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" Abstract: -The present invention provides an inproved net HEdebBiary Aa04

""biol ogi cal production of 1,3-propanediol froma fer- nentable carbon source

_in a si Q&I e mcroorganism In one aspect of the present invention, an

i npr ovedWP03de33 for the conversion of glucose to-1.3- prPﬁiféﬁéQﬁ!BV-‘l S

achi eved by the use of an E. coil transfornmed with the Kl ebsiell apneunoni ae

dha regul on genes dhaR, orfY. dhaT, omorfw dhaBl. dhaB2, dhaB3, and

~orfZ. all these genes arranged in the Egenetlc orgam zation as found in

wild type Kl ebsiella MGESSQQRTHEBIWIC&IWRDWCW present

I nvention, an inproved pr Pfl?]?fPAPtfﬁlP -lf‘fﬂ ﬁ?GﬁfTIITEﬁ propanedi ol from
ai ni

gl ucose using a reconbi nant n ?enes encoding a G3PDH, a &GP

(Q

~. phosphat ase, ~a dehydrat ase, and FiElByi ENVMENTIONactivation factor compared

to an idergical pr?ﬁﬁ%ﬁvaﬁbﬂ%ﬁﬁf&g eggafa}ﬂﬁblswnwe&mt&mrﬁ&n%rbes
encodi ng a G3P a hos- at.a e ydr at ase, a dehydrat ase

reactivati on 3 %fmﬁmﬁo& ap@p@%@mw e RIEFOPEABMase (dhaT). The ,
dramatically inproved process reli BAOKGROUND esence in E Coli of a gene

encodi ng. a non-spe f c_cat.al t|c actiwvity suffici Qnvert.
S bydr oxypr opt - ondrcbmE Ry it SRS el illerEup P Biskones
01/ 12833 PCT/ pjﬂ@@t@m arjdnthe&manufacture of polyurethanes and cyclic compounds.

-~ 10 A variety of chemical routes to 1,3-propanediol are known. For example -

ethylene oxide may be converted to 1,3-propanediol over a catalyst in the presence
~of phosphine, water, carbon monoxide, hydrogen and an acid, by the catalytic
L \\ -~ solution phase hydration of acrolein followed by reduction, or from compounds
such as glycerol, reacted in the presence of carbon monoxide and hydrogen over
15  catalysts having atoms from group VIII of the periodic table. Although it is
possible to generate 1,3-propanediol by these methods, they are expensive and
generate waste streams containing environmental pollutants. -
It has been known for over a century that 1,3-propanediol can be produced
from the fermentation of glycerol. Bacterial strains abie to produce
20, 1,3-propanediol have been found, for example, in the groups Citrobacter,
Clostridium, Enterobacter, llyobacter, Klebsiella, Lactobacillus, and Pelobacter.
- In each case studied, glycerol is converted to 1,3-propanediol in a two step,
enzyme catalyzed reaction sequence. In the first step, a dehydratase catalyzes the
conversion of glycerol to 3-hydroxypropionaldehyde (3-HPA) and water,
25 Equation i. In the second step, 3-HPA is réduced to 1,3-propanediol by a
s S NAD:linked oxidoreductase, Equation 2. The 1,3-propanediol is not
metabolized further and, as 'a result,

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

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

) speaﬁc 1,3-propanediol oxidoreductase (dhaT) (see Fxgure 1). Although the
1
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of a fernentable carbon source to 1, 3-propanediol by a single

m cr oor gani sm BACKGROUND 1, 3-Propanedi ol is a nononer having potential
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quation 2. - pr.opanedi is not netaholize rther and, as a 7
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G trobacter 59,955'3({']%99),3'%&9 A1 Mol Y BioPEFERUDYARYM (1996).ARHERnkNCOdi ng the -
three structural subunits of glycerol dehydratase (dhaBl-3 or dhaB, C and

E) are locat é\foéﬁ?@?'eht to a gene encoding a specific 1,3-propanediol

oxi dor educt ase ( diTad prddaesorrdflys-probhnedidll frdin pifreid & dentihillygletfonnyd 2004 WO

01/ 12833, PCT/ US0Q/ 2287.. 1 etic.orqganization differs saone t .,among these
i ci oor o2hi s HE0Et ot SrbhGs i Rt st Bl REA T B Compr 1 ses
orj X and or f Zzbfegemefothereadgenguareddeihy dqavalest aceegptodsy dlndenthksect or f or

gl ycerol deh - AS€ S : . ( -
function). Tﬁgﬁ@tﬁg@f iui %g'ft%?‘jb;r%fg%ﬁgé{'“g?’?gﬁ%&%’éﬁng‘{ﬁa@? 9’%”‘?’3%@# %“231 of these
m croor gani s pethyix ferglygerel oporatesvghielbfishinvplies pyidation 9hetyesrpl toal cohol
deh%/dr ogena?aﬁiydﬁﬁ@HNcAe%&w Hﬁ)ltfy £RATEL (SN ADP-)iriked @Qc@ﬁg i f and gasl a .
Pret er eng e T szenasd Equition 3. T DHA! BifbXiNs phosshorylation 1o P OPandi ol and

&)

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

Glycerol + NAD* - DHA + NADH + H* (Equation 3)
DHA + ATP — DHAP + ADP - : (Equation 4)
. 30 :
"~ becomes available for biosynthesis and for supportiné ATP generation via e.g.,
glycolysis. In contrast to the 1,3-propanediol pathway, this pathway may provide
carbon and energy to the cell and produécslirather than consumes NADH.
| ‘in Klebsiella pneumoniae and Citfochtef ﬁ'eundii,. the genes encoding the
35  functionally finked activities of glycérol 'Ele.}_iydfatase tdhaBj, 1,3-propanediol
- ox'iidcl)rec‘iucta_se (dhaT), glycerol déhydrdgénasé (dhaD), and dihydrquacetohé
: ki_hasé'(dhal'() aré énco'm;‘:rassed‘ by the dha n%gﬁldn. The dha regﬁfon, in
"Kleb;viella pﬁeum‘bniae and Citrobacter ﬁé.imdii,_‘als_o cnf:ompaﬁses a gene
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3- HPA. - However, the NAD+I NADH |inked interconversion of 1, 3-&%%2) i ol
“and 3-HPA is also catal yzed by al cohol dehydrogenases whilg feq
specifically 10 -linked to dehydratase enzynes (for exanple, horse |iver
_and baker's éeast al cohol dehydrogenases (E.C. 1.1.1.1)), albeit with |ess
effici enVOOMAMBc parameters. dycerol dehydratase (E. CPCEUS0022804 and
~diol.[1, 2-propanedi ol] dehydratase (E.C. 4.2.1.28) are related but distinct
~enzymes that are _encoded by distinct genes, -Diol:dehydratase genes from
Kl ebsi el | a ox$acedingaimnsintiond achvatgninpiein (diaRh the dim regulpisdrormo gl ycer ol
dehydr at ase geRfspaded and £leblivBh RAVRbebm expredsed! i Maheric/iL Bolt iifFifave BR&S
anal ogous to qrJX and orfé éDelnl ?I et at., FEMS Mcrobiol. Rev. 22, 553
(1999) : Tor'ayﬁ“"&ﬂ&"ﬁﬁ?ﬁ’%ﬂ yeegoldp 1.3cprapanediol. 3372 (1999); GenBank |
AF026270). The pr.oNeithdrde adiemicaBamridplagiedl methddsodesolitedabole fos tigeneral |y
performed.c 20 apgerohi ¢ gondit i IS Car. ; S, car bon
Cour ce and i rPiopaton Rt B AR e Il 2utd3 R Al sEate BRab NG 2L CT
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(Equat i on4) , G + . ey + N + i . +AT|5
S briap MOkt Bl ol ncieddbiors Aoy bradisd SR ARRPde il 010
suppor ti ng Anrethgd naH sequérs the abiléty do manipatethe giencticr machinery eesponsible he
1,3-pr Opaﬂed"ﬁﬂrt%ﬁ%ionb@h@a%@%ér&%ﬂ%ﬁ R¥oflf) 1,35kéARedpd energy to the
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activities ofowgkryheinmihg alejoyity of glgerdlPhadicershrdSyqasnbansahobactedial cheecduct ase
(dhaT), cerol. .d| - i nase (dhak)
e encorpass e Y EeGRE RS il Bl LGRS L Ve HRGRLE eSS
pheunoni ae anepneettingtidicoss orfathersaibiohydintes thapugintbe Saetoserl gebisptwsplgiteebr uar y
2004 WO 01/ 1283RwRGH 22 afle ERBAEH Ryarhbi PARST pathwa)) dherES, AR
protein (dhaR),. The T u4 ons fchom Gt robacter &gd @FR?FESI el | a_have been
expressed i n HERHORVER fisselgrd caxbap diavide BEBIRAbORARAN 18 ChIGRRRASS 191G BEr o t o
1, 3- pr opanedi dkarbdkinttratedides oftienCaein ayole. tin alserdgsadlstepatthodleardbescr i bed
above for,qd he. r Cld - R0 We] |
i ndustri a%ot sclgfs ?é'% 5‘?% ﬂéﬁ%@}rﬁg@?’%gg ag'tdh{éac_@ ﬁgénr% (c:1 éﬁ%ﬁr“ é\%iedse gi%ﬂ %ﬁgo%ﬁgetregy
i nt ensi ve andwhish can b sgiidnintgreenvesedty ity keeto ispmier ddiydoxyadetonevel y | ow titer
fromthe experglﬁjsﬁﬁa@gﬁdﬁiﬁﬁﬁté@{(ﬁél%@lml_'g| ycerql . These drawbacks could be
overcone with a nethod. requjrin oW eper I nput, an i pexpensive
starting materi al Eﬁ??ﬁcéﬁgéb? bﬁ%%%@”&%‘gﬂgﬁw a'ar’]&ffqu’“i’gfusi ncreasi ng
t he met abol i clyeddersicemayheaize glygkiot.andlglyvend psaluciiay Blfopkintthof eit her -
met hod wi - P r il 0 L.pul s . .
sgenet i cc'inéac h#aﬁgt%err %st ta%%g ?]E}r"é"é’%’o’t#’" %ﬂ%%‘é\@%gf %’tr%'% IOIF fgru%rg‘r:cgu?%a%ql@s&er ol and

gl ycerol to 1highpxispehsalt esincentrations. Similarly, various osmotolerant yeasts.

- synthesize glycerol as a protective measure. Most strains of Saccharomyces
produce some glycerol during alcoholic fermentation, and this can be increased
- physiologically:by the application of osmotic stress. Earlier this century

30  commercial glycerol production was achieved by the use of Saccharomyces -

- cultures to which “steering reagents” were added such as sulfites or alkalis.
Through the formation of an inactive complex, the steering agents block or inhibit
the conversion of acetaldehyde to ethanol; thus, excess reducing equivalents
(NADH) are available to or “steered” towards DHAP for reduction to produce

35  glycerol. This method is limited by the partial inhibition of yeast growth that is
due to the sulfites. This limitation can be partially overcome by the use of alkalis
that create excess NADH equivalents by a different mechanism. In this practice, _ |
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Bi ol ogi cal processes for the preparation of glycerol are-known.

overwhel m ng majority of glycerol producers are yeasts bdd %W%%QQ‘%H a, °
other 15 fungi and al gae are al so known. Both bacteria and yeasts produce
glycerol by converting glucose or other carbohydrates through the
fruct osWDI01828Bsphosphate pathway in glycolysis or the m&@ﬁ’%ﬂ?&erhof

- Parnas pathway, whereas, certain algae convert dissolved carbon dioxide or

-bicarbonate n sts into the . 3-carbon .inte dlat s of the
D carbonat e 4 kAR kA PR AR S hRp St A S ShSaiTo ks o e
phosphogl ycemd:ﬁ'ammoeqmm{taeetatdehgieyceraI dehyde 3- phosphate whi ch can
be readily interc i sphat e
~and ultimately to?g‘%/gc&gﬁeg&&n%g@ &@ gf?‘?% %&hg er| aﬁ%gg PIBBO ‘
| i cheni f or mikasdeen E%@@MﬁqnaszedW@ewwusﬂtan@gt aéngBscéelﬁét and '
gt ycerol spr orgations (19949 U'ttﬂe DARINRNE Wabdlopt@iré a@ﬁutﬂt», Q@&oﬁﬁﬂ%éﬂo' a sp.
and Asteronpbnas._.gra |I|s r ot eCt'ﬁ@}fﬂgﬁa' nst - hi é"externlz‘: sal t
concent r at i oS ‘%Ph‘&l?i’rhl crea RGOy aruyse 1 phbypa) gl ycerol-
as a prot ectnev@gnmaﬂlut BARN{hs tegaiatal hsbsﬂtet:elﬁﬂmodsmmmeﬁonmemﬁm IRONE

gl ycerol d‘” u%g &'h%%ﬁé gsnef ﬁ?. %i‘?pé ﬁ‘éedct ent?a{?lg ﬁ@' @P{S%S{LQQTEQ difab i

phyS|oIog|ca I on o BSHot I er ﬁhls century
30 comerci aﬂecorgbyeetmtcrtpﬂre@wm on was. achi eved by the.. use of

SuTt1edBres) o) Dl °%%t%%9ph“%€?‘9“@8tﬁ%gmf§%€t F‘tﬁ“%ﬁ%ﬁtéi“ Che-
st eer i ng ‘agelRr EXHNPIEKSTHE yF‘?T%P%WBOSHhH@ ‘ggl‘fif@g"sqaﬁ?t begn glopedia de ¢ o

et hanol ; t hugquéncedSfont Sskekron éwd'éfé\l'ﬂ@é AsARHYL. ). Mmbzablje to or
"steered" to m; ﬂ—ﬁ 4%;' %ﬁdﬁg @Q Ig raéarrgaﬂﬁasalé &ﬁi? tths nmet hod4
linmted by t Eﬁ? And Afbarivaehsl é&@t | ¥ Al o the | o

sul fites. Thelenihgwi G logncodimghezlyzralilaphosphate delgmieogepaselfeomise of al kali s

practices 3 %@%@}%@%ﬁ*&o‘%ﬁ%&% LRSI SR | IS

initiated a lammnetel-scwiesieshormasrasityiy obthyirepadonefiibis ssprbudetic  acid

fromtwo equiotaliesdsshé tl@@r@'xﬂ hystaised hﬁﬂ%@ﬂﬁitﬁﬂ@l@df N8-propanediol in a
gl ycerol - 3-phos te deh %genase ( DAR1, Di has been cl oned and

sequenced fri&fv8™ TWang et al ., J Bact 176, 5. 7091-7095
(1994)). The DARlAsg'etiteGQ\BEH;gbnadl-Bﬂﬂtosmambuhasltwendmlamﬁrd faiord. used to

t f E g t al.
<£i‘.Bfa§”ﬁreco cha WABIE: EFRNIS1R5 {8 LRGSRl S bERE KiRbae B Be” 2
envi r onnent ‘B Pl gad ﬁ'd:‘tpz @B@‘b@%‘tfb%\ﬁt%e’ géff{ech‘f"@tﬁ71bb33]§ééi93® drik&ince
1, 3- pr opanedihel eﬁémiéeamgmpm it ﬁ;ﬁﬁ@z@%d’!@ﬁmﬁk%xﬁ&eﬂﬁﬁwm 10 Q her

gI ycerol - 3- phosph?‘g dro enase _enzynes have Iat for
Saml o st ol yeoRsbeutid SoER T ERRHP R GENE GO SleTasiRls At seifFe
sequenced f r atirerShas ighrcer) oedihydrosyacstome t¢ £ 3rpropamediol &t desiralid¢, it hdscr obi ol .

11 (1993) (1994))
teach tgzes C %ﬁl ncaﬂlg tgl!’gg{tt%é?n%%é ?’mﬁ&w&lgﬁ %1%5@%’\/9&0 %?’és ﬁéﬁgdrogenasa
from 15 Sacc‘Fﬂﬁ’reéYﬁfeé@f6&%@9‘?8@9’&50}1@2@31 3E2HD) teﬁ(cét‘}l?ﬁ‘&l)e grpwithefAl ber t yn'
et at. and pasiRhslseml forrtﬁepeauczmmtdfq ,BFIpas@iisll fncMiding Ofrobliey egul ati on

ot et i et e o o Ll oS e

pneumoniae, is disturbed by the presence of a hydrogen donor such as fructose or

30 .glucose. Strains of Lactobacillus brevis and Lactobacillus buchner, which
- produce 1,3-propanediol in co-fermentations of glycerol and fructose or.glucose,
-do.not-grow when glycerol is provided as the sole carbon source, and, although it
has been shown that resting cells can metabolize glucose or fructose, they do not
. produce 1,3-propanediol (Veiga DA Cunha et al., J. Bacteriol., 174, 1013 (1992)).
'35 . Similarly, it has been shown that a strain of llyobacter polytropus, which produces
- 1,3-propanediol when glycerol and acetate are provided, will not produce
1,3-propanediol from carbon substrates other than glycerol, including fructose and
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As wi th GPDH, gl ycerol - 3- phosphat ase has been isolated fr

"Saccharomyces cerevisiae and the protein identified as béﬁ%%%@% by the
GPP 1 and GPP2 genes (Norbeck et al., J. Biol. Chem 271, 13875 (1996)).
Like the genes encodi ng G3PDH, it appears that GPP2 is osnobsensitive.

Al t houghW2 ¥f138Be ni cr oor gani sm conversi on of fernent abl ECTABYRSTbur ce
-other than glycerol or dihydroxyacetone to 1,3-propanediol is desirable, it

has 25 been. d t, to overcone
o suoh an - GAJRIRE WG d L Areh Aufer 61, 24180 (FAM. Hiddty2 obt &y, 0 OF 00
that-the gr ov&dﬂpbfﬂqueyt B@fepéuirz 149 6¥990))ftenght et seeombioantdischgrichia coli -
1, f Er?pfinedll@éncs]fdrﬂ:t@& WakhBe &hatxe aﬁfegéodxﬁ blideh d d6Hs WAt produce

aut obu I CU OStL[I neunont ae, IS
- di stur bed by é"?ﬂaB%dé‘(Pjﬂc‘g 1{%& Br% &g?&gﬁmé‘% °??’ER£FB%‘E or

glucose. &t raglmeerdf Lagt obacillus. brevis.and Lact obaC| || us buchner whi ch

produce-1, 3- propansﬂe tsm ee[feg;eyrkgw%r@ael dxgﬁg Rl @mfae webase

or. gl ucose, not’ he so car bon
source, and, ’5P‘P‘FR5‘U‘§’FF“F PO'S‘FP&gatS%#Pa?WTQ pg reducing gquixplents, waisallyt abol i ze

gl ucose or frﬁﬁhﬁﬁﬁﬂeﬁ d@xﬁtﬂﬁdedﬁﬁ(ﬁﬁh{ﬁ-ﬁcel‘s3 paﬂaﬂmlyléweﬂageb&ﬁ Cunha

o o2 b o BB s d 803 AR b s S ahiae BRSO

1, 3- pr opdifledi470wedarmypnfiog glycerahan ecw&amhﬁk@valde‘dprmdnld Tvad-Dimboduce

1,3- pr0panedléalalfbersz@gnbﬁ%%ﬁf %E%oftﬁ@ﬁkzw O&@mg aencl udi ng
fruct ose and 4”%”&3?% 2004 0. 1/12833~PCT/ US00/ 228 Z gl ucose (Steib
r

et al., Arch.A GIH'GH lfﬁﬁ)’%% jelucops, yhi¢h prodesed ngr “al . (Appl .-
ﬂ ochfem B:j oteypropaﬂedé%l@'[( I&@Pbman@bd i, Uﬂ&érsitﬁ@ﬁmgisdr?ﬁﬁh-h{i&aib@{l chia C?I i
‘t't ansf or me age codi n erol. dehydra es no
ot oduce 1. 3- ioshofelARa e i FRES ppedhof IR GiertRiafoR pEefipethce. o
exogenouslS 5 agidyateqost or frdteby 9 recomimpars Eachenishia ce:lltdh@we\fcr,awpr opanedl ol
from gl yceroly ﬁ‘%eﬁaah&ﬁ& is Pféde‘ﬂ tP#@ﬁ’Js@nc%% Q‘Eéﬁo‘i g!r‘d?x% ctaRab, }gcr gdlepr ovi di ng

reduci ng equi val typ errrenta are’ din the
" process. |npr@9$@r§éﬁﬁesﬂsws}q @ffdowawsrs&ewthepeb r3teas 3 EWFHRE cel | s of

OI tr obalct er dge!ﬁw%dhg NADH K}hﬂbﬁt@hdtﬁg BR&HEP BhPErbSMot Qelfl Bathtdnéesient i ng
gl ycero

t.t | k Di nh t al DE
Gracren) . Dot PEs GRS wlef ol el B ufh s FtactRre d 055
co- ferrrerﬁOl ngprgdmeﬂﬁl-prapaﬁe@bhcose which produced no 1, 3-propanedi ol
(I-T. Tong, Ph.D. ﬁ&%ﬁ%@ha&@&éﬁ%ﬁ' éX\fCQJIO%P It | NRALS Ofher 992)) .

| ncreased yi el ds have béen reporte ernmentation ot gl cerol 15
and gl ucose oglmr@lardéwdwmqt@@om Hraxapapesieldyy asingle anttoorgenisay no

gu?:r gr ;?Jpalrlﬁm%es&sw&ﬂymﬁﬂse éhzme rﬁps«%ﬁ%s&{bealcwfs%wss(ﬁeggr ef) hagr e as a
Sonree or "o WeT AT R e P oREPR IR R0 ok sweeher et |
mai nt enardSe adeficgnoydnthe blobssicall preksssileading ttgmeﬁodlh&ﬁn eﬂgaxpsomemot ent er

- the carbon st SAMM0Uycchd RIS heski RERRP RS oBlne sRERREMI QMO VEr , Lhe

onversi on of ¢arb grycero
to 1, 3- pr oparfetheitatipp; thus, angnergyiioicogive sepastion peacessdrpbtaidses a dehydr at ase

enzyme has begs. ggﬁ? d e B and Vo
9821341 (Us 601 £ :&;'t?os thequeousemfchBitiolbrotfi 45 riddired/ (el Y
batch fcrmentat:ons of glycerol to 1,3-propanediol have led to final titers of 65 g/L

.30 by Clostridium butyricum (Saint-Amans et al., Biotechnology Letters 16, 831
: (1994)) 71 g/L:by Clostridium butyricum mutants (Abbad-Andaloussi et al. Appl
. Enwron Micrabiol. 61, 4413 (1995)), 61 g/L by Klebsiella pneumoniae (Homann
. etal, Appl. Bierobiol. Biotechnol. 33,121 (1990}), and 35 g/L by Citrobacter
Jfreundii (Homann et al., supra). F ermentations of glucose to 1,3-propanediol that
35  exceed the titer obtained from glycerol fermentations have not yet been disclosed.
- The problem that remains to be solved is how to biologically produce
1,3-propanediol, with high titer and by a single microorganism, from an
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25 deficiency in the biological processes |eading to the uc
1, 3-propanediol fromeither glycerol or glucose has beer?%tl%g a(%ﬁ&?‘fer of -

t he product, achieved via fernentation; thus, an energy-intensive
separation process to obtain I, 3-pr o_panedi ol. fromthe aqueous
fermentWO@A28Both is required. Fed batch or batch fer PETGRD/RI8I4 Of
-glycerol to 1, 3-propanediol have led to final titers of 65 g/L .30 by

-Clostridium butgrl cum (.Sai nf - Amans_ et ﬂlﬁ? Bi ot echnol g y Letters 16, 831
(1994)), 71 §rerbapre iSHPHTALRCY 25 BlieoshAr othes sigaph istlssi et . al .

Appl . Envi EpfnduMim 0@h3-@f0paﬁéd10[4é¢ﬂr$kg%lﬁﬂlhsaﬁibSG'étﬁ f&lya M??eééwplglll a ’
neumnmoni ae e we]e] e ot no

E) 199.0)), Epﬁ%gpﬂf%cgona?’ﬁoﬁa&e%& ‘?fe“d’ﬁ&‘i"f’%{y ﬁ&ﬁ’é Wt supr a) .

Fer.nent at i onglwﬁe@amo@éhymmg@cpnmmm to Hamteiﬁneémtbeed the titer

obt ai ned 4 r oRLGNHESHRAIP 1311‘§Idgﬁj?ﬁeaWh§HPﬁs BRNGedued m\/ﬁ_’s ppﬁﬁ]ﬂ %@J sed. The

pr obl em t hat ol v I's. how to bi uce
1, 3- propanedwﬁv\f@tﬁwgﬁ) éqp(eg ent qyidgredyctase, CHF’@W thespfactarom an 5 -
18 February 2afiteMEnShedcadtifesRha 14T/ vandd dell wmmmenM&M@r@umt rate -

such as gl uclﬂfaF ufflize gtfﬁ?;eaél:\] £e§1u ch?orbt'l'ng:gg(%[u?@?no §r) 9};%%%%” 10f

1, 3-propanediol ‘Tequires glycerol as as step sequenti al
reaction i'n which a dehydratdsMMohBRy @ AENTION coenzyme B 12=dependent

S hyar oxypr opL anal °ﬁ‘§“ﬁ§'ﬁ?‘é‘ﬁ”é‘ﬁ?ﬁd§i€‘8§§§*e%“?‘ae ?‘;%;“E{.O;"a’ss%%“d. ol by a
NADH (or Eﬁ‘ﬂ | we'@?gﬁ F carbop souR dises of the cofactar
_regui {e_malnt slﬁanepmeﬁ&ﬂa’esrglhﬁcaml@ highen tivdd dthan predxd)uslaatblahiyi&]! aﬂd)dinthime g : t

i ndustrial p i or .pI‘OUCI
of 1, 3- propa%g e} S‘“@%@ﬁﬂw %ﬁlHélF?\%Ema‘%"Rggﬁ%ﬁgﬁt%Wa dFved 1 h 5
st at ed pr obl usadaasdhe medelhestedn Oﬂﬂmcﬂafnlusmmtwmgeqombmnbé'omlertl ng a
fermentajy e E}?ﬁr@ﬁ{hgsé)g'ﬂbﬁﬁoflééxﬁg t&oﬁlﬂrﬁ mg]geﬁesoﬁl%@gd@ é)&elﬁaraﬁisg Ddt dlﬁant ly

hi gher titer tha revi ousl tal ned E‘ii xﬁ ‘ﬁ-}'f Sin

m cr oor gani sAdcRydiigsereadivy aﬁ?“af‘ lrrBd’é‘PPaE‘ ok gxidaze EPSE( hé’@:la i s used as
t he nodel hogtyceﬂoh3q;hﬁs;ﬂﬁmtehy&ﬁ)géﬂﬂs§ ahﬂwthidem-}}ﬁ!mma}%&ngﬁﬁ SOU[ 15
expressing a | a dehydrat ase
activity, i%reﬁééﬁ?g;’jagigr eacq%\g{g{e}' %’ﬁpgpﬁﬁ&%s %,Qf&%‘i‘% c’qgnedl ol

oxi dor educt adS-grapanediol fermgniatiense| - 3- phosphat e dehydrogenase and a

gl ycer0|h203 motsph]?ﬁ ﬁ%ﬁﬂer%%%@éﬁtius%h%ﬂ%ﬁ th@eiunﬁxaﬁéx?@ﬁ@(ﬂ@%&'ﬂoﬁél %xb’li"er thﬂ]
aSbeot of -t hEE IAIATEGROaRLEcfd e BA SBoRHETY BRBET FERL dhaT  gene in-
this reconbi hBnrpropanediul fromeglutdss. H‘hlsalnexl@mt&ilxﬁaedsbynﬂtegfmnltdmt er of

1, 3- propanedlolmvc Q1 Ir%c%sgndt his unevg &t > rs%c tﬁas?d'ﬁlnut't r results in
I mproved econ N L RUS i %‘PB '}8856? BPTINE (ﬁlr duction of

1, 3-pr opanedilél-prbpmndgﬂfro@ua@s Furthernore, the present invention may be
gener al-lys appl i eth&héerbl-éJ@fe pr@&\ﬁt PRERRIH RAPSL ééfeﬁll&&ﬁghécﬁo 1&3&! 1 the

converted to 1) ycerol, 2) hydr oxyacet ohe )
oxi dation st é‘ﬂiécaéPO‘bF‘SbéE?tﬁ Fhﬂe @ rgadilyopyerted tod) gwsgrehélt) é)hydwyacﬂor@s
conpounds  at 3j 8¢ compaids anths oaidation stdietf gy %Ogl?ceﬁﬂl nghosghate) or

