PPeSiEd Wi 3% glncose was inoculgtod with 1l of a fnusn stock of |
6013 was initi aI?WmWemW%g@&ﬁgﬁ @Wﬂgﬁ@dﬁﬁ?,‘%
(Difco[err]) andglysesolsingiuplicite; ma&umm«mmwmsa@mmﬂm th 0.4%
gl ucose for gl ﬁa&aeﬂuqmmmmtﬁamwmm AfwranSferS

Erir_]rgrlggug{]eo:‘ atst%é'l?ycu{’l%&e( r%g&#fy escr | g&gﬂﬁ%}l um overn| ght A5 _1

seri es P%‘WF‘H‘&%EE dpgbrtionyast he
concentrations mﬁhunﬁdefdramnhu%h maqmﬁ@mmsmmam@mmtl es were

i nocul ated w't h dékibed EENRERAD | ncubat ed
for the ti meiss nﬁ‘?%do%&ﬂ Tab] e 1%% a&ecyﬁag?g i i

_ Table 12
Conversion of D-glucose to 1,3 propanedxol by Closma’zum pasteunanum

Time
(2]
0 A 113 03 24
9 A 28 1.8 34
0 B 87 03 2.1
96 B 40 3.2 44
ZThe presence of 1,3 propanedxolwasconﬁrmedbyGCMSasdescnbedmme
GENERAL METHODS. .

Experiment 2. Medium A supplemented with 1% (v/v) glycerol + 1% (w/v)
glucose was inoculated from a frozen stock of Clostridium pasteurianum
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periodically sanpled for glucose utilization and analyzed for the presence

of 10 1, 3-propanedi ol and gl ucose by HPLC as describerd in the

GENERAL METHODS. Tabl e 14 sunmari.zes the anal ytical results.

Production of 1.3-propanediol from glucose by C ostridi um pasturani um ATCC

6013 met hyl .

\t;i ol f)gen wo bé¥s796 gI ucose 1, ? propanedi ol PCT/US6/06705
ottle

rﬂ(\)/pATC.'C 6013, wlncg ontgnedapproxlmately % (m/v) glycerolg m r[ate‘i\; ‘r,%

0 0.2 mL frozen stock per 20 mL medium. After 48 h, 10 mL of the cell suspefision
8 added to 90 mL of hmedmmandgm?vgaéasoomdformn 13;:
1. 490 mL cell suspension wjas chilled on ice and the cglls collected by 0

. 5 1 dentrifugation under anaérobic conditions. Thel €11 were washed 3:: in anddfobic

WWWNN R BE-

5'9]: 6 4

[err] The |dent|ty :}SOnMBhosRiéal Wapnigggj cysmgjﬁ as d syzrl bed in
t he GENERAL w“kf&ﬁ@? Mﬁﬁ an in anacrob fiction
of Gener al Purposaﬁhmmﬁmh EtkylnabexpmmeommLofthxseensuspemmnwas
Transformation of xﬁﬁ:ﬁlaﬁéd‘iﬁto 16&:{@&%@&&&6%

The expression,ve £ | ptession "vect or,
pTacl Q cont ai ﬁg ﬁ‘emyagpa&g 18 WMA"@H’M mmm“%“wﬁg L?F"@i(‘ %@e

(1978)) and tac p wsmhﬁ#mbmns@ﬁmmmmwrnﬂywm
inserted into the HiMdF4s dbcriveiRiifie GENERALf MIETHODS. - The @ésults £28 §hovéh fnar b.

Synp. gfe&lelgl ol. 43,77(1979)). A multiple cloning site and

t erm nat or sequen (SEQ I D NG 10)repl aces the pBR322 sequence
from EcoRl to Sphl. Subcl oni ng the gl ycerol dehydratase genes
(daBl, 2, 3) The open readi me for dhaB3 gene was

anpl i fi ed from pHK28- ZGomm:onomemmwaMﬁW&mm 42),

i ncorporating an EcoRl site &I h v logépAM¥) te at the 3
end. The product wamvsubtimeed |nto letrmﬁ&,Qe Glycerol 1,3-Propane-

44 WO_@aM3 S 79G) Replicate (mM) (mM) . diol (mM)?
PCT/ US96/ 06705 (NeWoEngfand Bi ol ab, I3§c Bevgyly, MA) tgqgenerate
the plasmd pDHAB3 | cont ai ni dhaB3. The reglngn

containing the entire cocﬁ“ﬂg regl-ﬁn for théof our geH@s of the dhaB
operon from pHK28 26" was ® oned i Bto pBluesdripll K& (Stratagede, 5
LaJol I a, CA) using the regprictiogb enzymesgfpnl andpfCoRl to cpgate the

pl asm d pMr. 1 The ,dhaBX geg& was renmpved by.- di gesting the
plasm d pM/, which dont aj nsAdha( 1,2,374), wtfi Apal and al (del eting
part of dhaB3 and all of 240 dhalBX) . Thendesul t | ngt 5.9 kb fragment was
purified and ligated wt hot he 325gbp 45 nd nd .
" 240 Bb nd 5 2
5 0 A 37 nd nd
" 240 A 4 2
" 0 B 38 nd nd
" 240 B nd 3 1
10 0 A 40 nd nd
" 240 A 2 5
" 0 B 43 nd nd
" 240 B nd 3 1
2The presence of 1,3-propanediol was confirmed by GC/MS as described in the
GENERAL METHODS.
bBy 120 h, giucose was depleted and additional glucose, 1% final concentration,
was added.
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10 Apal - Xbal fragment from plasm d pDHAB3 (restoring the dhaB3 gene) to

create pML1, which contains dhaB(1, 2, 3). The open readi ng
frame for the dhaBl gene was anplified fram pHK28- 26 by PCR usi ng
primers (SEQ ID NO 11 and SEQ I D NG 12) i ncorporating a Hndlll site
and a consensus RBS ri bosone binding site at the 5 15 end and a Xhal site
at the 3' endywg&@spgoduct was subcloned into pLitnmus28 PMMand
Biolab, Inc.) to generate the plasm d pDT1l contai ni ng dhaBl . A

Not | - Xbal fragment fWGWWmATCE@MmmME t he
dhaB2 gene and tﬁ]ﬂnﬁiﬁ&mtﬂﬁ? mmeﬁ {1oicbo®y s tiabSferrédPro MRS At he dhaB
4'%"

expression plasm ra [of0) the 20
dhaB( 1, 2, 3) gene rom p nser ﬁegn&?%@% ﬁ& eate pDT3.
Subcl oni ng t he Itragsfgss mﬂm@mﬂ“@éﬂ’ém growmsa The

Tpgl - Sacl f{j@?lmwmﬁmﬁﬁﬂlmlﬂw&dﬁmwmt@mgm A series ¥

pr opanedi o &ggégﬁg%ﬁp@% anqi HP&! %gﬂ | & uesci pt
KS+ creating plasm Sene anp | rom pAHl 25
asterrplateDNA NO 14)
i ncor porating ammmmmmmmsmmmmmmm 3 end.

Site to gﬁﬁgfif?%ﬁﬁ@%%?‘?ﬂn?@%%%ﬁ& Jgﬁ‘%’%i’% o e

pl asmid pAHat “"ﬁf?ably ntation for
expression fromMB’EHOHS p‘ammgummmz’&ﬁ)dxeapﬂﬁcﬂaesm and pAH5 contains the
dhaT gene in the opposite orientation. The Xbal - BanHl fragnment from
pAH4 containing the dhaT gene was |nsertemi§_40 pTacl Q to generate

pl asm d pAH3. Theg H:nd L _,-m-, DAHS. . .. A RBS
and dhaT gene was THSErteg THtO Pol UESCI T PLIT RSt t AL e “pAMLL. The

Hi ndIII-SaII fragment from pAHBE!

An expr essi on cassettle for the dhaB(l 2, 3) ﬁnd dhaT V\A%Sassenbl ed from
the individual daB(1312,3) and dh@T subcl oneg descri bedp above usi nggst andard
45 WD 96/ 35796

PCT/ US96/ 06705 ol ecul ar bi o}ogy met hogs The Spe? Kpnl fragrrent from
pAH8 containing the 2 ~ RBS, dHa¥ gene and3terninatorO@was inserte8 into
the Xbal -Kpnl sites Bf pDI3 to 10 create pAH23. The2%sml - ECoORl f gagnent

between the dhaB3 ang dhaT gene p§ PAHZ3 was rengpygd to creatgy pAH26.
The Spel-Not| fragnmept containin 0an 5 EcoRl size from pDT2 was Lﬁﬁed to
repl ace the Spel-Nott fragnent pAH26 to generadte pAH27.

An expr essi on c3%heidensity of 1, 3propanediv] sasR(ified bR HOMS andescritieddnithe GENERAL

i ndi vi dual dhaB(1MEBJOR®d dhaT subcl ones described previously using
standard 10 nol ecul ar hi ol ogy nmethods. A Spel-Sacl fragnent containing the
dhaB(1, 2, 3) genes from pDT3 was WI nto pAHll at the Spel - Sacl
sites to crgate : : esi . . ”

The E cah expression vector, pTacIQ contains the laclq gene (Farabaugh,
Nature 274, 5673 (1978)) and tac promoter (Amann et al., Gene 25, 167 (1983))
20  insexted into the EcoRI of pBR322 (Sutcliffe et al., Cold Spring Harb. Symp.
Quant. Biol. 43,77 (1979)). A multiple cloning site and terminator sequence
(SEQ lD NO:10) replaces the pBR322 sequence from EcoRlI to Sphl.

'I‘heopenreadmg ﬁ'mnefordhaB.? gene was amphfiedfrompms-%by
25 PCR using primers (SEQ ID NO:41 and 42), incorporating an EcoRI site at the 5'
end and a Xbal site at the 3' end. The product was subclomdintopl..iunu§29
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pAH24. EXAMPLE 15

Production of 1,3-propanediol by Reconbinant Streptonyces |ividans 15
Subcl oni ng the gl ucose isonerase pronoter Two versions of the
gl ucose i sonerase pronoter fromthe vector pCGCsl121 (SEQ I D NO 15)

or pCOL21l ow (SEQ I D NGO 16) were anplified by PCR using prinmers(SEQ ID
NO 17 and 18)wiodgas@erating Spel and EcoRl sites at the 5 engymsosndid 2
Hndlll site at the 3" end. The products were subcloned into pLitnmus29 20
(New Engl and Bi @mMBIOMHBWeﬂW&)@MPWPM$S pDT7 and
pDT8. Constcamﬂ@mhm,a an expression cassette for dhaB(1, 2, 3) and dhaT

The 4.1 kb expressio t
(Exampl e 14) a/as |n52'!r’§e§i%S Mﬁg’%%) %W{ogg%}%% ric tlon enzymes
25  Hindl |1 and@h&Rpperensfrom esseetgé%%

Const ruct i onsof mjwam)mﬁ@memeﬁ@mmdh&%mﬂs&mwpﬁmﬁ in
St rept onyces The 43 kb expression cassette for dhaB(1, 2,3) and

dhaT was renove& from pDT11 or pDT12 by dl&gstlon w th EcoRl and
Sal|. The vector plJ¥b® £50e was Frmoprcloycdigesting the plagnaid,pbAR, whichi o enzynes
EcoRl and Xbal . WM&B%wmApﬂmM(wmpmﬂmdaﬂbgat ed al ong

with a Sal-Xba L, Fg ﬂF,_q nd
pDT14, respe tiv £ ﬁ’g@"wgygki’ consl st sg%§ rep at fon ori gin
from plJ101t M@&WP ‘!gg('f

Bacteri ol . 170 pdBEA, '(v(ntﬁeﬁ)tamedthﬁLHB from35 E. CO|I (Norrander et aL,

Cene, 26, 1]91 ((1983he opbd 2% lified frohP! | OWs: bases
R ORI TRkt i s S

gene f r omisSorparating a $Tiddif cirpaa @hsenbus, RERribosode bindibg sitd@dhe 5' Bases
32?35;827 A1§  end and a Xbal site at the 3' end. The product was subcloned into pLitmus28 WO

PCT/ US96/ 06705 @New England Bislgh, Inc:) to-genesate, the plasmid pDITA contpipiog dpgli. < ance gene

fromsS. erythreus ADNotl-ZhafmgumutdrompMll somriningpes of bedbaBligeoeitm| site.
Transformati on ahab3 genp afdihe ThaB3 géhélwvasindéried ikt pDIl tocrédine dridm T

The plasmids p S | i vidans
TK23 using stan%fnr op %Wr ans#ﬂn%ﬂ?fgon M@%mod et

al ., Geneti @ONaAlRI &:3)genesfromy ndat i on
(1985)) . Sk

[err]g/mL thiost rept a ﬂ%%g’ﬁﬁ

transformants were re g g t al ures 10 tection
of glycerol W§ HP%‘@%’C W”rﬂ@“’ﬁ?‘r“éﬁ'ﬁ’@ @"‘P‘Re
transformants m&ﬁe-mplasmﬂ‘i’m &heﬁw'gtmptaanmphﬁedbymfrmwl Di f co,
Detroit, M s SEQW) 10:18 VSR B NU: 4 50

(orrim ¢ PLﬁSWm’rP%@a?t %8&5& %%%ﬂ%fﬂ%%ﬁwﬁ? o a?“i“?ﬂeby
cells 15  wer eMW@QhW&MMM§WWMWMW@W&H I
extract was ass plaeslids pAH4 and pAH5 containing dhaT. The plasmid pAH4 contains the
dhaT gene in the correct orientation for expression from the lac promoter in
30 pCR-Script and pAHS5 contains the dhaT gene in the opposite orientation. The
Xbal-BamHI fragment from pAH4 containing the dhal gene was inserted into
pTaclQ to generate plasmid pAHS. The HindIII-BamHI fragment from pAHS
containing the RBS and d#aT gene was inserted into pBluescriptll KS+- to create
pAH11. The HindIII-Sall fragment from pAHS8 containing the RBS, dhaT gene
35 andmmmatorwasmsenedmto pBlnescnptII SK+toc:eatepAHlZ

i 4 ;;rm, aedi ~-,:,,.,. pirogeaib :‘t;j-\-;l dhbD es cont al ni ng 50

An expression cassette for the dhaB(I ,2.3) and dhaT was assembled from
the individual dkaB(1,2,3) and dhaT subclones described above using standard

45



gl ycerol dehydratase as described in GENERAL METHODS. Cell extract from
S. lividans TK23 transforned with either pDT13 (Cl one #8) or pDT14 (d one

#2) cont ai ned gl ycerol dehydratase with a specific activity of 0.1
U ng. Production of 1, 3-propanediol in reconbi nant Streptomnyces .
i vidans 20 S.li,vidans TK23/ pDT14(Cl one #2) (ATCC , also

identified as w09m§l9 lividans strain SL 14.2), inocul ated fr e@rasddedros

pl ate, was grown in 25 niL of TSB(Try t one- roth fcq,. roit,
M) plus 1% gl ucomeleculzs hiplpggmgthods. S!“"ﬁ@?‘ﬂ“‘%’i“gﬂé P g
[err]g/nL, thiost mmﬂmamdﬂmmmmdmsmsﬁmm

i ncubated at 30[ effolfs W]-FE %ﬁ&mt&&%@&h&)ﬁﬁdm whi ch 3
ng/ L 25 1, 3- propane&’ was et ect ed ﬂ% % %ﬁﬁ%& nnVE derl vative)
inthe . supe PAEZ _
Production of %, Smémmmmmn&@bmtthpel-Noﬂ&agmemoprm

usi ng reconbi nant G owh for
denonstration of I by ces i vi dans

TK23 cont ai ni ng pBRRSEEE B S3ion casscfie tor dhall 0Cin
shake-fl ask cul tures(enammmumprdhaam@dh@( 38) wasiagsambled from the
vol une) . individdat lihdB( £ d;,s)a;dranarsﬁsemhambetwd plevibtidy ading stirdaided by

i nocul ation fromt BBL
¥17043). R oh oarpeple tlogspie®. X St %és%*&@%%@#ms)
Li qui d Broth (whi genesdromepiE3 waginsertedinto pAH 13‘1‘6%’@ sitsR g0 creYE g yeast
extract, and 5 g ., medium B (TSB suppl enent ed with per L: 10.0 g
gl ucose, 2 nL Modified Bal ch's Trace- ElesBki: ution in which NTA is
replaced by citric acid, 2.0 g .0 g Klerr]HPQ.err], 1 ny
47 WO 96/ 35 Rgesiuction of | binant 5tr es &V,

PCT/ US96/ 067035 bt

g, I at pH 6. 4)b T]tte P@B SISt Rinet I : r@agr glqmt
t
Bact er 1 ol ogy(P. Gié’ﬁmmm ﬁgwéfégﬁ%eiﬁ a?wﬁ%siﬁ%%% for

M cr obi ol ogy, MSMMSEQDDNQQDMIS)MMSPPI agd EcoR1 sitencat thes)

= 7. 2) or medi um C (nmedi um

sh?ke flasks are ; Wm&h%pmmds” TSB
Cai ch' cont ai 8 éﬁw%&%ﬂt%ﬁ’aﬂ@ ucsr?%%‘it o gyt 8 tﬁa@tﬁﬁ‘ﬁ’%@
(NH[err])[err]Sqeﬂ’l]s 0.2 g Difco yeast extract .1 g Nadl,

vitam n B[err] anaohSnitkionbiinfexpiess ’Hru;‘-!i ent  Sol ut | on

nodi fied as above, fin (;,;m@l ﬂ)ﬁ@)ﬁ

suppl emented with 2 g %’;erﬁé’% | na%H E{)’_/,?)Bd frbi rredl um E
(medi um D, final 4)yeas ingesed iitg AT o P

filter-sterilizsed Hmmﬂamm@mu mmlwcﬂvely The
shake-fl asks are idynhbates aid Fr e b-eXihreiion 6F dRdH ; I

after which they %E ‘ s% ' ana y5| s of the super natant. 15
d ucose 1s added, ure is incubated for 1 under aerobic
conditions, after - WMBMWMI%F@%M%%%@F‘%“TWOI une
gl ass tubes (Wwhi o DTERSA PDT12 by digebtionadthi EcoRNand Suff) The weser pEI488<024r e
subsequent |y ijcu Hidha XBAS THE oh] C. After
I ncubat i ng forﬂ’C %W%propggggﬁwﬁﬁg GM
casseite and vector were ligated along with a Sal-Xba Linker (SEQ ID NO: 19 and
20) to create pDT13 and pDT14, respectively.
pIF488-101 consists of replication origin from pIF101 from Streptomyces
lividans (Kendall and Coben, J. Bacteriol. 170, 4634-((1988)) and pUCI18 from
35 E. coli (Norrander et al., Gene, 26, 101 ((1983)). The sequences are derived as
follows: bases 1-2086 are from plJ101 (1-2086), and bases 7638-8437 are from
plI101 (8080-8830). Bases 2087-3368 are from the thiostrepton resistance gene
from S. azureus (Thompson et al., Gene, 20, 51 (1982)). Bases 3369-7687 are

days,
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supernatant is detected by HPLC as described in GENERAL METHODS. 20

EXAMPLE 17 Construction of General Purpose Plasm ds,

Pl asm ds for the Over expressi on of dhaB(1-3) and dhaT in

Baci |l us and Production of 1, 3- pr popanedi ol by Reconbi nant
B. Licheniforms and B. subtilis Construction of general purpose
expressi on pl gV The replicative high copy n'i‘&ﬁ%s dle
vector pVvS02 is useé)ato co- . . express. dhaB(1-3) and dhaT in ‘?:#]ﬁ
pVS02 was cont r 98 emﬁmﬁgthawtgmvcmm se¥rewsar r yi ng an

al kal i ne serine (}Ibompsmetﬂr mprﬂeinsehbmtthenpﬂsm fused to the B.
subtilis apr propRts ) S @t ¥ 3} dndGingr PBS42

(Band and Her ner, ONA. 3, T T 1997 OR[/ BanHl fragment has 30
been repl aced by the ; °W§HWP¥EF"FWWP$ PEDRES nger
Mannhei m). Td fdmmmmm:@mplmmmmmm@edmmmu hetic

i nker ( SER, GehMONhlpulf QR e FRRIRIRE FEERaid S8, OF LI

pr ot ease gene erm The
%@8&&%&%@@ 35

replicative | ow t&pY :
express dhaB( 1- Sycmuddtﬁm& apmmuﬁkﬁmwswmwmm ucted by
di gesting plasmQupipl3(Haima et al., Ml. Gen. Genet. 209,335 (1987) with

Hindl 1/ Sal | |ts.rest )., filling the ends with T4 DNA
Pol yner ase aftd refet \ SeneT A agidy3 A 2 kb EcoRI/BanH fragment
48 WO 96/&53’&@tomycestransfonnamsweregrownm25mLofTSB (tryptone

PCT/ US96/ 06705 brot, THfEo Pyttt lh&‘f%rgﬁ\?dilsd F%ckb;ogﬁl I:‘lqﬁgk_/m];ﬁl te of

plasm d pSS13 to.Cr ds 'f or
over - expr essi onoscgr ﬁ%%@‘l@m‘éﬁé’% efﬂ’%%’gg'em Wby In order to
create.a Bacill mgmtt@mmndﬂbnﬂlmbnﬁwrmbuﬂmpﬁ7%nmm of

dhaT, an Ecofd / Xage ﬁmsi)'iﬂd wisiab@Bpe(ferQ | D

NO 22 with SEQﬁ? %%WB.SIH ert.e in sbé S|te f pAH23 to

create pML7. A m SO ST NO: 24

with SEQ | D NO & ividars eidterpDBlﬂ@ors#&bowliiﬂdglmg#aM7 to

i ntroduce a Sal |deyammm¢s@aﬁcmmm@mo The 0.3 kb 10

M nl/ Kpnl fragnghaddis 2SI fi vz , <Y ,Alr“_,a,' 0. 3kb M ul / Kpnl

from pl asm AHZ og ) ] ) ' .

A Sal | - Xbal 71 nker (

was di gested wi t&lwﬁmﬂminrﬂlcmﬁmemmsa‘%plmmasmtEMS The

| i nker desrspmsq,l;tbﬁ, roihl, bﬁc@rﬁghq,ﬂ tllw e 7% so t hat

t he dhaT gene i he, open re di.n 0 S odi ng

sequence of pl a:l 56 g/m(i'tﬁf?“ﬁ’g? %@%aﬁe #agrrent

from pDT15 was t"Wsing wm¢m@mmmwmmﬁym

Elaol |2§3M ulOI ;g:)mm WWWGC-MSmﬂysmﬂﬂS%?Wﬁhéﬁd nkﬁr ESEQ I D
an “68‘25!9@5?' I<C was digested with the

restriction enzy a I-Wto %W he |inker 20 destroys

the Xbal site and changes the readi ngmmat t he dhaT gene is

30 Growth for demonstrauon of 1 3-propanedml producuon by Streptomyces
lividans TK23 containing pDT13 or pDT14 proceeds aerobically at 30°C in
shake-flask cultures (erlenmeyer flasks, liquid volume 1/10th of total volume).