Gy ooy el e B RS R OB SALRR e v Bt couct on
cat al yti ¢ actlihyidtoxyacetone phosphate or glyceraldehyde 3-phosphate) The production of
30 -1,3-propanediol in the dhaT minus strain requires a non-specific catalytic activity
‘that converts 3-HPA to 1,3-propanediol. Identification of the enzyme(s) and/or
" gene(s) responsible for the non-specific catalytic activity that converts 3-HPA to
1 ,3-.;3ropanediol will lead to production of 1,3-propahediol in a wide range of host
microorganisms with substrates from a wide range of carbon-containing
-35 - -substrates. It is also anticipated that the use of this non-specific catalytic activity
. -that converts 3-HPA to 1,3-propanediol will lead to an improved process for the



that converts 3-HPA to 1, 3-propanediol. ldentification of tH”lE enz¥ L{s)
"and/or gene(s) responsible for the non-specific catalytil€ FERMaY @5 hat
converts 3-HPA to 1, 3-propanediol will -lead to production of
_1,3-propanediol in a wi de range of host mcroorganisns with substrates
froma W8MAIFe of carbon-containing 35 -substrates. | PCOTEISAN22874
anticipated that the use of this non-specific catalytic activity that

converts 3-HPA to..l. 3.propanediol will |ead t n i nproved process for the
6 18 Februar y%%&gng’fr@ﬁ%?d'ﬁﬁ'?%w@%?ﬁ'@{% ‘?‘l?ng%gme of an

1, 3- pr opanediimiprdved mtey apd ¢heodeswtinglingyrdveakecananizee, by virtue of an '

i nproved titer andm 1 ] C ics.. This,activity has been
i solated fromE. %?ﬁéé'ﬁg%#uié%ﬂ%@éfﬁgﬁrg cﬁgn an‘éﬁlg{?cﬁc}'?géa n%lrkﬁ- specific.
catal ytic acteneedipg aaenspreifioearalyie ativily fa-theganversjon afidi-onal dehyde to
1,3-pr ODaBedlr@hrpx%rownamehyaaoSEJDFﬂoQM&,&;s%t &ftin §Eb€m R0:58 Q0 the

. group consystf ntg %f a) an isol ated nucleic amd ragnent encoding all .or
a subst anti al®**f AzoghthsereyReonsising 8 i d sequence of SEQ I'D NO. 57: (b): an

i sol at ed nucl ei ¢ aci d(@)r agrismited hadleic acid filaginand dnebdiyg aii Bt h Siibstantiafll 0. an '

isolated nucleic acid fr t cqadin |1 _or t ial, portiaon of
the am no acid sequence %?ﬁ@é@fﬁ% zﬁ%ﬂg%&% ¢ uegﬁg?égﬁét@gwrﬁéf eic acid
fragment encodi ng a pd)ypgeprolated wicleie acifl Sagmed@Shatasiyhstaatialljssimitar tvg. at
| east 809Ypwi t h the_am no j , ) : .an i sol at ed
R Hothe FRRIOEE] @ffﬁgr?g@ éggcé%#& 21;%%?%@1@ :

nucleic acid fragnment that hybridizes wt zat1on
condi tions of 0.1Xx'ssc, @oHysihe gaineagidsedusachebSER IR NQ:S3Sc, 0. 1% SDS
followed. by 0.:1X SSC,(c). afGsobiRéd nitiuic 4¢1d frapmes@indbddifg B pelypemideerd: f r agment

bt s, o erentar oy i Sl e e o bR S 1% ou
in SEQ I D NO 57. A chi-nes¢quegesaf SBQYIDAQ6Mst ruct ed conprising the isol ated
nucl ei c ggid fragmentydgsedy : [ : [ | :

regul at org sequences néd‘]’h?é%dé %ﬂn%lfc?égyﬁ%ﬁgﬁ %‘Z‘Eﬁtﬁg&u@éﬁgﬁyﬂkéﬁg ?rll-

i ci roor gani sns sel ect ed hypadizatie copditignef ¢ b SSEE, 0AGe SPScH: Pepadt er

Ent er obact er, O ostri di- uRgasiddeRih eXISSC. Aare 8RS Bllowed-BED ARESd ¢t | '
Aspergil |l us, Saccharonyc Schi zosaccﬁaronyces K4 - 0%
Zygosacchar'brryces,'- Pi chi g,ﬁsr'(laﬁ‘?ver onyces, Candi aa,‘ Hansenul a,

Debar yomyces, Muicor, (Hr ahdsobited nudkeihiadid fagment, th8ds cemplemantaBawi(h), us,

Aer obact g, Streptonyces lelpp i Q-El% o) t..J:3. the 30
preferred host. Accordin tf%@’?ﬁﬁ%r%@?r@%ﬁ@é%ﬂo p?ﬁcvﬁagielg&adcﬁue‘}é nmbi nant

m croorgani sm  useful f &renbpdigsddnthernobypeptidelassepow i SEQ 1B NOoYhr i si ng:

(a) at |east one gefimefd g@@le gy Be BstsiB&Ged EélRpriaNg DR iine@hRicid aBgoSPhat e
dehydr ogenase acti Véd%\ér ( at 1east ,ope gene encodi ng a pol ypeptide having
gl ycer ol - 3- pH3gmeat drseribegidAboye ppare ?"h(‘E‘)d isuitable reeyliory spqueatisodibiy a

pol ypepti de khiner@ geneledybk ased 36 tramsforny imfictioofghhisais seRa®l fRnet@eRcuEncodi ng
ancod: ng28n SRR ofFikBhudt Eferofiler oy @figh. pBglle; geronadier, 0"

% - Lactobatillus, Aspergillus, Saccharomyces, Schizosaccharomyces, :

- Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Salmonella, Bacillus,
Aerobacter, Streptomyces, Escherichia, and Pseudomonas. E. coli is the

- 30 . preferred-host.
- . -Accordingly, the present invention provides a recombinant microorganism,
- -useful forthe production of 1,3-propanediol comprising: (a) at least one gene
encoding a polypeptide having glycerol-3-phosphaté dehydrogenase activity;
(b} at least one gene encoding a polypeptide having glycerol-3-phosphatase
35  activity; .(é)‘ at least one gene encoding a polypeptide having a dehydratase
activity; (d) at least one gene encoding a dehydratase reactivation factor; (e)at
least one endogenous gene encoding an non-specific catalytic activity sufficient to

7



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

3- hydr oxypr opi onal dehyde to 1, 3-propanedi ol, wherein no ABKEPIUERA?0% haT
gene encoding a 1, 3-propanedi ol oxi dor educt ase is present. The preferred
enbodi ment is a reconbi nant m croorganism (preferably E. coli) where no
dhaT J¥0d1i12838r esent. Optionally, the reconbi nant -m crd’tﬂ‘l‘ga?ml@m?ftay
conprise 5 nutations (e.g., deletion nutations or point nutations) in
~endogenous genes  sel ect ed from the group consi sting of. a_gene

“encodi ng” a pmvypéphﬂdd@tmmw@ld@ﬁh@rm-P@Pﬁ%%oh&’mﬁ?m90 ﬁ{"b‘g' nglgene

encodi ng 3 Hﬁ&ﬂg&etehé&nt mh reijafﬁ%fbxxd&ebudmﬁe R5éht. Tht ipriféryed andt(C) 10

ene encodin epti avi n ri,os rase i vi

?n anot her Eﬁ%ﬁ%ﬁ'ﬁ@%‘g aﬁ?f@n?eq{mml%ﬁoaga@plagﬁge?gg@?ﬁggé) gg?retnﬂﬁﬁi‘oducgll on. .

,.of 1,3-pr ga&rie;lreséntcmpnbnailmgie(ra)onﬂmwmnucmgrgamsdamag eomptisee condi tions,

a reconpi. nﬂﬂﬁatﬁnsg éd dléi%{m%&tbﬁ&g &&:gﬂl@n{ neﬂﬂ%éﬂ%ﬁl‘?&& s& functional
ropanedi 0

dhaT gene e€nco oxl ore ctase activ with at | east
one carbon S@%ﬁﬁ‘b@ommfépn CPW“G?&PBOQ? agareencodinggpal peptids heng he gr-oup

cons: sti ngb fcé{E})ﬁtﬁQgé?@ﬁﬁllﬂﬁr(bﬂ@%enthbW @l@pqﬁﬁﬁ lﬁ@in‘g@ﬁ?hﬂrl des,’ and
si ngl e~ car ubst r at es rec e
1, 3gpropane87r’13'§I 86%388‘&"%3‘('&5 gqcﬂ&é‘ﬁ P@MP@%% ‘385 des a process f or

the product trimsepiospliatSispmepanadivitl. f rom a recombi nant mi croorgani sm :
conpri sjmg: (a) hbRioRr esent
id {l{a e eRSodinin fh%qgm ;Bx‘i‘ﬂkldﬁeﬁ Ct e%{‘# 4 rﬁq{rﬁ o

i nvent i on with a ohe TR D source se e group
consi st i ng -6f 1Amerasedinbeqraprising(a) geactionamdes suitablsopdiions. i des, and

SI?gle Ici'slr b%o&ﬂbﬁhfﬁtct%ﬁc‘ﬂhﬁfrﬁ g aldrarr mmmﬂlgahngawmmT@dl(b%h

opti ona rec yer| e rroduced .in (a ar e s
Chvent; on’ | FRORIE & b prepncioL SrfBEREEse s NRCHER et bl easpol Y 1" (D)
1, 3-pr opanedmmbe fwhereimtheearhobisnane mmetc::tedrfgmmﬂmrgroupmnswung of 25 (a)

cont act | 1ig %Io%Sfa%Pﬁm% ﬂ‘g&éa%&fa%@é iHisy@Actcﬂ &?lss‘tineggg'%a:%% QL trafiQUI CE,

sai d reconbinant mi cr 00r m conp one gene ehcodl ng a
pol ypept i deamh(h)ngtIanauefhmvanas@e 1a%P‘4‘0Pﬂflﬂ;d1° pducgd in @dst one gene encodi ng

a dehydrat ase re%&iﬁ@ﬁﬁ&ﬂal&@ﬁi‘o@fdes a%ﬁycéés'fb)ﬂétprb&ﬁﬁbn@!‘e endogenous gene
encodi ng a nqgn-speci fi grecat al émbl activity.sufficient %8 convert

3- hydr oxypr dprFRBARFEIR) fram rec IPSFROGEHNISM GABPHSIASH D ONCF hal dhaT
gene encodi fig racordbigar ntipRoethinisin efthel presehy fiveneion svithrad deast onesattebnc ar bon

o by 020 ac b T 6in B8 F BORI-Thk B mdboSlotla, diidsactliidss, oy 1
recovering tphiysdcBampiespadsiight-cabadsubeigatenwhereby 8,3i@opanedidiy 2004 WO
01/12833 PC[,Eng O%( %ﬁ@?b‘} gﬁ%naﬁm%{)b%{ rif R0 3-Bf afo é‘dml‘;ﬂ&&ﬁﬁeﬁ%f(ﬂ?r ovi des for

t he co-feed on-su di nent, for the

production of 1, SipHarbathe drention H’éﬁﬂdél“éb@"lﬂeé* Pr(’%f-)ss &gtbeprodugtion efec onbi nant
E. coli w th Bphpifddict Heht £ reebmbiaRORicAdganism comprising:-

25 (a) contacting a recombinant microorganism with at least one carbon )
source, said recombinant micreorganism comprising: Q») :
(1) at least one gene encoding a polypeptlde having a dehydratase
- achvnty, : ‘
(ii)  at least one gene encoding a dehydratase reactivation factor;
30 (iii)  at least one endogenous gene encoding a non-specific catalytic
' " activity sufficient to convert 3-hydroxypropionaldehyde to
1,3-propanediol; wherein no functional dhaT gene encoding a
1,3-propanediol oxidoreductase is present;
said carbon source selected from the group consisting of glycerol and
35 ~ * dihydroxyacetone, wherein 1,3-propanediol is produced and;
" (b)optionally recovering the 1,3-propanediol produced in (a).



wi th a second source of carbon, said reconbi nantE. coli ig%’phl Si g@é(l) at
‘| east one exogenous gene encodlng 4 pol ypepti de havi ng

activity; (ii) at [|east one exogenous gene encoding a dehydrat ase
‘reactivation factor; (iii) at |east one exogenous gene encoding a

" non-specWOiI0Y12d8al ytic activity sufficient to convert  PCT/US00/22874

3- hydr oxypr opi onal dehyde to 1, 3- propanedi ol, wherein no functional dhaT

. gene encoding a egmp%@)anedl oXi doreduct se acgtivi esent in

t he-reconbi nant 1 rjas & ERYPRHONDIP Y ?%@5 “%8 e is.

sel ected. f ronatbb&sngbstrme dotids aﬁbodgnemffogtlhypardnbtuaﬂdf UB-lpmmdj@lcﬂieone, and

sai d second GRLPAR. YONLGRckD. FEESRH R Ui il BLOURLGURLALH 1A O

nonosacchar i osacc sacchari st ngl e-car bon
substrat es, .aith g sspondwurcedf parbgrars@durmor@hlmdiemh qorpm)smg (Dxatilenstl |y,

recovereds ThRe ERpbRAE g&ye&%dﬁgﬁ%ﬂgieﬁﬁd%avﬂgwhélﬂﬂﬁ%é actVig; (ifGenbi nant
15 E. coli zﬂed in a co-feedin

nt -ma t Co i Se: (a) a set
- exogenou a@%‘?ﬂ?s“ﬁ%“r?é’i‘%%‘f“ﬁ& Ll “(gﬁdg’(ma{%fga& “}éatﬁfé‘r{éct%g'g‘&
lool ypepti de bawexcgen@l%eae aicoamghomphpécﬁﬁdehy@nogam@emﬂtﬂiemltd %bnvéttl ) at
east one.ge Vi N G at ase.
vt vi ty:  and TpeRe BhibioeRRieXB T b Baidion Wit SR BP0 28E 1
product s of dhcortingn § Sf-prenmedxoknmdqrgdtwmeacmmwasp;esm inithaBSoarhinamt j Z, and
(b) a sejgof ﬁwpmﬂéeﬂ%ﬁﬁ%mt%nggﬂ%e lf?ééle!&ﬂ!dei‘ngﬂhﬁtér&gb ?onsfsﬁﬂ?t | vating

t he gene, t he _set S ene_ en
havi ng- gl ycefPbel YR?rﬁf@@Ao\ eragetor(q,ﬁ? w@mn@ﬁ ar.l FRjITee lﬁ@ﬂyﬁ;@%?rpae havi ng.
gl ycer gl demagrogeﬁmsnﬁghf mbiiosacohagidds| ollgosmm@se?myﬁwannbaep@h& Eept I fle
:having trioge ate ct,i re i_nant col i
g\ral ns i ncl tid gfé gg%o S“R%H?? SEanads@? ¢dy Bf‘%anﬁgﬁcﬂ %‘}Wbm @) KePupnally;” et of
two endogenotesoyanésTheorfeed sray besequegtial orsinaudtancous. e reooathimgtt he gene,
t he set ns r%eéﬁg)ogﬂﬁgg &‘yoﬁgﬁi@ J \dgng a gl ycerol
ki nase ag'?l ths{:/‘%mgsr?g nfll%)feeﬁl ne_encodi ng-a pol ype ptiédggﬁa%ldn a glycerol
~dehydr ogenas BX38enPYS gohes ¢ampisting pidiat legsieonsasye paipdinge ppdyee ing a
Iool yltoeptl de Eﬁ*ébﬂibﬂﬁqﬂh)é@;ﬂfatﬂd&y&h@@ﬁb@i&vﬁ?*’?ﬂgﬂﬁﬁﬂ%ﬁég@ﬁd&bdiﬁ (c) at
east one exQ ene e epti.de LN cero
phosphat ase. 83‘3 aﬁlﬁ'ég?y&fm 3%5'105@#%9 @h‘g‘el'é) ‘%é%ﬁﬁ?ﬂ E?gf@f col i
strain RJ8 ggrqsrensodmth(:a)‘—nesmdmﬁwﬁd@a emflf.ogefﬂ’ows‘Wgéhm&l dkeBh gene having
a nutati s apﬁﬁj bekPb? G, a%ngﬁenhbgma@ (EORR bbiRehading a(l’n%taﬁ gene

encodi ng a polypeptid vin cerof kinase“actl1 vi || a gene
encodi ng a pb‘}aﬁ %%S’cqujée &9@\‘71 the sef coﬁf’r"a%r‘gl (o aisper mﬁ%@p&&mﬂ% -and
(iii) a geneh@ﬂﬁg)glyn&oakﬂa@ée)aﬁﬁﬁty Qﬁ) dgatice@ic@ding &palsﬂp eitiieMading glyderslr ase
activity. 9 % bruaﬁy‘,mﬁ%,)l V%D(I jLa 28{,’361*‘;1 %/ USO% %%Gher usef ul

embodi ments R PEE6 naHT VB @ EBTS NEBRPE A 4P d’ept(e) WMEset of exogenous
genes consi striosgplufsphat¢ jsomeraseattivitgne gene encodi ng a pol ypeptide having a
dehydrat §§e act i V'Us¥i?ul fécb%bﬁxtanﬂﬁ%h sﬁ%s%ﬂ%e?@&ﬂﬂﬂlﬂ&t P&k%&%ﬁ’t' de having

: cherol phosphat e dehydrogenase activity; (111) east’ one gene
encodl ng a SK&(ﬂD H‘tPF‘a’ég}’(éW%OQF%@FW%Q%P%gﬁhSQC&ﬁH%@W%‘l‘y and (iv)
?t | east onegﬁmﬁm iRAtIREiinptha getd)tdrsat @ﬁ\@lsﬁ@gﬂﬁi | (V)P4 g eﬁétﬁiiliga and (b) at
east one endog ene " encodi onsspeci kic cata c activity to
convert 3- hyBP%?ﬁlgf‘% _5W§Iad§¥1 jlzp%se 5 ?“Hrﬂﬁaéféa.%ﬁ"" C'Wﬁé'lngl n no
functional, ghbpepatedaringadilymgra dehBirpgempseraetivisy; (b) at least one exogenous
30 gene encoding a polypeptide having glycerol-3-phosphate d_q:'hydrogenase activity;

(c) at least one exogenous gene encoding a polypeptide having glycerol-3-
phosphatase activity, and (d) a plasmid pKP32 and a recombinant E. coli strain
.RJ8 comprising: (a) set of thrce endogcnous genes, each gene havmg a mutation
. inactivating the gene, the set _consisting of: (i) a gene encodmg a polypeptide
35 having a glycerol kinase activity; (i) a gene encoding a polypeptide having a
- glycerol dehydrogenase activity; and (iii) a gcnc encoding a polypeptide having a
tnosephosphate 1somerase activity.



oxi doreductase activity is present in the reconbi nant E. gg_IIP 10 ot her
enbodientn is a reconbinant E. coli conprising: -(a) a se nous
genes consisting of (i) at |east one gene encoding a polypept|de havi ng
gl ycerol - 3- phosphat e dehydrogenase activity; (ii) at |east one gene
encodi MYOLL/1RRIBy pept i de havi ng gl ycer ol - 3- phosphat ase a®CTAI0Y/228%hd (i)
~at | east one'-subset of genes encoding the gene products of dhaR, orfY,
orfX, orjW dhaBl, dhaB2, 15 dhaB3 and orfZ, and bll at | east one
“endogenous gene &ibeasefl smbedimeptsdncinds recombinayi F. coli compiisipg:t @) aonver t

. 3- hydroxypr@@em&b erle8 cAnsstp AFADAA 16t one/dRaE BAddING o polyepgaal dhaT

gene encodin ropanedj ol |doreductase tivit resent in the
ool nant Maving3idenbabac eyt Gt lear ob¢ £f snsddng » ppbpeRice heviEg o
reconbi nant gl';cceﬂxl+3-ﬁlwsp]me delydpogenase @etiving (i bt leadl ogepansenddlligemes, each

gene havsng Bl ARiNASRYE bRSpNE ARG LR RSk BERShedR0 OTF | (2 a

gene. encodi- Cero ) a gene
encodi ng a gofodiepa riq!ydnmerrgaogwm@cton@nﬂ (ﬂbwmtsme@pddrgmoss geand (c) a
gene encodi 'eHEbcﬂng?Q h}dﬁ’% iﬁ’@céi.‘aiy&d‘&uwty ‘ﬂ?é‘(ﬂﬂ%ﬁ@ )E] toV ty.

&

Thi s enbodi nent rther 1ncl yude rocess f.or blopro ucti-on of-
25 1, 3-pr opér?éﬁ'i°8?-“%ﬂl’p?”?‘§feﬂbﬂo “‘E’Sﬁ{”&gp t g5T§ cafRfRe & Lamaepagedishdi ti ons t he
Iﬁ}mdl at el yoﬁl!d%ﬁédmmdeﬁaﬁwmﬁz%ﬁ&ntﬁth@@édonwmdhtﬂcdéeas't one car bﬁn sgurce
sel ecte t he up sistin no ari des osacgchari des

pol ysacg?\arl des pﬁﬂ)&ﬁ)?l H&Og‘e{@? bso%eg‘lfﬁgl?l?%ttﬁ &A‘fgﬁngﬂvhﬁ @8?‘6‘& nediol is
produced;: anaioge(nb)xs geriels omaslistingrof i atleash gné BenclgmBoding p polygeptideuinigced i n
(a). 30 And cafm'sggﬁdégﬁa%e ﬁel‘E)‘d &ééﬁése%t% fni] QMedsPéhn rﬁeﬁ@é&g filgi 0N Of

-1, 3- propanedi In cont act e reco nant Coli_ of them

i mredi at el y Palypeptidshavi uwrelrﬁ-p hesphatage gc FMEY and §i#y) af least ope ;uba@t afeast orie)
exogenous Q%Bﬁes%@@ﬁhg%@geﬂebm%lodahm\ﬁmg AR e edrR®e vity, (i)
RTINS Bl 7 L AT B e A T S
Ftct [ }[/l ty to éétghmmrxtlﬁﬂﬁm?xw@mfmmigimm%ﬁg}dm lﬁggﬁmg} ?283\:{;“ th at
east one c Pe{i%ifg%ﬁcqloﬁacﬁz 0 ér%p 185 CediaHati o
I N A d

PCT/ US00/ 22 consi roxyacet one, and
(b) opti onalaciviteis@resentig thmwmetnpmo@améd iIbis thsﬂun@da sp iffchydes BRI EF.

DESCRI PTI ON pifcedd fsibiAVYNsiabinatEA BN idrebiipR e 3et sF¥RdSHehbedd CAL
DEPCSI T The |nven5|on gan be nmore fully undglﬁstoo fromthe follow ng

detail e d&ﬁ%ﬁ% < pRYOE agnuigtion ‘“a“é'c‘,’%'i‘&) BERY %‘@&E@ﬁ@@nﬁé criptions,

and bi ol oglh ala gdﬂﬁm&odlﬁghbalypé]ﬁfdéllﬁﬁilhg&‘gl}@:ferdlIklr&sﬁmlvit?ﬁ(bbQ@eneFl gurle I

presents the at i;on. Wi ne r egul on

subcl one pHIEEgO@%g afg%’lPFé &eé‘aﬁ"‘ﬁ cerc{lél hliydé—ﬁgepnﬁs cng‘r“?’é’ *’&gt(ﬁg ac%anul ar

sol ubl e proteecadifiga pplypeptidechazimgiscosephosphate ifommarasstagtivins runs essential ly

as described in %'E&Bocﬁmcl‘hsét! mgh&%ah@&t rBE&ds @y cyd f)lagl‘oall&lol'l%f I'n one
use .

case, solid line straln was . KLPZ3l pAH48/ pK I'n .the other
case. ddShed-1PREICHROTTREING (O9nRRInE Yadss SpiRletongites &

immediately disclosed recombinant E. coli with at least one carbon source

selected from the group consisting of monosaccharides, oligosaccharides,
polysaccharides, and single-carbon substrates whereby 1,3-propanediol is
- produced; and (b) optionally rééovering'th:c 1,3-propanediol produced in (a).
30 And-also includes a further process for the bioproduiction of '
1,3-propanediol comprising: (a) contacting the recombinant E. coli of the
' immediately disclosed embodiments that firther comprise: (i) at least one
" ‘exogenous gene encoding a polypeptide having a dehydratase activity; (ii) at feast
one exogenous gene encoding a dehydratase reactivation factor; (jii) at least one
35  endogenous gene encoding a non-specific catalytic activity to convert 3-hydroxy-
- 'propionaldehyde to 1,3-propanediol, with at least one carbon source selected from
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15 Figure 3 presents a graph of the cell viability [(via

‘cell s/ )/ 0D550] conpared between two fernentations run?é gg%ﬁ'@’i%oﬁy as
described in Exanple 7 wusing a constant feed of vitamin B 12. |In one case
(solid |II’IESE the strain used was KLP23/pAH48/ pKP32. I n the ot her case
(dashed W 3833t he strain used was KLP23/ pAH48/ pbT29. PET/USIA2ZTdr e 4
presents a graph of the yieldof glycerol from glucose conpared between two
fernentations runs essentially as described in Exanple 7, but in the .
“absence of v.theemwp@r@@hawéeéﬁssym @ﬁMIOHYﬁCQS%,@'g@)PBWWYI i nes), the

strain used ry@Rsve 8 droduifedtif €a)ot her case (dashed lines), the
strai n used. was / ! ) w di agram
illustrating the met abo € v Fof oS ¥=8-pr opanedi ol .

Figure 6 is a 2D ADBPOBIS racti on

| extractedsfroma @v%f?ém&& rlﬂ &d@rst&ﬁl e‘flﬂﬁge(d)ﬂn&% gtd%%gasact Ivity

(non-speci fi c catalytic activit nat lve g equence
descri pt i ons dgseEPtipR l@eqae&eeacm@pwglgeﬁeﬂaeﬁedewepe@% d biologigabl y wi th the

rul es gever nuglg,snyq{aemm@wﬁﬁga@mmrﬁm d sequence di-scl osures in
patent applicatio as.se C(f 825 }h%.rﬁ qui rement s
For “Patont. Aopl | CLTFBRL PSRRI Eel Rk EBie RN R R A no Aci o

- Sequence Di scégubon sbclone hEK28¢0ence Rules") and will be consistent 35 with
Verid | nygl | ect ualrRgop rgsxmea%@%?me bR STUPRGRIEIIR)S (1998) and

t he sequence |istin uirene he EPO an 5.2 and
49. 5( a- bi s) , cOBAReS, Mes&% “&ﬁ@a%éﬂn@sé?ﬂﬁﬁﬂéaﬂwlﬂb%’tmﬁm e’7

I nstructions )Jsm'g’heoﬁﬁﬁma‘mfmaﬂq& Bep rlgm? cé’se%li:dmnea,/éﬂeﬁfa% Egsa/wasgm 22874
. scri ptIOI’lS code r .pucl eot € sequence characters
Dﬁd the "thr Qﬁéﬁﬂfgﬁéézﬁé@?ff&% rcaa%ld m&%ﬁ? HER PE SR or i ty with

t he | UPAC- | YHR.P2S{mddd8/pRT2®scri bed in Nucl e| c Aci-ds Res. 13, 3021-3030

{noorbor Ated by SRAY JPascdse é@%“%ﬁh@%ﬁ"i’%ﬂ’@ﬁ et eot.%@GSQSLE'nQe |

det er m ned fP@WPﬂ'Ci?C@VC%tW‘EE%’RPmSHWS mpsgsaEally apdesprimd indaample Tont ai ni ng
DNA from Kl elsinglal canstiit geddstivi@min Bp%qhmedaser(&dhdmrﬁbﬁthe@uain Bedsust em New

cHg\r/regspondl ng&&;@&‘{}wgwal&éﬁ? P‘;ﬁ ?I\f- furtlg%ra ﬂ'ﬁt a g‘?g’ﬁ% associ at ed

functional i t KLE23oAH4RpDX2hple 1. SEQ I D NO 57 cont ai ns t he nucl eoti de

sequence, ?eterm n?@gligag%’ég?lﬁsatgﬁ?ﬂ mﬂdogg eﬂgpﬂgmté]@u;sgtg

bi ol ogi cal deposits” und gest Treaty_aqn

| nt er nat i ona|beweéa§wpfqreﬁn'ehomwneeﬁemai y @6 deceibed i )‘@mﬂl%?ﬁsb“fﬁ‘r Ehe
Pur poses of RBieabd of ViteEa WS or déenzyme BEQ ﬂnQnWs&Wﬁﬁsﬁ&hddﬁﬁuﬁﬁﬁeﬂO acid

seduence del Lo ol L ik b 'de Bt in S %ot 4 i ng

ATCC 69789 1&IARM/pAHMIBDT29 a portion of t he KI ebsi el.l a genone encodi ng
_,_t he gl yces ol dEhy(ﬁﬁfrég &s éaﬂawa?agram illustrating the metabolic conversion of glucose
j to 1,3-propanediol. :
~ Figure 6 is a 2D-PAGE membrane blot with the soluble protein fraction
extracted from a band shewing endogenous E. coli oxidoreductase activity
(non-speaﬁc catalyUc activity) on a native gel. - o
30 . The 68 sequence descriptions-and the sequence listing attached hereto will
comply with the rules governing nucleotide and/or amino acid sequence
disclosures in patent applications as set forth in 37 C.F.R. §1.821-1.825
(“chuiremerits for Patent Applications Containing Nucleotide Sequences and/or
" - Amino Acid Sequence Disclosures — the Sequence Rules”) and will be consistent
35 - with World Intellectual Property Organization (WIPO) Standard ST2.5 (1998) and
. the sequence listing requirements of the EPO and PCT (Rules 5.2 and 49.5(a-bis),
and Section 208 and Annex C of the Administration Instructions). The Sequence
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transforned E. coli DH5a containing. ATCC 69790 18 April cosmit pKP4
containing a portion' of 25 Klebsiella genone encodi ng a a%%lgeg“‘@@h%gdrzfat ase
enzynme E. co/i M5P33.6 ATCC 98598 25 Novenber 1997 30 gl pK nmutant E.coli RIJF
' Om ATCC 98597 25 Novenber 1997 The deposit(s) will be maintained in the
i ndi cat¥@012%Bnat i onal depository for at |east 30 yeaPSTAINA0WT4 be nade ~
~available to the public upon the grant of a patent disclosing it. The
~avai l.ability of a deposit does not constitute a license to 35 _practice the
“subj ect i nVRFerippns sopfaindhaerelstiercoge famucleptidn ssauansp chayagisrs and the
%Cj?/fr n Weggl-tflﬁzbilat&r codeﬁ?orla&ﬁgp E&ﬂfﬁﬂeﬁh&c}l’ fi@bnfcﬁﬁﬁ&%ﬁpt{% HgEAIGSIYIQBn T%’ pe

ure ectio i.nternatiaqngl. 0S| . University
Bl vd. , mnﬁg@gds@gcg@a{@%%@ﬁgdgﬁis3%@ﬁ§9§@?@)m Y¥fie accession
nunber to dBibthenden! dourdah2id, 845-218 (H98#) which AfEGErdR irkSrfosdted byy 2004 WO
01/ 12833 PQLEMSA0/ 22874 DETAI LED .DESCRI PTI.ON OF THE | NVENTI ON The present
invention provides for an inproved process for bioconverting a fernentable
carbon source diSRR{PNQ:bcontaing theyuwlegtids segyeneg dgtesningd drome d2ddibgani sm
. The met hod EcpRESal FrepfichZshn PX Pl B6saME dotthingiy DMASk6n Fapskiqr! | 5 viability

‘as well as a decrease.in cell |ysi rj.ng ferpentati on__The present: :
i nventi on iRHHYEGE ’ch[}gF&}r’.tﬁBﬁbf @W&%@F%&S@W ‘?‘h"ﬂ" Cp@-“ﬂlroopanedi ol
f er ment at i aarnpedpiES28:26.cTahie 1 Surttgr detdilpgampswedespondingibdes padesct ase (dhaT)

are chapactsciied ikipheh (DNLS o8 sabEACA B RbNGR,. SLARIRESAR, ket ones

in the nmediu orrerl at ~decrease i1 T iTity. The ~
present inventi otEQ D ANG87 pentains theuplgetide sggusnce detegmiaed &erugdD.- f i ndi ng t hat
a hg- nodel . h_oslt -,%@licﬁﬂbhaavdxﬁacfe&ﬁ@hﬂl%“@ﬁg si_egb)gﬁfat aégﬂlsi%?!d%r ﬂf&_ter_ntxs of o

-1, 3- propanegi gl endogenous non-speci fi.c catalytic agtjvity capabl e ef
conver 1 ng (e BydesS raR Po MRy terosRiion SEME RSt St en (o)
i nventi on. drgarfismg foe thelPasmetes off Papent Procagurs: t he unexpected finding that an

E. colij<f er nent aigd . .l Si ' : i f i talytic
activity and | a%%b ﬁ8%g‘?‘ﬁ%ﬁ%ﬁg%gérbé}gg%%écﬁr%%rﬁh@?%afsolégag%I viability
during fernentation-and provides for higher titers and/or yields of :
1, 3- pr opanedi Blepositanidenfikeationt at i on pr.odetlPeposioriysi ng a functional dhaT.

In one aspect, gl Reésralcei s a nodel _subst rBesgndtibe hoBatenfdeposiyani sm has a
20 mut at i ONfrafsféintedE.)t0R DHSM cadihinghat TATBCE 6038910 18 Appit 9pogedi ol

oxi dor eguct As&ioR6H thy KlidbsRNNd eIRE | Ses 'a non-specific catalytic activity

sufficient : r - qi%gl nal dehyde to 1, 3-propanediol. In

anot her aspégg?c?lggﬁc%%%r{?ggﬁﬁ%%fe _ugstrate.and reconbi nant E. coil is a
nodel host. 1'n_this _ asps E. coil conprj endogenou on-specific
catal yti-c dEans{pmp ,§u‘FCl9‘i éhéﬁt‘:"f‘f@"&%vert @téé%ﬁ% ox&%r‘gwloﬁ’ggdehyde to

1, 3- pr opanewswit PB4 contaiindaapien©f ¢ he non- specific catalytic activity is
an al c@hol Kiehsiellagpanmesncadingmdiohspect, the present invention provides a

r econbi nantdehydratasé¢ enzyme

E coliMSP336 ATCC 98598 25 November 1997 )
30 glpKmutant E-coliRIFIOm ~~+  ATCC98597 25 November 1997

The deposit(s) will be maintained in the indicated international depository
.. for at least 30 years and will be made available to the public upon the grant of a
patent disclosing it. :The availability of a deposit does not constitute a license to -
35  practice the subject invention in derogation of patent rights granted by
- govemment action. . - . s : :
‘ As used herein, “ATCC” refers to the American Type Culture Collection
_ international depository located 10801 University Blvd., Manassas, VA 20110-
- 2209 U.S.A. The “ATCC No.” is the accession number to cultures on deposit
40  withthe ATCC - . - :
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'--|na5|ngle5mc

expressing a group of genes conprising (a) at |east one ?gge encquﬂg a
" pol ypeptide having gl ycerol -3-phosphat e dehydrogenase ac bya

| east ‘one 30 gene encodi ng a pol ypepti de having gl ycerol - 3- phosphat ase
activity; (c) at |least one gene encoding a pol ypeptide having a
“dehydr at WODIHREBvity; (d) at | east one gene encodi-ng a BERPEPHI2EZE
reactivation factor; and (e) at | east one endogenous gene encodi ng an

non-specific catal yt| c - hydr oxy-
" propi onal dehyde ‘to 1,3 upa .,uilfs:é.j(? Pﬁﬁﬁioﬁ%ﬁ%ﬂﬁ ni smconverts .

gl ucose 35 to 1, Shapquaﬂmhenhoxapromdhsﬁalnahuxhp:roved progestfbebioesweringof this

Lvent o, A5 lenihIa Bl U5y i ] 8508 Sy 11 S v ecomdl nan
unexpect ed| y rH¢rgheganisim: drhegethodys pﬁ@mrwd@w impesvied titarowield; ardhcelr evi ousl y

att ai ned. 5 ThQ;aBilR$ a§Hvell aysa&dr%em&wwlﬁwﬁhg ﬁﬁﬁéﬁt@ﬁbx{mt hod for the

bi ol ogi cal rodugtion o diol from rnment ab) e carbon source
X D g s T SR tactart PO e oRrerEin Bty oot i o, o

i nproved: pr od@sproparedid frmentatiex rooessasfcogiprisingd ,3-prapateddslopanedi ol i S

achi eved.by f a host E.
col i transfo%)?rle Hﬁﬁﬂﬁg (ﬂhaf)%?giﬁéﬁélaﬁrﬁtze&n% %g%%gﬁ@? re u‘%%ﬂg\l&genes dhaR,
orfY, dhaT, -8ldshkydespandietampspn the ragdipp, W@ﬁhWOP@iﬂﬂe%‘PﬁZiecéﬂaﬁe inftele genes
~arrangedjgn bhﬂliﬁﬁ”?h@ﬁt@ﬁ%ﬂt fvehte ik &Ebb@é&dlﬁ p@&hﬁ Webedt ype

1
Signi 1 cant | PRGN e mAtelhgsicE (P Beabl vnrgaas?&ﬂ%?‘t 2 similar

f er ment at i onl,3¥proparediod: by aememtogemius @pn-epeciiiecatagtiobctivity cppatderofl pDT29 as

. bed )
e b s SR R SIRIRE M e
1, 3- propanedi&ﬁlﬂhﬂ(ﬁﬂﬁ fl. iepAsh upan @ehmm@eégmﬁ@gamt@e&mm&mm@w@o||

cont ai ni Mg JpRREssIBARFsIAG tﬁs%ﬂﬁcnﬁe &&gymmaﬁpﬁy an€lacking@usbtRhAse, and a’
dehydr at ase I‘ﬁaftl vatian fac or, Gonpar %gﬂélr Qcess  usi n‘geéa% recorrbl nant
E. coli cont Ml Fguifendecreated arlhyabih Btion Gag Retvidss forhigher
dehydr at ase, tieers alediyrdrieilase],B-paspahadis!i than £ fehentatianproadss eompfising ki onal

- dhaT. The drm‘ I ¥120 i.nproved process relies on an endogenous gene
encodi ng a non- speC| Ic-catalytic activity, expected to be an al cohol
dehydr ogenase, whizpng @ppcrtgmoluma modelgupstrater e bpshmigroerganigmdiaeaent i n

the procegs. h?ut&iﬂn%%l @Bhdmwﬁfa?tﬂeﬂz it n§'1EZf Pﬂﬁ&%ﬁcﬂ'oxﬁdo’fr&fmé&
illustrated I n, Exa qQvenen g@: rocess 1s al so

evi dent as aag{é\eweaglggomﬁné@qnqnfgpggggfﬁgl&l@pqﬁ\ﬂ@cpu 1§y do %Q&VFﬁcel lular 25
sol ubl e prot ethydmgwpidxﬁtdebyﬂdmltmpoﬁmethmﬂ;daasﬁebt, ghitbse 1aapect of the

brocess i s BAdELRPMEE Rl RedpBhl £ ol PRl Bosy dp R SRR FeBTE he
fernmentati oncofﬁptisns anspdagenoids rionespecifie patalytic activilyl sufficiatt éelconvefti gure 3.
Furt her m%e’ 3é~l}% ){?PfO%Y&HREBYd&QO 1t3h€r E&%ﬁﬁﬁsld éneaérr?:fbdﬁi{é ei?ﬁe 3§. an increase

n)n yi el d. Xpress r opaned oxi dor educt ase (dhaT)
“{f or exarrpl eSPfE*ﬁ“c‘éﬂtﬁlYtF@_MS’tY F?aﬂﬁ‘sﬁi‘&hﬁbdﬁ Y@ﬁolgﬁﬂﬁsﬁe pl asni d pDT29), gl ycerol

Can be netabol i zegy Bﬁb& pBEtOlte peséit iVentibipprovitie R fecolibitian€ €L cqtpnt rast, in E
coli not expressin 3 r opanedi ol. @atdlor educt ase%@aﬂ (for exarrpl e,

" E. coli KLP28*RY %%60 TS RPN c3kpad geneg PBR is not
met abol i zed polypeptidethacing@lyverol BhghospghatdRichy diogendst adtivity; (b) at least one

30 - - gene encoding a polypeptide having glycerol-3-phosphatase activity; (c) at least

~ one gene encoding a polypeptide having a dehydratase activity; (d) at least one
gene encoding a dehydratase reactivation factor; and () at least one endogenous
- gene encoding an non-specific catalytic activity sufficient to convert 3-hydroxy-
. propionaldehyde to 1,3-propanediol; use of this microorganism converts glucose
35  to1,3-propanediol at a high titer. In another aspect of this invention, the
| elimination of the functional dhaT gene in this recombinant E. coli provides an
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35 cryptic pathway -is attributable to the presence or ah Ence of
functional dhaT is denonstrated by the |ower yield of gI€ 8?%'?“’1‘%

"glucose as illustrated in Figure 4. 14 18 February 2004 WO 01/ 12833
PCT/ US00/ 22874 As used herein the follow ng terns may be used for

| nt er preOMAA3 of the clains and specifi cat i on. The tePEE/US00/22874
“glycerol -3- phosphat e dehydrogenase” and "G&PDH' refer to a polypeptide

-responsi ble for an_enzyne activity that catalyzes the conve&sgl on of 5

" di hydr oxyacerexpectely dighsr titef pihpipropsnedighisem elurose: thap prgvaeus .I'n vivo
G3PDH may bgiedidatt, NADPH, or FAD-dependent. Wen speC|f|caI ly referri ng to

f h d d
"NADH dependent S5 RO IR RRYES ALIOHP St Rated o R okl Crdent
gl ycerol - 3- mngdmwmamehﬁWMMugamhol 3- phosphate
,10 d h .
eny. roﬂﬁ&@&ga%l%asgﬁ H%gﬁt c?gﬁtt'fe prEseh&ng@ﬂ%x@h{:) %ﬁ@ed: Besk G

NADH- dependent l'ycerol - 3- ate hydrogenases are
“able. to usetheppyersing okglyppseital rﬂﬁaﬁﬁé’é’ﬂ)ﬁﬂc ?etYP B)’(éh'ﬁﬂséo ¥ the gene :
: elncodedl b)é @B&rﬁbmanhhﬁ:abﬁ@(ﬁjiﬁsrh%&ﬂpﬂﬁﬁ@??iﬁﬂw 2o uuﬁaetmaapmmnt '_h

gl ycero ate e f e W The
. NADH depend S&H9 ﬁ‘éw’i‘g"%/ a@ |§”"2§c03§d”“? B%y several
genes i ncl udkaRy, @PEA3,(aGd BRI ﬂEWQS azgnged in @e[sam(zeemmgmmegx 1),
CPDG (R Baikp BB oyl k1P el FHSALL oblncd ThonBlADPT dependent

enzynme gpsA ( GenBank 6

197911- 1968@2‘}13@46’6‘714@05?%5 SIEEJ%‘S% %lmﬂeam&erm%w“fihwﬁﬁef %&al 1. 99 5)
Ii 2 gg oc(iég gmlm&n%gtaﬁae NBhiR Iimasbgglgé’ngnes cgnrthe ?@d))f(tﬁeﬁﬁﬁﬂiﬁ @maﬁ) h |
glp nBa and references therein iC are '
“herein i ncofp &s%%%qﬂ%ﬁ?%ggﬁ)j ‘ﬁ‘hz terms "glycerol - 3- phosphat ase” £
"sn- gl ycer ol - 3- phoapilarasgett ofthe ptedert inylenpten, @l fuphesipipatwd girocesaior " &@P
phosphajase activity-
Phat cala y beafofiletbf of 1B eRiBliof fom é‘i°?@ ?S%E%V%ES‘%Q B O o -
gl'ycerol " an&: Mb@cg%n@g;ﬂqwm@a@@ngaé?ﬁ €, f or

exanpl e, bh@fdéh)&i%%&@&t&ét?&ﬂfﬁm&@ a@éd to@ﬁacéseesﬁgrakecdmmxll) (see
WO 9928480 d ref ences there é{ g Qf?r tted by
ref er ence) %‘B‘r"ﬁlgeﬂ?sye@g?%flgﬁ P OSP |d pti e’

" responsi bl edé!mdrzaarse reavtiyatiomfation,iang atsh atfumambl/dfeﬂ’ {The deemtaakly on of
gl ycer oh, ang}lléf-ge%\drgro%s\é(}gﬂ&lon?ﬁn eﬂﬁ%%ﬂti@st ng 'Eﬁco%ﬂ? a hOR-specHit

phosphate d e replace ysi ol caI SubStItL}t es (e.g
phosphoenol pfg}rvwa@@ecteé;t‘yée%fﬂ CRMélgléyqf%gf‘eﬁie@a@éc if resgitdhnbt €01 py GUTI

(GenBank U11583x%§ d?dh@htﬂhﬁiﬁrdv@ﬁm&aﬂkhc?ﬁobcs&%&wer(t asan WOrQ82H480 and
;ggs;gp;egogge};@)%ﬁﬂ i 2RSS DGR PP LR 89 ThEYmb RV ERENS T e 1° 18
process is also evident as a decrease in cell lysis as determined by the extracellular
25  soluble protein concentration in the fermentation broth. This aspect of the _
"invention is iflustrated in Figure 2. Additionally, the improvement in the process \j
is evident as prolonged cell viability over the course of the fermentation. This
- aspect of the invention is illustrated in Figure 3. Furthermore, the improvement in
the process is also evident as an increase in yield. In E. coli expressing a
30" - 1,3-propanediol oxidoreductase (dhaT) (for example, E. coli KLP23 transformed
- with the plasmid pDT29), glycerol can be metabolized to a product other than
- 3-HPA. Indirect contrast, in E. coli not expressing a 1,3-propanediol
oxidoreductase (dhaT) (for example, E. coli KLP23 transformed with the plasmid
- pKP32), glycerol is not metabolized to a product other than 3-HPA. That this
35  cryptic pathway is attributable to the presence or absence of a functional dhaT is
- demonstrated by the lower yield of glycerol from glucose as illustrated in
Figure 4.
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The term "gl ycerol dehydrogenase" refers to a pol ypeptldi Eegrﬁonsiotbl Le for
“an enzyne activity that catalyzes the conversion of glyc g

di hydroxyacetone (E.C. 1.1.1.6) or glycerol to glyceral dehyde (E.C.
1.1.1. 72& gpsl ypeptide responsible for an enzyne activity that catalyzes
the conV POUAB3BE gl ycerol to 5 di hydroxyacetone is al SoPEBUSHYRETH 0 as a
"di hydr oxyacet one reductase". d ycerol dehydrogenase may.. be dependent
uponNADH(EC 1. i}ﬁpg rs (e.g.,
E.C -1.1.99.22). AAS Jse@};e dg’,%{"'f"“g%*yei‘g E’Qﬁe é@reeta?@;‘gg{cl%ded for
exanpl e, by gj’i‘ﬂﬂs &)’B

which are herein lmaéraﬁr“gtﬁémhs-plﬁ&;ﬂfamydm&&aweaddewmmm@d ase

e o Rl ol S ¥ B g e b v
3- hydr oxypr o;ﬂlh}rm¢mbgt¢m phssphatch@ AP plogiycend]-X-pleosplizts @B3P)i dvembi on t he

deh drat ase .30) and a
di oIy “‘dehydrat ase eﬁggh&%ﬁ ﬁfgj%iﬁf'gﬁl%%% ?%fﬁ@&éﬂl;g@g ﬁra es of glycerol
and 15 1, 2- prefsaingdpsico w@gﬁwtﬁq/@wsem srdyogeanses dedermpnes. have
been i denti Fphi Rl fient & ée@ol@ﬁhﬁ@ﬂétéﬁeh)@r&écﬂ%et‘NAIfJPﬂlﬂé ident

O ostri di i 1 t
T eneh case SRS anﬁ?ﬂéﬁi@@ {%e%ﬁp&cgﬂ%rd%ﬁ?nﬁ'éen@mmﬁgsﬁeqsﬁ@ et go or

006) (see WD 9928480 and ref erences there| n, -

v

"a" subupdt, dbhﬁi:cr@il_aw’hwmrbe liséd. sAibitis ge:neﬁﬂllg* thééasstmlNAD)H-dyperﬂbﬂitunl t. Due

conpar att ve GRANADE DRI ORNBRTERIY Lo Glste RIS OIE | o The
genes are al $ARBswdiNARIHrintefchangsably(fas ex@aplediy the gerie. encqded W gik4); obi ol _
. Rev. 22, 553 Q81 NAdewnam ANABPL- end%h lycdrOe3bhdspfat aty 3372
P

'-'(1999)) Ref er gto a genes encQq arge” or subuni t of
~glycerol dehf&g‘&ﬁ%@@%‘& {Msﬂﬁm&ﬁlg&@l&ng ﬂh’é@ ‘Gé?ﬁi’ﬁ‘e@r?ééﬂpﬁg t he

medi um 2§5or (E&'1.BUBYiencoded) fod exdiigiBby @veiBl ganRdindhdiziy GRDESGEBAMi ng t he

smal |l or' nit C erring to
Tabl e 1, gengzlg' OZ#:X?E’ %ﬁﬁ{;&ﬁ“ Pﬁgiggmﬂ‘ws°ﬁﬁﬁ%&%f‘ga{“§bag‘h‘@g At ase
i ncl ude pduChkR1 ()@dﬂanké.'é’ﬁ@‘éh@hcﬁm N DRE-deptidemh eozy i&AEG L LN94) is ncl ude
pduD and pddB,.&f Sh 1 [ lude pduE and
pddC. 16 18 Fg%r uar 350029 éj'\/\%H’%]i/ 138 gg@(sédsomm ‘%WSG“‘“W Emt - ea~0O-n.-N
5246). e FAD-dependent enzyme (EC 1.1.99.5) is encoded by GUT2
20 (GenBank Z47047x23), or glpD (GenBank G147838), or gipABC (GenBank
M20938) (see WO 9928480 and references therein, which are herein incorporated
by reference). .

sn-glycerol-3-phosphatase”, or

1 &L

The terms “glycerol-3- phOSphatase
“d,l-glycerol phosphatase”, and “G3P phosphatase” refer to a polypeptide .
) 25 responsible for an enzyme activity that catalyzes the conversion of glycerol-3- -~
; ) ' phosphatc and water to glycerol and inorganic phosphate. G3P phosphatase is
. encoded, for example, by GPP1 (GenBank Z47047x125), or GPP2 (GenBank
U18813x11) (see WO 9928480 and references therein, which are herein
incorporated by reference). - _

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

35  L19201) (see WO 9928480 and references therein, which are herein incorporated
by reference). .
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The term “glycerol dehydrogenase” refers to a polypeptide responsible for
an enzyme activity that catalyzes the conversion of glycerol to dihydroxyacetone
(E.C. 1.1.1.6) or glycerol to lecerald_ehyde (E.C.1.1.1.72). A polypeptide
responsible for an enzyme activity that catalyzes the conversion of glycerol to
dihydroxyacetone is also referred to as a “dihydroxyacetbne reductase”. 'Giycéfol
dehydrogenase may be dependent upon NADH (E.C. 1.1.1.6), NADPH
(E.C. 1.1.1.72), or other cofactors (e.g., E.C. 1.1.99.22). A NAD'I-I;dependent

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

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

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

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

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

“ »”

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

“ 3y

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

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

facilitate identification. The genes are also described in, for example, Daniel et al.

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

(13 ,‘,

3372 (1999)). Referring to Table 1, genes encoding the large or subunit of
glycerol dehydratase include dhaB!, gld4 and dhaB; genes encoding the medium
or “B” subunit include dhaB2, gldB, and dhaC; genes encoding the small or “y”

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

. encoding the large or “o™ subunit of dio! dehydratase include pduC and pddA;

30

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

&%, "

encoding the small or “y subunit include pduE and pddC.
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Glycerol and dioi dehydratases are subject to mechanism-based suicide
inactivation by glycerol and some other substrates (Daniel et al., FEMS Microbiol.
Rev. 22, 553 (1999)). The term “dehydratase reactivation factor” refers to those
proteins responsible for reactivating the dehydratase activity. The terms

7 &<

“dehydratase reactivating activity”, “reactivating the dehydratase activity” or

“regenerating the dehydratase activity” refers to the phenomenon.of converting a

A dehydratase not capable of catalysis of a substrate to one capable of catalysis of a .

substrate or to the phenomenon of inhibiting the inactivation of a' dehydratase or

the phenomenon of extending the useful half-life of the dehydratase enzyme in

vivo. Two protems have been ldentlfied as being involved as the dehydratase -
reactivation factor (see WO 9821341(US 6013494) and references therein, which

are herein incorporated by reference; Daniel et al., supra; Toraya and Mori, J. : _
Biol. Chem. 274, 3372.(1999); and Tobimatsu etal.,, J. Bacteriol. 181,4110 : [ﬂ}
(1999)). Refemng to Table 1, génes encoding one of the proteins include orfZ,

dhaB4 gdrA, pduG and ddrA. Also referring to Table 1, genes encoding the

second of the two proteins include orfX; orf2b, gdrB pduH and ddrB.

The terms “1 3-propanedloi oxidoreductase”, “1,3-propanediol k
dehydrogenase” or “DhaT” refer to the polypeptide(s) responsible for an enzyme g
activity that is capable of catalyzing the.intereonversio'n of 3-HPA and '
1,3-propanediol provided the gene(s) encoding such activity is found to be
physically or transcriptionally linked to a dehydrafase enzyme in its natural (i.e.,
wild type) setting; for example, the gene is found within a dha regulon as is the
case with dhaT from Klebsiella pneumonia. Referring to Table 1, genes encoding
a 1,3-propanediol oxidoreductase include dhaT from Klebsiella preumonide,
Citrobacter freundu and Clostridium pasteurzanum Each of these genes encode -
a polypeptlde belongmg to the family of type III alcohol dehydrogenases, exh1b1ts *-)
a conserved lron-bmdmg motif, and has a preference for the NAD*/NADH linked
intercoversion of 3-HPA and 1 3-propaned10l (Johnson and Lin, J. Bacteriol. 1 69,
2050 (1987); Daniel et al., J. Bacteriol. 177,2151 (1995); and Leurs etal., FEMS =
Microbiol. Lett. 154,337 (1997)). Enzymes with similar physical properties have -
been isolated from Lacrobacillus brevis and Lactobacillus buchneri (Veiga da
Dunha and Foster, Appl. Environ. Microbiol. 58, 2005‘(1992))."

" The term “dha regulon” refers to a set of associated genes or open reading
frames encodmg various biological activities, mcludmg but not llmlted toa
dehydratase activity, a reactivation activity, and a. 1 3-propaned101 oxidoreductase:
Typically a dha regulon comprises the open reading frames dhaR, orfY, dhaT,
orfX, orfW, dhaBl1, dhaB2, dhaB3, and orfZ as described herein. . - .
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dl . a &% 0 O P,P-n o. (A3z 94.94~ U 17 ebr u 2004
"D 01/ 12833' PCT/ US00/ 22874 d ycerol and diol dehydrat asé%ﬁﬁg%’agﬁ%ct to
mechani sm based suicide inactivation by glycerol and sonme other substrates
(Daniel et al., FEM5S Mcrobiol. Rev. 22, 553 (1999)). The term
“"dehydr aW&M/12833ct i vation factor" refers to those .proteP0S/usesmsnsi bl e for
~reactivating the dehydratase activity. The terns 5 "dehydratase
reactivating activity", "reactivating the dehydratase -activity" or
""regenerating the Tekyror‘abaspecifit catalyti¢ activitg? sefers td the pplypestide()n of
converting a LSOk .8 to one
capabl e 019 Cgfsgf @gﬁﬁ%ﬁ%ﬂgéﬁt@?%% %8%35 é%%& g‘r‘%ﬁ_’%? ﬁ‘?ér%ﬂl&gl ting
the inacti van@)ﬂ‘Y%a%ﬂ bétprepanediebang speeifiealyrrxabdenbi-podpangdiehdi ng t he ,
usef ul hal f - biideredhictalies)dahyrady e Qﬂﬁﬁx@?aﬂe'&l&gol"de}ﬁ?dm-gr&ﬁs&[ gh&i ns have
been iden%ified as beld_rllg. | nviol ved:@séﬁﬂ_ﬁgg@%ﬁg‘ase ....reactiyation factor
(see. WO 9321 5HPMBEBFILLRE 59 50T Fragr ' > fpelyginecput ng imged o
i ncor por at edtdflavied sxchas EAD dddiMbl Aegera(s) forsumomespedificajcahelnd Mori, J -Biol .
-Chem 274, ; N i i teriol,. 181, 4110 -

. ﬁ@l?ﬁlr%gkt%%s%}%ﬁigq&iqgf &Bhk, 8 b@‘tl-:ndog%% g c?\[:]bd%d an,

(1999)). Referrin ... .genes encodi hg i e proteins include
orJz, 15 dhaBnctigepllyexpregsed vatun thermicroqrganisne £eeali REP2D Tabl'e.” 1, genes
encoding the sec@hélteins tiRciod? @ ehfinEsfuhdidnt! defePioftife cliHPactBAyBf PduH.
and. ddr 8o Thg, LERAR. in bl QREAGHY QLaulsh A5SAYE A5 8eine e 2Ra0ES ©

++. It is understood that such an activity may apply to a reaction in equilibrium where

- ~.:the production of either product or substrate may be accomplished under suitable
L conditions. : |

The terms “polypeptide” and “protein” are used interchangeably.
15 . The terms “carbon substrate” and “carbon source” refer to a carbon source
' capable of being metabolized by host microorganisms of the present invention and
particularly carbon sources selected from the group consisting of - '
. monosaccharides, oligosaccharides, polysaccharides, and one-carbon substrates or
_ mixtures thereof, | '
20 . The terms “host cell” or “host microorganism” refer to a microorganism
capable of receiving foreign or heterologous genes and of expressing those genes
- to produce-an active gene product. - .
The terms “foreign gene”, “foreign DNA”, “heterologous gene” and
“heterologous DNA” refer to genetic material native to one organism that has
25 -..been placed within a host microorganism by various means. The gene of interest .