Cultures in rich media shake-flasks are started by inoculation from two-
days old TSA-plates (trypticase soy agar, BBL #11043).- Rich media are either
« 35 TSB (trypticase soy broth; BBL #11768), Liquid Broth (which contains per liter:
16 g tryptone, 10 g yeast extract, and 5§ g NaCl), medium B (TSB supplemented
withper L: 10.0 g glucose, 2 mL Modified Balch's Trace-Element Solution in
which NTA is replaced by citric acid, 2.0 g NayC0O3, 4.0 g K5HPOy, 1 mg
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fused to the open reading frane of poly-H s coding sequence of pUSH1(Schon
and Schuman, Gene 147, 91(1994)). The 1 kb Sall-Mul fragnment from pDT16
was then inserted into pAH24 replacing the existing Sall-Mul fragnent to

create pDT18. 25 Pl asm d pDT4 (containing dhaB(1-3)) was
constructed by introducing the 2.7 kb EcoRI/ Xbal fragrrent from pDT2
ilnto p(LjJleS( Boalb bEyahs MaNNhei rr) ¢ 4 di gesteg wi th EcoRI/ Xbay S96/06705
Pl asm ds for the qQver-gexpress aJ a aB 3 teS|n

Baci | | us vitamin 9‘?% 'P%%‘%EW‘Q’éﬁﬁ ?R‘d‘s‘a‘é/e% ®filled with
T4 DNA 30  pol yrmnmanoravw Hlement Solption capdefomd in e ease t he
f ragnment co Br Géitial anibMoleatlar Bad@riblofd)(Pe Gerhiahds et dlpéds| p.I38Ld t o

SS15-B di gested g, . Wl d
Sal | whi ch cr eat dymesieat “%%%W@WW%JP“@&%ﬁELﬁSE% Sﬂa
B(1-3) in Bacid | mwmmmmm@mwmo

2.7 kb BglI11/Hi mnmmgmgammmowuﬂhwmmmmnmﬂ pDT4

was cloned i nto. tdgdioalink pEARY 120} Griched, 1£3 B HPOLAED g HHPLSH] O

PCT/ US96/ 06705  0-2 g Difca Jeast e, 0.4 5 MNaGh 2me yiamin Rag and 0anl Modified open
readng frame of [Bul¢h'sTrace-ElementSolitipmedified axaboed, finblpH 6.7 (HCL));

Transf or mat i of mgi“gﬁ @“iggmﬁgﬂéﬁpr“’ﬁ"““ M26 and.
pM27 were transf I chenl ormsdvg'h Mnat 3ra| Q)S of
transformation (NRSHER EffrgdigmpfinalipH G4). Mpdia B and §7and the minimpl medingrg 1971))
and sel ected on ]ﬂmugﬁﬁzddmmmwodglem_ chl orarrpheni col,

rtesp_ect :3\(/;?8% The satnq-hgd t‘&ﬁﬁﬁ‘cnbﬁt@&'&f%“@‘ﬁﬁkht t h Mmhenl for m s
strain usi ng_s r, ot 0 | echni ues

(Pragai et al, I\#E 'Be Q ﬁi@i&)‘my %ng’ above
subtilis 10 ¥t rd:ilnsoss M@Mﬁ pred foxjl ihtymderaersbisconditi

nat ur al, tr aﬁﬁfxﬂiﬁ&'&:ﬂﬁﬂe is Handiérted t6'BHint. w{md&mmye

ISDIeggfnt gdp(l\)/EGLa/agldg# SO %hea?‘?gf or WMW% S s?r al n%&ic( Saito et

al., Mdl. Gen. GSeeditionsiaygd0® & ni ng
pl asm-ds 15 mremhmmﬂmmﬁhymdmﬁbdmmmom yt hronycin

and 20 ug/ nlL o4 kanamnyci n. rx AMDILE 1" ansformants were grown at
30C. Det ecti on of z '
licheniforms strain BGF®

in 25 nL of LB (Di .m-u.-w,s.;»:
overnight. The cells wg :
mL. of 0.1 ‘
dithiothreitol ant

25

The mplxcauve lngh copy nmnber shnttle vector pVSO02 is used to co-
express dhaB(1-3) and dhaT in Bacilius. pVS02 was contructed by cloning an
EcoR1/BamH]1 fragment carrying an alkaline serine protease from Bacillus lentus
fused to the B. subtilis apr promoter into pBS19. pBS19 is a derivative of pBS42 .
(Band and Henner, DNA 3, 17 (1984)) in which the EcoRI/BamHI fragment has

30  been replaced by the EcoRI/HindII polylinker from pUC19 (Boehringer
Mannheim). To facilitate sequencing and PCR reactions, a 45 bp synthetic linker
(SEQ ID NQ:21) was introduced by PCR between the end of the protease gene
and the transcriptional terminator.

‘The replicative low copy number shutle vector pSS15-B is used to co-

35  express dhaB(1-3) and dhaT in Bacillus. Plasmid pSS15-B was constructed by
digesting plasmid pHP13 (Haima et al., Mol. Gen. Genet. 209, 335 (1987)) with
HindIII/Sall (sites present in polylinker), filling the ends with T4 DNA
Polymerase and religating to generate pSS13. A 2 kb EcoRl/BamHI fragment
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200 uM phenyl et hyl sul fonyl fluoride. Cell extract was obtai ned by breaking
t he cells in the French Press(20,000 PSI) and analysis for glycerol
dehydratase was 25 perforned as described in GENERAL METHODS. A specific
activity of 0.036 U ng was obtained. The specific activity of

1, 3- propanedi ol dehydr o- genase, neasured as described in GENERAL

METHCDS, WaSwidy 91354080 - ~ Production of 1-3-propanediol ig %ﬁﬁg%%t
e

Baci | | us B. licheniforms strain BGL88 transfor

(Clone #8) 30 Iromyp¥S02 was inscrted intn the BooRl/Banafillgite of plasmid pSSiidtocraste 25 nl of
LB (Difco) pl uspSSIS-B 1% gI ucose and 10 ug/m_ kanarrym n at 30[err]C
overight with vhga S § ' A ;" used to

i nnocul ate 25 rol, O, 33
E“e ‘ﬁgake

vitamn B[err], HEATES
fl asks werebsi nwmnm&ommmmmmmmmmmsmmof 35

growt h 300 ug/ lyy 5 | zat i on)
as descri be%’2§ 9{5 ? t{roal n B&2864
transformed wi tq‘i“fﬂ\ﬁry . f é 0i%% a shake
flask contai ni ﬂg@&wmmwm&%ﬂwwgnmoprleho

30 iMEOIRBL B8P Gte at the 5' end of dhaBI to

PCT/ US96/ 06405 ucose, 1 1% 0. err], and
70 gl . oitor MAaHERREBReERR focd ol et Al

i ncubat ed at 3(foon plaidipAki4to inoducs alimdliiisjteamcreate pM2laf t er 43 h of grow h,
1, 3- propanedi ol msmﬁxbﬂqhm(smxﬁwgshhm)%sﬁmmﬁm viaae| dehyde

by reconbi nant B %F%%é t@ Baci | | arried out
in 15.5 L total it he speprjotion eoYtnep, 53 “ﬁe’%ﬁ?"e P, st
initially 7 Ii theckbabsiteray g B Senelsun Aer obi c
tdestIpys dphﬂnsesmm ﬁ'amp tmedha
condi tions 15er Fused $'the dpére@BigFrdrad of Prbtease .
Ilters/mnute(%{l s eHS ﬁ%of 6 B 0 a.ck ess&?eBof 0.8
bar (aer Eﬁ%nﬁ? ﬁéﬂéﬁg bg‘ff? m W’%“?&’b’ﬁ%&"&ygen (100%
DO defined at PAHXyeplagiog geesisting-Jall-Miulfragmenttp create pPTAT ed DOprobes a
m ni mal VS| ue of 35%Sm-ndmebQSEQmNd%ﬁhmn?;bmémd]he ]-ﬁg
ai nt ained At Grod gl a2l kil SP16. Ihgigd or 28%
NH[ err] OH. rature mal nt al ned at | owi n
Cohpounds ‘%ﬁ%ﬁ&ﬁ%ﬁﬂ%‘ﬂ%%%&%ﬁ%%@%MMﬂC for 30
m nut es: (gramfpwdmﬂmepgn@am{[rmmka]Ub&[nem@chegﬂp@Hl (S err], 1.5
NaQl, 15 10 (abirfhiniah] Seil 13152 (1304)0- P08 Sebtlut iRl BIDP16 6 Yeast
| Grel 1351 ' 39 BOF

extract 10 m_ of .Bal.c trace- sol ution (Met hods
for General and® ng’eﬁ%“ml’“@%&?‘ @“Weé fragment to,preate oy
158, American P8ty for M CI’ObI ol ogy Washi ngton, DC (1994)) and 2
MAZU DF204 25a Custo brfddifidng dh&B(2:3)) was constiubed by itiolading 0 gr am of

the 50% gl ucosg Wﬁf@m’;@% &g?@y
chl or anpheni coI o .aTtina g’nce#ré’tlog 0 mg/Trter

0.6 liter of a s‘ﬁﬂ'l‘ l&Vﬂ’;{’éﬂllusI|chen|forms BG/88/pM26(cIone #8)
shakef | ask, gr @isnidsfor thi sttes & s, 5 g NaCl,

10 g gl UCOSE) pDMeP whs @gesicd viittiadt aﬁ&&é}eﬁﬁe&memhe culture was
then allo to exh 0 ri se over 6.60
trigger ed\,\?ﬁ W*%&@@‘WA &galﬂ rgledseﬁxe%agmm
contmmnga'haTanddhaB 'I‘hefragmentwasthenhgatedtopSSlS-degeswd
with HindIII (ends blunted with T4 DNA polymerase) and Sall which created

35

A 2.7 kb Bglll/HindIIX fragment containing dhaB(-3) from plasmid
pDT4 was cloned into the HindIII/BamHI site in the polylinker of pUSH1 to
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25 (50% gl ucose, autoclaved, at a rate of 0.7 gramim nute). After 45
hours, a nutrient addition was made (50 ml Balch's trace el enent
solution, 14 gram - Klerr]HPO err], 14 gramyeast extract, 14 ni
-vitam n solution, pH set at 6.60, filter- sterilized). After 70
hours,. vitam n B12 was added up to a final concentration of .10 ng/L
The %DOvvas kewb oglss@gr obic levels for the first 92 hours ﬁg

present in (snall) excess t hr oughout the run (0. 2- 12 L durln t e aeroblc
part (first 92 hd@easpMao Thedhgb! senswas ﬂeﬁ@‘& g‘@'

92-164 hours)). codmgsbquenmsnflpmsali aken at 87 hours the presence of

3- hydr oxypr opi onapgdaiyusde s paegied and confl rmed by detection  of
1, 3-propanedi ol after ) supernate s th the reducing
agent sodi unbor ohydri de* %andPM”W tranek ’“" hgn"g

51 - - 5 WBG7yadtural transformation (McCucnand'I‘home,J Bacteriol. 107,

PCT/ US96/ 06705 _ 636.645 (1971))andselecwdon10u 18
of dhaT and dhaB( asseftes | PI asmds f.ar the
over - expr ession o
igpeaeR: Plaéedf*w 3o A

‘Sal I/ Hinndl I | fr dishenifornissuiind &mswmmmlmum)wm«
'dp/gg s Ilﬁat eg (Phdghi dtlaE, ﬁ:%mzog@gy/ 1400503 dlwﬁmtsmwmh rﬁea&mwwﬁb |
p a n Qi 9N Copy number
vect or. R &%gg?? W&%Bﬁfrﬁ@ i?)#abgrﬁzﬁ“% is ligated
with the 5.8 kb mfonmemﬁﬁomseagm Menleﬁepws.
pM23 has dhaB ancofitaihingl(® u dmbmiﬂpﬁeﬁm prom)ter I n a Iow copy nunber

vect or. Pl asm ds,]I oI ﬁ'lgﬁﬂ 'ﬁgl,ﬂ*}f@
cassettes in BaC| L1 us f’ﬁ%g&%" esf’e W ac en s are

filled with T4 Dk MO G Ger. 170, lﬁmawdmfmwfm Fleemidsa) |t o
rel ease the fmgmemmmgaﬁheéﬁtﬂﬁdg 10 ug/millxaphroddyeinfandi20megiinli s t hen
ligated to pVSOZ dW|th HlndIII(ends blunted 15 w th T4 DNA

pol ynerase) and Sal | gﬁ% reated pMWe>s. Plasm ds for the
over - expression of a wﬁ? ’Eagoﬁtte in Bacillus using a
| ac- based i nduci {Resection pfglvcerol dehydratase activithT18 was di gested with Sacl, ends

were filled with T4 DM[ mg,pgm MMWW Ywhsh SaII to
Baci 11us conche B0y osorre £ PRer ol Ve @bost iRE10 L 1A B s%?ﬁé@ o @
ligated to pUSHL qQVemiht W‘WWWSM%M’HIWMI |'(ends -
blunted with T4 mmmm])!baﬁ& $H 812, 50 mM Ka1,d mM dithiofivéitbl and
EXQNErL Ep ; geéiSOI 200 uM phenylmethylsulfonyt AtiGeS (Cefl etfachwd 61439 by Breaking the
' cells in the French Press (20,000 PSI) and analysis for glycerol dehydratase was
25 perfonmed as described in GENERAL METHODS. A specific activity of
0.036 U/mg was obtained. The specific activity of 1,3-propanediol dehydro-
genase,measuredasdesmbedeENBRALME’IHODS was 0.2 U/mg.

B. Izchemfonms strain BGl 88 transfonned wnh PM26 (Clone #8)
30 (ATCC___) was grown in a shake flask containing 25 mL of LB (Difco) plus
1% glucose and 10 ng/mL kanamycin at 30°C ovemight with vigorous shaking,
after which 1 mL was used to innoculate 25 mL of LB plus 1% glucose, 1%
glycerol, 0.33 ug/mL vitamin B, and 10 ug/mL kanamycin in a 250 mL flask.
Shake flasks were incubated at 30°C with vigorous shaking and after 9 h of
35  growth 300 ug/L 1,3-propanediol was detected by GC/MS (TMS derivitization) as
described in GENERAL METHODS.
B, subtilis strain BG2864 transformed with pM27 (clone #1)
(ATCC___ ) was grown in a shake flask containing 25 mL of LB plus 1%
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G owth conditions for Bacillus G owth for denonstration of
1, 3-propanedi ol production by Bacillus - |l icheniforms and Bacill us
subtilis proceeds aerobically at 30C or 35[err]C (as 30 indicated) in
shake-flask cultures (erlenneyer flasks) and in 15.5 L (total vol ume)

Biolafitte fernenters (working volune 7-10 L). Cultures in LBG
(which contai nggoghsde 16 9 tryptone, 10 g gl ucose, 10 g chﬁﬁfdmsms
extract, and 5 g NaCl)_ shake- floasks are started b¥ i nocul ati on trom one-day

ol d TSA pl ates (Engpie t%&ycss), 0a5ne/mizpitamin Byyy and 1 pg/el chipsammphenicalds o e
then 35 used t@250mlifhdske. Shakidlask sversintubated at30SCaith- Vigoredsshaldngdudch t he

denonstration MMMQ,@-WWMM”M' ol conversion is

denonstr at ed. 52
WO 96/ 35796 L : ing
PCT/ US96/ 06705 Bmz&cmmwamtmﬁdmtusm L total volumeBmlaﬂIEh nmedi a

are Fi t he[ -(Ij-SB'(E rﬁﬂﬁm I @easxﬁgBﬁv(?.Shtersd hm B(TSB
suppl enent ed wi e 5 ucose 1 £ al ch's

Tr ace- Et enent Sol7 ‘%ﬂ"%‘ﬁ%’l"?fspﬂ dngﬁl;ﬁ'&%?f‘ dﬁf{‘&g’i;f"r’r?teaﬂﬁfgsét_lo g 5
Na[err]CJ err] 4(11tgs/wj:m|at-m qr spee Ipaeng a -pressufe of Qi = 7.2),
(I:%;I gﬁdlsufpr gc Ele( S%IEut n, cgheqa-msaun |n th d fo ner al

and Ml ecul a‘ram "‘f‘%"@%}ﬁ‘%%ﬁ q’&? ﬁa %??

Ameri can Soci ety%wmmémggxc) ke pHivps onintained at 6(36 by zowmetic M ni mal

nmedia are eit hermmmn trippeiiture wasGneGintdided 4306Nse, 11.3
Klerr] HPO err 1 0) rr extract, -

et S S o il

Trace- El ement Sollai r?\%&!ﬂlﬂ@d (mpﬂl&?)éﬁbﬁepoﬂm 19iKEPO4( ENREL nedi um

D (medi um MVB32 0@NHR®0}, 0L Rédl 15 ehstNﬂ{tﬁd‘t oGkl of Bdlch’g i nal pH
7.2); or medium w&mi@em% 4 trypton?,d)f /, : '),qﬂ“u C and the
m nimal nmedia areé er-sterl ed 2 are arntocl aved. 15
The shake- f | asks Bagtariologs @, %Eﬂ‘??éshwagmfm & one
day, af t er Wishinptoh)/1D¢ (1994))2:0d4 2 MAZT DF204{aCustontysdeantifoain) A frer )
super nat ant . gl Sgdaf or 1 hr
under aerobic ngltIOj’lS after |C:§L %Iféeuq;ggaﬁture |s°ftlr ansferred to
25 nL vol une 2QI a \ﬁm W to;3 finalcqngentiation m‘?{i’ﬁﬁ These
tubes are subsequentlQGMldﬁaﬂéhomdurBaaﬂaehM@mmmumﬁa@m#@rr] C. 20

After 'nCUth'OnsiﬂéﬂJak, in LBG 1 @10 M&&a&w Neot, 10
detected by s(é? as de r| l%c‘c‘ilm%quE g} g{] agd
fedbatch culture eraﬁé’ﬁ v{'%tﬂ“ln vol Une culture

from a shake-f|l aMMFW@@MmmfﬁmMWW%m er with
6A L of nedi w3 W@&wmﬁmvwwcwmfmﬁﬁmwﬂmmmxw ni mal

20 £ 1 SR S (o e e 1
yeast extract/ L. SeHPQar14Sramyesss exiagy P’?mﬁ?m iy Lakter-
conpensat i ons f omsterilized). After 70 hours, vitamin B12 was added up to aﬁnal concemmion of

10 mg/L.. The %DO was kept at aerobic levels for the first 92 hours. Glucose

30  was present in (small) excess throughout the run (0.2-12 g/L during the aerobic

part (first 92 hours); 0.2-36 g/L during the O,-limited part (from 92-164 hours)).

In a sample taken at 87 hours, the presence of 3-hydroxypropionaldehyde was

suspected and confitmed by detection of 1,3-propanediol after treating the

supernate sample with the reducing agent sodiumborohydride.
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auxotrophy) are perfornmed after the fernenter has been autoclaved, using a
syringue and a septumport in the fernenter lid. 30 Back pressure
(BP, 0.1-0.5 bar), aeration (L of air per mn, 0.4-1 vvnm), stirring
(rpm 200-600), tenperature(T, 30-37[err]C), Dissolved Oxygen (%O,

and pH (5.8-7.2, by NHerr]OH and Herr]SJerr] or H[err]Pqerr] addi tion)
are nmonitoregyg controlled at the desired val ues, T%d
After inoculation, the cells are grown in batch node for the first h, 35
after which a glucose feed is startem%eroblc _growt h/ production, the

%9DO s allowed to go tAltsiétdpt rpm and BP,
additionally by r epl aci as i ndicated.
53

PC/ US96/ 06705  Elasmid . : : s

o) err] : readdngs (grAW&agmema’rmmﬁwmdpMalgtmmmaySMdt he
supernate; supe %E’J"ﬁﬁ our
stgndard procgdmim% n NERAL é’:@ﬁéﬁ ¥ﬂ2§ i%l?(zmanedl ol
is present int er H’E‘S"‘ apr promoter m En of
Pseudononas with dha#@i; Ehﬂmefndmdﬁtﬂbnapldmldpml mhgatedwnhtheSSkb
dermonstration OfalfR4MR

QB RRRRACkGHh pBS e p23 pMISTHEAUARS B diiT
The 4.1 kb gpre g’g cassette f dhaB;StgﬂZ v%}and dhaT from pAH27 was
inserted in H’éds"& ff Gene 48 119 (1986)) “and
pMVB207( Mor al es Plasmig; heover-es ,":";m nEdha} gheBy{ I3 98¢ iniBacitlus BNZYynes
EcoRl and Sall to g%f@&i&&m %nd.m&ﬁmatmueMDNApolyxMB,sformtlon

of P. aeruginos 4’5%%%’“’?@3%)1- X reﬁwﬁw P.

aer ugl nosa PAO
over ni ght gr owt #4a# MWMHWMSQ?MM%W Iﬂ‘mﬁ 1: 25

i nocul ationis w;:hfmuj}a'xpuymuﬁmwsmdmchatemaﬁwﬁ of fresh prewarnmed and
praerated L-br opfiemids | ] at e 40 early | og
phase at 37C and’ 200, rpm ' rrtugation, were
washed tw ce i n“EeshE 0.15 M I\/gCI [err] contai ning 5%

di met hyl sul f oxi de arplYl‘le;ﬂecMwuhSchmndmwemliﬁedwxﬂ:TMJMt hyl sul f oxi de
solution. The c ﬁmw,%pmﬂg &8 tmmmgoo 200 ng
mm Th

Chocked a9 %‘WW m&w‘?@%“"” iyt BBp6. (0.5 )

was added and t fite. dde fragment és thercligatedto pUSHI (Syhen andNchwmpas sypyr@ Si ngl e
col oni es were 28igestédldviti BRENT (608 tlutittd With TADNA plyheSsep iilBatitoolestd Wi t h

37.5 ug/nL ' njugal transfer of pDT10 into P. aerugi nosa PAOL
The plasmd, p Wwas mated into PAQL by the nethod of Figurski and
Hel i nski (Proc. Natl. Acad. Sci. U. m&

1648 (1979)) pDT10 was
25 ;