VR

.. »may-be a naturally occurring gene, a mutated gene, or a synthetic gene.
««. 7.+ The terms “transformation” and “transfection” refer to the acquisition of
new genes in a cell after the incorporation of nucleic acid. The acquired genes |
- may be integrated into chromosomal DNA or introducéd as extrachromosomal
30  replicating sequences. The term “transformant” refers to the product of a -
-transformation. . : _ : . : o o
The term “genetically altered” refers to the process of changing hereditary
" rhaterial by transformation or mutation. ‘ = -
‘The terms “recombinant microorganism” and “transformed host” refer to
35 - * any microorganism having been transformed with heterologous or foreign genes
- or extra copies of homologous genes. The recombinant microorganisms of the
present invention express foreign genes encoding glycerol-3-phosphate
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Bacterial. }69.: 1 ' : Bagt er inal,. ,
(1995); and%ﬁz"ﬁ‘r%&%@(}%‘%&,%ﬁﬁz—‘)ékfépggfl‘?%lbé‘rﬂéﬁg%‘ﬁ?fﬂ%"t"t%%fg’ﬂ?: 5’31’7"]5{ 1997)) .
Enzynes wi t Migpeigaismpeher than Enodipaiey ialse b dsapsfoneaioicoptainn el from -

Fot or A B I R A e aha T egul on”

Y : Vi . i ql.. , : . regu

refers to g‘“égfowrsé%?ﬂ'g?gc?“aelr%gml?@ rF(PF%‘BB%"iYg"XCR‘%%gm encodi ng °
various bi oprogamealiolaxidovédutiese(s)i(ded@di ng but not linmted. to a 35 :
dehydr se act i wg y ' i YA CPR Yy di ol .
oXi )éor Zit uctase. q%/%ﬁﬁ ggﬁefsﬁggkgglg’tcraggui % e\é%hn%ﬁ@ggs%hépgagiﬁ%?%g! ng frames
dhaR, orfY, inghwting regulatary. spqnegcesipresiding) (54 pon-cethin@and folipvang 3'agndescr i bed
herein. 18 iSikshsaddin2tbnVPHE WrikR 932 RERAVSNA 23R feiThe® o nllas

"non-specifiic catalytic activity" refers to the polypeptide(s) responsi bl
for an enzykﬁé“‘éé‘i‘ P?}?'/"Eeyw'flh‘é?°‘1"§’%5'-{‘3F‘?r¥is'é‘ﬂle“?e(§' catal yze the interconversi or.
of 3-HPA and 1, 3Th¢ eipar Eglicodinghandsfredingl” ecftd ty tieeqarocste by Wwhicha garnedi ol

oxi dor eguct ' Y. . -1} ogepases. Such
S enzyrs. mapo i BEChRaosraRaFRDA KR el HEer ARRBICATEC, Doy
limted  tosdquendendt isyofersisoditit te progesss of egeodingy spesiticeaming asideci fi ¢

al cohol - d@éafnéﬁ&q_ﬁaa&é(ﬁmiséqlfeaemhatﬁﬁéy AYSTPb&se chehges ppdoasnous! y
encoded and unci‘l onal l.y. expr.essed w,thi .the-glw'vgg)oor anism.E. coli

KLP23. The ‘fiSHé chingsdn fispnceded agyng aqidcof yeighjpvolve pase chgngesavhich o) vt ¢
activity of ma¥Qlter oneaor nenz yuminoi acids] buerdongt affert dredoggtionelpropaties of perform a
speci fig, chgm cal . r | ' r t [vity may
apply t%o a ﬁ’g‘ 5€]!|egxne%|%(r6\1&ééi%’i¢? gﬂ%?ﬁ i e%‘e%ig(kalﬁe&éf?% u?gﬁggﬁgg@ﬁ% her product
.or subst r at smvesljorbencampasspt Meredhianthd specific exepplary sgignedsons. The terns

"pol ypepti de". anghe Rir@t“okte®r8fekiS8 @ proteRl GiRVA 8adklehee that ifha@nbeds " car bon
substrate" gnd "gar bon source" é’frirﬁ"fe . éo.a carhon source capable of being
9 which g :

met abol i zed FPMHES§2ShoRe VFPGEFHE dS BHEGENASTORTt | on and
particul arly car Barttistietaglabehdd mdeculed s 4 pelygeoofRNA@ BN ANRatdg . -

substr atbe SPeesoRudPICSFRIRL opiSyBY SIATTIRR, BRI SRR
~mi cr oor gani sudleotiicdaseso Am indlated ongjaiviasid melapdbinethe formeofsd palymerf of ei gn or -
pr oduct . Tho VARG RHmplisEHUTcRE o e ARREnBIEPNA ReRURKONAM Sane” and
- synthetic DNA. 7 7 Co T ' : :
i -—-f‘SubstantiaIly similar” refers to nucleic acid molecules wherein changes in
30  one or more nucleotide bases result in substitution of one or more amino acids, but
do not affect the functional properties-of the protein encoded by the DNA
- sequence. “Substantiatly similar” also refers to nucleic acid molecules wherein
changes in one or more nucleotide bases do not affect the ability of the nucleic
- -acid molecule to me_diaie alteration of gene expression by antisense or
35 . ..co-suppression technology. “Substantially similar” also refers to modifications of
 the nucleic acid molecules of the instant invention (such as deletion or insertion of
-one or.more nucleotide bases) that do not substantially affect the functional
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gl ycer ol - 3- plorgiiesliesishe funetional pripgdiss of ﬂld@h«;ﬂihcépan@n a(mlrm:thn dmee and
dhaB3), - dehy, f tionally

1, 3-pr opaned‘su '?&§§:g§reggéggmg§{é&ﬂgﬁg%£hg&9% %gdgf?’g“éﬂ%t%)éiﬁ g%’lﬂgﬂ

1, 3- propaneo‘?‘l?loﬁf‘( owing ‘fﬂ%oE%Fr bon substrates. A preferred enbodi nent.

an 5 E. I@oli..transflr rSiﬂalMiﬂhathﬁﬁp@ﬁﬁﬁ%h@hﬂy paaiesigueas: fAINGef, Mhal dhaT. A .
host  ni croor gani sy otﬁ)({ n E. coli, may also be transfornmed to contain
the disclosed genés a he gene for the non-specific catalytic activity
for the interconverdi divlass negatively shatgad @lﬂn@rﬁadéhhlmrmdspebsﬂ,mw |y
-excluding 1, 3- propanec&,lgl Ggg(l doreduct ase(s) (dhaT). 10 "Gene" refers to a
_:-n’ucl ei ¢ aci d f ragnent tp&%’ expr esses a specific protein, including

regul atory. sequences grodepsiiyelschargsd resignesgHisdaeleis; owi ng (3' non-
codi ng) ishe coding regiloige ﬂf]ﬂnatl@rnﬁﬁpolﬁ%m&@es e, 1ow, ig; VMR@ys)F afer to a
gene as found in nast ure W t h ﬁ g] %E? %equences The terms
"encodi ng" and. " codig"~Fet EPEYC [REUBF o ;[ ich a gene, 15 through
t he mechani sns of Thusamemdongfor the asniub saidalahiat, aoydrqphobicaesnaacidmay aci d
sequence. . | f ific amno
acid sequenﬁceegl’llﬁsr;lt?:t Pég bztaDNﬂmtl %dt@ &]}%Pﬁsrsrﬁfm gﬂ%ﬂguéa(eé&%%nges that do
not :cause 8&013%3@?@115/14@?’& 65@&?‘“&&#‘% aa&allme lshcippiazisolevgisel e base
changes 2hi cmmlmag aiahgés WHIEh REuINR] fibsiufieh 8L Seg ﬁ%l}d%lg%lﬂ rasidRct the

functional p r 20 the n enco seqyence. is
therefore urélég'%‘i 553 Cﬁd"? agppLtic ?‘ﬁ@&ﬁté‘ﬁﬂ“@ﬁ&gﬁﬁé‘%é&o }!4?‘&(‘1{ t he speC| fic
exenpl ary segsidue s anotherlsech asrlysiiiée £ bhafiddd) cabBo be toptgditopaidiceods DNA

sequence thaﬁm&tﬁ) aﬁggé{tﬁg cxfnt, 054 ‘fﬁ | east one conmponent with which it is
naturally associ At % B ated nucleic acid nolecule". is a polyner
“of RNA or DNA t haln many @Sessnwfélde@hmm@ab’hmhscwndeﬁcram ofthal | y cont ai ni ng
synt het i, rmeraﬁawaah co{enalrfapﬁﬁﬂon@&mé@mé#ﬁm%ém weild his@hatd.  nucl ei ¢

-acid nol ecul € i n"the form of mer o DNA ma e conprised of one or
o ‘i ter therasHyity ﬁc\)bheBFOte@ynt heti c )[/)NA w

. Each of the proposed modifications is well within the routine skill in the

art, as is determination of retention of biological activity of the encoded products.
Moreover, the skilled artisan recognizes that substantially similar sequences

30  encompassed by this invention are also defined by their ability to hybridize, under
stringent conditions (0.1X SSC, 0.1% SDS, 65 °C and washed with 2X SSC, 0.1%

- SDS followed by 0.1X SSC, 0.1% SDS), with the sequences exemplified herein.

Preferred substantially similar nucleic acid fragments of the instant invention are
those nucleic acid fragments whose DNA sequences are at least 80% identical to

35 . the DNA sequence of the nucleic acid fragments reported herein. More preferred
nucleic acid f:a_gménts_ are at least 90% identical to the DNA sequence of the
nucleic acid fragments reported herein. Most preferred are nucleic acid fragments
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-"Substantially simlar" refers to nucleic acid nolecule anges
in 30 one- or nore . nucleotide bases result in substi tiﬂg’gﬁmgfy odril)g or :
more anino acids, but do not affect the functi onal propertles -of the
protei n encoded by t he DNA sequence. "Substantially simlar" also refers to
nucl ei CW&W13288| ecul es wherein changes in one or rore AGEUSHV228& bases do”
-not affect the ability of the nucleic acid nolecule to nediate alteratlon
~of gene expre55|on by antisense or 35 co-suppression technol ogy.

" Subst ant i athptare phleast 95%denticakipdhesDNG seputince efithe ancleisfacid fragmente| ei ¢ aci d
nol ecul es ofe ,If@mdi\ghant I nvention (such as del etlon or insertion of one
or. nmore nucl eot t hat dq,not.suybstanti all ffect .the functional
20 18 February ﬁj} tﬁd‘)’%&@% d9 a0 ‘E)“dé*“ﬁ?“é%"“&)ﬁagrﬁé‘“r esul ting
transcri pt sxichaaavDNA lzenaxhicl DN, ordRMAdwhdnen sihgle saanded fofm ofyhee expressi on
by anti $ensfchdic &3a RAPRERTEh Andal RO bAPRlei Al hALLIN s g funct i onal

properties of the restlfing protein no €nt | O = enconpasses

more than t3RPTYSIEts qanditionspb empyra%aa&ﬁ?@swnsom@ﬁtr@aahpmsbrldwatm vel | -known
in the art Mavasairtgemamamammea kgem atdiexnplifRd Fh BainBrdoRe, quragiapt ion of a
cid

chemcal |y iV g a g|v S|te but effect the

f uncti onal E:Jb eﬁ‘f mang ! PSR °°?5$E?W pur poses

of the pre dSpmgMarbm I@bmm Btelsszlﬁblchﬁimnﬁﬂmbed(lawppmhmﬂgﬂ; wi thin one

of the yfgol | fii S or slightl
10 @mpﬂg 11248 Ta6RUY nh%{éuﬂ(en gx ﬁé}a@@awmgfl Vereﬁ‘éeg ghtly

pol ar . resi dye g har ged
resi dues an FlF’OQFrP @E‘Pe andsignic S@'Egth detgrmie ; the Fsmlwencbpﬁlthﬂ vely

K/Eargﬁd relstlumﬂ&auoﬂ sorpi\agmnlamcreaﬁmé forlrdb@fogthi lﬁh@l&ic(hcxdaqgﬁm arT res IT dues:
t eu [ ar.onat | es e, Tyr, Trp.
Thus, o codiiaely pHRdHaad Aedifions SR alyd BEREES o GbRGSEh 1 o ' ray o0
substi t ut eck. pySH S(Sé.‘dOri‘VeEBGdO 2§%amidkt, aed nd Exmahyidy; op BOYi ﬁ)nﬁﬁﬁidduﬁX( such as
glycin org r ﬁﬂﬁ, &

i sol eugl)sne) S’tz’orm%%r%ﬁ%r cLanégg h ﬁar esurf‘[%nﬁﬁionggo#s?gﬁ# g)n of one
negat i vel y HBharden erect ango myagyides with vk or (6308 HC a Slyhridization reguires thatr gl ut ami ¢
aci d) or)oruge ﬁﬂ?hﬁdl%ﬁ@h&’ld@hﬁﬁﬁﬁ@omﬁ;ﬁﬁkﬁ&%’ JeQﬁer]c%BQtahﬁéuétﬁdéi)@” ndifig Wf' nf for
arginine) c2n_al so be 0 pr.odu | ona en
product . | iR EFpEENEY §%’C&t?'§ﬂ"§3f’f%“8f‘fﬁﬂ§§§?\ﬁm @F"tp‘?sﬁ&’ -t€lat i on of
the 25 I\I—teappropmilatmmhgemyefanhyhmdlmgmdas acikls ﬂhﬁ:nrls oh ¢herienmth @€tee woul d

also n b ch of the

pr oposgg end" @%até%%gmc &é&%o#&ﬁﬁeﬁénﬁa@‘)}r{o fﬁfé?g%[lﬁﬁtﬁhﬂ l?ﬁgé abrt, as is
det er m nat i Bt geaterthe degremolsimppwty o h@lapioatbﬁmepy twé nu¢leotidec oded pr oduct s.
Mor eover, tdagudnists, bRderadtéd taawam@spgmaﬁ@bha%fm& aaag s dg fofd | ar

sequences 30 enco sse@ nvent| n are efined by their
ability to Bt zeere HH%FM ‘l‘fyrdcﬂrg"ésﬁfm gﬁ"tﬁﬂ%" of muclgicagid o -1 o5 SDS,
65 C and walwitoadnzmmrhd&)@aS&GntHcﬂalannﬁBSde‘rthyDﬂAlm{%C 0. 1% SDS),
o B TR M B ol A o
- calculating T have been derived (sce Sambrook et al., supra, 9.50-9.51). For )

- hybridization with shorter nucleic acids, i.e., oligonucleotides, the position of
* mismatches becomes more important, and the length of the ofigonucleotide
determines its specificity (see Sambrook et al., supra, 11.7-11.8). Inone’
30 - embodiment the length for a hybridizable nucleic acid is at least about 10
.- nucleotides. Preferable a minimum length for a hybridizable nucleic acid is at
-]east about 15 nucleotides; more preferably at least about 20 nucleotides; and most
- -preferably the length is at least 30 nucleotides. Furthermore, the skilled artisan
- will recognize that the temperature and wash solution salt concentration may be
35 - adjusted as necessary according to factors such as length of the probe.
~ A “substantial portion” refers to an amino acid or nucleotide sequence
which comprises enough of the amino acid sequence of a polypeptideé or the
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those nucleic acid fragnents whose DNA sequences are at E?b 809 d}{entlcal
"to 35 the DNA sequence of the nucleic acid fragnents repa & mﬁ'@’r n. More.
preferred nucleic acid fragments are at |east 90% i dentical to the DNA
sequence of the nucleic acid framents.reported. herein. Mst preferred are
‘nucl ei c. WOW/IERgnent s 21 18 February 2004 WO 01/ 12833 PEUTAUSOBZE2874 t hat
-are at least 95%identical to the DNA sequence of the nucI e| c acid
fragnents lgfﬁeo&@d herein.. A nuclejc acid fragment is " r| di zabl e" to

“anot her nucl f Fengspiagene © r%\%‘“é“‘é%ﬂﬂ‘“@@ﬁmﬁ lypeptigia, when a
si ngl e st rancegné,itiecy mhruabevaliztion of theisequehtaByBnd sl@ld?da lﬂmlﬁwﬁ-l: otro t he
ot her nucl ei nder con |I|o
t enper at ur e @n%%s&t%{%#%dn# Ftéa"“ S%Ewab‘& ?‘iff‘&‘g{"f“&ﬁ usugs gﬁé@i’ﬂlﬁ _

. .condi ti ons atugh ﬁ%BLAI&Td\BﬁSlaMcaifémpmem Sedrdhil ®d b eohkd etl., J Wmh&oh E. F.

and Mani &t i s31514 I r | I Ed| tion,
Col d.-Spring Har bogrhhoqgg?:gf%e?agarvgggnebﬁ?@%ﬁkl ng rbor In(g?g gi

particul ar | yca8enes opteaor EP"%I‘FR!“‘?H‘BF@“MO Emflﬁ‘é"r'&“‘ﬁ’ ?fémfﬁrf@ﬂ?o‘il % por at-ed
| _ger ein by reafeesaydhordehe Mﬁﬁeiyl ﬁam & poBipeptidd éﬂrglcﬁi%citli’ﬁqﬁeﬁera‘s?”gt h
determine t ringen i zation., For preli ry screening
-for honol Oggl?éno%%qug?%aﬁ?mpro o\ %%‘ﬁ hﬁﬁﬁ%‘ﬂ?""ygﬁe&i"?& T%?&aal tions,
corr espondi rﬁgqu@ces,_fmaaspeaﬁc oligamiclzetids pdbes conaprisitgB8coflight@sSDS, 0.25%
B W

strlngency hybri |zatIonc I t1'ons co e.g., 40%
" formani de, WEE€h SORthsm. MHQ%IOWBFI FS@ia;!'&m(@)E iregitn h)ésldlmaonofbm:tm nucl ei ¢

aci ds cont ald&ldi@é’ﬂﬂrweﬁéﬁ}iﬁg&ﬁﬁqm?%zadaiﬁbh,%ﬁ di%ﬁﬁt@iécﬁﬂle%f 139§ : |
_ -»Stl‘l ngency the hybr Ieal zation, .m srratche é—ﬁ% es are possible. The
-appr opr i ate Aty M%P’EPHEBWEI Ef%‘ot?gﬁ’éhﬁlga‘@ﬁulﬁhe | engt h
of the 20 nunicbnocambnrdkacahatombaszdggmqmrmérs cﬁnqtﬂrdh@m at‘substantislr i abl es wel |

_ known i st he, ?ﬁ&n” ofEhﬁcﬂB@@et%éuénlagc%ﬁgﬁ§E el%u 'JPtﬁ?gexﬂhg grto ﬁ@%@l ogy between

two nucl eoti seguences ue o i ds of
nucl ei ¢ aci cfé’eqiﬁv id?gtsﬁ%@e anré/eqﬁehb@s of armcme aqﬂum@e@dammms;mg the

( cor r espondisagudn@e. "THOREtart eaﬁczﬂwﬁlt&cﬁe%mrﬁa ohwﬁbﬁt@éﬁlheaciﬁ%aeases in

the follow n ybrlds of greater

t han 100 nuéﬂ‘&%??@%%eqf‘?f‘cf:%ﬂ&f’ﬁ‘“gé’&ﬁ at ?‘BF%P%?“larng@msair 1R g§HEd have been
derived (searSanphavidg the berefit ofthp sequeBcesQs Sepbitpd hE@in, niaylmowdiszatligan

t'h' shgpt f
Wi L Shobt ot ANGA pBIHDE e ectostd LORBUEL 00 LR RASLIASR O
det er ni nes |$!<§1€§p@81°f%|4<5F0(d§@)’,$h¢1195'@0km§@nt@ln comypuisessthe ¢ampietel . 8) . I n one
30 embodi Nenkqidaged &Q@ﬁdﬁeﬁ%th@ aeyd@.wa@lyﬁ@@eauauelxﬁét r%aéweu& at | east about

ybridi zabl e nucl eic

10 nucleotides. Preferab ni num | e or a
acid is at Eﬁ%‘f %B%‘P“ﬁ%‘eth?ﬁ?lsé‘é‘fq‘ﬂ"é‘sas dﬁgﬁ‘%i #o¥ferabl y at .| east about 20
‘nucl eot i des; and Thesérm foaipdsradnitary’t dﬂ@ch&&”sghbrdlﬂ:@khxb%ﬁﬁeeﬁ&uﬂ@ﬁd:wt i des.

| ,,,.F“éhhié 5 © bt LS 2R Al ol R0 ok B SERECRL S, 2
o factors JRA, wnpsngtswomlmtqm tobréymme &nslj toytasitei laboxpplﬁmemary toefers to
‘ an ani no acighagihe! n!ﬁ@k&ﬁfﬁb@ﬂﬁ?ﬂ#ﬁﬂ%enﬁm 180 SRRk %%latmm gligt he am no
k acid s equencrgolggulgts LPnat aX'g g r}lllslgnelcrg)t;ry to %w complete sequences as reported in the
accompanying-Sequence Listing as well as those substantiaily similar nucleic acid
30 | sequences. . | | , R . ‘. .
. The term ‘percent identity”, as known in the art, is a relationship between
two or more polypeptlde sequences or two or more polynucleotide sequences, as
determmed by comparing the sequences. In the art, “identity” also means the
degrce of sequence relatedness between polypéptide.or polynucleotide sequences,
35 asthe case may be, as determined by the match betwcen strings of such
sequcnccs “Identity™ and “similarity” can be rcadlly calculated by known
methods, mcludmg but not hmlted to those descnbed m: Computanonal
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18 February 2004 W.01/12833 nucl eotide sequence of a ge
. putative identification of that polypeptide or gene, ?ﬁgggmgwn@r}ogal

eval uation of the sequence by one skilled in the art, or

conput er - aut omat ed sequence conparison and identifi cat i on u3| ng al gorithns
such asWBIOAE2833 Basi ¢ Local Alignment Search Tool; AltscHR{T/ER0/42874 . J. .
Mol . Biol. 5 215:403-410; (1993); see al so ww. anI nl m ni h. gov/ BL-AST/). In
general, a _sequence of ten or nore contiguous am no acids. Pr thirty or
"‘nore nucl eoMoleewlar Biologys bsshary MnEdy Gbnfomghpmratty Praisy Nave ¥oriki, 1 988;

pol ypept i demrcm;apm qnﬁsmdu&,eﬂmmn@?m BOLRGAUD. e, Ba KAEWM_RE Ot ei n or
sequences, gene-specific

gene: More respect. to nucl e |

ol.i gonucl eo rFEFe P”o ork i@?pﬁ"gﬁpff{j’faag’@seﬁﬁfqlﬁﬂ%QG%Paffﬁu@P i’Hes miy be -
ﬁsg?| :j In ste?MemubGdﬁmr}ﬂéh,JtEdm;thﬁmamregﬁmw Tesay] TQ%QSéﬁ@nce(zﬂnﬂysw rSIOlGJJ hern.
cgl oni e?aorﬂgg% ‘B‘g?}o%%%g 9‘{},-[([8(9% G’I%i é%agle#gﬁres%ﬁ nglﬁ g%ﬁﬁ otides of
12-15 base¥qnerce 4 mgéana@r skav, dhtand Deyeieines k, Eds. mlqton Bresier to -

obtain a paméw wﬂarwgmuﬂe&féﬁe@.ﬁaﬂoaﬂo%wn%u&qwt@ i¥6ed RS $i0BHR
Accor di ngl y sub bantlal ortion” of a nucleotide sequence conprises

enough of tHE ‘t‘fﬁﬁn e Q‘Ffsﬁ‘fi NCESJERed-i ¢ i dentificati on and/or isolation
of a Pucl eic aml‘eleﬂmﬂemdeﬁermmﬂemitﬁgnd bmd@ﬁﬂm%%ﬂ:ﬁeﬁhﬁphiﬁliﬁlﬁrt g

speci fiygat i or ete am no cl eoti de
sequenc?g ezﬁ@()%ﬂ@%&ﬁﬁut@%ﬁr&h% Ea&?’r}g‘if‘g}?p ?’b‘i’r«ggﬁ?m‘?ﬂ’«ggﬁ?cﬁe@ﬁ’ B€rti san,
havi ng t he lﬂ@ﬁé?ﬁtl sitnilariy Wmquencepmchw e aes mt limstednoytheise: al | or
20 a substa@emlnqurp}cﬁﬂn%uﬁdhﬁtﬁ@ égtﬁ% g&&ﬂg@%s&.g&héﬁs Mhgpse known

to those skilled 1n art. Accor stant 1 nvention conprises,,

the conpl-et®d Wansshlgos @ﬁb?‘fé‘élﬂ‘ilﬂ fjﬁ%ulié’éb‘ﬁﬁﬁ ganmyeatioquence Li sting, i )
as well as peﬂﬁlhﬁl&rﬁndgh p PREALION ezﬁityéh(la@ve‘é@jmfapeﬁu&@wdﬁfds%g above The

baces thar B i pRn: S’f?né@*ﬁﬁka PSSR BT Rl Bl

respect to AdMASciatl8ndSi2A¢4-2448 (98B it BLASTX progrinnis pabliclgyt osi ne is
conpl enent af¥;1ife £ CBF?nMQFQhE&HELkg? Mg%la?%lﬁ[cﬂxleer%?d B t?l s0 | ncl udes

i sol ated nuclelc ac fie conpl ete

sequences dsent-dpigtechrpl; ot Natl. Libeasyiiady (NGBI NAMENES Betkesdadvids wel | as
those substZzpgoa;aAltsehsi étial.ar. wcmvcmqo@m@%@%)um&ﬁﬂ ctid1S “Bgpged " Per cent

I denti Is a relafionship tween two or. nore
pol ype?}‘()l de&z’égﬂéﬂvﬁ 3§P 8&%@ agew generation Qtﬂ@lteé’éfj?@ SEATEl Programs,

?ﬁt er (rjn ned Mucleic dojaaRen @5tI3E93AqD €109T3). A:ﬂbthé‘rq:ré&hecz mgﬁmttb H&telrxﬂinéol WE?_”Z-
e degre S e, or ucl eoti de
sequences, %}?géen?%?ﬁ%t Q%Ca‘t"%g“’sa@"%ﬁ%fﬁg&ﬁa ﬁ}ﬁf eH‘EPQ?f‘P%E't‘%%n strings

of- such sethmb-ﬂcwelﬂ aldemthimt (}Henactdal Methddsdinzymolc h8B3:626-645(1999))c aI cuI at ed
by knovvn © NB4RAE SarainBfet Qi
Comput gt on I 23518 Febr éjla{r]% Jgg%]ﬁ%r%é‘%}izg’gghg@%%& ?%@HR% ecul ar.
Bi ol og grungnts) gap gegalty=thl; gandength farpgirwisgaliewmenrts 1988; 2
Bi oconput i rlguplbfﬁ OASad [IRStratish, Eyacpa@namb@@é ﬁaw@m hﬁbled%dc\ééqueﬁde Acaden -
ir ess: Nevv\i) vmg a%?gBt’ fo?%%n}ﬂ% 9@2 cfé:ntlty“mc a?'c ercnce mlljcq otide seé&ence 1i:Gr |ftin,
is intended that the nucleotide sequence of the polynucleotlde is identical to the
reference sequence except that the polynucleotide sequence may include up to five

30  point mutations per each 100 nucleotides of the reference nucleotide sequence. In
other words, to obtain a polynucieotide having a nucleotide sequence at least 95%
identical to a reference nucleotide sequence, up to 5% of the nucleotides in the
reference sequence may be deleted or substituted Wlth another nucleotide, or a

" nurhber of nucleotides up to 5% of the total nucleotides in the reference sequence

35  may be inserted into the referenice sequence. These miutations of the reference
sequence may occur at the 5' or 3' terminat positions of the reference nucleotide
sequence or anywhere between those terminal positions, interspersed either
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M and Giffin, H G, Eds.; Humana Press: New Jersey, i%lé_l rﬁg& ge

"Analysis 5 in Mlecular Biology; von Heinje, G, ?rl? ress: New

York, 1987; and Sequence Analysis Priner; Gi bskov M and Dever eux,

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

“identit yWS/12833i gned to give the largest match bet weenPERUSeEEENCesS

tested. Methods to determne identity and simlarity are codified in

publicly 10 ayail abl e conputer progranms. Preferred conputer program nethods

"to det er m-néndiyigesily amgongmclotiflesinith refrsence spAvengs erdn eaheBotencl ude, but
are not ||mcb vols w@ﬁtﬁéf&éﬂén&r e’hﬁéfﬁlﬂé] a%lﬁ}pe gram

package, lgehthe éga Wmssgﬁﬁ "aﬁ’ leﬁlyéﬁ? eir s¥d§ndard

def aul t vaI OC‘?C qu YingpLiegs He’&zﬂi’ ’é‘F’thty falty--4

- - (Dever eux eirefeient;e zhhmbeacn:i séqmaﬂlse Rdatendd that (B8ImB0 acldlseGuenke oB.IhASTP BLASTN,

The LAt Brgpeaiteitidniel K B reGibbesealloxptnt BaOpRle. o o

( BLAST Manu&$quepga @ehmch@p ug|to fivaamino acibalterations perciapto L00 amino acidat | . - _
Li brary Med ofﬁiﬁ@@ﬁerdﬂbé/hmmo"écuﬁ%fbﬂﬁ@mr&@to olﬁﬁﬁ%g)oiékgﬁd\cmélv titapdl ... J. Mol.

Bl OL 215:403-410 990 SC e AST and PSI -BLAST a
new gener at PBI%F° % é’?‘i‘? a&i@?ﬁ&%{é C&B’é‘fatl}f’ T)%%g N0 AIE FGUENGE- VRS Res.
25: 3389- 340% §%3d e amibnatidaresiguasfin theadfermich edubmcedadyciedebaed grer cent

Jot un. B n aﬁ"*%ﬂ‘ﬁ?"ﬁg i S50 PR Be BnlsB U ol e Sacy) | -

Defaul t par &tekamiso aeid residues in the Iefsroncerequensemany belinsgred mtethere: f or

mul Ui pl e 25reitiey@gidnce 0TReRANBtHT oflhe e @4 inBERRY it of 01 ol rvi se
.alignments A\sy | ust rattjtg %& I eoti de haV| ng a .
“ucl eot i de ’g“é’ ?fc"é‘r 0 ?rﬂ'ﬂ“aéﬁ’of‘ﬂﬁ%sco Sreft %"rﬁF‘E /&equﬂ’é‘i?tqrt y' to a .
ref erence naoyvelnire betwsewtiencerminal pesitions cintbespetsbartitlich individhaliyt i de sequence

O o\ e, P81 YRHERERIAIE: hind AABkhGAahihc BEin G FHEICEUABIRARRXCoP b

t he pol ynucle sequence nay ations per
each 100 nu&l'@mﬁhéé‘efe@ﬂcqml‘?@ﬁerence nucl eotide sequence. In other words,

to obtain a pol ymue Ireemtﬂheﬁlolwg\éuggrefcr@w?d Peteiflsr ﬁ&@nﬁﬁelosma%%
i dentical to a reference nucl eB Ll_g‘ uence to 5% of the _nucl éoti des
' El"é"tﬂ B‘E‘H

in the ref SFAWIRE W EIVTPRONES Ho'bﬁnc@l‘j FRATEISNS PoddRger
nucl eot i de, homokgonproteinsofia resoimbitantBBl Auteclimldgdt of the total nucl eoti des

in the sgference seﬁ.%ng%c%étmona@”'r@e%tb% eﬂérﬁomu{%{ﬁf&gﬁ&céequence
These nutations o ererence equence nma

. terminal po¥entiyrhetwgennobynepfidgse ﬁ&bemﬁtseemr@ewdsseqmw identigal tateer e

bet ween t hos&ohe bfintPdcidQFubhcehen Y MECHRIss&MdRICAcid deqbBndeg kMY 2004

WO 01/ 12833 [ US00/ 22874 d | | | d f
sequence. or 7 dREE o BoBIeeoteh RS JBS PR PRRREE wiasql' Repgenot °°°
sequence. At to@bms&hyqr ofynatchueg ymiptacits at & given gositiorsin ethepeqdersegugnce
having 8§ | G83{fof &Re’ tofall ﬁEB'b@r chfgaﬁ-ﬁb d&al H%th%xooﬂhe 16l %{qﬁ%}ﬁ.@s- s e d

equence is inten e am no_acl pol ypeptide is
5
identi cal  t Hepile P ssAuences. af§éqldéﬂ@éhlb§¥é@%thqﬂhd?8)t he pol ypeptide sequence

ray incl ude Up tﬂeﬁddﬂiegehéiﬁbya%ﬁrﬁbtd@fe?édn@@ﬁx BE berRAe RodOfk rﬁﬁ'&lﬂg acids of
the reference ot her words Fﬁ.o pbt ain a pal e_having an

amino aci d SEHHERA tféﬁ ““ICE&%‘BB FCnerhou piiegiing B ﬁﬁ‘g 38 &ree aki d
sequence, upn ebadbd/polfyptpridearticoordigly] themistdniciavéntioh helateefocangmaeleike q uence
may be g¢l eL&d nlecule that encodes all or a substantial portion of the amino acid sequence
as set forth in SEQ ID NO:57. The skilled ar'asan is well aware of the “codon—
bias” exhibited by a specific host cell in usage of nucleotide codons to specxfy a
given amino acid. Therefore, when synthesizing a gene for improved expression
in a host cell, it is desirable to design the gene such that its frequency of codon
35  usage approaches the frequency of preferred codon usage of the host cell.
Modifications to the sequence, such as deletions, insertions, or.

substitutions in the sequence which produce silent changes that do not
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10 substituted with another am no acid, or a nunber of ' | pto 5%
of the total amno acid residues in the reference sequg{r;g(:ggbnrgié/'lycbjzzjognserted
into "the reference sequence. These alterations of the reference sequence
may occur at the am no or carboxy term nal positions of the reference am no
"aci d seW@liéa88r anywhere between those tern nal positPEREIS09/22884 sper sed
~either individually 15 anong residues in the reference sequence or in one
-or nore conti.guou rou ithin the reference sequence. The term

" honol ogous®™ éf‘g?ﬁgg ?@e‘gaﬁrfm“& °Ef6‘|“§?ﬁ’gﬂﬁ guilting proteipmojesulgars |y
occurring i alsacaiteraplabds tFog ekdmpld, htefativieint the Berienehutiies whichirefidc@ gfel S

pr oduci ng roteins.via reconbinant .echpol . .20 The term
" per cent hog%gé@/%??iz_tfhg g_net%{% cto_ﬂ% oé.)%ﬁtmsé#t 155‘}}3 Oqﬂcﬁ‘ﬂnggﬁﬁgﬁ%galﬁﬁ dentity .
bet ween pol mmm@mmmdaaa gﬂvcrssltiambpmtamptat@edﬂms;@cddgn ifai'ehd_z i-cal to a
second &M DenfeladicAGER Sy ABLE Bidd doid nil) e SEGAAMeAB) BR0A5H 0 sequences

‘ ogy .betwéen-any two polypeptides is a

exhibit 100% .Om)l"b&%. ] !
-direct Tunctnesfingpanotheelesphydrophohisaesidie, srehanighigingnoramars ds at a gi ven

‘po_sij tion i nhﬁirbmm:aisﬁquemech & @line, Abucide, biisbleatind. fmnﬁml?lchaﬂgééer of ami no
acids in ei t.he fwo sequences are the same, then the two sequences
are said to&gﬁh_ir%luft "83%%@#%?&‘%’39@ n@ﬁg&ﬁy 8@@5?%‘%‘99“ O @PIEL BYRASy er gence
in the genetsperticadid for ghitamicagid, erome pbsitivelp tharhed residbe fidriadethsg sushnc e
wi t houtygef f ki >ia{m ' ti.de.

1§ By R Mgy Qb b BLRRIAE pflducl bRAGAED Ay 4REP

Accordingly, sfant 1nvention t to any n acid nol ecul e

blicle - |
t hat encod: y i’ FRsH ROL N Ny agéquence  as
eRrodyqt. Hucleotide,changes which ssult sralisrationet the Nderminal ané
set forth |0 el PoNnsof tromls hblechiabiohfFilkd ot BE ko6 allr e " eodon-
i as" exhi bj a specific host cell in usage af nuclegtide codons to ..
specify a %ﬁ@gﬁ Ogﬁﬁerﬁf&gﬂﬁ’ 0 SORE FEF R iEm WC‘?%HFP@‘%O@&@ gARISt or £
i nproved exefitbssdquence in oaddnos studethe effedt of alteteon abihe bidlogliealiagivithe gene :
such that itg n app . ugncy of
pref er p gd c% g%\b %géailg'e %%?P{,%tgg ﬁ%@? égé#?ﬂ%ﬁgg‘%?%glpﬁ%ﬁé %?eolrop ﬁ'gesg‘énlz uence,
such as del Bithe#b asiisdeierpipation of retentinnief bialegical activity initke ensgdeshce whi ch
produce si | gotudhaveesoves) Me SkalddQttisak reké%xﬁséytﬂﬁrsx?&ﬂ% éﬁ&ﬂﬁés%&?@;fh

a e

PCT/ US00/ 22874 substanti.al Ly. affect .t he. fungcti on operties o
resul ting g‘?'bst‘gj(%‘ %Iaé%ﬂf%dé}"gd_ EIQEE(’J" "E’ﬁﬁl’éﬁﬁﬁ'bﬁcﬁﬁ SEPZES e, alteration
i n the geneconddiven(®1XHESEh 0rl86 SBSE 63 PE), withgenenameeoéxeniptifigd heteir, code, or
whi ch mgsult in theeRheHeEtdsRIR" Ods LG i éﬁ lNo acid at a
given site, are confem?ﬂ?e'&%hugétgmgorﬁl on dﬁ’é?n% ga%ﬁhégg%[f%d. al ani ne,
a hydr ophodiredugtiies agrrs Gedingder thesequenceiefdhagens prastish  encodi ng anot her
l'ess hydrophobi cCTheagirfisieplasini@h, “@8ctaly £id"@assOtic defdPictan éX4@r ophobi ¢ resi due, :
such as val i,ne 0I eucii gee ?r I sol euci ne. ngxn%l arly, chﬁnge~ which result in
subst i t uti cHEAPORAT § IERF ORen camyHieReRes Waich aeenof part ahbeicentrals ych as
aspartic acnetab@rsngbithe cell,cind aisuhliyon therfernp oftitdulee ldgublbatrgadtdBNAdue f or
anot hens s Uadleddled SsicheidiferOag bOhdlbifinotR tepliciin - Hiahagi cal ly
-equi val ent, pec_tced to pr o%ucea?pr'o‘gglgbﬁﬂo clegi(l)_l gg"z'{ﬁ_'ﬁg%cgégén\%ﬁ‘%ch resul t) '
i n al t er at i BIFEENINgReAUeNEes; Phace ar nigleptidesequensasalinepoon sitslaratt a he, pr ot ei ..
mol ecul e waositigle-adrgoubRtstRAdRIMPRAIRRNA Qerivbd fbmian§ sodet |id Wit the
protein. | nnu?naprtr:? of ggcﬁédtidetsegl?e%besl hra]wé e(::etnjcl;)i(;"u:&i grs geéc?mll)igecsiﬁltgg lt(xgiqggt ants

construction which is capable of introducing a promoter fragment and DNA

30 . sequence for a selected gene product along with appropriate 3' untranslated

sequence into a cell. “Transformation cassette™ refers to a specific vector

‘containing a foreign gene and having elements in addition to the foreign gene that

-facilitates transformation of a particular host cell. “Expression cassette” refers to

a specific vector containing a foreign gene and having elements in addition to the

35  foreign gene that allow. for enhanced expression of that gene in a foreign host. -
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of the sequence in order to study the effect of alterati
"biological activity 15 of the protein. Each of the propoigggﬁ%'é%catlons

is well within the routine skill in the art, as is determ nation of
retention of biological activity in the encoded products. Moreover, the

" skil |l ed VPOVEIBA3 r ecogni zes that sequences enconpassed byPCT/H$@f2i2$Went i on
~are also defined by their ablllty to hybridize, under stringent conditions
(0. 1 X SSC,.O 1% SDS, 65 ,C) with the sequences exenplified herein. 20
"The term " exyH SEHOOL g DInARY Qrganisginscri pti'on and.translation to gene

product from a gl&membﬁﬁhﬂ@g&ﬁﬁmﬁ M@ﬁﬁgm&%c&%a@@neﬂﬁmréﬁ% terns
"pl asm d" el enent

{
often carr yltﬁégag Oﬁ}? ¢ ?‘@ﬁy g@ﬁ;ww&w og?ci’rll?gné'géﬁ“ra%tﬁ%w&ﬂ?ﬂqga% of the
©cell, and ugoy bwcqnntmmgi wsprgtediniquics wigll knowio irbthe-astt rGendeendoiihg?25 nol ecul es.

Such’ el ementyy dl-Bhosd BHAPHJRNB st ROP D2 LB 0B SUHGAN B ASPIATD
t t b I
of a0 e hS?eY ol aihate oo dha g ek, Seﬁ&ﬁmarqqcam%%{fagéuf'céc“| .

which a nummaommx qumwammrmum@e&an%&nglmdf@ﬁpﬁbl ned into
a uni que %@ﬁ@éﬂ&g&&féﬂéﬁ"k éo?ggéehgang;}%sﬁg[%d g%t@gmf rormter ”ag”e”t

and DNA 30 sequence cte B ate 3
- untransl at eguci @h@ewl!é)HﬁqutEﬂe?mcéNZOOsWMrrnatlon cassette refers to a
speci fi q0Veq§d)5mg1cufc@éneg ng a foreign. gene. and having elenents in addition

to -the foreign gene {ha facilitates transformatlon of a. particular host
cell. . Expresgﬁ‘c‘fﬁ ‘i‘a‘?é’@faﬂ%"gﬁj%?ré ) OQaEM#BEHQP%QTSFO@Wal ning 4

f or ei gn genendmi:lllflmawngn ﬂ&lmmaedum:wﬂtbgyl Porlegarhple, $thd Ry ogene t hat

< obr oar y ol BRI RSR, SR k Bl OB IS 2 e Pl %rstffsﬁeanb. nant
Or gani s ReéBépmIcleasr digestion andmay bescaancd withiprobes complamengen esthishat Wi | |
encode 15 desizeRhé Sedhahdihct te ARNECRIIAEAMIODNA £AY BRBBHRS] ral e Lo

1, 3- propanedi ol strute |ngt ques we I'n the.

art. Cenes é’ﬁ’é‘gdfagg §P§‘I“§F€ Fﬁqt“garﬂﬂ‘lki‘ﬁﬂ%‘% we ?ﬂ%ﬁb@élﬁ’a Engragephgin

gl ycer ol - 3- ptrotiph @CRE(U.SRHE33, 2ozgtww1ﬁhmﬁmdfmseu|€mwﬁlr dhaB2,, and

dhaB3), deh t| tlo aglar (orjZ and orA and 1, 3- propanedl ol
&%ﬁﬁﬁnﬂh‘?&ﬁa %F

oxi dor educt: ase OBF ?’fsom a -native :host such as Kl ebsiella
or Saccharomyces Pdwm&!weld, casmid Librafier mashbsstreated aihess largesbgmentEof col | DHSa,

ECL707, 2¢A2 %@morﬁirc [bﬂR%§5-4§Q>)g1$£r' Rt rPaE’lEhge@ [ntG%a85rs- aﬁﬁkﬁkgﬂﬁ n%]Eff‘BErIﬁa' ning

desi red genés fraom a bacteri one~are conmon own in the
art. of nol @BRICRTAt PB?t&g(}osm‘dP’SFIO@WIGW infbeingeabletgpsperampdate lasge gene i s

known, suit gbhitze 6ODINA. | Gareadnya@srﬂwvebﬁnmmtaﬂéa%neesw bf:l‘.thBs

endonucleas é\g‘égest on ng na db screened rh robes c enentary to the

15 desired %%"Eﬂ%%‘gglc ?‘ﬁfgr B% E%H%@“V%‘ g f eEru aﬂ%@u may be

anplified th fogeign Bhbhar bh additiopto the ces segderaethdse iveettisowillraldomaigaiisuch as

pol yner age Qﬂﬁh inl cﬁqgﬁlicgﬁor( Richhs CHEY and: eSidtahcd ﬁpﬂ@}s‘aﬂu%u ?.@?HQ ¢S Of DNA
ilate vec

~-suitable for. rans ormat1 on usi ng ptg i vel y,
‘- josm d |'i br &sistant igmpisitlin @h@f@d‘)’\ﬁﬁ'erf\é @#sg:é’ usiagreepmid wictore®rafemoni ¢ DNA

(35-45kb)  MendfermRaRk T BGitdbId BacleBal IRss AWl 366TbEd T SHMRBBHIE. et al.,
Molecular.Cloning: A Laborato Manual -Second Edition (1989) Cold Sprmg
Harbor Laboratory Press, herein incorporated by reference. -

30 - - Typically to clone cosmids, foreign DNA is isolated and ligated, using the -
- approp_nate_ restriction endonucleases, adjacent to the cos region of the cosmid
~.vector. :Cosmid vectors containing the-linéari;ed foreign DNA -are then reacted
-with a DNA packaging vehicle such as bacteriophage. During the packaging -
process the cos sites are cleaved and the foreign DNA is packaged into the head
35 - portion.of the bacterial viral particie. - These particles are then used to transfect -
 suitable host cells such as E. coli. Once injected into the cel, the foreign DNA
circularizes undsr the influence of the cos sticky ends. In this manner farge -
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appropriate hosts. Cosm d vectors are uni que-in being ab %F{a %@Zodate
| arge quantities of DNA. Cenerally cosm d vectors have a ea one copy
of the cos DNA sequence which is needed for packagi ng and subsequent
circularization of the foreign DNA. In addition to the cos sequence these
vect or SWOIM283F so contain 25 -an origin of replication OCFAUSEH28M E1 and -
-drug resistance nmarkers such as a gene resistant to anpicillin or
-neonycin. Met hods of using cosmid vectors for the transformation of
‘sui tabl e ba#egraentspf feszign DAl/ecandiel inttedused badi expreSedrior motmbiantdostal .
Moi ecul ar. Eepgli ng: - A Laboratory Manual, Second Edition (1989) Col d Spring
Har bor Labqr tor P ., _herein hncorporat ed b reference 30 ... Typically.
to clone coSPRUANAL LG OONICTICS Qg @rycgroy Liehydratas B fhaBd ‘
appropri at enddh&B3]QDbmmﬁmg$ac@$@@gndtd?ﬂ),%dws region-of the
cosmd 5.vg ) ( dg,t,al ning.the linearized foreign DNA are
t hen react‘ T a- DIV [CRagr MY vehi cl e such as bacteri ophage. Buri ng
the packaging- [$7a5mideectare andeosgiid transfpmnatiopanethiodsnwkre peed witlingire DNA i-s :
packaged l@b@:ekmm@g.éséélmeﬁﬁm@ Mnelthe sé%ﬁ&% bP%cn\ﬂg{f‘s pes 1'nC| .. These
u

particles en us gg to transfect suita as E. col | .

- Once inj ec%@‘&eﬁl EGNFIA ENQRR O PRSSESS BERSsi GRALIRAL Processipg glyceed 10 under t he _
i nfl uence df3-piopamxaiiols Spedificatiydgenoitic DN frioBNRIESneuinoBire as 1bidtebr uary 2004

Wo. 01/ 1683%, %%E&@QQJI%%% 13%?%:’@ & E?sfte W{tggth%c@rbgﬂezﬁl n'([%aogc.ed and

expressed i} Feconbl n ost nes

Encodi ng 4@ %é?%t*omﬁlﬁmé seqteSugiercosamd pagkaged bsiBg G:gxmyldl at ase

React i vat i paciagiifeQix&ads. Poltbwihg a&s&uﬁcﬂmﬁoﬂhe%&&d}z%zﬁ%ygﬁ sexdha
Cosm d vectosand co mdt sfor |on net hods were yse |nthe .
cont ext of CEffeWHFiAEspm CHesIp a&?@@"%ﬁh‘éﬁﬁ%‘%%‘b@ﬁom c DNA £

from bact ehemlggnecmdencgmmmt@o,sqespar@emsyg&aﬁhgﬁ;&a‘euemess' ng gl ycerol

t 1,

oo ai 3 1 BRBERE B etycBRE AN bpinte ol SRR By P LRI ABERIR the
restriction enziﬂ’?@ @éh%M-ﬁr@Panpdebpwm transformants werglanalyzed andthger cos 1 and
packaged ugbgﬁds @eg@,%ggl r]gNgxge g&;&n fgﬁé@gggt&gl&onst ruction of

t he vector col i BIue ce svveretr orned wth the cosm d

DNA. Tr ans#‘B?‘Wéo m@@wé‘@ tF’%Frge“FIf’é’"agrﬁﬂ"iﬂ"@ demenspafing thaycer ol to

1, 3- propan«i&se)ham{omanwmgtaﬁmméAIeacd»dingﬂﬁglﬁce%lQﬁﬁy&eta@ég@ieycer0| and
anal YZhRg Lol . formation

1, 3-pr %ganggﬁeor {I‘?_fjg%lp %Eé’dl&?% %ﬁg gfg%g% %W%regﬂ%?jeadldgﬁﬁc?wgs ¥6%ni ds were
naned pKP Ba@ﬁ@ipgRézﬂdMs%mungcm@waﬂed theat thess cosmidhamiedgy t o the
glycerol dgjNAeadunts HB0LIHyAMR e gbieundi i, denonstrating that

t hese. transforng ';1?} cont al néd DNA encodi ng the glycerol dehydratase gene.
20 Other 1,3-pr tinvgatien wilizes inelatedgeresdram yatdn and t he

cosni gs membsnazmsmiemtmd c@d(ﬁ’Ecg daluehl Segdrag an EIedF RSk Rat th heﬁe

cosm ca EVA.encodi ng ja di o tas ne. t hqugh t he

i nstant” i n\;/éeaﬁﬁ'?aélﬁ) Yiahs %ee'g Sit atedt E}éﬁ{é’g t?’r(g‘fﬁ%%‘t"f‘r r&l?f” ‘Wfebsiella
cosm d, al ﬁ&ﬁ@[wﬁslémfseégabiél)jehydrat ase genes and dehydratase 25 i)

reactlvatimné@gﬁ&gl Qﬁ?ﬁﬁ)lj{@ﬁétﬁﬁph‘a hatds€ Not limted to, Ctrobacter,
Clostridia

.- The present invention provides genes suitablé for the expression of
G3PDH and G3P phosphatase activities in a host cell. =
30. . -+ Genesencoding G3PDH are known. For example, GPD1 has been
isolated from Saccharomyces and has the base sequence given'by SEQ ID-NO:53,
encoding the amino‘acid sequence given in SEQ ID NO:54 (Wang et al., supra).
Similarly, G3PDH activity has also been isolated from Saccharomyces:encoded
‘by GPD2 (Eriksson et al., Mol.-Microbiol.- 17, 95-(1995)).
35 .. :Forthe purposes of the present invention it is contemplated that any gene
_ encoding:a polypeptide responsible for NADH-dependent G3PDH activity is
suitable wherein that activity is capable of catalyzing the conversion of
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and Sal noriella-(see Table 1). Genes Encodi ng G3PDH and Ph ase The

“present invention provides genes suitable for the expresggﬁb%gg’p‘l@gm and
&3P phosphatase activities in a host cell. 30 . Genes' encodi ng G3PDH are

. known. For exanple, GPD | has been isolated from Saccharomnmyces and has the
"base seqW&MH2Bven- by SEQ | D-NO 53, encodi ng-t he-ani no PEEUSOE§UEeNCe
given in SEQID NO 54 (Wang et at., supra). Simlarly, G3PDH activity

has- al so been,.jspol ated from Sacc ces encoded Eby GPD2 (Eriksson et
A r. v bR Gions B0sRaE SRRty S phespbats CSHD. Ehiahen deent
i nvent i 'OBI i tfiiSscmt@mpbtqﬂMtadyngem&ingF;@n;iaa@adisa@!ewwﬂgHti de o t
responsi bl e [Ig#%% , i Vi i a in tha
activity is cda%%g e o???%@%F%ﬁﬁgeég%cn%%‘FsPéiuogﬁ;g’%%&2@?@%?“‘5004 WO
01/ 12833 PCT/8858 Y1l Pg funcionglan diepiessnioinuensioosyientin tHaDatARp atid sequence
gl ycer ol - 3- phmspéritbmpaésdlino kil sisitutiohs, defetioR$ i‘%@lﬁ%ﬁ Bhoty, 9ene
; ety di
Co e Jenas BRRIRRE b2 BRSNS SRl per s el Apptvcisie usors onal | o ¢ ho
present i nverencedingB3PBithisolaet] fam otheriueces aﬂmemg Be Suitible ﬁﬂﬁ&%%@éf-am no
acid substit yd : ti r I40ns that do . not alter the function
of the- enzyrre%és‘?'ﬁtzm‘sf%ﬂoﬁé&% ggsr@g?]&ﬁ\g\g ﬁ?Qg‘SF%‘?%&? gretkr?ﬁf'mggﬂ’é%xa“%odi ng
G3PDH i sol at &PB% kasbsemisplated frame Sasahntorsicencapevisios armbihas tediaseisaubncet he
present ilQveRivenrby. S 'DBN@:B&%iBHe@Be%@%Hﬁ@&mfséﬁE&%%gWH'i For exanpl e,
GPP2 has beend. sl ated, from Saccharqnyces cerevisiae and “has the base
sequence 10 gﬁﬁzﬁﬁm %g&rg]ffil\%agﬁ;%\% &ae'@nyddb%s"tﬂ(@%a}no-aci d sequence
gi venhi n SEQ | D Wor 88 usrskesfithe presdnt invkntiBh, ahy g&hadicodi® aG@§8(7335i3( 1996)) .
,For the purp - At nventi.on, -a ene encodi.ng a,
" phosphat ase ggtslﬁj\%g{asé ?@“’g‘ﬁi ﬁg‘b%téle F oreELR ﬁieﬂ“aﬁﬁgﬁ?rﬁ@&ﬁmﬁﬁ“gmﬂst hat
activity is 'Céﬁa&éﬁmf{‘?ﬂ@m@ﬂaﬂmbmﬂeﬁ@m ofglycaoled-phasphaté phys M€ 1ol glycerglhosphat e
plus H20150 @lusGRé@hnid i nj r=1g) ene
Encodi ng T hePa e puogthe PGS ofA‘@fﬁ“%%%@ﬂf‘ﬁ“&%%%fﬁﬂ%vﬁaﬂ o the
genes GPP2 aﬁg? dlligi&wﬁ}sf: esppRfling irthe genes GR eRRnwilk tiapal i ncl udi ng
ol 611 0ns. or addi i Eone Lot e Aot arinp ACIeARELE (Rl AR MRS
el etions or . . net alter.the function o >
phosphat ase. a@g@yr#é‘.?ﬂ%sgggié?ﬁ"?glagf)%srqe‘f&ﬁdwof‘? thaty ’é?fiagf%'i’? h&“‘@’éﬁ@ﬁ‘eencodi ng
20 G3P phospkaPadhesphataseeatynfer Frheokiiled psrson o6l appretiateltisn ghes etcddig € f or
use in the | Rnlp's it ahl ells.for the
r econbi nant m?ﬁﬁ'?%‘?“én%gg% Ifl?ég-%aﬁg%hﬁg%%?ﬁﬁgiy%&eﬁnﬁ%? ?%r"awr Btic or