Growth for demonstration of 1,3-propanediol production by Bacillus
licheniformis and Bacillus subtilis proceeds aerobically at 30°C or 35°C (as
30 indicated) in shake-flask cultures (erlenmeyer flasks) and in 15.5 L (total volume)
Biolafitte fermenters (working volume 7-10 L).
' Cultures in LBG (which contains per L: 16 g tryptone, 10 g glucose, 10g
yeast extract, and 5 g NaCl) shake-flasks are started by inoculation from one-day
old TSA-plates (Trypticase Soy Agar, BBL #11043). These shake-flasks are then
35  used to inoculate either fermenters or shake-flasks in which the demonstration
proper of D-glucose to 1,3-propanediol conversion is demonstrated.
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30 transforned into E. coli AC80 (Chakrarty et. al., Proc. Natl. Acad.
Sci. U S A, 75,3109 (1978)) to create a donor strain. The hel per
strain was E. coli HB101l contai ni ng pRK2013 (Fi gurski and Hel i nski,
supra). The recipient strain was Pseudononas aer ugi nosa PAOL( Royl e et
al., J. Bacteriol., 145, 145 (1981)). Cultures (5 nL) of each of the
strains were gg@wssayer night in LB at 37[err]C. The 35 cel I§dtyg§ hed
in 0.9% NaCL and resusended |n 200 Terr]L. The cells were m xe

t oget her and spr eaghsn 0 shakeHlgsis| uri a Agar, Difco). The plate was

i ncubated at 37C for MMWMM(WWBBLH&IMUEQM

transterred  medium B (TSB supplemented with perL: 10.0 g gluoose, 2 mL Mddified "

PCT/ US96/ 06705  Balch's TsacpElerpant Selytionip smhich NHA isfeplaceg by sitrie asid, 208
;:ﬁr bench | |i 3 andmﬁm@mgmj,Imgvm:ﬁB@gEmam{Memza,sor\mmm'eol ated 03 I
e sanme nedi a &bﬁg : ropanedi o
dehydr ogenase actlvd"fm?mkbif_&b%? S aroo 3 %ﬁ%&%% was grown in
25 L 2XYT(16 g/ B lysgfi J» ghods sof enerdi nd MoleQUAT DACZOQRICI ) pl us 250
[err]g/nL car ben(mGelrhandteﬂan, exddV] p. mmmmmfgmmwewe cells
were harvested by ccqlg MitRhhIGRe e LBRH SRR éﬂmﬁoizﬁo nmv
T buf f 7.4 E P 000
psi - The or udl oFPoE; ﬁig%&%ﬁ@s&&iﬁ&%g{% o TS OeNe
1, 3- propanedi ol amnmmmmmmemhsﬂmmsmm@dn 10
deterni nati on M&M'ﬁagﬁﬂﬁar(ﬁﬂmr@mﬂm (RicBinASHIRNE22 i vity. for
gl ycerol dehydrata ecifi.c R i ol
dehydr ogenase wa ﬁgﬂﬁ'??f mg@’%"ﬁgég%&ﬂéﬁg %g‘?ﬂ%j P.
aer ugi nosa PAO mecm@ﬂ&mmmmqﬂlmﬂm;thEMQWMr ol

dehydrat ase asti vi ty %MM%MWM@@W&@@%@&W?M@@MS
aer ugi nosa cont ai gi nq.t.h DT9 Pse onpnas a\inr%ﬁ nosa PAO

2845 cont ai ni ng ledfor il ght at

37[err] C and 2ooa¢qsdatbhaﬂnmgrsumputmfor mm«mpmmmm 25

{ﬁ”]g”m chl Oraaﬂhﬂé‘is%hsfenﬁlbm\mm@lﬂﬁegl&sgiﬁes?%ch%wﬁmaW&QS%{TOf _
e cell suspens o) H&?hld@:!

medi um + 1 part h&gégéiwdﬁg e&ﬁemanp&g g%fondig E\Aﬁ

gl ucose, 0. 2% (wAfsr ggyation for 1 B fyReRaRis detestediby) * yoast

extract, and 80 P@LCandhsm‘bedmlﬂMAhmom in a ceII suspension wth an
CD[err]nmof 0. 5g q ’ ntal ns the foll ow ng conponents:
25 NHerr]Cl, 9.

MM HEPES( N-[ 2- 5‘@%@‘%‘59{?&%‘? r iod]2)7,6-

40 nM tricine (nmwam&mémwmm@mm@fw
FeSO err] . 7H2er r B@mikhtds (hirtMal 16diaY dr 4P &l (rich media) Typitalmihingilmediin trace

/L codi um i tr 38 i@ﬁg""e ‘%&%ﬁﬁo%&ﬂ ki r##h?éé‘%‘r‘?amsna%%@m@g”t S
CoCL[err]6H err] & B2 of *000005;
Na[err]MoJ err]. Nmpmmpmmmmwﬁwb@ﬁﬂwﬂﬁm@aoom
CuSq err] - H err ] Griigud 8 nseptibd-pore MRAY extheidrfidy 1
30 Back pressure (BP, 0.1-0.5 bar), acration (L of air per min, 0.4-1 vvm),
stirring (xpm, 200-600), temperature (T, 30-37°C), Dissolved Oxygen (%DO),
and pH (5.8-7.2, by NH,OH and H,SO,4 or H3PO, addition) are monitored and
controlled at the desired values, as indicated.
After inoculation, the cells are grown in batch mode for the first 14 h,
35  after which a glucose feed is started. For anaerobic growth/production, the %DO
is allowed to go to 0% by either reduction of rpm and BP, additionally by
replacing the air going in by Nj, as indicated.
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of growth at 30[err]Cwith shaking at 250 rpm 0.5 mM I PTG

(i sopropyl-[err]- t hi ogal act osi de) was added to the grow h nmedi um
and cell growth vvas conti nped. After approxXimately 5 h of additi onal
growth, cells were harvested by 35 centrifugation at room tenperature.
Cells were washed 3x with production medi um HEPESO. 1 medi um

suppl enent ed vwbga%.,gé% (w'v) glucose, 0.2% (W V) KNO epérosoéasros
[err]g/ mL chl oranpheni col, 50 ng/L yeast extract, and 80 ng/L nutrient
broth. In duplicate, Femenarsisod shakefleskyaresampled for QDssexcadings @rovih)aed
harvest ed menzymaﬁcgluooseassayonﬂlesupemate;supemateisalsopreﬁniedfmm WO
96/ 35796

PCT/ US96/ 06705 mﬂy%fnﬁ%rstaﬁdmdgéocg}l\}t%n ne%neum contal ning O. 2‘V§ (lv'?v)

gl ycerol . Cell M@Wﬂtm WPHPEMBat ed under a nitrogen atnosphere
at 30C with shaking at 250 r.pm wom mately 1 h, 5[err]g/nL
coenzynme B[err] (5, 6-di gethy] - ) =1 p My adenosi ne)
was added to the cell <StSpensron “” the I ;,'o. ron Continued at
30[err]C with shaking at 250 RORSUIONA 4. R PPAeIOl s ; suspen5| on were
col | ected peri odia 4sfi A yisn ofl dhol ]

were renoved froI es by centri fugatlon and the aQerus super nat ant
stored frozen untll ana zed. Si y HPLC
with calibrati%ns bas fzﬁtﬁ‘rﬁ med#% X8 cel |
suspensi ons prodmﬁdm&hmpmmmmwﬂabwéssh&ﬂ%ﬁ)md Tabl e
15. The identity Mmm&mtmw BY (DY) Msifgihd/ Festivlbiy enzymes

described in the T

Tabl e 15 %%%M°MPDE&M?'%“MV%Y ot opaned| ol by
Pseudononas X : PAQ 2845 withthe pldE ression plast

plasm d 15 P. aerugmosamtﬂs cellsTWé’prfebﬁédforiraﬁhfﬁfniﬁqul ol (MW
94 0 ovennghégxfwthatBTCwmQhahngatZOOrpmmL-broﬂx. A 1:25 inofulation

0 of the culture wagmade into 25 mL of frgsh prewarmed and preaerated L-brogh. , -
EXAMPLE 21 TlErfmﬂMaﬂiumwsfmchb&equpanedixiogpmmmcmwm ng

Pseudononas aer uggp % Mbé)ﬁqom]_‘ofmco]_d
Pseudononas aeru s ra| n PAO seudo as Genetic
St ock Center, 2°Ea % ’E‘F‘f%ag nt#%g <ff9°20

grown in basal wmwm@ompmﬁmmummm;@)m@mm withH err] C,

9.52 "M MCl [ er rigoGdosg b@pdﬁ&&&a Kh%mmﬂumaaamms

(N-[ 2-. hydr 154 sh %Lﬁﬁ&%’i@ﬁ:&k& ]h)(O.S%.."I“l
T N- t | ;
AT S o 1 ik LUl A b

2 btmned from nutnent agar plates suppleqlemed with 37.5 ug/mL

The plasmd, pDTlO was mated into PAOl by the method of Figurski and

Helinski (Proc. Natl. Acad. Sci. U. S. A., 76, 1648 (1979)). pDT10 was

30 transformed into E. coli AC80 (Chakrarty et. al., Proc. Natl. Acad. Sci. U..S. A.,
75, 3109 (1978)) to create a donor strain. The helper strain was E. coli HB101
containing pRK2013 (Figurski and Helinski, supra). The recipient strain was
Pseudomonas aeruginosa PAO1 (Royle et al., J. Bacteriol., 145, 145 (1981)).
Cultures (5 mL) of each of the strains were grown ovemight in LB at 37°C. The

35 celis were washed in 0.9% NaCL and resuspended in 200 pL. The celis were
mixed together and spread on a LA plate (Luria Agar, Difco). The plate was
incubated at 37°C for 6 h. The cells were removed from the plate and transferred
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0.132 nM and trace mnerals to-give final concentrations of the follow ng
25 conponents in g/L: sodiumcitrate-6H err] O 0.001; FeSOerr]7H err] O

0. 0005; CoCl[err]-6Herr] O 0.0001; MiCl[err]-4H err] O 0.00001;
ZnCl[err], 0.000005; Na[err]Mo(Jerr]-2Herr]o, - 0.000025;
NiClerr]-6Herr]O O. 0001 Cuserr]-2Herr] O 0.00005. HEPESO.1 is used in
al | e suppl ement ations are noted where they-pg

56 WERTRD o6 Fchbisdhens

PCT/ US96/ 06705 to FIA (Difspiplates cantainiog 230 ug/mb earbéncilli and grownevenightof P,
aer ugi nosa PAO%M%&mmﬂm.mﬁemergl nosa PAO 2845 is grown

overnight in N 1:. 3] h¢ DT GO , o]] Mk aidh er.rl C and 200
rpm shaki ng. CarTs™e ECOver eu “.‘.. DA ext ract ed
fromcells usi WQGWWMRBMMQWWMGG%@LZXYT(MUM 1989) .
protern gene. oot 9%" gg ga E%";.“?’“’d cilin, O MIFTST Y
NG5 30 and E’foms o e i mm:i‘%fm;i‘ sl

an ends
ggl iséo DNA ft1 mérhﬁbduhﬁ%@wh@ﬁﬁyﬂ'ﬁﬁgﬂr&r& Eﬁ:llre Gene

i S esulting in

plasm d pJJ 10. 31%9 %ol&eﬁyéi-@%eggé Wi&ﬁ\ﬁ&?&%{n ?’h&e%\]\] 10 ligation
mx are spri@addegrmipation 3es by Big-Rad (Bradfpsd) RegteirpAssay; acemfﬁ ni ng 50

[err]g/mL anpi gk rﬂe&ym‘mﬁsé)ﬂas Wacuvuyfor 1,3-

br ono- 4- chl orod;’!f h% | es, i n.di cating a
hi gh 15 proba it é% ns |on |c rﬁEerr d to LB
medi um ‘{" _

har vest ed afteﬂelgdmascgiﬂmy growth at 37[err]C and 200 rpm shakl ng,

L np
prinmers (SEQ | B&&g .32 AND 33) 20 appr opr| ately designed to anplify the
regi on and nodi fy tmwmacmgmMAozwmmpMW| ble with
restriction enyﬁ@c M t &379C 1200 rpm g in the 4 kb
fragment pUCAK: The K-.S #f ra nt ll sub goned into
the Styl site Mﬁf‘ﬁ“’éﬁ%“ epgé‘fq\"ﬁﬂ 5‘ %ﬁer
pl asm d pJ2@1. M@Pm mediunyat i on mi xture
are 25 spread(:i)padsﬂmmdiuﬁ Itxhecﬂﬁn,[ vki&rmmi n and 50

[err]g/nmL I "é@ﬁ Imggrgg" | ndi vi dual | y
col l ected foll : Egh&;ﬂl‘ dﬁ&mﬁﬁg@%o at | %%%l um suppl enent ed
with 25 [err]g b‘aﬁ’g respjtingin aceli The presence
of the desi redQD ﬁMSlMcmEsmbdwdmmcmthipsgelfoM@hm 30

P. aerugi ngga Mg@ l@é gg_

st andar d protoos riefl ﬁgln sa |% r’ e f[2'r
transfor mat i oni“y %bpmé?ﬂ?' g@\l“ﬁ‘ﬁ% Bat 200 rpmin
L-broth. A 1: ZﬂvdmmﬁﬂbmﬂmtﬂMﬂmmméﬁaDgﬂm&Mﬁm. made into 25
L of fresh pr@use M adddrace minerdly 10 gdieEin@itohcehirdtions ofthefoliowim cul ture is

Icgﬁglroﬁ ﬁgegogng"éﬁ%@é’%g‘t@ %jéca%fa% i ?601358503"7194@%0890 rpm Cells are
30 6H,0, 0.0001; MnCl,-4H,0, 0.00001; ZnCl,, 0.000005; Na;MoO4-2H50,
0.000(?25, NiCly-6H,0, 0.0001; CuS0,-2H50, 0.00005. After approximately 1 h
of growth at 30°C with shaking at 250 rpm, 0.5 mM IPTG (isopropyl-8-D-
thiogalactoside) was added to the growth medium and cell growth was continued.
After approximately 5 h of additional growth, cells were harvested by
35 centrifugation at room temperature. Cells were washed 3x with production
medinm: HEPES0.1 medium supplemented with 0.25% (w/v) glucose, 0.2% (w/v)
KNO3, 25 pg/mL chloramphenicol, 50 mg/L yeast extract, and 80 mg/L nutrient
broth. In duplicate, the washed cells were suspended at the original harvested
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cells are resuspended in 10 nL of ice cold sterile 0.15 M MCl[err]

contai ni ng 5% di met hyl sul foxi de and held on ice for 5-10 mn. Cells
are centrifuged, separated fromthe supernatant and resuspended in 10
m. of ice cold sterile 0.15 M MCl[err]

57 WD 96/ 35796

PCT/ US96/ 067054 geras70£ 0Nt @1 Ni Ng 5% di net hyl sul f oxi de and hel Op@Fudoss7bd "
5-10 min. After g"?l nal centri fugatlon and separ a&ﬂgn fromthe
super nat ant, t he velame i ppductionymedium gavaming 0.2% (v/v)et terile

0.15 M MC [err]mmm@mmmm@mﬁéommmazmmu quot of

the cold cell co %ﬁﬂ }%{zgmg %W}Jll 5 DNA in a
prechilled 1.5 ce 829 d the xture IS
W*ﬁ’éﬁ‘&fn& ’93"& WSpensignAnd 7 o ot or

held on ice for 6 p 2
bath f os Zﬂmmmnmmengcmmumﬁom Sanplmfnhecell

Approxi mately O. Q!s%m% ‘.{?,ﬁ;eg wq?‘&l&wmcubat ed
for 0.3-1 hour w gent | %:y “ﬁ’{" %f | | owi ng the
recovery incubatmwg"ﬂ %ﬂ‘?ﬂ’kﬁ F%‘Wﬁ“ f"d‘t 10
suspensi on are s gtoreddroaen, F20°C) unil anslyzed. pl at es suppl emented with 50
[err]g/m kanany gl %é&ﬁhaﬁwad%ﬁmwwl um are

screened for rownh an agar at W t h di_u | ement ed
I L, o ot e e T

gl ycerol, but caﬁaﬁbéSdﬂwgdmvfdwmﬂwweMdu ﬂﬂ%‘é’é’ra\?ed for later
use by freezing igkciibodinthé GENBRAL METHODSINST or mati on of gplR-P aerugi nosa
PAO 2845 with pDT9 P. aeruginosa is prepared for
transformati on by the nethod descri bed bove. A 0.2 nmL aliquot of the
cold cell concentrate is conbined with 0-200 n DT9 DNAin a
prechilled 1.5 ni pol ypropyl &fed@smvﬁ%amm%hwmdo e mixture held
on ice for 60 nmin. The tube is ¢dnmugingsasontaining the pDTRplagmid o 5 37C 20 wat er
bath for 2 mn and i medi at Sdnyplé¢ et urrime (isp |de-lfropansdluh(nM)Appr oxi mately
0.5 nmL of L-broth and celTs are 1ncubated 0.3-1 h wth gentle shaking at

37[err]C Fol |l ow ng the recovery incubation 10 Jerr]L and 50 [err]L
al i quots of the cell u%pen5| on fre spread on nutrient agar plates
suppl emented with 37.5 [err] gAnlL 24 chl or oanphe®nlcol . 25 Scr eeni ng

of gl pR P. aeruginosa PAO 2845 transformants for the presence

The transformants from above are pl at eg on nutrient ar plates

suppl emented with 37.5 [err]grfnL chl ordnphenicol gro overni ght at 37C
From the col oni es apped®ing on t¥Mese sel ectivedPl ates, approximtely
twenty are picked 30 and transferred to 10 nL Nutrient Broth (Difco,-
Detroit, M) jgontaining 37 5 [ermmpl orarrphenl coI and grown
overni ght at 37[ery nd ] . i henresence of
the pDT9 plasnid ifr LIe S8 Ftransto S AS T NA"T's
extracted, puri fASOSRROTERCONEE EcoRl( Prorrega Madi son, W). The
mol ecul ar wei ght of thkmumemmmWstphorem S.

35 In addition, %@ﬁw‘lﬂfééﬂmt gcg(;dlgme&ahgsgmmesgqygnces conmon
to dhaT, dh aB? 34 'AND 35, 3 37 8

1 - y n
AND 9, & Ammr"é%ab FRmponests: wei ght
9.52 mM; MgCl,'6H,0, 0523 mM Kzso4, HEPBS (N-I2-

hydroxyethyl]piperazine-N-[2-ethanesulfonic acld]), 40 mM; Tricine (N-tris
(hydroxymethyl) methyl glycine), 4 mM; FeSO47H,0, 0.010 mM; KoHPOy,
0.132 mM; and trace minerals to give final concentrations of the following

25 componentsing/L: sodium citrate-6H,0, 0.001; FeSO4-7H,0, 0.0005;
CoCly-6H,0, 0.0001; MnCly-4H,0, 0.00001; ZnCly, 0.000005; NagMoO4-2H50,
0.000025; NiCl,*6H,0, 0.0001; CuS0,-2H,0, 0.00005. HEPESO.1 is used in all
'experiments; supplementations are noted where they occur.
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PCT/ US96/ 06705 characterization using gel electophoresis is used to
confirmthe presence of the desired genes. - Met abol i c screening of
gl pR P. aerugi nosa PAO 2845 transformed with pDT9 One to twenty

clones are selected fromthe positive transformants above 5 for further

characteri zat w}ﬁf”% k!l s are grown aerobically on Nutrient BrGicrmsesnsros
suppl enment ed 5 [err] g/ L chI orarrphenl coI overn| o : 0C h

shaki ng at Copgtraction of uglyvecrel nssativg mptant of e it PNt o t he
sanme nedi um wi t rm_ oh. 5 MM | PTG (i sopropyl - [err] Dt h| ogal act osi de) and
grown for 4-6 h. Cel gro\ﬁ and washed
once with HEPESO. 1 nedi un?'%m su %‘F' nt ez’t’ 10 cer .03 g/L
beef extract, O.Pesrois MOk 37 Enand rpmeh%ng\@ﬁws %W&E%/mfgﬁ fco
Detroit, M) ﬂnMWAWﬂoméEﬂeMdsmﬂadalmlympmMpended at 1/5

t he ori gi nal VO'@;@WE& 011-84 deﬂhcﬁﬂﬂ:hsm I ncubat ed
at 30[err]va|thsa|ngg? O #%gg&r‘ . are vegby
centrifugati on oWSPLEAY PEURR M gg*@ﬁé%‘{%?m

1, 3- pr opanedi ol dﬁcgn@aWﬁmmmmnMdT-gﬂBni@mﬂﬂrﬂpﬁﬁ SEQUD

I’g 3dpr?paned' 0'1 Nés%ﬁ%dsd | EMI%@Wem MLL%”‘SE%
roduction o ropane ro ugose

t r ansf or med hlg 8 M& fﬁm W@W é‘?%enrng orocedur e
above, one to f|&%)ﬂMMBWM@W§MW@MPH 190k of

1, 3- Ipropanegl ol ddnftiraddieit DN, / h lﬁaldryslﬁadonNmm]nt brot h
suppl enented wit er L. chor enl co ! iﬁl ?@Lﬁ r]C

wi t h shaki ng at %%ﬂ[" W %ﬂﬁ%%&‘q%‘ on into the
same medi unm%@@mm&-mawx Fhjtenplaniss, indigating ahigh est ed by

centrifugatigh Q,dumﬁmmnpmmm ed with 25

10 L ofueofe, BT t?i%%@fwfnrn e

origi nal vol urre MMW"CM Adpgrepverdy)  Cells are
i ncubated at 30C wit mﬁlmkdni)@nﬁdasskﬁeragpmﬂompuommwmm y 36 h.

Cells are renove G ra'h%*@& ’&%n&?ﬁm&‘d O 8HNB:32 AND 33)anal yzed for
t he presence_of '@ng(g igne, | O %ﬁg d Ith‘?’b he. chg cal
identity of 40 3-%@% hgregipn Wﬁm rrass
spectronetry. &agnm:tmbecompanblewmuestncuonenzyme&yl

Construction of RYRRESAINYEPREGEAEFUEIK pm&pwrmylmmﬂmaz dhaB3

a;)rgrc)lressr on casseﬂb@%ﬂ,&ﬁxmsmsmm&eTw As%i%éﬁ@%@ ms\Gﬁtneral

from the pl asni dplp@sgpdil G EMWWWHNAW ene

expressi on syste Jﬂ%mdgafm@pmmxpymm&mmmpmv

7:127-154 (1989) ;rhpxciﬂm. PrlfA Wons 50 isblard’ omh%vﬁmy%ﬁmfonowmg
overnight growth at 37°C in LB medium supplemented with 25 pg/mL kanamycin
and 50 pg/mL ampicillin. The presence of the desired plasmid DNA is confirmed
by gel electrophoresis.