~eukaryotic aREFSHYRVEHHOR nited only by the host cell ability to 25 express
t he active eHogn@dlsf or the 1, 3-propanedi ol pathway. Suitable host cells

K ebsi ol . aer SHIAHEPET pels BEDE Fecdirbinat Brdgrianal |, Savemadaiyaidhe
- Schi zosacchatitiny peskaryalip go selacyicamy odH be Hintitidanl <y the aba TR @8iligFandi da,
Faneenulss - hesinasE el 191 SRR SURLPOSE Shend TR O 2
n :Sr esent | nveWill bg bagtenia such as Citrobacter, Enterobacter, Clostridium, Klebsiella,
: . Aerobacter, Lactobacillus, Aspergillus, Saccharomyces, Schizosaccharomyces,
Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia, Salmonella,
30 Bacillus, Streptomyces, -and Pseudomonas. - Preferred in the present invention are
E. coli, E.;blattae, Klebsiella, Citrobacter, and Aerobacter. - -
Microorganisms can be converted to a high titer 1,3-propanediol producer
by using the following general protocol. .
- 1. Determine the pfesence in a potential host organism of an endogcnous
35 - dhaT-like activity that allows for the steady state concentration of a toxic
' - or inhibitory. level of 3-HPA in the presence of 1-2 M 1,3-propanediol.
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E. coil, E :.;:blattae, Kl ebsiella, Ctrobacter, and Aer.ﬁgb %ry2004

M cr oorgani sns can be converted to a high titer I, 3-propanedi ol “ producer
by using the follow ng general protocol.. 1. Determ ne the presence in a
potential host organismof an endogenous 35 dhaT-like activity that allows
for thewekadssdstate concentration of a toxic or nhi biPCOAIE0/228%€| of
-3-HPA in the presence of.1-2 M1, 3-propanediol. 29 18 February 2004 WO
- 01/ 12833 PCT/ USQ0/ 22874 2. |If such an activity exists-in the potenti al
" host - or gani sm2. piéiseely an activity lokists ar the petentialdiostorganisn cpesformsuatile at e thi s

can be et oot ed puapusiplo del 30y ira e @ieriity. ’ Coffifthati@arol? 2 1Y%
1, 3- pr opanedi of’ %ﬁ%%’%ﬂ?&)ﬁ%ﬁmgﬁgw&cwéﬂ ‘{}B’ H%Etog uction, if
gl ycerol i s not . -HBA aceantilatios mthe presénke of Y-@avdl3-gwputbdidlase and t he

associ ated maiynt woul d
need to SSe tal%e E%@F%%P gﬁ%Z%@’Eteg@sC’}gF ?ya%l%&p&gc@gﬁ&g%@#s&concem .
expression or. re%r@ysﬂWob)@MWBW@WImk@SQQa@%W@%%der the
conditions for %)@mmgﬁg pijr@. production. These m ght also include

t hepr esence of 91 cerol ﬂlﬁ cos er blélgﬁ tors and Ex"r .

ssi on- Casset t SONFHERHPREK ‘%Sﬁ"ﬁ“r ™ 55!9 fQE8r4% vectors and

- transf or mat mmnoc&galusrexmm:sm the c:qnessmltoese]xcssioatmlf endagand&dseﬂmfl‘dﬂncng,

t f t dr at
and denyr %ﬂQe@%‘ﬂa&?. b ?%ﬁ%%&fé? PR Rl R 2 200,
vect or s wi‘| inclyde thedqsesengs efiglysesolcglnpnse opanaergbisis.t he i cr oor gani sm

enpl oyed. Svégta(lglaﬁdmgltegﬁgn cagefty derived, for exanple, froma bact eria, a
virus (such as cterro

T7 or,.a M 13dr|ved hae acos -
~yeast or a pl ant>9REI0 151"8“‘1‘93}?‘815‘98’?%1’?{{5 RZ\ @ﬁﬂﬁs@gﬁ QrRaliQ) an re knoer
t o 20 t hoseedipeestioa casstttdsSaithile 6l the clahing, thnkfoembtion zﬁidmxpfegmonﬁof_abor at ocy

Manual 15 VO&S%QQ%JP 0%h(1&?+ (élel%fdf’% %éhfd' dljaégg {:e%% e ion Jt& 1&%@ ng

Har bor , r casse contal.ns sequences

directing. t-‘fl’atﬁblérhpﬁitqeﬁn Suaﬁldewamlvaﬂubgmmthbaa@mwnbéqmﬂg&m a

sel ect abl e R amﬁﬂ@m%ﬁ%léﬁngﬁﬁaﬁév@td&m &ﬁ%&‘m&@'ﬁoﬁ%' on or
chronmosomal , i ntegrati o of the

i.table vec i.se regi on 5!
gene, whi chPasiEBo? ¥irgs H@bﬁ%egﬂalragrz tqratl\ff-ﬁﬁpcfsamdrmage gAY Regi on Yof
t he DNA fr agsueindr ayplanth Pemodoiofes obraaﬂﬁg:mdpisingrmbh ventors afdkrdwn tbt i s nost

“preferr o] ri.ved, krom ge honol ogous to
t he traér%l)(sjf Y)@ﬁ%d‘ghos?ﬁwbrgggﬁgh Dpice 60 fL # a erived from
the 30 genedumes 1.\& 3t(GoldSprapddirbord.abpratirys CohbSmingddathopNdfuct i on host .
Initiation pg:ggprol regions.- or pronoters, which are useful to drive
expression of the GPDH and G3P phosphat ase genes (DARI and GPPZ2,
respectivel y) i nlYmigallyetierveqton s ¢assetieicontams seawsRess Sirgpings tanseription; o those

skilled-in ad&t@naratlon z«{fmtetapbﬂoysnacesgen@&@ale&t@meﬁwadal@dcsf: Gnced Ng these genes

s suit or t he 35 resent Jnvention | L. udi n limted to CYC
\° TSP apliepingaftonembisiaphearipef Hsppasor sEraton UI% vecliEns, LEUD, -
ENO, and TRitomprise aregion 5' of the gene, which harbors transcnpnonal 1n1t1ation controls, )

and a region 3' of the DNA fragment which controls transcriptional termination. It
is most preferred when both control regions are derived from genes homologous
to the transformed host cefl. Such controi regions need not be derived from the
30  genes native to the specific species chosen as a production host. |
Initiation control regions, or promoters, which are useful to drive
expression of the G3PDH and G3P phosphatase genes (DAR1 and GPP2,
respectively) in the desired host cell are numerous and familiar to those skilled in
_.the art. Virtually any promoter capable of driving these genes is suitable for the
35 - present invention including but not limited to CYC1, HIS3, GAL1, GALI10,
' ADHI, PGK, PHOS, GAPDH, ADC1, TRP1; URA3, LEU2, ENO, and TPI
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30 1 8 February 2004 WO 01/12833 PCT/ US00/ 22874 (usef ul on in
-"Saccharomyces); AOXlI (useful for expression in Pichia); {é’ﬁ%ﬁfﬁn’é{%ﬁh

XP1,, )IPR T7, tac, and trc (useful for expression in E. cola. Term nati on
control regions may al so be derived fromvarious genes native to the
“preferreWHYL2ES ptionally, a ternination site may be uRGIBSY8F4 5
however, it is nost preferred’if included. For effective expression of the
i nstant enzynes, DNA encoding the enzymes are |inked operably through-
‘initiation céuefudfirexpresdead indSaexipirermpdes)) AOION(usefu! foe gkprassiaiiian t hat

t
Parttoul ar 1y Pd el ab A ABLIR: 89, 61 o o MRS R Bblss PR REET D
pKP32 whi ch are désmgnatipnaonizel regiods inay alsm peiderivedrfrom wnqmg«tsas niitize
essenti al ek@ﬁﬁePﬁeTerﬁéde%ZQ) Bﬁm%&%ﬂaﬁoﬁﬁftéfﬁﬁ bfehﬂﬁ@e i ha regul on

| sol at ed H1 Kl ehsj el | ? nJ ae. DT29 cont ai ns A reading
frames dhaR, DOWEXEr 1t {§{aest pis

~the sequences -of Emafecﬁﬁeafwes@mﬂtoﬁmedsmﬁtbhzymﬁﬁmh&ﬁaﬁh th&kP32 cont-ai ns
t he same set in .ound, on romihe sanme. :
source, wth %"%ggﬁf%gggc Wat ’?’shai'%f%%dqnﬁégﬁlﬁéd PREAEPs the

vehi cl e usedcgngol rqgeonsmwfoﬂmtﬂmpmsxon reS0iR indhiforiGaticn ofthe sppmpuate he host

AL

Fmdf“ dhaRl, dhaB2, and dhaB3, nucl eot.i de

cel | and nor gespagd Al | Y con’prl ses the DARL and GPP2 genes isolated from

Sacchar onyces cerevi si aq Transformgti on, of Sui.tabl.e:Hosts. and -
Expressi 6h of Genbdtipgarly H@ B dFdressAt @Ve“tlﬂnéfeﬁhéﬁﬁﬁ%mﬂm@é suitabl e
~ cassettes ar pKEahshidickedesighey tbeusdd e ﬁamsﬁmrﬁnﬂﬁommsg@&ﬁl host

,.E?:'p' ohosphat Sedca8ar by 2l g ARER Sélﬁ'g}% o IR e RORROB, o 25

e -host cel Klmllmgnmml ipEred cbytaimdwnmnmmgmm&srﬂy
transformati gpyg %gﬁ’ 0 Hﬂ@ﬁ%&%%@%&@ﬁﬁh&lb&ﬁﬁ tﬁ@%@ n%c%k %ﬁ%fc%or ation),

or by transfecti r econbi nant :ghage VL Tus

1.Ng &
supra). 1h t#s ca&*@%ﬂm%«%ﬁ@. BiN@dsBkP3 2eonjpinsthg serme 5 of operstesdingt he E.
?:ol i dgs f ul ﬁm%@&pmm@%ﬁ%%cmmmmsﬁlm%kﬁ K%@zNUt ant s
n addition t S, CO at e t.he present
met hod wi | | t)gka'gl ‘t%' ﬁéglr}pth 8?‘“@8?’ eélflﬂ ﬁ'ﬂ‘@ﬁﬁ?@oﬂ?m andp) e
mutations sOEER geusslint thickisyerdbandonenispevificaili eomposksdhé BARIf and
1,3- propanedgpbz gQ?és :%l&t&ﬁﬁom@c@ﬂrh%)g%l‘&fehsnﬁeCar bon feed stock into

non- pr oduct i hvvays orf that ex signifi cant .catabolite
Tepressi cotansfogmatian.of Syiable T epifor theBradurtionofes.  For
exanpl e, many3w blﬁhn*e&iae cells. are subj ect to cat abol ite repr ession from

gl ucose and by-pr n media and_.if..i,s_caont |lated that 31 1 8
February 2004 WO @%ﬁ%@%@ ﬁ%ff%fféd’ﬁ? %%Ct?ﬂ[.l‘thg%f"esqs? ? ESO P hese wild type
organi sns, cappagpriatohost cdlsp Intpeduetiorodf the cassette containing the genes encoding

G3PDH, G3P phosphatase, dehydratase, and dehydratase reactivation factor into
25  the host cell may be accomplished by known procedures such as by -

C PLESSIT el A

s ) T . . - - agn A . -
S 3 transformation (e.g., using calcium-permeabilized cells, electroporation), or by

transfection using a recombinant phage virus (Sambrook et al., supra).
‘In the present invention cassettes were used to transform the E. coli as
‘flly descnbed in'the GENER.AL METHODS ‘and EXAMPLES
30 Mutants ' : .
In'addition to the cells exemplified, it is contémplated that the present
method will be ablé to make use of cells having single or multiple mutations
specifically designed to enhance the production of 1,3-propanediol. Cells that
normally divert a carbon feed stock into non-productive pathways, or that exhibit
35 . significant catabolite repression could be mutated to avoid these phenotypic
_deficiencies. - For example, many wild type cells are subject to catabolite
' repression from. glucose and by-products in the media and it is contemplated that
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production that are resistant to glucose repression, vvou ul arIy
-‘useful in the present invention. Methods of creating wt%rﬁ?ﬁmgs{aédggmm o
-and well known in the art. For 5 exanple, wild type cells my be exposed to
a :variety of agents such as radiation or chem cal nutagens and t hen
scr eeneWOFWAi2838e desi r ed phenotype. Wien creating -nutatRGIRESPRRE4gh
.radi ation either ul travi ol et (U\/) or ionizing radiation my be used.

- Sui tabl e sh ) Il fall within

"the range o?{u%ad% nm to er&eéa%wg oA %’%ﬁé’ﬁﬁgﬁ"gﬁ’%"@b radiation in
this 10 wav8lshgien dhas aﬁereﬁéranyt%ue@erww@swwlﬂrherpaﬁwlaéwsa@lul sequence
from guanl ﬂid'tﬂeg%ﬁdmﬁ}éﬂtﬁ,ﬁl ne to adenine and thym dine. Since atl cells have

DNA repair nech hat . woul d ai r .nost nduced .mutations, agents -
such as caffei ngf%li% ﬁ‘@?t"fgw‘ﬁpWF&?‘%C%‘QOB@%&Q&“%’“%%%E Tthe repair
'pr?ctess &ndexampde,rwﬂcétypbeelm:rmebe ofposdd te @t vavietynoflagents sach dsaadjatiayer UVbI .
mutations u ossi bl e
but are gengllrl&%%/ﬁnn{l)t%%gah&]# grgadgg?t{hg Q%d eﬁ&gggﬁ\% @{ﬁeﬁﬁnﬁl ess -used
i n conj unct PyAtigNS ﬂﬂmhla@lghora@mewmml@ww)@s iqjgun&raedmm@ayt interact
wi th tthe DNesethsua@t ﬁ@@gdr@w%ébvc\bﬁfél g n%tléﬁm?dtﬁyﬁsﬁrfilflﬁélf\bﬁﬁlnf o t'-
arfect  nonr BEREER 17740 R0 DY rel pHeE SARED I HEreRF IV R 1 B8 agent s

t hat af f@ct medbmgihpnn@pﬂl)b%aamhhmgeamﬁﬂﬁh neclely asid sequeabé frofnor causi ng
frameshift 1h99§qcﬁ(ps? 'flaﬁerﬁgé c{jﬁxarm%me ?%a},'ﬁgeﬂ #ﬁk}}{s' nﬁf or

radi ati on o en cal Jagent ocuneg
exanpl e Thomghqylsrﬁrlb@ﬂéwlﬂd ap@trmnbll\bgrﬂuced gtatitas kgents suchdsist ri al

M cr obi ol oguaffe‘ﬁe&mtﬁauﬁmei@mg A b aSHOASHARPRRERER prh s andS | o ooy

Sunder | and, M Bi oC nol .

(1992), her BaXinige WW@W@&CP@F E‘P@ﬁ’eﬁs %?Q&Wa‘fﬂftjggj@#é%ﬁ’@ g occurred,

'rm'; ﬁnéI sm%\éhglg ih lige 300srni @0400hen edngRare ﬂwpmltﬁ@bae}@gkrﬁm@ n6ehs et’y of
net nods n

orm. SCreen om enized cells are
sel ected fof the eggﬁ‘e sk‘y'qt""(?v%pﬁ'sﬁ%]ﬁ és H%egquﬂmgﬁc f?r"o Yausi nt er medi ate.
Al ternati vehgtl,vaEEi: schiay psarsleh dyésahatdfiteragt eiththe BiNAbe perfor med by grow ng-

a mut ageni zed po égéeh?ggnﬁﬂggﬁén%{ﬂl géntg%jélgo @ﬁ@{tgta(mjc%me %?j{“ ks col oni es

can devel op. Met lon are and wel |

known in th@fb?qmlapnlwr\%iswbﬁtameﬁvww Qhenigals tseteafqut n@xawmaanm Supr a;
DeManci pha gichas HN(E st PHS0H, Mwe@&s”)aéeh%tﬂt afftet fEBﬁcﬁingrDNRtsh&Fa@f an
undesi red. en ﬁ% IVIt g‘% be a so llshg % gg}lon of the
gene encodi ﬁcd‘}/ z%@)f ERUSIRE TR E‘u S SPFHG 9 ed in the
art and ar ecrexmg)ﬁmfanadxslngrﬁhmimi@dheﬂﬁuilEgmma&:ev&llcl&uﬂﬁnﬁéhmﬂry 2004 WO

O 12853 PCE U002 204k Shl DORRkn iy B PRAE G AL B ouct | or

Pat hway Representative nzyrre = pr opanedi ol
from gl ucolnsustsial Micrabielogs $f§>heéiEﬂylomf(é%%Iﬂlmengs@@mt@slmf, steps. This

series 3s  BSERIPRANINAL W DRihpnds! Maundflv. Pﬁ}éb MBYSEhiR ORBrecAndINAS ©23Ki 1 ed in
the art and 5.illustrate ure 5 ucose is converted-fn a serles)

d
of steps by(‘é’ﬁ%&ﬁw'bim?fﬁefa‘f&'v SF%V MC€- pat hway. . to di hydroxyacetone
phos phat e ( DHAP) Adiedn&tngﬂxsmﬂﬂs occurred, mutants having the desired phenotype

may be selected by a variety of methods. Random screening is most common
where the mutagenized celis_. are selected for the ability to produce the desired

30  product or intermediate. Alternatively, selective isolation of mutants can be
- performed by growing a mutagenized population on selective media where only
fesista-nt'colonies can develop. Methods of mutant selection are highly developed
and wel! known in the art of industrial microbiology. See for example Brock,
B Supra DeMancitha et al,, Food Chem. 14, 313 (1984). |
35 The elimination of an undesired enzyme activity may be also ‘
accomphshed by dlsmptlon of the gene encoding the enzyme. Such methods are
, known to those skilled in the art a_nd are exemplified in Example 4 and Example 8.
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gl yceral dehyde (3-PG). dycerol is then fornmed by either @ég%ﬁj of DHAP
“to dihydroxyacetone (DHA) foll owed by reduction, or redu Pto

gl ycerol 3-phosphate (G3P) followed by hydrolysis. The hydrol ysi s step can
. -be 10 catal yzed by any number of cellul ar phosphatases, which are known to
"be non- WRAMIIBE with respect to their substrates, .or t hBCHESINWA28I4 can be
I ntroduced into the . host by reconbination. The reduction step can be
catal yzed by NAD+ (or . NADP ') Iinked host enzyne or the activity can be
introduced i#fkerations indhg 1.3 =fu,5:-.un. -:- on Pathways™ not abl e that the dha

regul on contains Re bseeehobﬁn e ogwafee“&ﬁngﬂb-ﬁm Hiol Ko '
catalyzes th elreversbﬁe re qﬁjf uat 1 on. Sy O + 3-HPA +
H20( Equat i on®'1§5¢ §2R{PAICCORIR eg the M%‘&ﬁ@ﬁ?tﬁﬁ ﬁwei’équat ion 2)

d ycerol + I\be.ﬁeseneatﬂdtbfamiﬁmldref;b&mw;ﬁwkabwnmoﬂ)os@ﬁluﬁd/mehe)dtrtamdnsonverted to

1, 3-pr Op%nedm%%z& ure 3t %mg&h%&f%eﬁem ngfaﬁ?épggglﬁgg?ge dfdidPA) as

has been descri all nternme produced

. from gl ycer o$ ycqutbwanto dibydrepsiageteng phasphgte (PHAPHard 3-phospbe- encoded by.
t he host or gl?dfbrﬁlﬁeh)fdier(@@@e@i g&a i$ then Fsieded by eﬁtﬂs.qudlygls SIDHAPIt§ 25

dehydr at b d dehydr at '
(B4 5°7 GRfardRyalisd e Sl w3 Palaio or adisbio PRPEA G of mat i on
d ycerol d&iychralti’apls@phﬁg(GhB):foﬂowbd biehydivhysiss he ihsdmlysmctmqbda;(bc",t he dha.

- regulon.qg I, Gudty; asg%qmbér@mﬂ gh ems%s'ﬁﬁchﬁe%k Gy, @ NAD+

(or NADP+) I|nk t “enzyneaort can Intro uced 'nto the host
by 30. recoriBFst Pl"ﬁ L TeSPERt ?'ﬁ&!bsﬁf%tﬁ%t"?@?? 3:°H"%‘)ﬁé"-‘b‘?“o‘§i]€@‘?°6 ingp the.

i ? Er ggg;ledto@t b}emobxbmaﬁaﬁ a’a"yeﬁdu&tsbnjstc?pdhhfbe&aﬁwzed bjdewdn’ogﬁmase (E. C
_‘ 0 rogeri ase

. transf or mat ?%ngﬁ'thﬁ f'é dfcl} 59?’123%‘?6%& a%gﬁ'r%f: ﬁé’ﬁ?ﬂbefmoﬁﬂ?yant

m croor gani siweombinptionsi It i notatileathatihe dhmrdglu@nlqoﬁtqmscmmbl ‘producti-on

~ pathway 1535 yup #/hro Endds B ¢l 116 at%ﬁ%% tHe RGN ibRReackiBh o?? ﬁ3t he

i ntroduction of atriosephosphdte isorerase nutation (tpi to the

m cr oor gani sm of the presen ion L.s an exanpl e of e use of a
mutation to-inprove the%@r‘r‘?&n@gk ﬁ2bar bon. channel i ngEEh ?"11% hosphate
i sonerase is the @Wb@d@ﬁﬁeﬂb#&lﬂeﬂoﬁ;h&dﬂﬁﬁmebru uR@&fQV\D

01/ 12833 PCT/ US00/ %%?Fyblgrq\r]nxﬁn %Rf+19 B phosphogl @ﬂﬂgf;yde, and

as such gl lows the Version of Carbon o romthe mai form
gl ucose to gI cerol and 1, 3- propanedlol Figure 5). Thus, the del etion
mutation (t pPUperehissoseatedtie | yprepaucdiokiathe ntermediaicd-bydipxpf t he desired

-pﬁt hwayt overp rbﬁ@hald@l@@r@l}ﬂdﬂz&HaBtBeeéi\rde]:scrEbeal1H‘dbﬁﬂ|a¥@vemﬂlth%dt1ht|9ﬂ§edi‘ﬁdle CP bl ock
alternate p y ates o anedi 0 oducti on
pat hway mu%%‘é pﬁ%&tﬁg‘ghﬂwnqﬁccfﬂeg%%@g thﬁ\ﬁgpﬁ’rggse g{%ﬁm e, the
el i m nati on Bfengbdesirothe hbstas earpbeinentiscedlipoaghohost bpremdlbirranum TR by the
action G3 %?5@ 0 r{sd the expense
of ATP ?j Agh? §,§ ﬁee%lﬁéér&lrﬁegf%rg%s%ﬁa € Enéel :’t dlppﬁﬁgtﬁr&%genase (for 10
,gxarrpl e, gl ) 20290 s gvyeiberemzyme able to ¢¢taiwzm ommn@mt(ﬁldnergt NADH-
“.dependent gldee?a@tasé B0 ASRNSH Ehy@RaNse, R061386] by TR gMorcOnverted to

1,3 Propanedml is produced from 3-HPA, Equatlon 2, by aNAD*- (or NADP")

- finked host enzyme or the activity can be introduced into the host by

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

Mutations and transformations that affect carbon channeling, A variety of mutant
 microorganisms comprising variations in the 1,3-propanediol production pathway
35  will be useful in the present invention. For example tHe infrbduéiidh"of a’
mosephosphate isomerase mutation (fpi-) into the mlcroorgamsm of the present
invention is an example of the use of a mutauon to Jmprove the performance by
carbon channeling. Triosephosphate isomerase is the enzyme responmble for the
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di hydr oxyacetone (Figure 5). Mitations can be directed t{@? lgruglglsid ctural
gene so as to inpair or inprove the activity of an enzy P tivity or
‘can be directed toward a regulatory gene, including pronoter regions and
ri bosone binding sites, 15 so as to nodul ate the expression |evel of an
enzymat WO HE28RBity. It is thus contenpl ated that transf @CRASIGRS7and
~mutations -can be conbined so as to control particular enzyne activities for
-the enhancenent of 1, 3-propanedi ol production. Thus, it is within the

“scope of t heopyersiemet P ﬁ@lmowbgbf?@mebﬁ?e%@ﬁmbawweof a whol e cel |

oresent | e Ton Ut ee g ﬁ%ﬁﬁ?grre thvvahﬂ “%S"J‘“ N
1, 3- pr opanedi &WWH}"E@&!&& )s lfqRmH %'&eﬂﬁ%g from

gl ucose t ometdbblic €ffRRjenty yﬁﬂfeﬁiesu&l—ﬂdﬂﬁv@mef mataddsghlieﬁ ifl thz-ap0. opanedi ol . The

present ¢ pr [ he netabolic.
effici ency gﬂﬁ%ﬂf%ﬁ&foﬁﬁ%l@&lﬁ%%?xbag%ﬁ@f ﬁ?'gl%&geﬁé%éﬁ% mut ati ons
t hat prevent 3tmepimedi§§9mdncn®f pathwisowould alsorbe pseful totthe/presenbinyentitst. G ycer ol

may be di VeFB@&aIﬂp@é”th&élﬁM?x&ﬁbzP@fél?ce%l‘%mQ&’ plebaiis bGEBL, fQthell Frofd her DHA or
ki nasé as di scussed .above

&P via gl deh enase of er ql :
(Figure g) ygiég’éfrta? ﬁ‘&?/ mg@tﬂs p?‘@&hf’f’?&)‘ﬁ’@f‘}’%eﬁéo %Rtaéﬁﬁ del eti on
mut ati ons-i expehse qﬂAZ\Péﬁdu@l K Adsy) @t elindfatiinrofighrckiol Eﬂ:ﬂ)ﬁr@ﬂaﬂ@({fdﬂi verted to

3-PG by;dri ' thu t he sent pr
m cr oor gani g;?ﬁgrﬂ Oé)ﬂgiﬁg\{eﬁlé@&g%ﬁl fory %%Pkl%ﬁy tﬂf ﬁ& °“°§ﬁ‘is‘m The present
met hod addi dépsndentiglyorab3pirasphate dewéto;dmaemm;mvmdtme conver si on.

of glycerol [ t tion -
factor, encgiélg%l%g?&grt%( (g%a&é(;% M%ﬁor{:ﬁ%ﬁf@ grﬁg%%ﬂgﬁlﬁl(-&g ;&ijl?cgﬁggéc\{'%l hough

conversi on & 3%'Rd AF pprove! %B&‘Hé nzymaleactiyity or %ﬁﬂ@@ﬂed via ai)
Catal vt e gt L ?""g"i"f‘@‘g’?"e’”"““‘“@ D L rore ande vl el e or the final
pr oducti§ g&i tjg'lﬁoél Ua e%gge}%%%ﬁl m}%ﬁggﬁ%m 1, 3- propanedi ol

(Figure 5). In suahﬂwspﬁm@@@tednhatetmsfwhnamswpn@pwmmparoﬁe at least .10

g/L are achb&mﬁed wssn%&h&@f&:ﬁém&%ﬁh&éﬁ%@f&%& @ﬂtan@éxﬁéﬁ patively, an
i mpr oved- prigess productlon utilize glycerol or

a
di hydr oxyac dH@P%?d&’ E'[?S‘gf'i“g‘t Wiew FRTESIRdNVeBQR,| y t he
| ast three mﬂmibfmlmodlﬁbamﬂfs@fawhole &Hlaétai)&t @h&hpéadnaaﬁm@éased n St_Jch a

process,, t h m‘&%ié ?qf‘?fd‘u%%i’%‘%‘ﬁ?ﬁgal n elimnated in favor of the

non- speci fi ytre | (expected to -be an al cohol
dehydr ogenase), . Kbevprasent innention dtilitesra puefbwed pathwas foa theqredustiennfil | i fi ed by

the energy ¢a0sb eﬁtdl fdm Qf;ug%g %H}Qate »\Q'Je)’ectﬁé QZIIIbBIQ AbREnGWE FeheelubdteSuch as

process titers o gropane Lol of l east. 10 71 g/L_are achleved wher e

titers of 2B0PHAD: b fledrHIG ?ﬁcﬁ%‘?allyt‘i’tl 3I’E‘°W‘Fﬂ’i°h Theprsdbe of the
i nvention tproﬂna\ldrdﬁxaﬁﬂttlﬁﬂé Scaf engvnehdﬁy@mamxmlz@ﬂregmm effiviénchaye been

nodi fi an t he haT aet] Vit create

i mprove g‘ ¢ %Fhopa 8 Forﬁora&&é% ouslf%let'gﬁw 5’"51}}?1 eve t&%&§%‘°%l ch s
natural ly coﬁttae{bwnwrlontmedlmtmnmomfdﬁ by agtird maerdmdmrtedﬁ;mrw be i
mani pul at edo&ﬂe§0r§9>3%%‘(&&1&0&?&0@@&1&?%'&?@%5% lgéer&k 3- propandi ol

oxi doreductagse activit ese.m crogrgani Sns W ed to produce
dehydrogenase or glycerol kinase as dlscusscd above (Figure 5). Accordingly, the

_ present production strains contain dei_ethn_mutanons in the gld4 and gipK genes. -
30  Similarly DHAP may be diverted to 3-PG by triosephosphate isomerase, thus the
present production microorganism also contains a deletion mutation in this gene.
~ The present method additionally mcorporatcs a dehydratasc enzyme for the
- conversion.of glycerol to 3HPA, which functions in concert with the reactwatlon
| factor, encoded by orfX and orfZ of the dha regulon (Figure 5). _Although
35  conversion of the 3HPA to 1,3-propanediol is typically accomplished viaa
. 1,3-propanediol oxidoreductase, the present method utilizes a -non-spe‘éiﬁc
catalytic activify that produces greater titers and yields of the final product,
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o

hi gher yields and titers of 1,3-propanediol, nediated by,4 ﬁ §§3ﬁge of an
“endogenous catalytic activity, expected to be an al cohol de ydr ogenase.
Exanples of such mcroorganisns include but are not limted to Kl ebsiella
sp., 20 Citrobacter sp., and dostridiumsp. Media and Carbon Substrates
"Fer ment atYiOMH/1384i a i n the_present invention nust centai nPELUBIRA2874car bon
substrates. Suitable substrates may include but are not limted to

nonosacchar i 0 r uch as
Tactose of sﬂii’oéﬁ*‘%e IRigltd 03 R IrolACs, i o) 4 PRRRERAIdrERaBC]

m xtures th a&rﬂfhlﬁ’{ﬁ‘é:rwlﬂ“e@emrﬁf@%fgsaffF”H??F'ieéﬂewabl e feedstocks such as
cheese whey pernﬁﬂt@matﬁ@ryosﬁﬁmovédp}bﬁss foillga{froﬁﬂﬁﬁmﬂp}odﬁ&ﬁﬁmm&gﬂd bar | ey
mal t. Additi aI Ig, g M?p@ %strate b&?ﬁY L ne carbon substrates
- such as carb PEXTEeor BPY SHETE FASUORRER erﬁé‘?‘" CEREFSi on into
key bi ocﬁemmé?ﬂlﬁﬂﬂseﬂnm@smemab'c‘bebw ﬂé%nstlrhpmnaneéﬁﬁ Glry:mshal product i on

from singl e ﬁé&é&?%&&ﬂ&&@&c(a%e t ag afReliaRatd m@&d??k‘ﬁﬁ%ﬁfs Qézﬁcf ormate) has
. been reported, i n rethy Iotrop |beea§%f§pé a et Agric¢c. Biol.
Chem 53(2) camwa%‘ﬂcm@@?s ted faybg an dehydropgnase), h‘é‘t"e"eéﬂ‘en"Bﬁiochem stry

24, 4142 4. lféﬁdélétﬁﬁﬁ')u)tatlaiﬁ%enﬁmﬁécbbj Qﬁ;&h&g}i c@&htﬂeﬂﬁiimﬁfbfﬁd&lgl ngl edcar bgn
conpounds, - X tIO st at e I an an prodaduce
S o yoer o ETHo Ik el 3 LRR o8 bRicEre el b T IRk ol SRR - Thul boa
- nmonophodfhat®, g/t lareashievedwhers titas of 2g/blareeppetted e- momophosphat e

(CGottschal kK, Ba I rlag: New
York (19.86)). Cg%ﬁ‘el n”{%&ﬁ@@;ﬁiﬁl{aﬁ ggg‘% "Egdi‘}dtgg” 0‘39%:‘#%%&)%2874

ri bul ose mﬁﬁb‘?ﬂ%"dﬂ’&f@r&’d{‘wa‘i haye besaamedied bithe dslstipn Ar Hutatiop ekt e wi th
, .évbul ose- 5- phoapiTadctivity td eeare anﬁooai be@r@agabl pxbaﬁcchbemsaxﬁpléct ose and

-eventual ly the three-car eh te L| kew se,
the serine PaITER A ﬁicﬂﬁé}éﬁf n%}%glakx %H“%% glﬂiﬁ OR:{B3%1 ycol yti c

pat hway 15vi dermanipuiated ee gﬁttpalhgcdmiéﬁteaﬂel"gbm tzmtddmgme kb-pmpandmd two carbon

substrat es, JIiYduetabO Mivity TTRERQA BRI nﬁ%ll%%ﬁ?péé&‘&"i’!ti‘ ka&luk‘&' lize a

nunber of other carbon-contajning co S such "as ne am ne,

gl ucosani ne Hgher X‘%r@ét‘?fﬁ)?f h?ﬂpﬁ@a&ﬂ‘ﬂkwg‘ﬁted@ﬂtﬂ%ﬁﬁ@c‘é@fﬂn ty. For
exanpl e, mtdﬂﬁbgﬁnb@iﬂﬂtﬂyﬁmbltﬁrﬁpwm HeindIdohd)lZﬁhjrd’r@géxﬁs&ar bon from

nmet hyl am ne . met  §f hal ose or er, 0. Bel | G owt h
'Cl Conpd, [ a‘“P 0F Sye "?l"ﬁ""{%‘é%‘?s ‘X é’ﬁ("feélﬂ‘ ‘81“6@)“? %kﬁ?ﬂ‘yf' r‘i?-’J. Col lin:
Kel Iy, BBn Ri’:tr@bdzrlmrsskverand ﬂnsembe:ptsp Andover UK). Simlarly, various :

speci es of 9&1 dig ¥y @i ze alanine or oleic acid (Sulter et al., -
Arch. Mcro =489 (1990)). Hence, it is contenpl ated that
the source of 15 FeaPewA lmwd@eruthpﬁremé iRyeasUmmuUst PoRIHN BhtahigratigBonpass a

wi de vari et kuBdtrata! SQRable Sulsahids Ry %M&Iefbfﬁt as n@f\l‘iimm:d {o BBhokaBhatiléd t ed by
the choice of m croor? %ﬁ{ln or roce S Q] i s contenpl ated that
all of the aBoVe shiss 2998 803%%93@??%158 %tﬁ%&rav%rgset co- f eed)

t her eof 2are mhyshaﬂxmdesrsutlha gtarels endeliutose ot mixtureLMeeof et uipkrified bon
.~substrates ose t e thanol ere.the process
'\Jf.,%ntends to %P% uce~ arﬁ TEns 35%&%%%‘%’ y%ué:ﬁ%f‘:hee?lcw (fyypc Seret g\’homstee

di hydr oxyacédiques sugaebectithalagses; ovd barkaytmait. phdditionally Iﬂ}ﬂ:@rbﬂn swbstrate

di hydroxyac er_ﬁ&}pﬁso be one-carbon substrates such as carbon dioxide, or methanol for which

metabolic_; conversion into key biochemical intermediates has been demonstrated.

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

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

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

Bacterial Metabolism, Second Edition, Springer-Verlag: New York (1986)). The
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feed. In addition to an appropriate carbon source, ferne ha must
25 contain suitable minerals, salts, cofactors, buffers %g&%@ﬂz;ﬁeh y
conponents, known to those skilled in the art, swtable for the growth of
the cultures and pronotion of the enzymatic pat hway ''necessary for

1, 3- pr op&MER8HB production. Particular attention is gi PET/USOV/DB(4 1) salts -
-and/or vitamn B 12 or precursors thereof Adenosyl-cobal am n (coenzyne B
-12) is an es ertlal cofactor for 30 dehydrat ase activity. Synthesis of

" coenzyne B TPujasemonaphqsphale pathvgtvetves tewondensaliancof fammataWith 1 o |
synt hesi ze Hbﬁ!tﬁ@i‘ﬁﬂiéﬁﬂm&ﬁtoﬁ'&’@a 6f@fboﬁ>§ﬂ£63|tﬁat bE&ﬁﬁ&rﬁlfdfds% and '

hl att ae, =Kl ebgle laﬁgﬁgl es C|tr LY & § Ei”'d mspeC|es
while ot her<euly dﬁ‘&?"cl?rg s 'PE‘B? atey e, cannot.
fabricate t hennecpathway assmngteslthamtetnadqonmompoandihiteﬂtecglpmﬂﬁic;m&v&dye

conversi N GQfa ety RabieAfhyd ﬁ)f&gt ecorrinoid and can.introduce the
5' - deoxyaderi osyl grou is known in the art that a coenzyme B12

precursor, such a8 a@‘?‘?‘é‘?ﬁoﬂ’foﬂd “ﬁ%éﬂb‘ﬂés&hsg%t?ﬂé@thﬁo@ﬂﬂ@l i fermentati-ons.
36 18 Febr uamymafgamsw@aeelﬂao?l&%n tBGTﬂzhéSQﬁﬁﬁB&?&fo‘dxér%aﬂben%oﬂtauﬁsgdI tions to

E. coli fer ed c ntinuousl o.nstat rate or -

staged as tgggglgl nera édgﬁyrﬁa{'ﬂgm %@S?WCO?" cdquneﬁﬁ& yfrhe added in
singl e or mmetahslic aptinitys Foddkamplasnetiylofrephiegleast amalknswnfto uhhwthel B.12 (ng)
fed to qsll cmﬁﬁoﬁm@é%rﬁﬁ@z ffBH{ﬂ:Qh c@%l 8{%3{:&%@ ratios of 5

vitamn | I mass are
Al t hough vi lcéﬁ’r”&'n%ig"fné’ a@ﬂégy’c’\ﬂ )y P a??%s‘f 3%dE‘EtQ§E§D| Myprellnk pr esent
i nvention i.tCollin; ammygbmatmbmsmr Ixede :,mladsmrmmlsmmr@apﬁwlﬁ of de novo

1B 12 bios e.suita r-oduc: t he additi

of 5 10"t o SRS Tahllds Bl R iR U S R A LR o, )
Condi t i ons: Migrsbéa) 15,3(39143%4@((d9@@)¢vﬁcMc B83s @ritemplpfed ot it surcedifa.

Preferr g | rcially

pr epar eggnegiﬂgbgﬁgﬂﬂlﬁm r%%ﬁté@?f&ﬁ%?tr?d g&g&ﬁ % bqlur agg %ose (SD)
broth or Ye&%‘&%ﬁ&sﬂman B cRly telimited ey the choise ofpigraengerismioswt h rredi a
may al so bepratesd and ‘t he 15 appropriate nediumfor growmh of the

particul ar mcror s feone skilled,in the art of
ni cr obi ol ogy or g'ﬁe‘#f {ptis B emcpef%ﬁcgg‘wallﬁéﬂ& ¥ MEMaNed Carholn t o nodul at e
cat abol i t e seysiratss amhnmtme(doyfegd) ﬂlﬂd@frmslhgableanghc; presant fnventi@genosi ne

2' 3 W@Op?%&%&rbdﬁssﬁbﬁfa% ano%#&ﬁgrﬁ?n%@ﬁ[eegmﬁ'&ooﬁﬁ&hm% gedi a.

Sinilarl he use of agents ate enzymafic activitres (e.g.,
net hyl 20 v PEICE SR nds IR Produse an gndagrBows @hssroloand nggceﬁ?ld’éanedl ol production

may be useddihydroxgagetotetviene th phocess e@tﬁcn%ﬁte@htg@fdéﬂﬂ lo¥ Bihly@ro9aRtdne
mani pul atlo \s% Sui tabl e pH.ranges for the fernentation are between pH 5.0

to pH 9.0, ere pH6.0 to pH 8.0 is preferred as the initial condition.
Reacti ons may be lpaddidomiecnizpprepriate cadbbn source, famnentitionamoedia iustns where 25

anacr obhS. ObofthlARRNO Bifleral€ AL b ABDe, BiReafl BleP CorSehefl kb

ferment ati ons %/l tL?cose
limted or &oses ﬂeﬁBﬁ\ttbﬁaléﬁﬂ“@iﬁf@frﬁ%ﬂf@%ﬁfr@ntcakur@ﬁsnd promotlono the )

* enzymatic pathway necessary for 1,3-propanediol production. Particular attention
is given to Co(II) salts and/or vitamin B, or precursors thereof.
~'Adenosyl-cobalamin (coenzyme B ) is an essential cofactor for

30 - dehydratase activity.  Synthesis of coenzyme B, is found in prokaryotes, some of

which are able to synthesize the compound de novo, for exampte, Escherichia
*blattae, Klebsiella species, Citrobacter species, and Clostridium species, while

others can perform partial reactions. E. coli, for example, cannot fabricate the
corrin ring structure, but is able to catalyze the conversion of cobinamide to

35  cormrinoid and ‘can introduce the 5'-deoxyadenosyl group. Thus, it is known in the

- art that a coenzyme Bu precursor such as vitamin Blz: need be prov1ded in
- E. coli fermentations. - : : . L
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The present process enploys a batch nmethod of fernent ath)gn
“batch fernentation is a closed system where the corrp05|t|on 0 he medl a S
set at the beginning of the fernentation and is not subject to artificial
alterations during the fernentation. Thus, at the beginning of the
" ferment aWOMH/12888 media is inoculated with the desired mi BCBRISOIBEM Or
.mcroorgani sns and fernentation is permtted to occur adding nothing to
the system Typic owe 5 ferpentation i s batch with
‘respect’ to the ad %B %‘ﬁﬁ‘tﬂ?ﬁ ?o‘iﬂl’cé"%‘??&amgﬁb’t@a ddedcoptipugishade at
control ling ﬁmcmwsm&toma@&iaamobommemMBgathdﬂte!llnthss,lwhﬁlsr syst ens
t he net abol i m 18 February
2004 w0 01/ 1553 R 8 RS sBAURR ks ARy ?@s FoEe R R B AR Bieor nentat | on
- is stopped.' (mg}fedio pell massAOD53Pbare fiom &0 Ffd?jé@ aMost prefemgt ratios0it i ¢ | ag
phase to & hwuﬂnmpmcmd)qfai@hanma@@@amsmhﬂemneoqzeb%ts' onary phase where

growth rate is di ed, or. ntreted cells in the stationary
phase wi || event ug}"ﬁ]’? QT ﬁlglﬁ ﬁ%d%@%ﬁgﬁ;@ ‘Q'B??érEaFP‘}“ﬁﬂ'@Pf?sé%tponm bl e
for the bul k:mfbnt}wrmﬂmaqntﬂmpﬁte@ﬂﬂt mhﬂdumtoocgamsmsec:maﬁlcaifeie névde[j ation on

the standar dy, g@#xﬁﬂezisy@flﬁg%d be éu?tﬁ?}l%%godﬁgﬁ ceﬁél%}tda {He @ﬂd@xﬁa g ptsr mentat i on

processes are:a FeSent IRven &€ typi dal
bat ch systemwrpweewenémléb@mﬁcmm the substrate is added.in increments
as the f g neguBlileTbmAitRMEESSES. Fed- Batch' systens are useful when 10
catabolite represil on i ?]Et to inhipit the metabolismof the cells and
where it is . desi-f¥Braly Gls drerpvRAL 3 GinapRropriate mediat Peefesredgrowth nedi a.

Measur ement . piedialig thesresent miirethﬁinra@é CnUAOE eothmadicially prépakRtnBiah §1|ibhsa)é5t ems is

di ff | t th th
\Zi_;gtleaslj(r:gbl eat? au'tl%?ég%ﬂﬁtﬁégm&‘t% "@I%/%@ms% gtsﬁl 'ir‘?éifx 5 ‘%{‘] gﬁi@?essur e
of wast e gasbwts Qthendef@ed or Bﬁttbﬂhczgrmwﬁenbd%m@tal%béasmahe ons are conmon
and wel | lﬁnOXﬁbrbﬁhétg'ﬁ‘le@iru}n foﬁgﬂn}ﬂﬁ %mk Rt?cr%&{égﬁsm ll%{e%gvm%@pr a.

Al t hough the present. 1nventi
cont enpl at edsqwetsh@eﬁﬂ %aﬂ\ﬁémlﬁrt)blel%a&pfﬁme@tat@ sadencenTbaysdeff nent at i on
met hods. Conigentsiwnao iestubitd maaoﬁte&e R ENsiS Bt Wagean2 e%efcya%i ~0

fermentation di.a added, copt.i nuou t.o a bioreactor "and an equal
amount of C{TE‘P?P%?{Z‘" mangPhosphate \f’jfpy bs ineRrpomisd utoyhe grac %‘§§1 ng.

Cont i nuous Smmtwht ﬁtemscnogmatsédnbymmm:mﬂalateenmatmﬁctwﬂﬂ:s (ag meth@llst-ant

hi gh de t Yy | R el 0 t.i nuous
fernentgrt?q on‘ﬂg'ryag%ﬁ)th o ﬁ%a@%ng{h dfl)ﬁ fthaB Pz fco%r%c%;rn %{f&tgbe E%Bﬁrtﬁnber of
factors thatC%‘F‘E’&'@“c‘éﬂ‘lOT@FGV\@WIG?UV@ME@K@GG@EHMmtrat|on For exanpl e,
one method will nsmtubaé garl bmdrltmeﬂﬁgntdtﬁﬁtméw@ &vpH B®) ©3Pep, source or

nitrogen | eve I Xxe W all ot paranet érs to noder at e.

In other sy‘é’k‘ I—QGh ?’rﬂg g(g %n'frﬁff Wb‘PB‘P‘bV\t h can -be altered

continuously whi Reactioas may be perrﬁmmﬂmaﬂeraanobma&uﬁadblb)comidm@s wherbi dity, is
kept co an {o maintain steady state

"8 aNlnacAlic GIRIMIRBE SHEIBMPaS bR Eod

rowm h conditions e to media bei ng-drawn 'O f
" thust be bal anced Egfhbsich fermentations maydwtnerformgdowith cathen fasdnfon exampln, ~
- Met hods of ngdéﬁsatmﬂgedty,té,dc@ggts and growt h factors for continuous

fernment ati on cesses.as Il as techniques for maxim zin the rate
: Bgtcﬁ) f E‘ontmuous ennentattons 9 g

The present process employs a batch method of fcrmentatton Classmal
30 Abatch fermentatxon is a closed system where the composition of the media is set at
B the begmmng of the fermentation and is not subject to artificial alterations during
the fermentatlon Thus, at the begmmng of the fermentatlon the media is
- _moculated wrth the desired microorganism or microorganisms and fermentatlon is
perrmtted to occur addmg nothing to the system. Typically, however *batch”
35 Ifermentat:on is batch with respect to the addition of carbon source and attempts
. are oﬁen made at controlhng factors such as pH and oxygen concentratlon In
a batch systems the metabohte and biomass composmons of the system change
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of product information are well known in the art of indu ) bi ol ogy

and a 35 variety of nethods are detail ed by Brock, suprzé FF@%?%& -
~contenpl ated that the present invention nay be practlced usi ng batch,
fed-bitch or continuous: processes and that any known node of fernentation
38 18 MEOOLA2893 2004 WO 01112833 PCT/ US00/ 22874 would, bRCEWISOGIINSBL -
~Additionally, it is contenplated that cells may be |mmb|I|zed on a
-substrate as whole cell catalysts and subjected to fernmentation conditions
“for 1, 3-preopstaet)i wi topheiine thedarmdndativni i§ stoppedo rWithia Hatohi dultasssicells of

13- | f
for hont at § ahSteres? iRl Farlclog e RS hish SRl of phcke 4R 8 E%Sﬁ’g%f’m s’ can be
obt ai ned f rstatiopay|phasegvhere gipwaly pitetsidiminished of b@ltﬂdr dﬁumttfmqsis eellsgnext racti on
Wi th an or g ﬂ%&emlﬁé%ﬂﬂl?ﬂi@@el@ﬁ@l@%ﬂé@% ; &graphy (U.S.

or

5, 356, 812 t | t

cycl ohe a%ées(Peng ef ’ifg%g‘ﬁﬁfﬂf%oﬁcqm% n ;’53 Vgll'nm e‘il}éer 3elrcl)'[ ???23 ::I;srect ly-
by subnitting tHevamation oh thenstaptdardbactssystent 1sqha EechatohBysmgnaphy (HPLC)
anal ysi s. %esf&gérﬁénh&taﬁﬁ ﬁ&eﬁése@fm QY SHab R i RedlRE mgn

“fermentation nmed a 'S ana on_an anal ytical 1'0R exc ?ol umm usi ng

a nobi | e piéaEeriss a ppisal batel system with dherxcaption thatghe athst;atefla ednn 15

EXAVPLES  GRhERékts hﬁﬁ@%eﬁfaﬂ@ﬂﬁtﬂgﬁséso rpealmmbehﬁtak@ﬁs%fuﬂwmt i ons and
transf? he art wtablefor use in

mat i ons,.ar e ni
t he fol {)owcﬂag‘z'itﬁﬁ?ﬂr%?mﬂ‘éi/a%éo “’Ihbtﬂﬁ e metaboligm %‘ ‘g’ H‘I ere il ecul ar
C oni n : - Adesitableatodraye Maiteh hmo@its ofishbs@ ke liidﬁl‘elxﬂe‘tl,la Q&lleﬁu&méxﬁ@f s bor

Labor at or Y. oGSl 88 Mneenedilofih Phe Ak JREASISiptt f ARk, lecbe

mai nt enance g terra P the art
Techni qués egtemata e thedhasig o€ therchagges of mcawmbigf@mwobsasm dizsolvedind | noo£0

Manual of %mdf@é &ﬁﬂ%@ésm%@mgﬂe%g%sesraw d;pgpsgﬁﬁgaa g%d (?gtc

£
h

. Murray Costil ow, Eu R
Krieg éﬁd “@F‘P&QES%F?’W}% angd‘éejl aienp thearbd examplesmayhetosnd of ogy,
Washi ngt on in Brdgk, fu}n@&4) or Thomas D. Brock in Biotechnol ogy:: A Textbook of
I ndustrial Mecr * L 3 tnd Edi ti Onﬁol%@irhét auer, . Associ ates, Inc.,
Sunder| and, MA. I\O geagé)nef SOLIRYFRNGT 45 Pe g mefieitd owe h . and

mai nt enanc eoutmplatedshatihe method woaldboidapiabtedtofcontinudius férmientationi cals 30
(M) waukeememads @oﬁm&emmﬁ?@ﬁ%@%ﬁ%%%un ShEtABRL (Gaithersburg,

ess ot herw se speC| fied.

%0 ndBrnteEn meAns Sed s
The meddi nﬁerfﬁeﬂ%ﬂ’ﬂéiﬁﬁh"t’ﬁ dl@nwoﬂlélb’ltgwomwmfmérﬂg epualiamount ofi n"  means

anUt e(s). lcmiicﬁﬁondaﬂﬁéSO i Be6AMSimultsheoiBR 'P& aé%éi)l C%lﬂd&@ns m | '3!5' ters,
nmeans liter a C np is

Lur i a- Ber t AHM¢ B@BPH%&?@%‘H?’H&'@%‘“@?‘H@% ac,clﬁp?t?fﬁ HYHV Ffe tables the

fol | owi ng ablby av patnadlysindegphmsedrowtkon. " i s conver si on "Sel." is

~selectivity. ba?l%qtlﬂlﬂ)ug%&%ﬂtau@ﬂgllowgfor ltive xgg&ulgt%ne&t one fagfgr 011'8an|:ebr uary 2004

25  number of factors that affect cell growth or end product concentration. For .
~ -example, one method will maintain a limiting nutrient such as the carbon source L
or nitrogen level at a fixed rate and allow all other parameters to moderate. In
other systems a number of factors affecting growth can be altered contmuous]y
* while the ¢éll concentration, measured by media turbidity, is kept constant.
30 - Confinuous ‘systems strive to maintain steady state growth copdmons and thus the
-~ cell 1oss due to media being drawn off must be balanced against the cell growth
rate in the ferniéntation. Methods of modulating nutrients and growth factors for
 continuous fermentation proccsscs as well as techniques for maximizing the rate
of product fortmation are well known in the art of mdustnal mlcroblology and a
35 © 'vanety of methods are detailed by Brock, supra. '
“ltis contemplated that the present invention may be practlced usmg batch,
fed-batch or coniinuous processes and that any known mode of fermentation
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WO 01/ 12833 PCT/ US00/ 22874 Strains and vectors used and ?Qﬁébﬁj&ﬁ;ﬂﬁtﬂ n the
“follow ng exanples are listed in the chart bel ow
STRAI N PLASM DDELETI ONORF/ GENE KLP23g1dA glpK RJI8ngildA gl pK Tpi pAHABGPP2
DARI "pDT29 .dhaR orfY dhaT orfX orfWdhaBl dhaB2 dhaB3 orjZ pKP32dhaR orfY. |
“orfX orfWQﬂiél%-’idhaBz dhaB3 orfZ 5 ENZYME ASSAYS Assays PCOUSH®R28G+ at ase
enzynes: Dehydratase activity in cell-free extracts was determ ned using

either glycerol or 1,2-propanediol as substrate. Typically, cell-free
“extracts vverwoulpirbepaitzd:dé baddiibhally, it isiamiteniplated tig:it aells mmnche pmstilizal | onwed by

trif t | d th act i
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by Forage anh3m3@¢dlokﬁpdwﬂ0m Bi ophys. "Acta 569, 249  (1979)). Honda et al.

(J Bact erfO'IdeMé’thé&d&%@).bmﬂ% GRfiediD); assay ‘that neasures the
reactivatjon 0 og € i % was deternmined 15 in

t ol ueni zed whol e M i ‘ -Pmne demmeatatign medidol or %
1, 2- propanedarencna\snaumrartatt:eremqﬂe Ipr@jahediolb&inéebbtfaiﬂe&%nb%lltt’ﬁedléatlo of

?5,0&‘5% or SRR G B B b B Lot o
, 2- pr opaneddistillation; andcbolummsclisempatogeaphy (U.S. 5 356,812). A particularly good
organic solvent for this process is cyclohexane (U.S. 5,008,473).
10 ~ 1,3-Propanediol may be identified directly by submitting the media to high
* pressure liquid chrbmatography (HPLC) analysis. Preferred in the present
invention is a method where fermentation media is analyzed on an analytical ion

DT

i) ; - exchange column using a mobile phase of 0.0IN sulfuric acid in an isocratic
: fashion. .
15 ' : EXAMPLES
GENERAL METHODS

Procedures for phosphorylations, ligations and transformations are well
known in the art. Techniques suitable for use in the following examples may be
found in Sambrook, J. et al., Molecular Cloning: A Laboratory Manual, Second

20  Edition, Cold Spring Harbor Laboratory Press (1989)..
Materials and methods suitable for the maintenance and growth of

bacterial cultures are well known 1n the art. Techniques suitable for use in the
following examples may be found in Manual of Methods for General Bacteriology
(Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W. Nester, Willis
25 A, Wood, Noel R. Krieg and G. Briggs Phillips, eds), American Society for
Microbiology, Washington, D.C. (1994) or Thomas D. Brock in Biotedhnologx:

—

A Textbook of Industrial Microbiology, Second Edition (1989) Sinauer
Associates, Inc., Sunderiand, MA. All reagents and'maten'als used for the growth
and maintenance of bacterial cells were obtained from Aldrich Chemicals
30  (Milwaukee, WI), DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg,
MD), or Sigma Chemical Company (St. Louis, MO) unless otherwise specified.
The meaning of abbreviations is as follows: “h™ means hour(s), “min”
means minute(s), “sec” means second(s), “d” means day(s), “mL” means
milliliters, “L” means liters, 50 amp is 50 pg/mL ampicillin, and LB-50 amp is
35  Luria-Bertani broth containing 50 pg/mL ampicillin. :
Within the tables the foliowing abbreviations are used. “Con.” is
conversion, “Sel.” is selectivity based on carbon, and “rd” is not detected.
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respectively) was neasured directly, using HPLC, orlruh{§¥$&¥%y§$bag

net hyl benzo- 2-t hi azol one hydrazone reagent.

formation
respective 5 al cohol
noni t orwQ@§1iM2833 di sappear ance
oxi dor educt ase:
-referred to as
"extracts in-‘sol!
subst rat es listed mabmclthesimlom:ed
(1987)). Alternatlvely

The activity of 1, 3-propanedi ol

o iR e RER s RRGRT %Vf"jlfoﬁﬁé S

the conversion of 3-HPA and NADH to

of NADH. Assays for

(Johnson and Lin

oxi dor educt ase,

Al ternatively, pro
was determ ned by coupling the conversion of the al dehyde to its

using a NADH | inked al cohol dehydrogenase and

1 3- pPOpAISeai?28Y4
sonet
ed for cel

Bacteri ol .