30 P. aeruginosa PAO 2845 is transformed with pJJ11 DNA following
standard protocols. Briefly, P. aeruginosa cells are prepared for transformation
by overnight growth at 37°C with shaking at 200 rpm in L-broth. A 1:25
inoculation of this overnight culture is made into 25 mL of fresh prewarmed and
preaerated L-broth. The fresh culture is incubated for 2-3 h (to early log phase) at

35 37°Cand 200 1pm. Cells are centrifoged and supernatant decanted. Collected
cells are resuspended in 10 mL of ice cold sterile 0.15 M MgCl, containing 5%
dimethylsulfoxide and held on ice for 5-10 min. Cells are centrifuged, separated
from the supernatant and resuspended in 10 mL of ice cold sterile 0.15 M MgCl,
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PCT/ US96/ 06705 regul ation of the Aspergillus niger gla A pronoter and
term nator, was |igated into the Spel and EcoRV sites in the

pol yl i nker of pLITMJS39 (New Engl and .Bi ol abs, Beverly, M.

I ndi vi dual cl one expression cassettes for A niger: 5 The open

reading fra Q@EF o) for individual Klebsiella pneunoniae
subunits and

PCT/USY/0670s
vect or ( pAEX) Sepagpgpé%/ﬁkg%&#é@g%%nt@hg_}geneyg&exmss|on

Primer pairs forcemgifogation andiseparation gells agtresusprdedind t he
ghaTdCRF \iivere dezsmg,rzﬁihetcelfdrsﬁﬁléfh DH!GIIEI ﬁﬂﬂﬁﬂﬁﬁh]AgOBIA egﬁhB?C)RF 10
ased on known uen e re er a a

dhaBX and dhaT: R g@egy{ﬁ%qg@ﬁ%iﬁgﬁ@nﬁvg& 143

and 44, respétt i RAyn a preghifiedil.5 mbpol b%qﬂéhtm:mu primers
for the 5 mmmwnmmw&ﬂm y&&mﬁﬁ@hmﬁwmm

end of ‘the sequd cgh%@%%g&ephw@e ki %ﬁ%@*‘%&éups?reﬁéf |

the first ATG ofl~ f?"cp3‘ houryithgenlg,ghaking 8t ds of
each ORE pl aced mﬁakmmwmﬁaﬁoﬂwmmamﬂmofmegnr fans: ation
st op codon; i dual cl one
fragnents f oF th%ﬁﬁ%wn%&e afﬁgp ddwuhsbg CR fromthe
pl asni d pHK26- 2dengBypin: Golopiesderelening prothy selpative msdinmarepsreentd fop per on, usi ng
the priners desmmagmmmmmmummwmdmm wer.e

el e‘éo?aﬁﬁf’ dhaBB gg%m Be %ﬁ X= 184E‘w mﬁ%ﬁﬁﬁﬁ?& L%'ﬂ'ﬁg’%b t he

uni que EcoRL and™XbHfe t”é% &y primers, each
i ndi vi dual di¥aB Za 250 3’2 ! 4D DI8 t he EcoRL and Xbal

_?_ﬁ r est rldﬁt :3(2)n Sldt 33’ 82 1S26 @gfﬁb%gd Bi ol abf)
e a é " I\/H re. on o be correc
by sequencn aﬁ @50 ﬁ%‘?’% 'P"‘ge r%&r;ent from
the coding dndep| aced
with the cahcﬁmawagntoeﬁrrdmhhorrhémgmnén W&&Ba%’@m que

783 bp Tthllh 3 &ﬁﬁh %ﬁgﬁ Bgﬁggmmpl on of
dhaT cl one |]2r11’ pm% of 2 ;ﬁlgrep a{ tﬁh toﬁe corre ndL n

restriction fra gre ipcubated 0,3n} Iy pyith geplg S‘U%“’é@b estriction
fragnent fromt mnmmpmmmmmmmsummommszg was

replaced with t :
(cgnt ai ni ng the%xp%ﬂﬂhﬁxsagg1 pne Hrrnﬁﬁfa %%%%p%ﬂ%%ﬂ% eng‘ﬂ% sequences
of the dhaBl, d ‘T cI ones apprOX| matel y 250 bp V\/m ch
i ncl udes sod8 sdgtesning of SipRs X igerugingss 5 transfonpa gente
oonwct by’ sequeRpIeg. 60
The transformants from above are plated on nutrient agar plates
supplemented with 37.5 pg/mL chloramphenicol grown ovemight at 37°C. From
the colonies appearing on these selective plates, approximately twenty are picked
30  and transferred to 10 mL Nutrient Broth (Difco, Detroit, MI) containing
37.5 pg/mL chloramphenicol and grown overnight at 37°C and 200 rpm shaking.
To confirm the presence of the pDTY plasmid in the selected transformants,
plasmid DNA is extracted, purified and cut with EcoR1 (Promega, Madison, WI).
The molecular weight of the linearized DNA is analyzed by gel electrophoresis.
35 Inaddition, PCR amplification using primer pairs with sequences common to
dhaT, dhaB1, dhaB2, and dkaB3 (SEQ ID NO:34 AND 35, 36 AND 37,8 AND
9, 4 AND 5, respectively) followed by fragment molecular weight
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PCT/ US96/ 06705 The unique Bgl I1-Xbal restriction fragnents
containing the ORF's of dhaBl1, dhaB2,.dhaB3, dhaBX and dhaT clones in
pLI TMUS29 were ligated into the Bgl Il-Xbal restriction sites in the
general expression vector pAHX separately, pl.aci ng expressi on of each
clone under thg, ol of the A niger glaA prompter 5 and peimksbists-

0
Each resul ting vector was narr;ed by t he respecti
PAEX: dhaBl, pAEX: Hiasterization gsing “ﬂﬁé&!&i‘% &%ﬁﬁ%w““mm

- The unlque

expre55| on cassetdenreégahess for A " ni ger

termnator) was isolate i
uni que SnaB1l rﬁsthwmmmheqmmmmwmnNmen@pﬁox 2.2 kb

Scal - Smal restric Q&Emlgﬂtugmml\mﬂmgam 289
(1959)) cont ai ni n% he m%lﬁmﬁuh%@ﬁ&}% g?l;e ct?EI e
mar ker, - on SI e in the
vect or cont ai ni ngl-ﬁwmmwmlr@-mm%@ﬂm #6th. Cellspres vect or
was named pAEX: Bl harvested by centrifugatitifand Washed ofiowith HERES.1 iedinfn Cti on
dhal were | Solt: cEPRPmaRP ﬁwéﬁg&w@wﬁ%&%ﬁgﬁ S&E@%E?’Ta”d

aT were iso a
vectors. The two Q‘%EMﬂm@é‘tl?@%mkﬁb \WQSS
‘ligated, in tande dehetusuﬁwﬁgiﬂamnw wmabmir@pacennalsmuwmm t he

vector pUC18. Thi )
i sol ation of tranwgr?’a%% Wﬁ%& on a?i-n-forls 721 \CaR

integration o essi on
‘cassettes and expmﬁﬁ‘%ﬁn the upsmstants apalyzed dor gﬁ"m&’r H?Pamé{‘)’
Aspergillis nlzgerbﬁmncnnpmam;&eh@mmmmqumpmﬁeﬁsmnﬁmmuytwo

_expressi on vector %@%%g géﬁér B3y T using the nethod of 25
(Canpbel | et- al . iz"“I rrprov ans 10 eff|C| ency of A si ng
‘honol ogous ni aD g&Mé AL SRO0SE oy 2 WMMM
:1(1989)). sitstoned) tvith pBTe (AFCCOSS bythelr ability to grow on
sel ective nedia VB M%&w%m&ws
-digested with Hind Il and | ber §£di ct ed
‘nol ecul ar wei ts%ﬁ’ﬁ’gf‘?taqfllf? #%@éﬁ’“ﬁ& &lanﬁ 't% essmn
cassettes. Det ectmﬁmmdgﬂTBW M@m %"%ﬁg a30°Cout her n
‘anal ysi s, probi ngwith !Zﬁﬁitpﬁi wmmﬁmﬁahy 8 dilution into thesemence of
‘the dhaB2 protein a8 Q@?? 14S dhaB
ant i body. pression o'f e %L}’& ek sted,b Hrowl ng
‘transfornants, thswmufagationgnd waghed apog g(bgn
I ntegrated, iR2510%0 g/&lglucose, @%@Mbeefemacﬁﬂﬂﬂg/ﬂ.pq:m Q&‘Dgﬂ..s@hstdn)nct 10%
(w v) NaH[ err] POLgf OI'hc.Jtﬁﬁs M}&%&Hﬂ i brfliral volume, Wil t OSE,
100.0 g(L; glucose, 6%‘%‘6@'% gq Arit 389(2%% H‘H a??%(f"
seed cuI ture then“??'éﬂ?f’% PagalY § WBM
car bon ' for approximately 36 h. Ceﬂsareremovedbycentr:fugag@andthesupemamms

analyzed for the presence of 1,3-propanediol by HPLC. In addition, the chemical

30 identity of 1,3-propanediol is confirmed by gas chromatography-mass
spectrometry.

The 1 4 kb Spel-EooRV fragment from the plasmid pGPTpyrG (Berka
et al., "The development of gene expression systems for filamentous fungi”,
Biotechnol. Adv., 7:127-154 (1989)), containing sufficient portions for proper
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PCT/ US96/ 06705 nmedia (NaH err]PJ err],0.70 g/L; K err]HPO err], 0.70
g/L; KH err]PJerr], 0.70 g/L; : I\/gsqerr]7H[err]O 1.40 g/L;
(NH err])[err]Sderr], 10.5 g/L; CaC[err]2Herr]OQ 0.70 g/L;
NH err]NJ err], . 3.50 g/L; sodiumcitrate, 14 gL; FeCl[err]4Herr] O
1.0 my/L; ZnCy %6’65 87 nmo/L; CuC [err]H err] O 0. 42 peAso6/06705

r

l\/hCI[err]4H[er /L; Na rr]B[err]qerr]loHe 07 ng/L; 5
folic acid, 017&9@#@"% niger glagh P{‘E‘B;”al"ﬁ 3rrg/L;
pant ot heni ¢ aci dmeﬁeeﬁenﬁdﬁmeeshlmpmﬂMMmeS$WO 49

ng/ L; thia Iﬂ"“‘ ng/L; maltose, 120.0 g/L; carbenicillin,
0. 035 ny/ L; M%sb 0 MR

ctin; 0. 035 g/ L, tween 80, 0. 07% (w v; and Mazu

antifoam 0. 14% Individual clon¢expresgion cassplieg Jora. WET: e gl aA pronoter. NRNA was
i sol ated fromstransf ommmdmﬁmm’ﬂimmﬁvmﬂﬂebddhmmagen
Corp.) and Nort hgjfs RET {vetcRed and ligatéli infto e hdril ExpreRANCE
(Genius[err] System | nger - Mannh&ﬁ cﬁ det ect transcri bed
nmessage from eac g%?‘r YRGBT he dhnBL,

dhaB2, dhaB3 and dhaWhMMMmaft@MMdMBFMM by

lC\Ilglr:t her N hybrid WGF‘FQ‘%@W&%%S} 0 tran?@ég@eﬁgjﬁlﬁgd dhat 15

transf or ned ne

pAEX: dhaBX. Thesmmddmmaﬁmmo 38 and 1¥.r3§m§¢69,rfdc9n@ﬂ%r1‘5;9ﬂ¢9§'dﬁa5x and
PAALO(3. 2 kb. Acghda 4 }. I TnGH@Hon to the mitEidigE Riqherce, thapritergfok the 5'

Aspergill us nidul aps, a M@:m% :tiﬁ@@d y '
transforned cult fvﬁ@“?ﬁ‘f % Wor on | a contal nj %6m¥ acxewt am de

as the sole car bmgmmmﬁﬂﬂmmam#%%%
acetamde as & S eﬁo’éKb%CA mlﬂ&ﬂiﬂmt.BbfﬁbEORFOthsdthMBX ORF

i nt egrated by PC? @glp% ! gﬂgjggcgpz RtV theSi NY
pri mers KpdhaBX- %( %% f ﬁgnd 46) 25 Pr oducti on of
gl ycerol by A Nitggaglati wsgt °8t°“ P& gi |l us niger strain FS1
was grown in 10% CSL m&dowkwwhrﬂwMWM@Rﬁmmas a

1: 10 dilution tob?/ml{q odrhifing the entire K. Pribiimonfuesiigper nat ent
was denonstragjed fo conta

Anal ysi s of c SPEPL TS %@%_ﬁgﬁesﬁv p;ﬂé’%ﬁﬁ,ﬁ ono%¥ fneS opalnlald:JEI

by reconbi nant Awers igelated based on their respegtie molerular weighty: Pe carri ed

out in 15.5 L totabm/elsmrap dhaB3—Bﬂ9bp;fdthK=fWMrm7kp)n@Ishql ume

initially 8 L, ingr ?ﬁﬂulxw‘i&ﬁ&ﬁnki&% ?mdwpcﬁ%me&ﬁnditions
n WI

wer e insured by aera Q I'r rate o 0
i npel | er speed” ofadividual da m“m the EcpR] %agbl c 35
conditions ar2s dmmwmme%mmmpmmm@wmmmwat

anbi ent Pr &ASHS id dHIB3 TtnESn WLITMUSSS Wtk @6nfisned iiaired biti Ni mal val ue

0,
Ut omat i . addi 1 JFIGRRE. A i, fi &fﬁ%%ﬁ%ﬁﬁﬁ%‘?#ﬁ% crats
was mai nt ai ned atres@ngqam clonemp was removed and replaced with th
62 comresponding restriction fragment from pHK26-28. A unique 783 bp Tth111
30  I-Mlu I restriction fragment from the coding region of dhaT clone in pLITMUS29
was replaced with the corresponding restriction fragment from pHK26-28. A
unique 1626 bp EcoRYV restriction fragment from the coding region of dhaBX
clone in pLITMUS29 was replaced with the coresponding restriction fragment
from pM?7 (containing the X. pneumoniae dhaB operon). The 5' and 3'end
35 sequencesofthcdhaBl,dhaBXanddhdI‘clones,approximatelyZSObpwhich
includessomeseqneneefromﬂlesubstimtedﬁagment,wasconﬁrmedtobe

correct by sequencing.
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PCT/ US96/ 06705 The foll ow ng conpounds were batched into the
tank and sterilized at 121C for 30 mn.: 2 g/L : _

NaH err]PJ err]Herr]O 17 g/L (NHerr])[err]Sderr], 1 g/L MgSgerr],

2 g/L Tween 80,45 g/L Pronpsoy-100 (a soy concentrate of 70% protein), 6

g/L - CoyB oghs®9p | i quor (50% solids), 10 g/L nultose, ag@rl%sg‘{,d‘?wzu
DF204 (a 5 customnade antifoam. After sterilization, 500 gram he

(0]
50% Mal trin 150 The waigue/Rel Taklord destiictipatfiagments containinptheiORH™S o and
streptonyci n ( gréd, WRaB2D dha3, IBABX and diANGGRE mmmsfm aéeh

One liter of a4 il lus.nj,ger st aln transforrred
with the two e Wmﬁ& %‘Iﬁ Yt'h a 10
shakef | ask con mquomwmee& piger glafAjpeometet The

cultusre 5 wmlmﬁmmm@wm&w ORPB| ie.: fOr 28 h

before a feed t ) was
started at a rBIBPMdiﬁﬁmhg ﬂﬁk ture V\Men I‘un for

anot her 20 h, &Se\loxp g Gplliger:t o VI rtuaIIy zero because
of the CIerr] deman nem.sﬁu(téshmﬁu con@inii@thedhaBer 0 t0 5% 15

t hr oughout the fo t Q ﬂ“ | on),
gl ycer ol vvas m M ov r apM'A ’Qgé'ﬁ%@B 0 a%’i% i I# Cer ol
concent r at f8n WTBB’“Q‘P{W“? "F?‘PFH@S‘ after

I nocul ati on, ba@eﬂ@lm@@nmnﬁqﬁﬂdﬂbmmdhmmp%vel y 0.2 bar

and 4 L/ m n. -3 ardet ala nal
concentration Isﬁ%gg‘:m cu Eﬁﬁ%ﬁﬂg oth 20 was
harvest ed, cenfi98F) "IE‘IG‘F" matkeh nat ant .

One L of cell -MWMammmMMMmmdMMgﬁeHWg about

F?qm_dOf o1 Siglrjpern nt m%ﬂfﬁéﬁw% "eiiﬁl sbﬁf UI vya_s t nttfga{ﬂédoc\nth

40 nL of ethanol in ds whi ch

were renoved byxpressionichssestes fardhaB3 @ﬁdmmmsdnpﬂ&om‘ﬂl&medemnt ed Ii qui d
was anal yzed by, Msdn;fmmmlmtwo ssionUasdbid @abntints t e

r}’thgég,e,ﬁ el mdié:’;%?é%dﬁ!mmm& Appl i cants

BAYBx and dhaT

identity of th r
have dep03| tedwe&%@gl%'“
(cz_rrrpcg si ng) ; ‘PF‘&MG%S e'ﬂB%WWQWGh
Production of Z1,. , ' ni ger
Aspergi | | us ferren 7ol ume Biolafitte

fermenters, worki ngAWTHﬁWé"fgﬁT FWWIQ”'EG)W?EF%'&H%WWﬂﬂE ring the
run. Aer mmmmmbnmmmﬁ%mg tbmm»hbdlofal r at a rate of
iolL{oeTr n(aer obj c brelg:gfﬁ! " ipré Sindt re | -prgsg(;ree(r)]f
(100% DO def | nhgmoloe M’gﬁ foad ‘ﬁ'?‘eﬁ“‘" p%d"ﬁ%%ﬁﬁl}eb'{%\ﬁﬁa%héﬁm et
DO- probes; a mwm@lew@m theiz abilintto geaveon selective media
63 without uridine. Genomic DNA of transformants was digested with Hind IIl and
Spel to liberate fragments of predicted molecular weights, demonstrating
30 integration of intact expression cassettes. Detection of each expmessmn cassette
was done by Southern analysis, probing with individual genes separately. The
presence of the dhaB2 protein was detected by westem analysis using anti-dhaB
antibody.
Expression of each ORF was tested by growing transformants, that have
35 the pAEX:B1+B2 and pAEX:B3+T vectors integrated, in 10% CSL media (corn
steep liquor (50% solids), 10% (w/v); NaH,PO4H,0, 1.0 g/L; MgS0Oy, 0.50 g/L;
maltose, 100.0 g/L; glucose, 10.0 g/L; and Mazu Antifoam, 0.003% (v/v)) as a
seed culture then transferring 1/10 volume of the seed culture to MBM carbon

EXAMPLE 23
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PCT/ US96/ 06705 aerobic). The pHis maintained at 5.60 by automatic
addition of 10% Herr]PJerr] or 28% NH err] OH. Tenperature is

mai ntai ed at 32[err]C . The follow ng conpounds are batched
into the tank and sterilized at: 121[err]C for 30 mn: 2 g/L

NaH err] PO ]GO 17 g/L (NH err])[err]SOerr], 1 g/ , 2
g/L 5 Tvve&agggﬁgg/L Pronmosoy- 100- (a soy concentrate of W{"é n), 6
g/ L com meipamw meﬂbm),,om@ngmzmhtmand 2 g/ L MAZU
DF204 (a custo m;-gﬁi(;@t-; am of the

50% Mal trin 15 d d Q‘ﬁfgL Ci and

strept omyci n(b gﬁ‘&‘p ‘%‘“ﬁcﬁaﬁ’afgﬁ"F él @ﬁé%%@'g%%

One L of a 40- &Cl:wt@m&mg@;Mﬂzmﬁeﬂ%mg@ N%B&udﬂﬂnﬁ;&ﬂﬂmﬂh dhaBl

CSL (hef tneq | 22 B ol The
culture is mﬂﬁPaﬂng 80 mgAy ﬁ@%&g El?l?)tfne ved (a 50%
Maltrin 150 soﬂummHCl 139Matméimmi$ﬂ&d&)cmmw5mzﬂ-a rate of 1

g/ m;j_ni_The f(:ul EttbipfriySin] d mmeogiM(%) aidMaﬂd@ﬁfo&eMd%l InHEd
condi tions o er eratjon er rin
feed is sto éoglvéﬁ%:r %‘ ?t%e su W\/g

virtually Zgr ocnlm(lr"qmnagkl-’-memwm )WOMWQVSEMMH ation is,

SHE Oppfdso/ - WiE clepiliifiiics tentS(Genius NSy, Bbehiting annmbm:@a@emoxture Ggi 5%
err 0 e mn S

i nl et and out | {e'{']s?%b%?é%s Efoseg%lgs ﬂﬁ&%&nﬁ%ﬁw *bar, and
co-enzyne B er #4aB2sd b Tgopeyinishaksfiask sulruges was dsmonstrated by g/ |

Thr oughout , erhiﬂmerﬂkmhepmlﬁngwhﬁm(thhﬂeasmmm are

prepared fgsHPpgrand GC anal ysis. 1, 3-propanedi ol |s detected in the

EXAMPLE 24 25 0 uc;tl n of 1,-3- di ol _from substrates ot her
ol SIS o i, O S bR p SRR T ¢ po

t han gl ycerol
23272) mmcommmmedmmm TBT Splaves wereedont ai ned on

MRS (Difco, d pARIPH ﬁa, nbwe used to

i nocul ate 70 tob CI||US r 0881-17 plenented
R - Wm b i s R

i ncubat ed 2% a'ﬁhma@flzsmfmmedmlatrmm gorop,mpdis Goptaiing o, O err]
85-93% N err] )a:ﬂtami&[asltﬁe]s&ecarbonsome Transfdithént aclohigs atle ofutdline t obaci | | us MRS

brot h showed agé%[;%ﬂ mmﬁl dlﬁ.&&ﬁmrjﬁgh;%{;ﬁi %'I&& RAT Ol .
Lact obaci | I'us rotﬁ was treat e vf)em ne ng .and anal yzed

for glycerol biptaemtd Ktoﬁ-ﬁa@?mss*sma gl ycer ol
coul d be det ecpMKpMX—ﬂlahﬂKbdhﬁdﬁ-ﬂrﬁSEQmNOﬁ)indtﬁbs gl ycer ol was
t ransf or negst opg : i p8§ Opanedi ol coul d be said to have
been produced
64

ro m&p&'g&[m niger strain FSl was grown in 10% CSL media as a seed
culture and transferred as a 1:10 dilution to MBM carbon media + 12% maltose.
Culture supernatent was demonstrated to contain 6 g/L glycerol produced by
Aspergzllu.y Analys:s of glycetol was donc by HPLC

30

A.rpergzllus fennematxons were camed out in 15.5 L total volume
Biolafitte fermenters, working volume initially 8 L, increasing to 11 L durmg the
run. Aerobic conditions were insured by aeration with air at a rate of 10 L/min.,
at an impeller speed of 700-800 rpm and a back-pressure of 1.1 bar (aerobic
35 conditions are defined by the % Dissolved Oxygen (100% DO defined at ambient
pressure), measured with installed DO-probes; a minimal value of 35% DO was
considered aerobic). The pH was maintained at 5.60 by automatic addition of
10% H3POy or 28% NH,OH. Temperature was maintained at 32°C.
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WD 96/ 35796

PCT/ US96/ 06705 After 10 d of incubation, a sanple fromthe
Lactobacillus reuteri culture fl ask was renoved, analyzed by HPLC and
GC-MS, and conpared to an initial medi um sanpl e. Correcting for the
gl ycerol present in the nmedium 1.35 g/L 1, 3- propanedi ol was produced

by Lact obaci | | 4 okRsber i fromsubstrates other than 5 gl yce'i'?.'lrms96m67us
65
The following compounds were batched into the tank and sterilizedat

121°C for 30 min.: 2 g/L. NaH,PO,H,0, 17 g/L (NH4)»SO;4, 1 g/L. MgSOy,
2 g/L. Tween. 80, 45 g/L. Promosoy-100 (a soy concentrate of 70% protein), 6 g/L.
com steep liquor (50% solids), 10 g/L maltose, and 2 g/l. MAZU DF204 (a

. 5 custom-made antifoam). After sterilization, 500 gram of the 50% Maltrin 150
feed was added, together with carbenicillin and streptomycin (both up to a final

. concentration of 10 mg/L).

One liter of a 45 h old Aspergillus niger strain (strain TGR40) transformed

with the two expression vectors pAEX:B1+B2 and pAEX:B3+T, growing in a

10 shakeflask containing 10% CSL was used to inoculate the fermenter. The culture
was then allowed to grow batchwise, fully aerobic, for 28 h before a feed (aSO%
Maltrin 150 solution, heat sterilized) was started at a rate of 0.8-1.0 g/min. The
culture was then run for another 20 h, during which the %DO dropped to virtually
zero because of the O,-demand of the celis (the culture remained at zero to 5%

15 throughout the rest of the run). After that (48 h after inoculation), glycerol was
fed in over a period of § h, up to a final glycerol concentration of 163 g/L. The
maltrin feed was stopped 97 h after inoculation, backpressure and acration
lowered to respectively 0.2 bar and 4 L/min. (0.5 vvm), and co-enzyme B, ,
added to a final concentration of 10 mg/L.. When the culture was 122 h old, broth

20  was harvested, centrifuged, and 0.2 L of ethanol added to 1 L of supematant.

One L of cell-free fermentation broth was vacuum-distilled, yielding about
60 mL of a dark slurry. The slurry was centrifuged, and about 40 mL of liquid
supematant were collected. This liquid was then treated with 40 mL of ethanol in
order to precipitate out residual solids, which were removed by centrifugation. A

25  small sample of the decanted liquid was analyzed by HPLC and found to contain

1,3-propanediol: the identity of the propanediol was confirmed by GC/MS.
Applicants have deposited a recombinant Aspergillus niger strain
TGR40-13, comprising a DNA fragment encoding dhaB(1-3), dhaBx and dhaT
(ATCC ).
30

A.yperglllus fennentanons are carried out in 15.5 L total volume onlafitlse
fermenters, working volume mmally 8 L, increasing to 11 L during the run.
Aerobic conditions are insured by aeration with air at a rate of 10 L/min, at an

35 impeller speed of 700-800 tpm and a back-pressure of 1.1 bar (aerobic conditions
are defined by the % Dissolved Oxygen (100% DO defined at ambient pressure),
measured with installed DO-probes; a minimal value of 35% DO was considered
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APPLI caTl oN Munveer
CLASSI FI CATI O\: dhaB2, dhaB3, dhaB4 and dhaT genes, growing in a shakeflask containing 10%

CSL (defined in Example 22), is used to inoculate the fermenter. The culture is
then allowed to grow for 30-35 h before the feed (a 50% Maltrin 150 solution,
heat sterilized) is started, at arate of 1 g/min. The culture is then run for another
15 5 hunder O, limited conditions (%DO zero, under full acration). After that, the
Maltrin feed is stopped and when the measured glucose in the supematant is
virtually zero, the rpm is lowered to 150, the BP to 0.2, and aeration is stopped.
The fermenter is flushed with an anaerobic gas-mixture (5% H,, 5% CO,, 90%
N») at a rate of 7 L/min for 30 min. Gas inlet and outlet is then closed, BP is
20 maintained at 0.4 bar, and co-enzyme B, is added to a final concentration of
5 mg/L. Throughout, broth samples are centrifuged and the supernatants are
prepared for HPLC and GC analysis. 1,3-propanediol is detected in the

(B)

Lactobacillus reuteri (ATCC 23272) was maintained on MRS (Difco,
Detroit, MI) plates. Colonies from a plate were used to inoculate 70 mL
Lactobacillus MRS broth (Difco #0881-17) supplemented with 25 mM NaHCO;

30 ina250 mL Edenmeyer flask. The flask was incubated in an anaerobic
atmosphere (5-7% Hy, 2-8% CO,, 85-93% N») at 32°C.

HPLC analysis of Lactobacillus MRS broth showed a component with the
retention time of glycerol. Lactobacillus MRS broth was treated by alkaline
boiling and analyzed for giycerol by HPLC and enzymatic assay. At most,

35 0.25 g/L glycerol could be detected in the initial medium; if all of this glycerol
was transformed to 1,3-propanediol, 0.21 g/L propanediol could be said to have

been produced from glycerol.
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120 AATTTGCATC GCGCATTCAA ACATTTTGIC
180 ACAGGECGECCG GAGAGCATGC CCTGGCCGAT
240 (GCCGECCECCG GAGAGCAGEG CCACCTTGECC
300

65



CAGCGEGTCC TGATGCAGGEG TCAGCTGCGG ATGGGECTTTA GCCAGCCCCT GTAATTGITC
ATTCAGTACA TCTTCAACAC GGITAATCAG CTTTTTTCATT ATTCAGIGCT CCGITGGAGA
AGGTTCGATG CCCCCTCTCT GCTGECGGAG GCGGICATCG CGTAGGEGTA TCGTCTGACG
GIGGAGCGTIG CCTGGCGATA TGATGATTCT GGCTGAGCGG ACGAAAAAA GAATGCCCCG
ACGATCGGEGT TTCATTACGA AACATTGCTT CCTGATTTTG TTTCTTTATG GAACGTTTTT

360
420
480
540
600

CCTGAGCATA TGgldwemans CCGAGCTGEC GCCCTTTTTT TCTTCTGCCA TAA
TCAGGATAGC CGECGAAGCG GGTGGGAAAA

AAT. TTTCTG CCGS?%‘M'Q
GAGAAAAGGC GGTCAAACAC GGAGGATTGT AA G GAGCGGATCG 780

GGATCGCAAT  CCTGAGAGAGEAERAGERBORIATION:GT TCCAA TATGGAACGT AAAAAATTAA
CCTGTGITTC ATATCAGAAC AAAAGGCGA AAGATTTTTT TGTTCCCTGC CGGBCCCTACA

GTGATCGCAC TGCTCOGGTA HOGCTBXBGEFRNTAGECOGCGCT TCACTGE0CG GOGCGGATAA
CGOCAGGGCT CATCATGTCT A@TWTTHW@\W"WM@

TATTCAATCT CCAGCCAAAT ATCT]
TGCCAAAAC CTGGCGGAGA GCTTC
GCGAGAGAAA GIGGTGAATG GCCT

TAACGGCGAA TGCAGCCATG CGGAMT%QTEGEEEF Gﬁ@ GaedyeT TTGC AAAAACAGGG
CTGCCGCGGC GTGGTCGGGA  TCGGRBGHRABERHMAACEIZ-BIEATICCGCGA AGGCGATCGG
TTACTACCAG AAGCTGCCGG TGGT @OT GRREBBEGADZATI3-BEETCGACCG ATGCGCCAAC

840
900
960
1020
1080
1140
1200
1260
1320
1380
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GAAAAACCCG GATATGGIGG TGATGGATC GGCATTATC GCCAAAGCGC OGGTIACGCCT 1500
GCTGGICTCC GGCATGEECG ATGCGCTCTC CACCTGGITC GAGGECCAAAG CTTGCTACGA 1560

TGACGECGECECC ACCAGCATGG CCGGAGGACA GICCACCCGAG GCGECGECTGA GCCTCECCCG 1620

CCTGTGCTAT GATACGCTGC TGGCGGAGGG CGAAAAGCC CGTCTGGCGG CGCAGGECCGG 1680
GGTAGTGACC GAAGCGCTGG AGCGCATCAT CGAGGCGAAC ACTTACCTCA GCGGCATTGG 1740
CTTTGAAAGC A CCGCTGCCCA TGCAATCCAC AACGGTITTCA CCATT 96/0 7&%00

AGAGTGCCAT TC GGTACCCTGG CGCA

GCTGCAGAAC Al @C&@M%@%G GGCTTCTGCC AGCGCGTCGG 1920
CCTGCCGGTG ACGCTCGCGC AGAT atiints QaiiaAEKEsizost CGACGAGA AAATCGCCGC 1980
GGTGGCGAAA GCTACCTGCG CGGAAGHGHENGRACCATIAB Hasd AAFSCCGT TTGCGGTGAC 2040
CCCGGAGAGC GTCCATGCCG CTATGET CATPEEGOREMECTRLRTAGGCCAGC AGTGGCTGGEC 2100
GCGTTAATTC GCGGTGGCTA AACCGST GEFRRDBREES:AGRNGST TTTTCTT TCTCCCCTCC 2160
GGCAGTGGCT GCCGGAGGGG TTCTCPATERFCERERACHDERS AAAGGATAT GACTGTTCAG 2220
ACTCAGGATA CCGGGAA TT. TGGCA CCGCTGCAGC 2280
AAGTTTATGC AGCGCGAAAC ‘%@&%‘ %C%% GACCTTCGAC 2340
TCCATCTGTC GGCGTAAAAC (@G GEEGemice ARSORorione ASPGDGmAT GGAAGACGCC 2400
TGGGAGTTTA TGGACGGCCG CCCCTGCGCG CTGTTTATTC TTGATGAGTC OGCCTGCATC 2460
CTGAGCCGTT SCBOSNCBCSIGETER > ~ BCEFSCCITEEIGRPFIICEEGADC 60 2520
GGCAGCTATT GTGOGGAGAG CATTATCGGC ACCTGOGOGC TGTCGCTGGC CGCGATGCAG 2580

GGCCAGCCGA AABARYSA wmwwwmm%m 92640
TTTTGCTCGA %;M 700
TGTCTGGTCGM% ¢ i"l‘v G g2760
GTGGGTAACT £a63¢dodd ARcidoheCESTECeaehe 2820
2880
2940

GGGAAAAATA TCGCCGATCT GGTGACCCTC CCGGEGRCCTGC TGCGCCGCGC CATCAAACAC 3000
GCCCGCGGECC ERAGREZR EFRRSCARRST EACCTECRF (AXBARSTET A GEORECRRST TETRATYIERAT GCG 360 3060

ATTCAGTACA TCTTCAACAC GGTTAATCAG CTTTTTCATT ATTCAGTGCT CCGTTGGAGA 420
AGGTTCGATG CCGCCTCTCT GCTGGCGGAG GCGGTCATCG CGTAGGGGTA TCGICTGACG 480
GTGGAGCGTG CCTGGCGATA TGATGATTCT GGCTCAGCGG ACGAAAAAAA GAATGCCCCG 540
ACGATCGGGT TTCATTACGA AACATTGCIT CCTGATTITG TTTCTITATG GRACGITTITT 600
GCTGAGGATA TGCTGARAAT GCGAGCTGGC GCGCTTTITT TCITCIGCCA TAAGCGGCGE 660
TCAGGATAGC CGGCGAAGCG GGTGGGAAAA AATITTTTGC TGATTITCIG CCGACTGCGG 720

GAGADAAGGC GGTCAAACAC GGAGGATTGT AAGGGCATTA TGCGGCAAAG GAGCGGATCG 780
GGATCGCAAT CCTGACAGAG ACTAGGGTTT TTTGTTCCAA TATGGAACGT AAAAAATTAA 840
CCTGIGITIC ATATCAGAAC AAAAAGGCGA AAGATTTITT TGTTCCCTGC CGGCCCIACA 200
GIGATCGCAC TGCTCCGGTA OGC'I."CCGTTC AGBCCGCGCT TCACTGGCCG GCGCGGATAA 960
CGCCAGGGCT CATCATGTCT ACATGCGCAC TTATTIGAGG GTGAAAGGAA TGCTAAAAGT 1020
TATTCAATCT CCAGCCAAAT ATCTTCAGGG TCCTGATGCT GCTGITCIGT TCGGTCAATZ. T 1080
TGCCAAAMAC CTGGCGGAGA GCITCITCGT CATCGCTGAC GATTTCGTAA TGAI.LGCTGGC 1140
GGGAGAGAAA GTGGTGAATG GCCTGCAGAG CCACGATATT CGCTGCCATG CGGAACGGTT 1200
TAACGGCGAR TGCAGCCATG CGGAAATCAR CCGTCTGATC GCGATTTTGC ARAAACAGGG 1260
CTGCCGCGGC GTGETCGGGA ’ICGGCGG’!GGl TAAAACCCTC GATACCGCGA AGGCGATCRG 1320

TTACTACCAG AAGCTGCCGG TGGTGGIGAT CCCGACCATC GCCTICGACCG ATGCGCCAAC 1380
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GIGATCACCT TAAAACCGAT TGTCGRGECG CAAGGCAAACA GITTTATTCT GCTGCTGCAT 3120
68 WD 96/ 35796

PCT/ US96/ 06705 CCGGTGGAGC AGATGCGGCA GCTGATQACC GCCAGCTCG GTAAAGTCAG
CCACACCTTT 3180 GAGCAGATGT CTGCOGCGAC TCCGGAAACC CGACGOCTGA TCCACTTTGG

CCGCCAGECG 3240 GCGCCCGECG CCTTCCCGGT GCTACTGTGC GGCGAAGAGG GGEGTCGGGAA
AGACCTGCTG w3679\ GCCAGGCTA TTCACAATGA AAGCGAACGG GCGGGC%%W
CCCTGIT

TACCGACCACeCHg58 e KA AR e e st

TCTCCAAAAGAnAncEEE CaravbEiadldrEaabintaobdaombr6d: CasdeGT GATTAA
GCAGBGOGTG 3540 ~ CTCACOOGOC TCGACGOOOG GCGCCTGATC CCGGTGGATG TGAAGGTGAT

TGCCACCAGRTCEIREC0 - O NG CTASTERIAT TA 1680GCCAGCT
GTACTATGOG 3660 CTGCACTCCT TTCAGATCOT CATCCCGCCG CTGOGCCC GACGCAACAG
TATTCOGT (R§CCCECEGS ACCAOPRFSECEAIPA SEEFES

AT CCAC cn D n PACHERE o AL CELERO AL OB

GAGTAAT CTéaracTéREld) cardecbain T Ackecaichr bhiddetnnc Séivnkddcilde

TGATTT
TTCGCCT

cRRPREAT GaGe s CT CATCGCT

GCTGCCGRCC 3960 AGCCTGACTT TTAGCGCCAT CGAAAAGGAA GCTATTATTC .ACGCCGCCCG
GGT GACCAGS TTCAAGY BCTGS00 scely AT Ch CCANTATEBGGCI8BCACCACCCT
GTGGCGCAAA 4080 ATGAAGCGT ACGATATTGA CGCCAGCCAG TTCAAGCGCA AGCATCAGGC
CTAGT CTCTAEACTGESAR) CAGYERT : GETTCCRYIAGIQICH, CROMEESTEAT T 18P GTAGCGT

TTGAGCECRE 0 1 A oA A SRS ABASHAEE00 FJPOAGCTH

CCTGCCGETG ACGCTOECES
GGTGGCGAAA GCTACCTGCG
CCCGGAGAGC GTCCATGCCE
GCGTITAATTC GCGETCGCTA
GGCAGTCGCT GCCGGAGGGE
ACTCAGGATA CCGGGAAGGC
AAGTTTATGC AGCGCGAAAC
TCCATCTGTC GGCGTAARAC
TGGGAGTTTA TGGEACGGCCE
CTGAGCCGTT GCGGCGAGCT
GGCAGCTATT GTGCGGAGAG
GGCCAGCCGA TCAACACCGC
TTTTGCICGA CGCCGETGTT
TGICTGETCG AGCACCAGTC
GTGCETAACT CCCTGCTTAC
ATGTACGGCC TGCTGGAGAG
CTGCAGTTTC TCAATGTTCA
GGGARARATA TCGCCGATCT
GCCCGCGGCC TGAATCACGT

GIGATCACCT TAAAACCGAT

AGATGGGCGT CAAAGAGGGG ATCGACGAGA AAATCGCCGC
CGGAAGGGGA AACCATCCAT AATATGCCGT TTGCGGIGAC
CIATCCTCAC CGCCGATCYG TTAGGCCAGC AGTGGCIGGC
AACCGCTIGGC CCAGGTCAGC GGITTTITCIT TCTCCCCTICC
TICICTATGG TACAACGCGG AAAAGGATAT GACTGTTCAG
GGTCTICITCC GICATTGCCC AGTCATGGCA CCGCTGCAGC
CTIGGCAAACG CCGCACCAGG CCCAGGGCCT. GACCTTCGAC
CGCGCTGCTC ACCATCGGCC AGGCGGCGCT GGAAGACGCC
CCCCIGCGCG. CTGTTTATTC TIGATGAGTC CGCCTGCATC
GCAAACCCTG GCCCAGCTGG CIGCCCTGGG ATTICGCGAC

CATTATCGGC ACCTGCGCGC TGTCGCTGGC CGCGATGCAG

CGGCGATCGG CATTTTAAGC AGGCGCTACA GCCATGGAGT

TGATARCCAC GGGCGGCTGT TCGGCTCTAT CTCGCTTTGC
CAGCGCCGAC CTCTCCCTGA CGCTGGCCAT CGCCCGCGAG
CGACAGCCTG CTGGCGGAAT CCAACCGTCA CCTCAATCAG
CATGGACGAT GGGGTGATGG CGTGGAACGA ACAGGGCGIG
GGCGGCGAGA CTGCTGCATC TTGATGCTCA GGCCAGCCAG
GGTGACCCTC CCGGCECTGC TGCGCCECGC CATCAAACAC
CGAAGTCACC TTTGAAAGTC AGCATCAGTT TGTCGATGCG

TGTCGAGGCSG CARGGCAACA GTITTTATICT GCTGCTGCAT

68

1980

2040

2100

2160

2220

2280
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2400

2460
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2700

2760

2820

2880

2940

3000

3060

3120



TGCGCGCCAC
ACGGEECEECT
CGCCGATCGT
GCACGAACAG
TGGCGTAGCA
GAATATGGTC

69 cceeeeeecdlEdto

PCT/ US96/ 06705 CACCGCCTCC GICATAGGIT ATGGTGGTC AGGGGACCCC CTGCTCCTCC

AGCOAGECYA TRCACENIGA, BRGCHRACKER _GGELEECH [CUTACKICTCQSTIIEGCIELC GBASNMACAGG
4980 GCGGIGAAAG CGACATGACG GTCCCTCGT TAACACTCAG AATGCCTGGEC

CASFABRTC (PSR RARSFE SCTERSFERsT TOEARREE ccA3%coaT

i e %‘%ﬁ%ﬁ%‘%&%ﬁ GRS AT oo

arc@diiic RGEEEAGA GETEaGETE AR adrEt GUcraTiA GEACHCES ATASHBCCCA
5280 GITGECGATC AC-ZGT TGT AGC GCGCCACATG CGGCAGCAGG ACAGCGITGG

AGCCCCGAGC
CGTACGCCTG
GGAAAATCGC
CTTTTAGAGC
GATGCTGCGG
CCGCGTCGAG
ATTTCTCCGG
CCACGCCGTG
CGAGGTTGEC

TTT%@G CGECTGECCEC CGTACAGEEC GGTGGIGCCT TTAT

GIGCAGCTGG GCAGAGGCEA GATTCCTCCC CGGGATCACG AACTGITTTA 4320
CTCGGCCATA TTGCGGTCGA TAAGCCGCTC CAGEECGGIG ATCTCCTCTT 4380
CTGGCTCAGG CGGGTCAGGC CCCGCGCATC GCTGGECCAGT TCAGCCCCCA 4440
CGTCTGCTGA ATATGGTGCA GGCTTTCCCG CAGCCCGECG TCGCGEGICG 4500
GACGCCCAGC TGGGATATCA GITCATCGAC GGTGCCGTAG GCCTCGACGC 4560

ATTCAGTTTC TCTCACTTAA CGGCAGGACT TTAA 596
TR CRTTBRT AL CFEREERBrAG318° 4740

R BrEREocr 4 aseo

6D GGCTACTGTGC GGCGAAGAGG GGGTCGGGAR AGAGCTGCTG 3300

GATA

5400
ACCGTCGATC TGGCCAATCT GGTGGAACAG AACCGCTTTA GCCGCCAGCT GTACTATGCG 3660

CTGCACTCCT TTGAGATCGT CATCCCGCCG CTGCGCGCCC GACGCAACAG TATTCCGTCG 3720
CTGGIGCATA ACCGGTTGAA GAGCCTGGAG AAGCGTTTCT CTTCGCGACT GAAAGIGGAC 3780
GATGACGCGC TGGCACAGCT GGTGGCCTAC TCGTGGCCGG GGAATGATTT TGAGCTCAAC 3840
AGCGTCATTG AGAATATCGC CATCAGCAGC. GACAACGGCC ACATTCGCCT GAGTAATCIG 3900
CCGGAATATC TCTTTTCCGA GCGGCCGGGC GGGGATAGCG CGTCATCGCT GCTGCCGGCC 3960
AGCCTGACTT TTAGCGCCAT CGAAAAGGAA GCTATTATTC ACGCCGCCCG GGTGACCAGC 4020
GGGCGGETGC AGGAGATGTC GCAGCTGCTC AATATCGGCC GCACCACCCT GTGGCGCARA 4080
ATGRAAGCAGT ACGATATTGA CGCCAGCCAG TTCAAGCGCA AGCATCAGGC CTAGTCTCIT 4140
CGATTCGCGC CATGGAGAAC AGGGCATCCG acaescsm' GCTGTAGCGT TTGAGCGCET 4200
CGCECAGCGEE ATGCGCGCGE TCCATGGCCE TCAGCAGGCG TTCGAGCCGA CGGGACTGGE 4260
TGCGCGCCAC GTGCAGCTGG GCAGAGGCGA GATTCCTCCC CGGGATCACG AACTGTTTTA 4320
ACGGGCCGCT CTCGGCCATA TTGCGGTCGA TAAGCCGCTC CAGGGCGGTG ATCTCCTCTT 4380
CGCCGATCGT CTGGCTCAGG CGGGTCAGGC CCCGCGCATC GCTGGCCAGT TCAGCCCCCA 4440
GCACGABCAG CGTCTGCTGA ATATGGTGCA GGCTTTCCCG CAGCCCGGCG TCGCGGGTCG 4500
TGECGTAGCA GACGCCCAGC TGGGATATCA GITCATCGAC GGTGCCGTAG GCCTCGACGC 4560
GAATATGGTC TTTCTCGATG CGGCTGCCGC CGTACAGGGC GGTGGTGCCT TTATCCCCGG 4620
TGCGGETATA GATACGATAC ATTCAGTTTC TCTCACTTAA CGGCAGGACT TTAACCAGCT 4680
GCCCGGCETT GGCGCCGAGC GTACGCAGTT GATCGTCGCT ATCGGTGACG TGTCCGGTAG 4740
CCAGCGGCGC GICCECCEGC AGCTGGGCAT GAGTGAGGGC TATCTCGCCG GACGCGCTGA 4800

GCCCGATACC CACCCGCAGG GGCGAGCTTC TGGCCGCCAG GGCGCCCAGC GCAGCGGCGT 4860
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GITATTGAAA GCCATCCCGG CCAGCGAGAG AGCATAGGECC ATGITTTCCC GCGCCTGCAG 5460
ATTGCTGCCG AGGGCCACGG CCTGGECGCAG GITGCGECG ATGAGGCGGA TCCCCTGCAT 5520
GECGEECAEECG TCCGTCACCG GGTTAGCGIC TTTGGAGATA TAGGECCTCTA CGECGTGEGT 5580
CAGGGCATCC ATCCCGGTCG CCGCGGTCAG GECGECCAEGET TTACCGATCA TCAGCAGIGG 5640
ATCGTTGATA GAGACCGACG GCAGITTGCG CCAGCTGACG ATCACAAACT TCACTTTGGT 5700

TTCGGTGTTG GTeAQaRGes AGTCGGEGGT GACCTCGCTG GCGGTGCOGG eel_ %QW%

GOCOGGACG ATA ce ATECS , 1920

ATCGCCCTCA 16 A 5880
5940

GITGGTGICT TTCGGGTITCG GCTCGACGCC GTCAAAGATC GCCACCTCGA TCCCGGCCTC 6000
CCGCAGATAAW%WW BRTEOCTEY BEARXCEE TGTE940 5060
GGIGACCAGC AGGECECTITTTT T 6120
e o i %W fioo o150
AATATACCTT, ﬂ AT A 'WWGO 6240
TAATTGATCC ’ CGCCGA 6300
AAAAATAACFAWWMTW EoiordcEGeectdrseat CCAS220 6360
ACCGTACAGA GATTGTCCTG GCTGGACCGC TGACGTAATT TCATGGGTAC CTITCCTTCAG 6420
Jea UGOCOAR TORRETIAGCS GTEXGACLGA ATRILTUCEEGT C5280 6480

CATOOGCTGG, ATAAGCOG TGTTGCTCC GOGGTCAACT ACGGAAAACA CCACOGOCAC 6540
GTTGAT CTCASTEFEEA R AR S P RERSERCEE (LR HTGC PR CEISS R ERSEER caEP4? 6600

70 CGGCATETCC TACAGGCCGC CCAGCTGGTG CGCCATGGCE TGCACGTAGC CGAGGTIGEC 5400

GTITATTGAAA GCCATCCCGG CCAGCAGAGA AGCATAGGCC ATGTITTCCC GCGCCTGCAG 5460
ATTGCTGCCE AGGGCCACGG CCTGGCGCAG GITTGCEGECG ATGAGGCGGA TCGCCTGCAT §520
GGCGGCGEGCE TCCGTCACCG GGTTAGCGTC TTTGGAGATA TAGGCCICTA CCGCGTGGGT 5580
CAGGGCATCC ATCCCGGTCG CCGCGGICAG GBCCGCCGRET TTACCGATCA TCAGCAGTGG 5640
ATCGTTGATA GAGACCGACG GCAGTTTGCG CCAGCTGACG ATCACAAACT TCACTTTGGT 5700
TTCGGTGTTG GTCAGGACGC AGTGGCGGGT GACCTCGCTG GCEETIGCCGE CGGTGGTATT 5760
GACCGCGACG ATAGGCGGCA GCGGGTTGGT CAGGGTCTCG ATTCCGGCAT ACTGGTACAG 5820
ATCGCCCTCA TGGGTGGCGE CGATGCCGAT  GCCTTTGCCG. CAATCGTGCG GGCTGCCGCC 5880
GCCCACGGTG ACGATIGATGT CGCACTGITC GCGGCGAAAC ACGGCGAGGC CGTCGCGCAC 5940
GITGETGICT TTCGGGTICG GCTCGACGCC GIGAAAGA'I’C GCCACCTCGA TCCCGGCCTC 6000
CCGCAGATAA TGCAGGGITT TGTCCACCGC GCCATCITIA ATTGCCCGCA GGCCTITGIC 6060
GGTGACCAGC AGGGCTTITT TCCCCCCCAG CAGCIGGCAG CGTICGCCGA CTACGGARAAT 6120
GGCGTTGCGG CCAAAARAGT TAACGTTTGG CACCAGATAA TCAAACATAC GMMCAT 6180
AATATACCTT CTCGCTTCAG GTTATAATGC GGAAAAACAA TCCAGGGCGC ACTGGGCTAA 6240
TAATTGATCC TGCTCGACCG TACCGCCGCT ARCGCCGACG GCGCCAATTA CCTIGCTCATT 6300
ARAAATAACT GGCAGGCCGC CGCCAAAAAT AATAATTCGC TGTTGGITGG TTAGCIGCAG 6360
~ ACCGTACAGA GATTGTCCTG GCTGGACCGC TGACGTAATT TCATGGGTAC CITGCTTCAG 6420
GCTGCAGGCG CTCCAGGCTT TATTCAGGGA AATATCGCAG CTGGAGACGA AGGECCICGTC 6480
CATCCGCTGG ATAAGCAGCG TGTTGCCTCC GCGGICAACT ACGGAARACA CCACCGCCAC €540

GTTGATCTCA GTGGCTTTETT TTTCCACCGC CGCCGCCATT TGCTGGGECCE CGGCCAGEGT 6600
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WD 96/ 35796 PCT/ US96/ 06705
GATTGICTGA ACTTGITGEC TCTTGITCAT CATTCTTTCC CGCACCAGGA TAACGCTGEC 6660

GCGAATAGIC AGTAGEEEEC GATAGTAAA AACTATTACC ATTCGGITGG CTTGCTTTAT 6720
TTTTGITCAGC GITATTTTGI CGCCCGCCAT GATTTAGICA ATAGGGTTAA AATAGCGTCG 6780
GAAAAACGTA ATTAAGGGECG TTTTTTATTA ATTGATTTAT ATCATTGCGG GCGATCACAT 6840
TTTTTATTTT TGO &bérsass GT AAAGT TTC ATAGTGAAAC TGICGGTAGA TTTCGI,

ssso 20 2 0
6723080

GCCCCGTCAA TCACGACGEG CTGATTGECG AGIGECCTGA AGAGGEECTG ATCGCCATGG 7140

ACAGCCCCTT CROSLECRAT BATTIAGRCA_ATAYGH! G>780 7200

ACGGCAAACG QCGOGACCAG TTTGACATGA TCCACOGATT TATCGCCGAT TACGCGATCA 7260
ACGTTGAGCG BAR wmeém 7320
TGGATATTCA 007380
7440

e Wﬁ%sso 7500
TGCAGATTGC COCTGACGOC GCCGAGGCCG GGATCCGCGG CTTCTCAGAA CAGGAGACCA 7560
CGGTCGGTAT ToCCRIEEN ACC AT S6C GT7020 7620
GCGGO0GOCC COGCGTGTTG. ACGCAGTGCT CGGTGGAAGA GGOCACCGAG CTGGAGCTGG 7680
GCATGOGTGG A AT AR IACRARRCAARE: FATEARMCT ARPISERGTACCTERNEALETATTO80 7740

ikt R e
& % 140 23560

GCGGGTTGAA ACH
AGAGCAAGIT C AoAdédoter AGadctesys \i¢iptadthd Gréddchia L Addraedire \ercehicnss CCGr200 7920
TTCAGGGACT GCAAAACGGC GCGGTGAGCT GTATCGGCAT GACCGGCGCT GTGCCGTCGG 7980
GCATTCGCGC ASCRABEHSCCEGGALENS ; AT GCCB Y CraGBTUSCGT7260 8040
CCGCCAACGA CCAGACTTTC TCCCACTCGG ATATTCGCOG CACOGCGOGC ACCCTGTAGC 8100
AGATGCT GCC ARG R AR IR BT AR TCCCE BeARSABST CERATRISCFEARSFARACAT320 3160

ACATGTTOGC foBRaA A LA SRR ARPATLIGA A AT JACAAE. AEOCEBEACE 73098220

AAGCGGTCGA GGTCATGGCG CAGATGAACG TGGTGGAGAT GATGATGGCG CTGCAGAAGA 7440

TGCGTGCCCG CCGGACCCCC TCCAACCAGT GCCACGTCAC CAATCTCARA GATAATCCGG 7500
TGCAGATTGC CGCTGACGCC. GCCGAGGCCG GGATCCGCGG CTTCTCAGAA CAGGAGACCA 7560
CGGTCGGTAT CGCGCGCTAC GCGCCGTTTA ACGCCCIGGC GCTGTTGGIC GGTTCGCAGT 7620
GCGGCCGCCC CGGCGTGTTG ACGCAGTGCT CGGTGGAAGA GGCCACCGAG CTGGAGCTGG 7680
GCATGCGTGE CTTAACCAGC TACGCCGAGA CGGTGTCGGT CTACGGCACC GRAGCGGIAT 7740
TTACCGACGG CGATGATACG CCGTGGTCAA AGGCGTTCCT CGCCTCGGCC TACGCCTCCC 7800
GCOGGTTGAA AATGCGCTAC ACCTCCGGCA CCGGATCCGA AGCGCIGATG GGCTATTCGG 7860
AGAGCAAGTC GATGCTCTAC CTCGAATCGC GCTGCATCTT CATTACTAAA GGCGCCGGGE 7920
TTCAGGGACT GCABAACGGC GCGGTGAGCT GTATCGGCAT GACCGGCGCT GTGCCGTCGE 7980
GCATTCGGGC GGTGCTGGCG GARARCCTGA TCGCCTCTAT GCTCGACCIC GAAGTGGCGT 8040
CCGCCAACGA CCAGACTTTC TCCCACTOGG ATATTCGCCG CACCGCGCGC ACCCTGATGC 8100
AGATGCTGCC GGGCACCGAC TTTATTTTCT CCGGCTACAG CGCGGTGCCG AACTACGACA 8160
ACATGITCGC CGGCTCGAAC TTCGATGCGE AAGATTTTGA TGATTACAAC ATCCIGCAGC 8220
GTGACCTGAT GGTTGACGGC GGCCTGCGTC CGGETGACCGA GGCGGAAACC ATTGCCATTC 8280

GCCAGAAAGC GGCGCGBGCE ATCCAGGCGG TTTTCCGCGA GCTGGGGCTG CCGCCAATCG = 8340
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GIGACCTGAT GGITGACGEC GECCTGCGIC CGGTGACCGA GGCGGAAACC ATTGCCATTC 8280
GCCAGVAGC GECECGEEECG ATCCAGECGG TTTTCCGCGA GCTGEGEECTG CCGCCAATCG 8340

71

CCGOCGCGTA
ACCGGCCTCG
ATTCTCAATA
GATCGGCAGT
ACCGGCTATC
CAGCCCGACA
TCTTTTACCC
GTGGTGATCG
CCOCATGGOG
CGGGTGGTGC
CTGAGCGGCT
CGOGATCTGC
GAGACCTACC
CCGGTGCOGG
TTTCATACA

GACTTAGTAA

WD 96/ 35796

PCT/ US96/ 06705  CCGACGAGGA GGTGGAGGCC GCCACCTACG CGCACGSCAG CAACGAGATG

8400 ACGTGGTGGA GGATCTGAGT GCGGTGGAAG AGATGATGAA GCGCAACATC

WRIMFBTISATATGTCCG CGCGCTGAGC CGCAGCGGCT TTGAGGA PET/USHMSASSCAAT
8520 TGCTGCGCCA GCGGGTCACC GGCGATTACC TGCAGACCTC GGCCATTCTC
CEBLeACCA GOt AETERTT cERACHBCSGECA0RACHGAGAE N AP CASCTAddzA ClgideCCGGC
8640 GCATCTCTGC CGAACGCTGG GCGGAGATCA AAAATATTCC GGGCGTGGTT
o R RO ACCETRCRAT AP TCAT AR TEIEAACAT ACRGCEXSE  AAFIROAGCCC

AGCTTCTG CCGATGAACG CCCCGATGAA
%Zﬁ% AR SR A ST ERTERH GAIATATG
8940 GCATTCTGCG CACGTCCGAC GTCTCCTTTA T%i%& %ﬂc

TGRBGEIGCTCRETRFEIE RRATOEETN AEECHETE (R SCEES \RECRGEY
9060 TGCCGCTCAG CAACCTGGAG CTGTTCTCCC AGGCGCCGCT GCTGACCCTG

c&&?&n A Gl fi
9240 AAGAGACCAA A A
TABHPECCG CEAGGGCGEE GTAGCTTCTC CCGATGAACG CGCCGATGRA GTGGTGATCG - 8820

GCETCGGCCC TGCCTTCGAT AAACACCAGC ATCACACTCT GATCGATATG CCCCATGGCG 8886
CGATCCTCAA AGAGCTGATT GCCGGGGTGE AAGAAGAGGS GCTTCACGCC CGGGTGGIGT 8940
GCATTCIGCG CACGTCCGAC GICTCCTTITA TGGCCTGGGA TGCGGCCAAC CTGAGCGGCT 9000
CGGGGATCGG CATCGGTATC CAGTCGAAGG GGACCACGGT CATCCATCAG CGCGATCTCC 9060
TGCCECTCAG CAACCTGGAG CTGTTCTCCC AGGCGCCGCT GCTGACGCTG GAGACCTACC 9120
GGCAGATTGG CAAAAACGCT GCGCGCTATG CGCGCAAAGA GTCACCITCE CCGGTGCCGG 9180
TGGTGAACGA TCAGATGGTG CGGCCGAAAT TTATGGCCAA AGCCGCGCTA TTTCATACA 9240
AAGAGACCAA ACATGTGGTG CAGGACGCCG AGCCCGTCAC CCTGCACATC GACTTAGTAA 9300
GGGAGTGACC ATGAGCGAGA AAACCATGCG CGTGCAGGAT TATCCGITAG CCACCCGCTG 9360
CCCGGAGCAT ATCCTGACGC CTACCGGCAA ACCATTGACC GATATTACCC TCGAGAAGGT 9420
GCTCPCIGGC GAGGTGGGCC CGCAGGATGT GCGGATCTCC CGCCAGACCC TTGAGTACCA 9480
GGCCECAGATT GCCGAGCAGA TGCAGCGCCA TGCGGTGGCG CGCAATTTICC GCCGCECGGC 9540
GGAGCTTATC GCCATTCCTG ACGAGCGCAT TCTGGCTATC TATAACGCGC TGCGCCCGTT 9600
CCCCTCCTCG CAGGCGGAGC TGCTGGCGAT CGCCGACGAG CTGGAGCACA CCTGGCATGC 9660
GACAGTGAAT GCCGCCTITG TCCGGGAGTC GGCGGAAGTG TATCAGCAGC GGCATAAGCT 9720
GCGTAAAGGA AGCTAAGCGG AGGTCAGCAT GCCGTTAATA GCCGGGATTG ATATCGGCAA 9780
CGCCACCACC GAGGTGECGC TGGCGTCCGA CTACCCGCAG GCGAGGGCGT TTGTTGCCAG 9840
CGGGATCGTC GCGACGACGG GCATGAAAGG GACGCGGGAC AATATCGCCG GGACCCTCGC 2900
CGCGCIGEGAG CAGGCCCTGG CGAAARACACC GTGGTCGATG AGCGATCTCT CTCGCATCTA 9960
TCTTAACGAR GCCGCGCCGG TGATTGGCGA TGTGGCGATG GAGACCATCA CCGAGACCAT 10020

TATCACCGAA TCGACCATGA TCGGTCATAA CCCGCAGACG CCGGGCGEGE TEGGCGTTES 10080
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GGGAGTGACC
CCCGGAGCAT
GCTCTCTGEC
GGCGCAGATT
GGAGCTTATC
CCGCTCCTCG
GACAGTGAAT
GCGTAAAGGA
CGCCACCACC
CCGGATCGIC G
CGCCCTCGAG
TCTTAACGAA
TATCACCGAA
72

PCT/ US96/ 06705 g

AGTATCGCCGA
GGTGGCTCAA
ACGACGECGT
CGCGCTGCGA

AGGTGGTGCG
AAGAGACCCA

ATGAGCGAGA AAACCATGCG CGTGCAGGAT TATCCGTTAG CCACCCGCTG 9360
ATCCTGACGC CTACCGGCAA ACCATTGACC GATATTACCC TCGAGAAGGT 9420
GAGGTGGGECC CGCAGGATGT GCGGATCTCC CGCCAGACCC TTGAGTACCA 9480
GCCGAGCAGA TGCAGCGCCA TGCOGGTGGOG CGCAATTTCC GOCGOGOGEC 9540
GOCCATTCCTG ACGAGOGCAT TCTGGCTATC TATAACGOGC TGOGCCCGTT 9600
CAYR 246 TGCTGGECGAT CGCCGACGAG CTGGAGCACA CCTGGOMIRAISISI6ME 60
GCCGCCTTTG TCCGGGAGTC GGOGGAAGTG TATCAGCAGC GGCATAAGCT 9720
AGCTAREeEp o ek e dioc b oseottch O n Cdees ettt ot TAibdeA 141480
GAGGTGGCGC TGGCGTCCGA CTACCCGCAG GCGAGGGCGT TTGTTGCCAG 9840
: 1029900
9960
CTeACPIRSRBIRCH ot S ‘ PRECET 103§820
TCGACEATE, T AR PR 80
ﬁgp&%&%@&m GI%E@ 1043080
AGESHC e CEIREIISET oIl "

1 GRBTTCTUGABICHIACS GARICECIE ORECCECIBGEANCCIC T CROMDAGG
10260 TGCTGGTGAAC AACOGEOGC. GTAMMACOCT GOOGGTGOTG CATGAAGTGA
S R S R RS ST A AT BETEERR

10%@@&&T&QE% Q80 R oREAeE R rchalh CrhelEdant- TANE S CCC

ARAGCGCCEC GGAGAGGCCG ATGTCGCCGA GGGCGCGGAA GCCATCATGC AGGCGATGAG 10620

CGCCTGCECT COGETACGCE ACATCCGCGE CGRACCGGEC ACCCACGCCE GCGGCATGCT 10680
TGAGCGGGTG CGCAAGGTAA TGGCGTCCCT GACCGGCCAT GAGATGAGCG CGATATACAT 10740
CCAGGATCTG CTGGCGGTGE ATACGTTTAT TCCGCGCAAG GTGCAGEGCG GGATGGCCGE 10800
CGAGTGCGCC ATGGAGARTG CCOTCGGGAT GGCGGCGATG GTGAAAGCGG ATCGTCIGCA 10860
AATGCAGGTT ATCGCCOGCG ABCTGAGCEC CCGACTGCAG ACCGAGGIGG TGGTGOECEE 10920
CGTGGAGGCC ARCATGGCCA TCGCCGGEGC GTTAACCACT CCCGGCTGTG CEGCGCCECT 10980
GGCGATCCTC GACCTCSGCE CCOGCICGAC GGATGCGGCG ATCGTCAACG CGGAGGGGCA - 11040
GATAACGGCG GTCCATCTCE CCGGGGCGGG GAATATGGTC AGCCTGTTGA TTAAAACCGA 11100
GCTGGECCTC GAGGATCTTT CGCTGECGGA AGCGATAAAA AAATACCCGC TGGCCAAAGT 11160
GGAAAGCCTG TTCAGTATTC GTCACGAGRA TGGCGCGGTG GAGTTCTTTC GGGAAGCCCT — 11220
CAGCCCGGCG GTGTTCGCCA AAGTCGTGTA CATCAAGGAG GGCGAACTGG TGCCGATCGA 11280
TAACGCCAGC CCGCTGGAAA AAATTCGTCT CGTGCGCCEG CAGGCGABAG AGARAGTGTT 11340
TGTCACCAAC TGCCTECGCE CGCTGCGCCA GETCTCACCC GGCGGTTCCA TTCGCGATAT 11400
CGCCTTTGTE GTGCTGETGE GCGGCTCATC GOTGGACTTT GAGATCCCGC AGCTTATCAC — 11460
GEAAGCCTTG TCGCACTATG GCGTGGTCGC CGGGECAGGGC AATATTCGGG GAACAGAAGG 11520
GCCGCGCAAT GCGGTCGCCA CCGGECTECT ACTGGCCGGT CAGGCGAATT AAACGGGCGC — 11580
TCGCGCCAGC CTCTCTCTTT AACGTGCTAT TTCAGGATGC CGATAATGAA CCAGACTTCT 11640
ACCTTAACCG GGCAGTGCGT GGCCGAGITT CTTGGCACCG GATTGCTCAT TTTCTTCGGC 11700
CCGGGCTGCE TCGCTRCGCT GOGEGTCACC GGGECCAGCT TTGGTCAGTG GGAGATCAGT 11760

ATTATCTGGE GCCTTGGCGT CGCCATGGCC ATCTACCTGA CGEBCCGGTST CTCCGGCGCG 11820
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GGCCATCGIC CCCATCGCCC GCGCCCTGAT TGGECAACCGT TCCECGGTGG TGCTCAAGAC 10500
CCCGCAGEG GATGIGCAGT CGCGGGTGAT CCCGECEEEC AACCTCTACA TTAGCGECGA 10560
AAAGCGCCEC CGAGAGECCG ATGICGCCGA  GGECGCGGAA GCCATCATGC AGECGATGAG 10620
CGCCTGCECT CCGGTACGCG ACATCCECGG CGAACCGEEC ACCCACGCCG GCGGCATCGCT 10680
TGAGCGEGTG CGCAAGGTAA TGECGTCCCT GACCGGCCAT GAGATGAGCG CGATATACAT 10740
o dahsdas ATACGT TTAT TCCGCGCAAG GIGCAGEGECG GGAT Goptfrsoskigig O

ARG 0360
G%CTEE%%%TCCGAGGTGGW“%WO
= . O\ CGET R BETEORGCORBPERTGC 1940 0980
COOCATOCTG GACCTCRENG COBGCTOCAC. GGATGOGECG ATOGTCAACG CGGAGGGGCA | 11040
GATAACGGCG (GRECTCTRT CrACEY ST AL SA TR FANGACHCTC ARSCATATPTE S RCGCERRRCECCER0001 1100
GCTGGGCCTC T , 160
GGAAAGCCTG %@é | %”{“}220

G CORRANCERC AT A 2126 1280
TAACGCCAGC CCGCTGGAAA AAA N CT OGRS CACCGCAMAG AGARAGTGTT - 211340
TGTCACCAAC 6 R dEGREEEGREA: GGTCTCACCC GGCGGTTCCA TTCGCGATAtizaasl 1400
COCCTTTONG GOt OO G COU CATE. GOTGACTTT GAGATOCOGG AGCTTATCAC 11460
GGAAGCCTTG TOGCACTATG TSECRBERSIDROSEEIAMOEE AATATTOGGSE GAACAGAAGG 11520
GOOGOGCAAT GOGGTCGOCA COEGGLTECT. ACTGROOET CAGGCGAATT AAACGOGOGC 11580
TCGOGCCAGC CTCTCTCTTT £ CCAGATTTCT 11640
ACCTTAACCG GGCAGTGCGT TTTCTTOGEC 11700
GOGGGCTGOG TOGCTGOGCT GGAGATCAGT 11760
ATTATCTGGG GOCTTGGOGT CGOCATCOPAREEACTT i eCGGO0GGTGT CTCOGE0G0G 11820
73

{(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ Il? NO:2:
GGGAATTCAT GAAAAGATCA AAACGATTTG 30
{2} INFORMATION FOR SEQ ID NO:3:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 29 base pairs
{B) TYPE: nucleic a_tc.td.
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:
GCGAATTCTT ATTCAATGGT GTCGGGCTG 29
{2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
GCGAATTCAT GCAACAGACA ACCCAAATTC 30
(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 25 base pairs
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WO 96/ 35796 PCT/ US96/ 06705
CACCTAAATC CGGECGGTGAC CATTGCCCTG TGECTGITCG CTGITTTGA ACGCCGCAAG 11880
GIGCTGCCGT TTATTGITGC CCAGACGECC GGGEGECCTTCT GCECCECCEC GCTGGIGTAT 11940
GGGECTCTATC GCCAGCTGIT TCTCGATCTT GAACAGAGIC AGCATATCGI GCGCGGCACT 12000
GCCGCCAGIC TTAACCTGEC CGGGGICTTT TCCACGTACC CGCATCCACA TATCACTTTT 12060

ATACAAGCGT TT GACCACCATC ACGGCAATCC TGATGGCGAT GATCAT 0
CTGACCGACG A AATTC; 214
(B) _TYPE: leic acid .
(2) | NFORVATI ON FCR SEQ | DiiO Smimemmee s simie (i) SEQUENCE
CHARACTERI STI CS: (o) ToporockA) 1idsbleSTH: 30 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: |inear (i1} mI-ECUI-B T!(PE' ) DROL(E@mECITYPE: DNA (genoni ¢)
(xI) SEQUENCE DESCRI PTI.ON: SEO | D GOGAATTCAT GAAAAGATCA
AAACGATTTG ”Escm’-'%‘ SEQ ID H355° | NFORMATI ON FOR SEQ

I D NO 3: é ip M%Q%RACTEH STI CS:

(A) LENGTH 29 baSe parrs ¢ (B) TYPE: nucleic acid

(C) STRANDEDNESS: (2§i n@lforeaTzon FOR SEQ Ip No: 6:(D) TOPOLOGY: i near

(ii) MOLECULE TYPE: DNA (genoni c) (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO: 3:  GOGAAT TSRVENE TGARTGERISSTGEGECTG

29 (2) | NFORVATI ON R B! Dma#e pairs (i) SEQUENCE
CHARACTERI STI CS: (B 'm’ﬂ 30 base pairs

(B) TYPE: nucleic acid o igggl‘fgm ecg STRANDEDNESS:  si ngl e

(D) TOPOLOGY: li near

(ii) MOLECULE TYPE: DNA ({(genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GCGAATTCAT GAGCTATCGT ATGTITG : 27
{2) INFORMATION FOR SEQ ID NO:7:
{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 28 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPQLOGY: lineaxr
(ii) MOLECULE TYPE: DNA (genomic)
{(=i) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GCGAATTCAG AATGCCTGGC GGAAAATC 28
(2) INFORMATION FOR SEQ ID NO:8:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: 1linear
{ii) MOLECULE TYPE: DNA {(gencmic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GGGAATTCAT GAGCGAGAAA ACCATGCG _ 28
{2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
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(i1) MOLECULE TYPE: DNA (genom c)

SEQ I D NC 4:
30 (2)
CHARACTERI STI CS:
74 _ WD 96/ 35796
PCT/ US96/ 06705

096f35796
STRANDEDNESS: g ngl e

MOLECULE TYPE: DNA (genoni C)p)

GCGAATCAC TCCCTTACTA AGICG
| NFORVATI ON FOR SEQ | D{N® WBOLECULE TYPE:

NG 5:

(A) LENGTH 27 base pairs
(C) STRANDEDNESS: si ngf&?

(i)

Moo CEAT AR S
SEQ I D NO 6: '#A GC:ATGT TG

| NFORMAT! GiNedradntrfinQrdrDs RO ‘No: 10:

27 (2)
CHARACTERI STI CS:
(B) TYPE: nucleic acid ()

(11)

(xi) SEQUENCE DESCRI PTI ON:

GCGAATTCAT GCAACAGACA ACCCAAATTC
| NFORMVATI ON FOR SEQ | D NO  5:

' (i) SEQUENCE
(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid =~ peTusvsneTos O
(¢) srranpEoiEds; 1 GDQOY: | inear i)
TOPOLOGY: 1iwdar SEQUENCE DESCRI PTION: SEQ I D

25 (2)
DA ( {gpnamtFIENCE CHARACTERI STI CS:
B) TYPE. nucleic acid
SEQUENCE DESCRIPTI ) SEE 82428 | i near
) SEQUENCE DESCRI J?ITI ON:

(i) SEQUENCE
(A) LENGTH: 28 base pairs

SEQUENCE CHARACTERISTICS:

(A} LENGTH: 94 base pairs

{(B) TYPE: nucleic aciad

{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
AGCTTAGGAG TCTAGAATAT TGAGCTCGAA TTCCCGGGCA TGCGGTACCG GATCCAGAAA 60

AAAGCCCGCA 'CCTGACAGTG CGGGCTTTTT TTTT 94

{2) INFORMATION FOR SEQ ID NO:11:
SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{1)

{ii) MOLECUI.E.TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l1:

GGCCAAGCTT AAGGAGGITA ATTAAATGRA AAG . 33

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii)

MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
GCTCTAGATT ATTCAATGGT GICGGG 26

(2) INFORMATION FOR SEQ ID NO:13:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 42 base pairs

(B) TYPE: nucleic acid
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(ii) MOLECULE TYPE: DNA (genoni c) (xi) SEQUENCE DESCRI PTI ON: SEQ
I D NO 7: GCGAATTCAG AATGCCTGGEC GGAAATC _

28 (2) | NFORVATI ON FOR SEQ I D NGO 8: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 28 base pai rs

(B) TYPE: nug xf’és%s Al d (C) STRANDEDNESS: rﬁk’?u
(D) TOPOLOGY: 11 near FAR TYPE: DNA (geno

(xi) SEQUENCE DESCRI PTI 82,?} 51}553&@]5&% near TTCAT GAGCOGAAAA ACCATGOG
28 (2) | NFORMATI ON FOR SEQ I D NO 9: (i) SEQUENCE

CHARACTERI STI CS: (ii) MOLECULE TYP8: | BMdGlféno@ic)base pairs

(B) TYPE: nucleic acid 75

WD 96/ 35796 (xi) SEQUENCE DESCRIETION: SEQ ID NO:13: PCT/ US96/ 06705

(C) STRANDEDNESS: sindl e OLOGY: i near

(ii) MOLECULE T?E‘r':"c"“fﬁ%"ﬂ ‘f“d‘%ﬁﬁ'&)@m“ mm%ft'ga SEQJENCE DESBRI PTI ON:
SEQ I D NO 9: TEGRzL ; ACGCAGC

27 - (2) |’NFOR|\/AT|O|\| FOR%%mNo

{1} SEQUENCE CHAMCTERISTIcs-
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linearx

(ii) MOLECULE TYPE: DNA (genomic}
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
TCTGATACGG GATCCTCAGA ATGCCTGGCG GAAAAT 36
{2) INFORMATION FOR SEQ ID NO:15:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 181 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

CGATCTGTEC TGEITTGCCAC GGTATGCAGC ACCAGCGCGA GATTATGGESC TCGCACGCTC 60

GACTGICGGA CGGGGGCACT GGAACGAGAA GTCAGGCGAG CCGICACGCC CITGACAATG 120
CCACATCCTG AGCAAATAAT TCAACCACTA AARCAAATCAA CCGCGITTCC CGGAGGTAAC 180
o : 181

{2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 149 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: 1linear
(1i) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
CGATCTGCTEC TGTTTCCCAC GGTATECAGC ACCAGCGCGA GATTATGGGC TCGCACGCTC 60
GACTGTCGEA CGGGGGCACT GGAACATGCC ACATCCTGAG CAAATAATTC AACCACTAAA 120'
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 94 base

pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: single . (D) TOPOLOGY: |i near
(ii) MOLECULE TYPE: DNA (genonmic) (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 10: AGCTTAGGAG TCTAGAATAT .TGAGCTCGAA TTCCCGGGCA TGCGGTACCG
GATCCAGAAA FCCCGCA CCTGACAGTG CGGGCTTTTT TTTT
94 (2) W AR T O FOR SEQ I D NO 11: CG oS e
CHARACTERI ST Goreance coerrreccs cacerance (A) LENGTH. 33 base pairs 149
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |ingar INFORMATION FOR SEQIIp NAWIDEL:ECULE TYPE: DNA (genom c)
(xi) SEQUENCE DESCRI PTION. SEQ ID NG 11: ‘GGCCAAGCTT AAGGAGGTTA
ATTAAATGAA AAG (1) SEQUENCE CHARACTERISTICS: (2) 1 NFORVATI ON FOR SEQ
I D NO 12: , (i) smsm | STI CS:
(A) LENGTH: 26 base pairs :g; smE;;;;;{'“ Y TYPE: nucleic acid
(C) STRANDEDNESS: single () OLOGY: linea TOPOLOGY: | near
(ii) MOLECULE TYPE: DNA (genoni '532 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 12: G TAMSIECuRE TEsATGiNR  (gbhénkiic) _
26 (2) | NFORMATI ON FOR SEQ I D NO 13: (i) SEQUENCE
CHARACTERI STI CS: (xi) SEQUENCE DESQRIPTIONICTFEQ 4D MP43E pairs
(B) TYPE: nucleic acid 76

GGAATTCACT AGTCGATCTG TGCTGTTTGC CAC 33

{2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) 1IENGTHK: 33 base pairs
(B} TYPE: nucleic aciq
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
GGGGAAGCTT GGTTACCTCC GGGAAACGCG GTT 33
{2) INFORMATION FOR SEQ ID NO:19:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {(gencmic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
TCGACCACAA GGAGGA : 16
(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: s.ingle
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:20:
CTAGICCTCC TTGTGE ] 16
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WD 96/ 35796 PCT/ US96/ 06705
(C) STRANDEDNESS: single (D) TOPOLOGY: i near

(ii) MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE

DESCRI PTION: SEQ I D NO 13: GCGCCGICTA GAATTATGAG CTATCGTATG
TTTGATTATC TG 42 (2) | NFORMATI ON FOR SEQ I D NO 14:
(i) SEQUENCRygbis¥7dFRI STI CS: ' (A) LENGTH: airs
(B) TYPE: n%el c acid (C) STRANDEDNESS: ls"l'%glg e o

(D) TOPOLOGY: |i@gar myommiron ror seq(id ho:2YOLECULE TYPE: DNA (genoni c)

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 14: TCTGATACGG GATCCTCAGA
ATGCCTGECG GAAAAT (1) SEQUENCE CHARACTERTIAICS: (2) | NFORMATI ON FOR SEQ
| D NO 15: (& LECIEENGE @esRadTERl STI CS:

(A) LENGTH: 181 base pairsf®) TYPE: nucleic acid (pB) TYPE: nucleic acid

(C) STRANDEDNESS: single (C) STRANDEDNESS: siagle) TOpOLOGY: | near

(i1) MOLECULE TYPE: DNA (g@hoffRgwer: linear (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 15: cemgg;[pc BretmnyeaaiNe WYACCAGCGCGA GATTATGGGC
TOGCAGGCTC 60 GACTGIOGGA CGRGGGCACT CGAGAA GTCAGGOGAG COGTCACGCC

CTTGACAATG 120 CCAEAT CEEQURMCE AkSdpaATIORCASEQADT Ao 2RACAAATCAA CCGCGITTCC
CCGAGGTAAC 180 C

181 ( 2) ACTIQCEFIGGTIIRAGTCR AGERFTGAFT\GRGAPAACCC TGGCG (i) 45SEQUENCE

CHARACTERI STI CS:(z) INFORMATION FOR SEQ 1o . 2oENGTH: 149 base pairs

{i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 14 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
. (P} TOPOLOGY: 1linear

(11) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
AATTCAAAGG AGGT 14
{2) INFORMATION FOR SEQ ID NO:23:
(i} SEQUENCE CHARACTERISTICS: *
(A) LENGTH: 14 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(1i) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
CTAGACCTCC TTTG 14
(2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: lineax
{1i) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

AGCTTIGTCGA CCATGAAAA 19
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: i near “(ii) MOLECULE TYPE: DNA (genomn c)

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 16: CGATCTGIGC TGITTGCAC GGTATGCAGC
ACCAGCGCGA GATTATGEEC TCGCACGCTC 60 GACTCGGA CGGGGCACT GGACATGCC
ACATCCTGAG CAAATAATTC AACCACTAAA 120

I ' / 35796 _
PCT/ US96/ 06705 X : OC GOGTTTCOG GAGGTAACC PCT/US96/06705
149 (2) fﬂEG%WWq?dfz"’sE@ PH™Rex°:17: (i)

(B) TYPE: nucleic acid (A) LENGTH: 19 base fdiks STRANDEDNESS: single

(D) TOPOLOGY: |i near (B) TYPE: (inicleidVRk&CULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRI PTI ON: (CISEEIRMDEDIBSS Y. single  GGAATTCACT AGICGATCTG
~TECTGTTTFEC - CAC c+ - .. (D). TOPOLOGY: limgyr (2) LNFORVATI ON FOR -SEQ
| D NG 18: ('1210 ENC[E CHARACTER STI Cs:

(A) LENGTH: 33 base paifd MoLE TIPE: DNA (gengmte) TypE: nucleic acid

(C) STRANDEDNESS: si P)I\Ikﬁ SEQUENCE DESCRIPTION: S8d 10 WbdsOGY: |inear

(i1) MOLECULE TYPE: {genom c) (xi) SEQUENCE DESCRI PTI ON:
"SEQ I D NO 18:"  ecarcrriTca TGGTCGACA o 19 -

(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 13 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
TCGACCAGGA GGA 13
{2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHERACTERISTICSY
{A) LENGTH: 13 base pa.irs
{(B) TYPE: nucleic acia
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii} MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTIOﬁ: SEQ ID NO:27:
CTAGTCCTCC TGG 13
{2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(3) LENGTH: 18 base pairs
(B) TYPE: nucleic aciad
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

TCGACGARTT CAGGAGGA : 18
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GGGGAAGCTT GGITACCTCC GGGAAACGCG GIT 33

(2) | NFORMATI ON FOR SEQ I D NO 19: (i) SEQUENCE
CHARACTERI STI CS: (A LENGIH: 16 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: |inear ' (i1) MOLECULE TYPE: DNA (genonic)

(xi) SEQUE | PTION: SEQ I D NO 19: TCGACCAAA

16 : (2 VATI ON FOR SEQ |1 D NO 20: Si\‘f}leﬁgﬁg)g?ﬁENCE

CHARACTERI ST| c42)  INFORMATION FOR SEQ ID M9:2PENGTH: 16 base pairs
(B) TYPE: nucleic aci(g’ SEQUENCE CHARA srrdst) STRANDEDNESS: singl e

(D) TOPOLOGY: Ili near (A) LENGTH: 05!bas LE TYPE: DNA (genomni c)
(xi) SEQUENCE DESCRI PTI ONg) St€ps: D duched@: acia CTAGICCTCC TTGIGG
16 (C) STRANDEDNESS: singBe WD 96/ 35796
PCT/ US96/ 06705 (2) HRFOREPROSY:FORN&EQ | D NO 21: (1)
SEQUENCE CHARACTERI STI CS:; (Aé LENGTH: 45 base pairs
(B) TYPE: nucleic adfty MOLECULE TYRE: DNA (ge NDEDNESS: si ngl e

(D TePOLOGY: linear,;, spoumce pebérreridi- EGkY Eondi8e. DNA (genonic)
CTAGTCCTCC TGAATTCG 18
{2) INFORMATION FOR SEQ ID RO:30:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
ATGIACAAGA TCCTGATCGC CGA 23
(2) INFORMATION FOR SEQ ID NO:31:

(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
TCAGCGGCGC AGGTAGGCGG CG _ 22
(2) INFORMATION FOR SEQ ID NO:32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(x1}) SEQUENCE DESCRIPTION: SEQ ID NO:32:

ATGACCAAGG GCCGGATCCG TCGACCTGCA G a
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 21: ACTGECCGTIC GITTTACTCG

AGTGTGACT GGGAAAACCC TGGCG 45 (2) | NFORVATION FOR SEQ ID
NO 22: (i) SEQUENCE CHARACTERI STI CS: _ (A
LENGTH:. 14 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: |i near

(i) MOLECUL (genom c) (xi) SEQUENCE pEnt& X
SEQ I D NO. 22; Ew% 5: oéhs
14 (2) INF Szﬁd”z?‘ y (i) SEQUENCE
CHARACTERI STI CS: ) anmcn(aﬁhmhﬁbﬁ@ﬂzcsm base pairs

(B) TYPE: nucleic acid - (a) LENGTH: 32(Hape PRERANDEDNESS:. single

(D) TOPOLOGY: |i near ' (B) TYRH: )nucMElE@uUdE TYPE: DNA (genonic)

(xi) SEQUENCE DESCRI PTI ON: (G5E FRYESS: singl€TAGACCTCC TTTG

14 (2) | NFORVATI ON FORDSEEPRABORES pYineax (i) SEQUENCE
CHARACTERI STI CS: LE ' 19 hase pairs |

(B) TYPE: nucleic aci  hants mmcu:.n('.lélm. Pg”? DNESS: singl e

(D) TOPOLOGY: linear (xi) seouenckidescri¥ebdscUldeoTafPRo:33PNA (genomi c)
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 24: AGCTTGICGA CCATGAAAA
19 CTACCCTTGG CCCCGGATCC GTCGACCTGY AG . 32
{2) INFORMATION FOR SEQR ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
" (A) LENGYTH: 23 base pairs
{(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (gencmic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
CACGGCCTGG CGCAGGITGC GGG 23
(2) INFORMATION FOR SEQ ID NO:35:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
GGCAGCCCGC ACGATTGCGG C : 21
(2) INFORMATION FOR SEQ ID NO:36:
(1) SEQUENCE CHARACTERISTICS:
{3) LENGTH: 21 base pairs -
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

GCGGAAAACC GCCIGGATCG C 21
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(2) | NFORMATI ON FOR SEQ I D NO 25: (i) SEQUENCE

CHARACTERI STI CS: _ (A) LENGIH: 19 base pairs

(B) TYPE: nucleic acid - (C) STRANDEDNESS: single

(D TOPOLOGY: |inear (i1) MOLECULE TYPE: DNA (genonic)

(xi) SEQUENCEWSER@GRI®TI ON. SEQ | D NO 25: GATCTTTTCA TGGT G&XArs96/06705
19 (2) | NFORMATI ON FOR SEQ I D NO 26: (i) SEQUENCE
CHARACTERI STI CS: (2) INFORMATION bR I&%l(%];l—hzr;.’,% base pairs

(B) TYPE: nucleic aci é STRANDEDNESS: si ngl e

(D) TOPOLOGY: |inear (1) seQuEnce dukkdcEbirEriE¥PE: DNA (genomi c)

(xi) SEQUENCE DESCRI PTI ON: SEQa) DLRIGTRES: 21 basdq @GAECAGGA GGA

13 (2) | NFORMVATI ON FOR SE PDTF@ 27“”1310 acid (i) SEQUENCE
CHARACTERI STI CS: . (ero 139g%e pairs

(B) TYPE: nucleic acid @) NDEDNESS: si ngl e

(D) TOPOLOGY: Iinear f.i:du)m M E(gk¥&hcy DNA (genoni c)

(xi) SEQUENCE DESCRI PTI O\I SEQ D NO 27: CTAGTCCTCC TGG

13 (2) 1 NFORVATI ON FQRiSE@ebiEnNODESCRIPTION: sSEQ ID Noi:37: SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 18 base pairs '

(B) TYPE: nucl ei ¢ aci®§GTTCAGEG ACIGCARAAC G -2

(2) INFORMATION FOR SEQ ID NO:38:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: Jlinear

(1) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
GGAATTCAGA TCTCAGCAAT GAAAAGATCA AAACG 35
{2) INFORMATION FOR SEQ ID NO:39:

(I) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA (gencmic)

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
GGAATTCAGA TCTCAGCAAT GCAACAGACA ACCC : 34
{2) INFORMATION FOR SEQ ID NO:40:

{1) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

GCTCTAGATC ACTCCCCTTA CTAAGTICG 28
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(ii) MOLECULE TYPE: DNA (genoni c) (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 28: TCGACGAATT CAGGAGGA

16 " 80 | WO 96/ 35796
PCT/ US96/ 06705 | NFORMATI.ON FOR SEQ | D NQ 29: (i)

(2)
SEQUENCE CHARA CS. (A) LENGTH. 18 base P@')U@?ﬁmos
(B) TYPE: nuclelic mﬁ ' ) .. STRANDEDNESS: si ngl'e

(D) TOPOLOGY: | i o, mrommrza dkan "R&

FAOLE TYPE: DNA (genoni c)
(xi) SEQUENCE .DESCRI PT§iN: seabofdeoid@hcitrrsTres CTAGTCCTCC TGAATTCG

18 (2) | NFORVATI ON FOR(SEQENEHNO H0base pairs (i) SEQUENCE
CHARACTERI STI CS: (B) TYPEA) nucERET Reid?3 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESEC) sBRRANDEDNESS: singl e
(D) TOPOLOGY: |i near D) TOPPROSIAOLER®BEE TYPE: DNA (genonic)

(Xi) SEQUENCE DESCRI PTlON:\ SEQUEDND 30 (sendA GTACAAGA TCCTGATCGC CGA
23

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4l:
GGAATTCAGA ':EC'.ECAGCAM.' GAGCGAGAAR ACCATGC 37
{2) INFORMATION FOR SEQ ID NO:42:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
{(B) TYPE: nucleic acid
© (C) STRANDEDNESS: =ingle
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
GCTCTAGATT AGCTTCCTTT ACGCAGC 27
(2) INFORMATION FOR SEQ ID ND:43:
{1} SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
{C)}) STRANDEDNESS: single
(D)} TOPOLOGY: 1linear
(i1) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
GGAATTCAGA TCTCAGCAAT GAGCTATCGT ATGITTGA 38
{2) INFORMATION FOR SEQ ID NO:44:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
-{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

GCTCTAGATC AGAATGCCTG GCGG 24



(2) | NFORMATI ON FOR SEQ | D NO: 31: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 22 base pairs
(B) TYPE: nucleic acid : . (C)- STRANDEDNESS: si ngle
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 31: - TCAGCGGCGC AGGTAGECGG CG
22 (2) | WoSehls ON FOR SEQ I D N 32: (i) SEQHhdsbemeros
CHARACTERI STI CS: 31 base pairs
(B) TYPE: nucl ei (‘:mac Igs'om'nou ror. 62 IJ’EquggdSTI'-?ANDEDNESS single
(D) TOPOLOGY: linear (i) seouencH chgrachRks$iTckE TYPE: DNA (genomi c)
(xi) SEQUENCE DESCRI PTI ON{2) SERGTHD N3 B&se pairATGACCAAGG GCCGGATCCG
TCGACCTCCA G (B) TYPE: nucleigpcid WD 96/ 35796
PCT/ US96/ 06705 (2) | NEGRVETMEIROERER: SPérgd® NO 33: (i)
SEQUENGE CHARACTERI STI CS; (P} TOPOXOGX: lineag,) | ENGTH 32 base pairs
(B) TYPE: nucleic aci ) C DEDNESS: single
(D) TOPOLOGY: |inear s wouecos F’“’? R @%@¥YPE: DNA ( genoni c)
(xi) SEQUENCE DESCRI () Obisouaivé bﬂsch@rﬁan szo @HARE:TGG CCCCCGATCC
GICGACCTCC AG _

GGAATTCAGA TCTAGCAATG cccmmms cccss 35

(2) INFORMATION FOR SEQ ID NO:46:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 26 base pairs
{B} TYPE: nucleic acid

{(C) STRANDEDNESS single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (gencmic)
(zi) SEQUENCE DESCRIPTION: SEQ ID NO:46:

GCTCTAGATT AATTCGCCTG ACCGEC ' 26
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CRACTER STI CS: b 23 vasc pairs | [N HIIRRIAN

(B) TYPE: nucleic acid :'single*

(D) TOPOLOGY: |inear . HASYBEEN (genoni c)

(xi) SEQUENCE DESCRI PTI ON:  SEQ | D l : GG CGCAGGTTGC GGG
23 FOR SEQ I D NO 35: ~ (i) SEQyENgEss:
CHARACTER TI (RO St (A) LENGTH. 21 base pairs ¥ 06705
(B) TYPE: nucl ei ¥HATIS CLAIMED IS: (C) STRANDEDNESS: single

(D) TOPOLOGY: linear 1. Abmmvménprbee&&lﬁﬂm&]l’%@ﬁpm C@xiprising C )

(xi) SEQUENCE DE W{J amnm TTGCGG C

21 (2) INF ’ QUENCE
CHARACTERI ST| CS; mictoorganism having at%onzmabkffmﬂaaaﬂsh

(B) TYPE: nuclSei entyned (C) STRANDEDNESS: single

D) TOPOLOGY: | 5%

Ex?) SEQUENCE D:Eg(ca:glr BT 63‘%%83’@“%% b E’M‘ %TCG C
21 yeerol with a single microorganism having

atleastonegmecapableofeqnessmgadehydmtaseenzyme the microorganism
selected from the group consisting of members of the genera Aspergillus,

10  Saccharomyces, Zygosaccharomyces, Pichia, Kluyveromyces, Candida,
Hansenula, Debaryomyces, Mucor, Torulopsis, Methylobacter, Salmonella,
Bacillus, Streptomyces, and Pseudomonas.

3. The process of Claim 1 wherein the gene encodes glycerol dehydratase
and is isolated from the group consisting of members of the genera Kiebsiella,

15 Lactobacilius, Enterobacter, Citrobacter, Pelobacter, Ilyobacter, and
Clostridium.

. 4. 'The process of Claim 1 wherein the gene encodes diol dehydratase and
is isolated from the group consisting of members of the genera Klebsiella and
Salmonella.

20 5. The process of Claim 1 wherein the dehydratase enzyme is a gylcerol
dehydratase enzyme or diol dehydratase enzyme.

6. The process of Claim 1 wherein the microorganism is transformed with
at least one DNA fragment encoding dhaB1, ¢haB2, and dhaB3 and /or dhaT"
whereby the organism expresses active dehydratase enzyme.

25 7. The process of Claim 1 wherein the microorganism is selected from the
group consisting of members of the genera Citrobacter, Enterobacter,
Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus, Saccharomyces,
Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia, Saimonella,

30 Bacillus, Streptomyces and Pseudomonas.

8. The process ofClmm?wheremmenucroorgamsmxsseleaedfmmthc
group consisting of recombinant microorganisms transformed with either a gene
encoding a glycerol dehydratase enzyme or a gene encoding a diol dehydratase
enzyme and mutant microorganisms having phenotypes which enhance production

35 of 1,3-propanediol.

9. The process of Claim 7 wherein the microorganism is selected from the
group consisting of members of the genera Klebsiella, Enterobacter, and
Citrobacter, or is recombinant Escherichia.
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WO 96/ 35796 o
(2) | NFORMATI ON FOR SEQ I D NO. 37: [
'(

P .

| st sccoe AT 0
CHARACTER! STI CS: %}éﬁﬂmwm base pairs» ¢ L o el
(B) TYPE: nucleic acid - | REPLAGRD STRANDEDNESS: single
(D) TOPOLOGY: i near (1) NoECSOEITYPE: DNA {genonic)
(xi) SEQUENGRgSSREPTI O\  SEQ I D NO 37: GGGTTCAWAC G
21 (2) TNEORMATI ON FOR_SEQ | D NO.38:. o e
SEQUENCE CHARACTERI ¥1| Tes process of Claim 9 wherein the microgrganismyisgeeombipagtise pai r s
(B) TYPE: nucl el calti d (C) STRANDEDNESS: single

(x1)  SEQUENCE DEsy pPEERECoSLgE D § i Honibagari sl AR,
GAAAAGATCA AAACGEFOUP consisting of 1o Strepromyses sp., Bacillus >\ Pseydqmopdiaps ON FOR
S§Q :_ [E)NgTOHB 9 :53 . Saccharomyces sp., AJR&Q:’IIWWI’&EE@ g5the »
(O STRANDEDNE S R2ybiliftsibroorganis tanstormed with at st S [0 gt B
(i1)  WOLECULE pet), S5s5igame B and for dbaT whercby the organiam) Expromep phipve
DESCRI PTI ON:  SHighydmatai©e@yme and the carboberbbiafeib @nohoSaCA@0dd\T CCAACAGACA ACCC
34 (2) | NpORMR 68 s éftiaim 1l whebdih e microorganism is selected fréth the
SEQUENCE  CHAAC iy eissisting of recombinant Saccharomyces cérevisisse, Bacilius subnio ¢ P2 'S
Pichia pastoris, and Bacillus licheniformis, the recombinant microorganism
transformed with at least one DNA fragment encoding dhaB1, dhaB2, and dhaB3
and /or dhaT whereby the organism expresses active dehydratase enzyme and the
carbon substrate is a monosaccharide.
15 13. The process of Claims 1 or 10 wherein the microorganism is a
recombinant E. coli containing a glycerol dehydratase gene from Klebsiella
pneumoniae.
14. The process of Claim 1 wherein the carbon substrate has at least a single
carbon atom, provided that the carbon substrate is other than glycerol or
20  dihydroxyacetone.
15. The process of Claim 14 wherein the carbon substrate is selected from
the group consisting of monosaccharides, oligosaccharides and polysaccharides..
16. The process of Claim 15 wherein the carbon substrate is glucose. -
17. The process of Claim 14 wherein the carbon substrate is an alcohol.
25 18. The process of Claim 1 further comprising growing the microorganism
in a medium prior to contacting it with the carbon substrate.
19. 1,3-propanediol produced by the process of Claims 1 or 15.
20. A cosmid of about 35 kb isolated from Klebsiella pneumoniae
comprising the DNA fragment encoding an active glycerol dehydratase enzyme
30  having the restriction enzyme digest in Figure i, colummns I and 2.
21. A transformed microorganism comprising a host microorganism and the
cosmid of Claim 20.
22, The transformed microorganism of Claim 21 wherein the host
microorganism is E. coli, the microorganism designated by ATCC Accession
35 No.69789.
23. A transformed microorganism comprising a host microorganism and a
first DNA fragment isolated from Klebsiella pneumoniae, the first DNA fragment
encoding an active glycerol dehydratase enzyme having the restriction enzyme
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(B) TYPE: nugleic acid g .\n(9~. STRANDEDNESS: ' H
E>[<)|) ) ngg_qcﬁmml DESCRI PTI OS] THISNSNERD. HAS BEEN T%CTA%NA-AF‘CEHEMM “l"!"sl “ I“I

-

CTAAGTCG " REPLAGED

83 VO 96/ 35796 .

PCT/ US96/ 0670 | NFORVATI ON FOR SEQ | D NO: 41: ook
SEQUENCE Q%Ri’&‘ﬁﬁ%)ﬁ cS: (A) LENGTH 37 base parraeIes
(B) TYPE: nucl ei digutindfiguare 1, columns 1 and 2, apd-gt legstong seaopit BNA fagmene

(D) TOPOLOGY: | i isdiated from Klebsiella préunohiak, 5@ de@onil TREA fapilert ganoding e -
(xi) SEQUENCE mﬂM%Wﬁwme
GAGOGAGAAA ACCATGC . 7 2 NATI ON FOR SEQ | D
NO. 42: ks Wmmwaw ‘m‘% LSNGTH:

27 base pairsS dhaBl, dhaB2, and dhaB3)and R and designated by ATCC Accession (O
STRANDEDNESS: si \gll58760. (D) TOPOLOGY: |inear (i)

LS TS O ks et bt EDF il SIS S0 1D
dhaBi, dhaB2, and dhaB3 and dhaT and designated by ATCC Accession
No. 74363. _

10 26. A recombinant Saccharomyces cereunisiae strain pMCK1/10/17 (MH)
#A, comprising a DNA fragment encoding dhaB1, dhaB2, and dhaB3, and dhaT
and designated by the ATCC Accession No. - _

27. A recombinant Bacillus licheniformis strain BG188/pM26 (Clone #8),
comprising a DNA fragment encoding dhaB1, dhaB2, and dhaB3, and designated

15§ by ATCC Accession No. .

28. A recombinant Bacillus subtilis strain BG2864/pM27 (Clone #1),
comprising 2 DNA. fragment encoding dhaB1, dhaB2, dhaB3, and dhaT and
designated by ATCC AccessionNo. ______ .

29. A recombinant Streptomyces lividans strain SL14+2, comprising a DNA

20 fragment encoding dhaB1, dhaB2, and dhaB3 and dhaT and designated by ATCC
Accession No. .

30. A recombinant Aspergillus niger strain TGR40-13, comprising a DNA
fragment encoding dhaB1, dhaB2, dhaB3, and dhaT and designated by ATCC
Accession No. .

25 31. A recombinant eucaryote microorganism expressing dehydratase
cnzyme.

32. The recombinant eucaryote microorganism of Claim 31 selected from
the group consisting of yeast and filamentaous fungi. '

33. The process of Claim 1 further comprising recovering 1,3-propanediol,
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(2) | NFORMATI ON FOR SEQ | D NO 43: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 38 base pairs . (B) TYPE: nucleic acid

(C) STRANDEDNESS: single ST Dy - JOPOLOGY: i near

(i) MOLECULE TYPE: DNA (geonomi c) (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 43: - GGAATTCAGA TCTCAGCAAT GAGCTATCGI ATGITTGA

38 (2) | WrobddsTd6ON FOR SEQ | D NO 44: (i) SEQFNHuosneTos
CHARACTERI STI Cs: (A LENGTH:SléAA. base pairs

(B) TYPE:. nucleic-acid (O RANDEDNESS:  si ngl e

(D TOPOLOGY: |inear (i1) MOLECULE TYPE: DNA (genom c)

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 44:  GCTCTAGATC AGAATGCCTG GCQG
24 84 WD 96/ 35796
PCT/ US96/ 06705 (2) | NFORMVATI ON FOR SEQ | D NO 45: (1)
SEQUENCE CHARACTERI STICS: - (A) LENGTH 35 base pairs
(B) TYPE: nucleic acid _ (C) STRANDEDNESS: single

(D) TOPOLOGY: |i near

EcoRI BamHI EcoRV Notl
.A124124124124)

2

FIG.1



(i1i1) MOLECULE TYPE: DNA (genonic) + (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 45: GGAATTCAGA TCTAGCAATG CCGITAATAG CCGEG

35 (2) | NFORMVATI ON FOR SEQ I D NO 46: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 26 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS si ngl e

(D) TOPOLOGY: i near (i) MOLECULE TYPE: DNA (genom c)

(xi) SEQUENGEoBESR PTION: SEQ I D NO 46: GCTCTAGATT AATHEREEE#H6CCCC
26 e
| 272

olpF
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o, ' oot o oo IRARRIARRE,
1. A brocess conprising the bi oconverS| on of. a carb er than

gl ycerol or dihydroxyacetone, to 1,3- opanedi ol by a single mcroorganl sm
havi-ng at | east one gene that ex'ﬁpr-;gegstés; sa dehydratase enzyne by
contacting said mcroorgani sm with 8l d substrate. 2. The
process of Claim1 wherein said m croorganl sm has been genetically

altered. What is claimede iStocess .of - O dim 1. wherei n the dehydrat ase
enzyme is a glycerol dehydr at.ase enzyne or a di ol *:dehydr at ase enzyne.

4. "The process of Caim1l wherein the m coorganism is selected fromthe
group consi sti ng df mpmmsscampm de biacqnwirsion b2 carbon Ethsem@ba&leeman

d d b bagi | |
Saﬁité'ro'n;?egl ce yé's a3 L""“%E@na#@xﬁg&x&c dedinipdihaving at
Hansenul a, £ that exPRSERS a dERYARQRS Errymi¥ity Bng:‘ééﬁiﬂﬁucﬂ%%?é%ﬁfsh?h' a,

and Sal rmnel]a rec i nant m cr oor gani sns transfor a gene
encodi ng a ghyﬂaanﬂsﬁnﬁ;ﬁr atase enzyne-or a diol dehydratase enzyme; and

mut ants of __m'croorg | SmMB_hav enot ypes 1ch enh roduct i.on of
1, 3- pr opanedi al . - ePf°°“§°%¢&é‘%gr‘38§§£‘ gﬁfp geget 1ca.ll

m r oor gani Smyy eI ected fromthe group conS| sting of menbers of the
genera Kl ebsi-ellTa and ‘G trobacter,-and - reconbinant Escheri chi a.

6. The process of BO'mdpﬁceshefélmtﬂwthadgqﬂmamleazymmmmbl E. coli.
7. The process o] CI a| m 1 V\/ne carbon substrate is selected from
t he group cofl B&Pﬁé" HZMeast a si ngl e carbon atom

provi ded that “t e Htﬁééé C&nﬂt *gg‘?gﬁmg Q*Fﬁ t one.
8. The process of QOIZ# vv'ﬁggel n t@ec&ﬂbon substrate 1S se ecte rom
the group copsiuptdonsisthg sPmembesufitissogenaraiCitobacte Bnkerobatesr, Clostridium, 9.

The process of aim8 wherein the carbon substrate is glucose.

10. The pr oc&ebsigllacdarabactenlactabaciiluy Apengilis, Sacghgronwees, dehydr at ase
oo oo LB G Rp y, PM hcl, 63856y

87 Mucor, Torulopsis, Methylobacteria, Escherichia, and Salmonellw recombinant

mlcroorgamsms transformed with a gene encoding a glycerol dehydratase enzyme or a
diol dchydratase enzyme; and mutants of mxctoorgamsms having phcnotypes which |
enhance product;on of 1,3-propanediol. . =
. 5. The process of Claim 4 wherein the microorganisr is selectcd from the
group consistixtg of tnembers of the genera Klebsiella and Citrobacter, and
recombinant Escherichia.
| 6. The process of Claim § wherein the microorganism is recombinant E. coli.
7. The process of Claim 1 wherein the carbon substrate is selected from
the group consisting of compounds having at leasta sitxgle carbon atom, provided
that the substrate is other than glycerol or dihydroxyacetone.
8. The process of Claim 7 wherein the carbon substrate is selected from
the group consisting of monosaccharides and oligosaccharides.
E 9. Ttxe process of Claim 8 wherein the carbon substrate is glucose.
10. ‘The process of Claim | wherein the génse is a glycerol dehydratase

gene isolated from the group consisting of members of the genera Klebsiella,
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11. The-process of Claim 1 wherein the gene is adi ﬂumnmﬂ lﬂlﬂ'tumr

i sol atsed fromthe group consisting of nembers of 't 'a and
Sal nonel | a. 12. The process of Claim1l or 9 wherei h

m croorganismis E. coli containing a glycerol dehydratase gene fom

Kl ebsi el | a pneunoni ae. 13. The process of Claim1l wherein the m croorgani sm
Is grown in a nmediumprior to contacti n%ﬂlt with the carbon substrate.

14. A process for the bioconversion of a carbon substrate to

1, 3- propanedi ol by a single mcroorgani smconprising: (1)

i cr oor gani am to. yi ef i SHE ACarEot CRRE e B sin B b EnGutisied o 00 ©
substrate is sekglatedtrddh AR £10Rp GOAIRIBITThEhbegoDhe Fowens Klabariliadad,

ol i gosaccharides, and polysaccharrdes; provided that the.carbon substrate
I's other than gfglmendllaor di hydroxyacetone and wherein said single

m croorgani smis se fro £ f e
genera Kl ebsiella, ? ggﬁgfocr &tlﬂ{%l naﬁqﬁ%g%h%‘% a, %sg' CJIP
reconbi nant or gﬁiﬁ'téi‘ﬂng $ééiﬁmﬂzyﬂt%e%eﬁ@&6m%5ﬁélmuﬁbﬁiaedehydr at ase
enzyne or a glycerol dehydratase enzyne. - (ii). incubating said

cul ture nedi um underlquprMhmmmﬂmwmmmmwa and
(iii) recovertn i d 1, 3-propapedi ol The process of O aim 14
wherein the at 'ﬂ@é@fn QF 1o £0B gs“f‘pbihgcﬁ'@"ﬂls and wherein said
singl e mcroorgani s S .,a reco { E._cali transfor dvmthagene
encodi ng a diol" deh%aﬁa&‘@cﬁ SPCQ“WBEP%) &®enzyne. -

16. The process no?aﬁb:m: &?&; h?ﬁgmgrl ng 1 3- pr opanedi ol
foll owi ng the b E ver&@o? e car Bgn subs . - WD 96/ 35796

PCT/ US96/ 06705 @) sgecnmung:agndmnﬂcomhmgm!eﬁsmd cé‘cbonsdbmté withta one
second DNA fragne

I sol at ed Kl eb jell ae t he second
DNA fragment e,ﬁg&p,qgcmqrgamsm ‘%X’tei‘{/%c @Wﬁ ‘6 G76} ong Rasben

gl ycerol dehyd mg@h@g udononas sp.
conprising a DI\%ED?é men%i encogllxlntgc%ou?%éﬁﬂélﬂf ilﬁllxodf%%;tBS and dhaT
and desi gnated ﬂigoéa'@aﬁdé‘@iﬁdpﬁlysacchandd@ provided that the carbon sdbstrafe is other
reconbi nant Pichia g, astoris conprising a DNA fragnent codi ng dhaB1,

dhaB2, and dhaBbeaglycatelvr diydoucnesions; and hersasaid sagle migroorganismiis. 74363,
10 26. Are

10 o o SR SRS o Y 1, 0

and desi gnat ed Qitrdpae eATt@EonﬁﬁﬁﬁﬁﬁEﬁﬂeﬁHua,mmc mbinant rgmﬁ&uﬁsformed
reconbi nant Bacillus |icheniforns strai-n BGL88/ pM26(C one #8

conprising a mﬁmmcmmdmwmeoanﬂmtﬁy elesi gnat ed
15 by ATCC Accessi %n No.

ﬁ_

.U

(i) incubating sa.id cplture mechumunder suitable conditions to
produce 1,3-propanediol; and |

(i) rccovedng said 1,3-propanediol.-- -

15. The process of Claim_ 14 wherein the at least one carbon substrate is
glucose and wherein said single microorganism is a recombinant E. coli
transformed with a gene encoding a diol dehydratase enzyme or a glycerol
dehydratase enzyme.—- '

16. The prot:ess of Claim 1 further comprising recovering 1,5-propanediol

‘following the bioconversion of the carbon substrate.—
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28. A reconbi nant Bacillus subtilis strain BG2864/ pM27 (C one #1) 3G 430636 \-%
conprising a DNA fragnent encodi ng dhaBl, dhaB2, dhaB3, and dhaT and RTM#
desi gnat ed by ATCC Accession No. - 29. A reconbi nant . eqp
Streptomyces |lividans strain SL14. 2, corrpr|5| ng a DNA 20 fragrre = cggi ryg
.dhaBl dhaB2, and i%q? and dhaTl and de5| gnated b
R B llr . m

ATCC Ac CRBHEIN

A recont

corrprl si ng
desi gnat —5 , ‘
eucar yot ¢ GRE H‘ngrng deh)dr 3 mymwmmnm WO6/3579%
The reconpi namwaa fMl?Gr%l sm fom 3}@%@%%”0 November 1906(14.11.96
group corn ngt X3 Tt
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