"1, 3-pr Opﬂrjeus/ﬂ X—s\mnm ;

(]Ie[ er IBEISE’TIM e

(el aY

h + 1 nAa
TR /-l

o 3ctivit
ettt L

t he

i nes
| -free

8 BF and NAD+ as
169, 2050

H. The

sl ab gel Fe—potent
oK ed

1, 3- pr oparjedi ol duct as§g
dehydroge ' by virtue of si
of 1, 3-prdpanedi ol RBBmdor educt
Kl ebsi el | 4 pneunoni ae, and d ¢

ze sepﬂf

oo
AT AUA VA

(dhaT)gkﬁlom t hat o
jion. The

hative

non 15 specific al
nol ecul ar we

y of
cohol

ases (ghé@dr) -from G
stridi gipkpast euri an
, 000 dgptons. Lacto

robagter frendii,
ym are unusual |y
baci | | us brevis and

I af ge,

Lact obaci I'us—buct

q_id_ COTt d.l
oxidoredu-tases

ith propertle

acti vi ‘ AS
Bell et - (J. Biol. Chem 2
i ncubating a cell- 25 free ext
mv NADH, 4.0 nNIdlhydrox}+acet
Tri s/ HCL, pH 7.5 buffer with
C. A background rate of the r
determ ned at 340 nmfor at |4
subsequentjl y added and the abs
moni tored jffor at |east 3 mn.

" the backgriound rate fromthe

dehydr arase assott
s simlar to those

as nDdlfled belom1f
50, 7153 (1975)). T
ract sanple in a cu
one phosphate ( DHAP
5 MM DTT, in a tota
eaction of enzyne a
ast 3 mn. The sec
or bance 30 change o)
G3PDH activity was -

ross rate. Assay fo

Tted—1 3 oparnetiot
Jf knohﬁégég pr opane

om a nékfbd publ i sh

hi s net®dd i nvol ved

, and me in 0.1
Vol ung.mpf

hd NADH

bnd sub

er ti further

1.0 nL &
defi ne %subt ract

flrst
GIV|ceP’ -3-rlhosph

activity: {The ass®KH33@ enzyns
extract ¥ th an organi c phosq
magnesi umjbuffer, 35 pH 6.5.

phosphate,} or . d,|-a-glycerol ¢
reagents ijn the assay are: buf
mV); and qubstrate (20 MM . If
PCT/ USO0/ 32874 the total protsg
preci pi tatji on occurs Mﬁth an

assayed i the cuvette. This

et hod

activity was perfo
hate substrate in a
The substrate used

hosphat e. The fi nal

fer (20 MM bis-Tri$

41 . 18 February 2
inin the sanple waj

med bydkaRubating t
bi s- Tr bgYor MES and

aci d quench, the sa

mv MyCl
The enz

pH 6.5 buffer.

e

The 5
cont ai ni ng sanple wa

contents ofAdshes foddeliydeatueremzpinked . and t hen the

- Dehydratase activity in cell-free extracts was determined using either

ette tdmT cont ai ned|-

20
di ol

ed by

was

ng
ht ase
ne

involved_jincubating®
"in a cuvette that -contained 20 nM- substrate (50.L, 200 mM,

fhpgg Egggghgiase assay vol une was-0.5 niL.
reaction mixture; the

glycerol or 1,2-propanediol as substrate. Typically, celi-free extracts were

prepared by cell disruption using a french press followed by centrifugation of the

10 -

cellular debris. The assay, based on the reaction of aldehydes with .

. methylbenzo-2-thiazolone hydrazone, has been described by Forage and Foster

(Biochim. Biophys. Acta 569,249 (1979)).
-Honda et al. (J. Bacteriol - 143, 1458 {1980)).disclose an assay that

measures the reactivation of dehydratases. - Dehydratase activity was determined

15

in toluenized whole cells, with and without ATP, using either glycerol or -

1,2-propanediol as substrate. Reactivation was determined by the ratio of product
- formation with versus without the ATP addition. Product formation (3-HPA or
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cuvette was placed in a circulating water bath at T-= 378%% o420 mn,
"the length of tinme dependi ng on whet her the phosphatase I VI y I'n the
enzyme sanple, ranged from2 to 0.02 UnL. The enzymatic reaction was
guenched by 10 the addition of the acid nolybdate reagent (0.4 nmL). After
“the Fi skWOQidpf3Row reagent (0.1 nL) and distilled-wat er PCT/USONA2$74ner €
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allow full col or devel gpnent, the absorbance of the sanpl es was read at
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- ihydroxyacetone phosphate (DHAP) and enzyme in 0.1 M Tris/HCl, pH 7.5 _
buffer with-5 mM DTT, in a total volume of 1.0 mL at 30°C. A background rate
of the reaction of enzyme and NADH was first determined at 340 nm for at least
- 3 min. The second substrate, DHAP, was subsequently added and the absorbance
30 change over time was further monitored for at least 3 min. G3PDH activity was
.defined by:subtracting the background rate from the gross rate. -

(D!

Assay for-glycerol-3-phosphatase activity:

- The assay for enzyme activity was performed By incubating the extract
with an organic phosphate substrate in a bis-Tris or MES and magnesium buffer,
35 pH6.5. The substrate used was either l-a-glycerol phosphate, or d,1-&t-glycerol
- phosphate. The final concentrations of the reagents in the assay are: buffer
(20 mM, bis-Tris or 50 mM MES); MgCl, (10 mM); and substrate (20 mM). If
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W TH g NADH -hnked glycerol dehydrogenase activity (gld4) in cell-free extracts

from E. coli strains was determined after protein separation by.non-denaturing

.polyacrylamide gel electrophoresis.. The conversion of glycerol plus NAD* to
30  dihydroxyacetone.plus NADH was coupled with the conversion of 3-[4,5-
dimethyithiazol-2-yl}-2,5-diphenyltetrazolium bromide (MTT) to a deeply colored
formazan, using phenazine methosulfate (PMS) as mediator (T: ang etal.,
J. Bacteriol. 140, 182 (1997)). . S
o - Electrophoresis was performed in duplicate by standard procedures using
35 = native gels (8-16% TG, 1.5 mm, 15 lane gels from Novex, San Diego, CA).
. Residual glycerol was removed from the gels by washing 3x with 50 M Tris or
potassium carbonate buffer, pH 9 for 10 min. The duplicate gels were developed,
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COSM D DNA FOR THE EXPRESSI ON OF 1. 3- PROPANEDI OL Medi a: 1 Fé?/r%@?dﬁ S 12
“medi um was used in the screening of bacterial transfornmar ? or the
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"CaCl2, Sy0NUM28332, 1 MFeCl3, 1 i.M2zZnd, 1.7 M CuSO4, 2PGI/NSOOQ3EH2, 2.4 M
NaZMbX4, and 2 pM thiam ne hydrochl oride. Medium A used for growth and
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Ander son et a 7 romthe
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m Cr oor 9gni 9%7ARAOSk 0iin 3R 35 HABRA eiRRvapnt ai ning the gl ycer ol
dehydr at ase gene, and AA2 pKP4, con%ﬂ; I’ll‘ll ng EI al, dehydr at ase gene.

DH5a: 20 Six tri’mvm’ b?rPH?P&P%‘BOch“QPﬁFH %9 ¥eIWB50 col oni es
of E coli &rﬂmﬂd@tdﬁtﬁrﬂéﬂd&édﬁk{iﬁs sind ﬂi\aiénﬁl@%klﬁmlbﬂﬁﬁ Jabldf wEtldn wshed with

5 m. LB medi %mfmn(r)négulil 61 me leq c?a'l—fmﬁet?i’g&arc%@(afenes esuspended

in

chromatograph coupled to a Hewlett Packard 5971 Series mass selective detcctor
25  (EI) and a HP-INNOWax column (30 m length, 0.25 mm i.d., 0.25 micron film
A thickness).#The retention time and mass spectrum of 1,3-propanediol generated
_were compared to that of authentic 1,3-propanediol (m/e: 57, 58).
An‘alternative method for GC/MS involved derivatization of the sample.
- T6 1.0 mL of samplie (e.g., culture supernatant) was added 30 uL of concentrated
30 (70% v/v) perchloric acid. After mixing, the sample was frozen and lyophilized.
A 1:1 mixtire of bis(trimethylsilyftrifluoroacetamide:pyridine {300 pL) was
added to the.lyophilized materiél, mixed vigorously and placed at 65 °C for one h.
The sample:was clarified of insoluble material by centrifugation. The resuiting
liquid partitioned into two phases, the upper of which was used for analysis. The
35 sample was chromatogfaphed on a DB-5 column (48 m, 0.25 mm 1.D., 0.25 pm .-
o film thickness; from J&W Scientific) and the retention time and mass ‘spectrum of
the 1,3-propanediol derivative obtained from culture supernatants were compared
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5 nmL LB nedium + glycerol. An aliquot (50 L) was i nocul 5 nL
tube containing S 12 synthetic nmediumw th 0.2% gl yceroﬁ§gﬁ%’8£&§8ér mL. of-
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slight WOWAEIBty was observed after 48 h. Aliquots, an&Cyaise/i28r4 product
~distribution as described above at 78 h and 132 h, were positive for

-1, 3- propane t he ter .tine [ n{ s containing increased amounts of
"1, 3-pr opanegq tgf‘ O‘Béﬂf}@F‘?“és'g? %‘ﬂé‘eﬁb@ﬁﬁwgapﬁm -deriyiatizaginedi ol
producti on, lﬁq:repmdiohbdmamdtﬂewhadctaﬁdicﬁbﬁtﬁdZOS[ll‘ﬂ? L1560 2kt pIPARftAtes in.

order to i sgkﬂ;g EJ ngle colonies. Forty-eiglif si ngI e col onies were
i sol ated an ed again for the production of 1,3-propanediol. Cosmd

DNA was i'sol at edCeHl dysisovasrstimatedditmessuringstha extraceHakséoduble drateit o E.  col |
strain %acon-E&ﬁrdtfoﬂﬁﬁ Eﬂérﬁﬁﬁﬁlﬁaﬂ@ﬁﬂﬁoﬁgﬁbﬂn&ﬂﬁ%gﬁ?icg W&r% gé%%r#ﬂ?edﬁﬁ%dum ion of
i zed fur

1, 3- propane O..tr nsf.or ts wer racte and

desi gnat ed g Q{Sﬂﬁn‘ G RT é%ﬁﬁé%ﬁg‘?%“ﬂbmﬁw dogfModgb 01/ 12833
PCT/ US00/ 228415CAmikz20 teritiifuBelifl orarith sépupmeranis. Mhe resplig susetithaned i nt o
Ps20 1 D ﬁ'o"‘"f%’zg& *&Iﬁﬁ"an%“s%@*éﬁﬁeﬂe P BUEA P A b8y ad ng
frames of tﬁ‘@‘alﬂﬁéquﬁ@r@ip' ¢ Banteig Apsyi BioRadeHengulgs.£34). and genes necessary

for regld at Viubility: Referrlng to SEQ 1D NO1, a fragment of -the open reading .

frame for dhakKl (éeel? gi]n?’? draxg etone kinase is foupnd at bases 1-399

(conpl enent) ; Gmi"f’ URg. & BRRIPRTALG i celehydr ogenase
is found at Ohiaaeisfromhé)feimeﬁter oﬂnaompedectweam agr plakse Oallakdbiig odi ng t he

encod no a B e o deapemere ROt M SRR o s O

(conpl enent L O(fm@ﬁbfoéladlvh@dfbﬁﬁ@ﬁﬁ(wbncodl ng a.dehydratase ,
reactivigtion protein is found at bagasmpig#s- 4996 (conplenment); the open

readi ng frame [ di ol oxidoreductase i s found at
bases 5017- 6. Eggwaﬁrﬁﬁﬁs Fﬁ%ﬁgﬁ‘é NQEEi QL el GEBLS VWHEbdi ng a
protein of unkrZ@SMIDIINAFOR THRERERBESIONS ©F 62PRGOSAEHIODP! enent ) ; the
open readi d3. frane dhaBl encoding the al pha subunit glycerol dehydratase

is found at es 7044-8711; the open reading frane dhaB2 encoding the
beta subunit gl ymtkatic 3 mettivm xes llﬁ@dmdbmbreﬁnmm‘émcisﬁ%zﬁﬁib&naﬂthe open

ead ool 1 aPudRBI QOGEES 19-prbfinesRl St HON i collal OB mglehyr 2l ase s

found at bases 93}1\,%1?:% encodi ng a
dehydr at ase®RIUY 5S¢ ep 5$‘§mfﬂ98?ﬂila¥§tb“f@f lﬂ%’éga MM Me@z72: and a
]fraglrrent 0f07hﬂ\4mw12,rsemmn¢15ﬁnmvr BéCI%62 2 dmglmcllﬁsbfci@wmum ?kE
acilitator ingle colonies o
coli XLI-BI %‘ge)éﬂil:ft I}l%i\ﬂaéﬁ?: & Wdt%l%g@%ﬁﬁg%%g?lﬁw SONA f r om K pneunoni ae
wer e i nocul at ed MadiomA esest for growtblahg farmentation oansRO@ df: a0 nBV15 nedi um
(amonixgm f H7.0, 1 nv
MOPS/ KOH bﬁ&e@ﬁ'ﬁm sh@fa{@\/&%gﬂh Eé’ @ﬁ%gﬂ?ﬁ;ﬁ(ﬁ% sz‘%% oS 2,50 M
FeCl 3, | AV OZH@!P uf! CMPH:GéoZm
t hi am ne hyRboMgh! @i ZiGl; R7DuMt RS 2.53 uM CoCly; 2.42 tM NayMoOy; 2 pM
-thiamine hydrochloride; 0.01% yeast extract; 0.01% casamino acids; 0.8 ug/mlL

~ - vitamin By5; and 50 pg/mL amp. -Medium A was supplemented with either 0.2%
30 . glycerol or 0.2% glycerol plus 0.2% D-glucose as required. -
Cells: N

Klebsiella pneumdrziae ECL2106 (Ruch et al., J. Bacteriol. 124, 348
-(1975)), also known in the literature as K. aerogenes or Aerobacter aerogenes,
-+ was obtained from E. C.-C. Lin (Harvard Medical School, Cambndge MA) and
35 - was maintained as a laboratory culture. ‘ :

Klebsiella pneumoniae ATCC 25955 was purchased from American Type
- Culture Collection (Manassas, VA).

£6hcdd mMCEZ, 00 nMMBO; 12M2 AM and &)



gl ycerol + 400 ng/nmL of vitamn B 12 + 0.001 % yeast ext{éa\git_, é(é ga/ .
canmpicillin, In addition to the mcrotiter wells, a naster ate cont ai ning .
30 LB-50 anp was al so inoculated. After 96 h, 100 L was W|thdravvn and
centrifuged in a Rainin mcrofuge tube containing a 0.2 mcron nylon

"menbr aneWOrGU12¥3, Bacteria were retai ned-and the f+|tratEC'l/‘xHSO%‘h28)’l§essed for
HPLC anal ysis. Positive clones dempnstrating 1, 3-propanedi ol production
were identified after screening approxi mately 240.col onies. Three positive
"clones were’ |dentEfaoé@HﬁwﬂﬁumhaSMMmG@ao@lﬁ.\mdomsmnﬂbnmd)wahd one of

whi ch had nofye céi@ugﬂhg iS40 Hom K 94@@%&5:9}&1,91&?(:5:‘ 2998 chifinfSh 11 Ve

cl ones grown on ver| e pro uctlon of -,
1, 3- propanedgfiﬂem%gf@e@hgmglé@cra Lorshigd dehydsataseprpyine. waasmid SE‘B‘“F’@B’&Jary 2004
- WO 01/ 12833 ﬁ@@lﬂé&%@ﬁ&%&?ﬁmw&r@mﬁuﬁé@m@m@ KPDraadl 86sngidnt ai ni ng pKP4
and E. ¢ stral n ?%Sjﬁ l\/\%%d {?gns or med. @{é%fn%e @3@,% ELIEfnsfgrmamt
" designat d ¥ ol dghydralasy prayme Wess idepal {

1, 3- pr opanedDHISo mmﬁldeﬁxfﬁdmﬂﬂm -pEPh IHﬁ.oV-ﬁKPdeﬂlHSm—bKP#ed wWith-
cosmd K. pneurmn % p ; .or the
Super cos .vect or one an Wﬁﬁ’h‘?ﬁgﬁaé 9)’%% %&I gﬁ 1%@@%&9&?% pKP4,
and ECL707- s@btame% gamE.fe|Gy LllE@iardeefh@ﬂé qol, pad Wamd pt sD
\CAilhlh cg encodeslﬁhﬁﬂfr\ii&iﬁsnmadﬁo o cekmie BN ﬁbmnmgszeﬂ&%uﬁnbm‘éfﬁmés&cer ol

ehydr ogenase enzyne 0 e
.phosphogﬁ)ol pY ?’lf?‘?ﬂ”@“ H%Htt‘ﬁ Jp‘hujgﬁc)rn"c éﬂ@f?ﬁé é@@é’t@% contaiging: i vel y.
Twenty singl the pdycoral ddl)dfatmcgjane ashEdL707apiSPdeomdininp tlendlolf dehgdmfase he

Super cos vecéq{ .al-ene. (negative control) transformation; isolated from

es

.LB-50 anp were transferred to a nmaster LB-50 anp plate. These
‘:Dsol ates weré al B ool A&20Qepnizining Aantation initheipi genegAvdarsonataber ol t o

1, f’ pr?pan$dy th[?eri MiEYoBRN. 620325361@70?)%5 hfchié&&!’g{oﬁﬂﬂ&@ P&ﬂG&‘i‘él ﬁé@t@éﬁ@sek .
activity rags nans re trans er.i pi c 0
mcrotiter p @If(r)nlt"é‘l"ﬁ’isﬁ%&{"%‘?’ m‘?ﬁﬁﬂ"é @8}’ 4h either
0.2% gl ycer o&;osnnd Wacgglyee}recbcqmm:sa:ﬁwmaeghmsms AA208§pKaN dndcubat i on for 48
h at 30 C t t S filtered

t hrough a 0. 32\2%8 ?&(;% ?ﬁ/ E‘?ﬁn{%l%e%dﬁeﬁ% iﬂg%ggrainﬁ% ﬂéﬁ% The

results of ttmsenmgihfsdlw@ehgdmegmqabl e 2. Conversion of glycerol
transformantpfy3@LE 2 } to 1, 3-propanediol by transformed ECL707 1 cerol*

gl ycer ol ucose* ECL7 pKP 119/2019/ 20 ECL % 18 2020/.20
ECL707- 40120205‘2‘6@1‘-"@{5L %%ﬁ?%i‘?}mm&ﬁﬁ%ff’xﬁ?a‘ B4 l695\98 ORIESIO%t es/ number
of isol ates EesileX).1-MEONR transfected with K preumoniae DNA were washed with

- 5 mL LB medium and centrifuged. The bacteria were pelleted and resuspended in

5 mL LB medium + glycerol. An aliquot (50 pL) was inocutated into a 15 mL
-tube containing S12 synthetic medium with 0.2% glycerol + 400 ng per mL of .

) ‘25 vitamin By + 0.001% yeast extract + 50 arﬁp. The tube was filled with the

'\' , ‘medium to‘the top and wrapped with parafilm and incubated at 30 °C. A slight
turbidity was observed after 48 h. Aliquots, analyzed for product distribution as

~ described above at 78 h and 132 h, were positive for 1,3-propanediol, the later
time points containing increased amounts of 1,3-propanediol. -

36 .The bacteria, testing positive' for 1,3-propanediol production, were senally
diluted and plated onto LB-50 amp plates in order to isolate single colonies.
-Forty-eight'single colonies were isolated and checked again for the production of

1 ,3-propariediol.  Cosmid DNA was isolated from 6 independent clones and
' transformed into E. colz strain DH5a.. The transformants were again checked for
35 the productlon of 1 3-propaned101 Two transformants were characterized further
. -and desugnated as DHSa-pKP1 and DHSa-pKP2 |
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25 E. coil strain AA200 was transformed with cosmd K png §,
corresponding to one of pKP 1, pKP2, pKP4 and the Supercos vect r al one and.
named AA200- pKP1, AA200-pKP2, AA200-pKP4, and AA200-sc, respectively.

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

singl e WO UARE3 of each cosmid transformation and five ®CTU$0/22804 enpt y
-vector transformation were isolated and tested for their ability to convert

-47 18 Februar 1/ PCT/ 00/ 74 rol r opanedi ol
"as descri bed %lor'golé lvﬁbg‘? égé%ﬁ‘ > f “Pg ph?ﬁg& pesfsngr Ieo
?lr venf in TaBiosysgemTNBkEaﬂe@ﬁ‘m,ewm mmani:ccgmd:ﬁerméd pHK 28-26 g8BQdBedi 2\!6\2 8% ' >

ansf or ne r -
117/ 2017/ 28“@@ g%@%@%@??@ l)iﬁ‘%@”ﬁ%%&é%@%c e 015015 |
*(Number of disasieranencpdiog glyserohdatydratase amégws ascessary faryregulationpPLE 2
ENG NEER NQR&fe %G@E@IWNWE ﬁ&gﬁ&hﬁ&ﬁ.o&n febdihg e fHIQMJRIODUCTI ON. OF
e oncentf g Ao Ao S B g tab L 50b ol XeE B011) genon ¢
mn\ggs oI p ; earegings frage theD encoﬁmg@;meml Bbhydregzénaka o fougidt at badent ry S)'d/st ens,

L. o an

gl ycer gl Ki %1%13%291 7%1% 086%%33 %Pﬁf%co??%ﬂ’ B%ﬁgs(sﬁﬁs%ﬁld aq(]?fg'%al oona,
Met hods Enzi}/Zﬁ9l-4135}5618 og%re@dmsﬂppefwﬂ%mn@mgemﬁmc@mkmﬁm fngliomer s SEQ
- I D NGO pand; I SRA FRHnsd i al gl pK’

and glpl)((]a gelr"i?ggd dgngs 311::‘536421@5&&@&%@5&1% ?Sfﬁé W%gﬁlﬁgﬁ%l rre?spSEQ
ID NO-4 and® WM@@“‘WMM&%‘% fundg ba}sﬁ%‘éﬁg‘% dgomp gepbither SEQ ID
NO: 4. -'Sl'gg Speneedliind frahe %T&@h@lﬁ@?pmmlbhﬁofﬁumsﬁﬁgﬂ :ﬁm_:i_ﬂt of- |
pri mer nabl.e uent _over ensi.on e gene
bl i ng. bR a5 BotEe SnetB ot s R (e oD, FRBUBE axiiein nri quos 6
528 (1990) ) ofneknows duriction érfonat & hasa 6202(-16630 é@nmkmw),ﬂ(ﬁfbpmsead@g he above
1o PCR I A8iR0LA0RP ordcB iRl M Spl Wbl EctoRicRyhANOi ol iR | D NOS.

Thi s fragrrent ref)r esent etion o regi on of
the 1.5 kb §M4987Jdnthe oporreaping fiemesihnB4 gngading e bita@uktyubgmcezoll kb

flanki ng re&é}@a&u&e iCfouh®ht tak&tR704-9508 dw Spenreadih ﬁaﬁlbwasweﬁéucimgt he

econbi nat | oh amwizcn it Bvscil GV, msoﬁg‘fvﬁﬁ}%@%?ﬁ?ﬁ@ﬁ%é Pt ng mung

bean nucl eﬁ:aahg dnthecthaBXderncodiag tldehydtRaddl remdtivatiot poteis isfpuhdiat Zer o Bl unt

PCR d.gnin | Vd7b Qe s ' ( 1419 pshg! pl asm d
pRN100 ﬁgonﬁaas:él‘mé%‘{ggl E‘aﬁr—% %ﬁﬁéﬂk&t@?ﬁp erngslél)dgl%'gnce fdr %@9‘ e?lﬁgdlﬁg 3 kb Hinci |
fragment - glycerol uptake faci ltator protein is found at bases 11626-12 45

Single colonies of E. coli XL1-Blue MR transfected with packaged cosmid
"DNA from K. pneumoniae were inoculated into microtiter wells containing
200 uL of S15 medium (ammonium sulfate, 10 mM; potassium phosphate buffer,
25 pH 7.0, 1 mM; MOPS/KOH buffer, pH 7.0, 50 mM; MgCl,, 2 mM; CaCl,,
0.7 mM; MnCiz, 50 uM; FeCls, | uM; ZnCl, 1 pM; CuSOy, 1.72 pM; CoCl,,

- 2.53 uM; Nay;MoOy,, 2.42 uM; and thiamine hydrochloride, 2 uM) + 0.2%
glycerol + 400 ng/mL of vitamin B, + 0.001% yeast extract + 50 pg/mL
ampicillin. In addition to the microtiter wells, 2 master plate containing

30 ~ LB-50 amp was also inoculated. After 96 h, 100 pL was withdrawn and
centrifuged in a Rainin microfuge tube containing a 0.2 micron nylon membrane

£y
LW

filter. Bacteria were retained and the filtrate was processed for HPLC analysis.
Positive clones demonstrating 1,3-propanediol production were identified after
screening approximately 240 colonies. Three positive clones were identified, two
35 of which had grown on LB-50 amp and one of which had not. A single colony,
isolated from one of the two positive clones grown on LB-50 amp and verified for
the production of 1,3-propanediol, was designated as pKP4. Cosmid DNA was
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30 from pLoxCatl (unpublished results), containing a

“chl oranpheni col -resi stance 48 10 18 February 2004 WO 01/1§f§§guary2004 :
PCr/ US00/ 22874 gene fl anked by bacteriophage Pl 1oxP sites (Smth et al.,
Gene. . 166, 173 (1995)), was used to interrupt the glpK fragnment in plasmd
"pRN10O bYOI%1d2838ng it to Munl-digested (and bl unt ~endedpcCpiussozas7pRN 100
to yield the 6.9 kb plasmd pRN1O1-1. A 376 bp fragment containing the R6K
origin was a I|f| ed by PCR 5 fromthe vector pG704 (M|l er and Mekal anos,
'J Bact eri‘ol .19latd frogy £ @ngawwwmngmfgmri reotfistaBPHMNBs6 and SEQ | D

NO 7, bl unt tﬁiﬂﬁﬁne@.nﬂnhncﬂﬁézﬂ@ntt}@sﬁ)hﬁ &é@na&ﬁ%lﬂ-{ﬁ??ﬂ%fﬁ ment  (whi ch
was bl unt - er‘%eg. Eﬁ{pﬁRﬁl% i gleldthe57kbp 102-1

cont ai ni ng kana'zr?g/ ARERR=1 315 Akt 11 [ rlréﬂgﬂ ol osi st ance genes. Substl tution of
the ColEl orB@L#7%r egion in pRN101-1-with the 10 -'R6K origin to gener ate
pRN102- 1 sal so i nvgl resi st - gene. The
host . for 5pRNlOZ F%gSF%g%@%%%ﬁé%%gﬁﬁﬁgm '5%“ anos, J
Bacteriol . PrPiespeadingiegne ofpddR) pKRRi pIRP4 onthgiSuperchevestor afeandnecessar y

for the funafaimed BﬂLIOhEpI@G@QLVW-FKPEWCD?@f-bKMOénd%dﬁ'ﬂfﬂ ki nase nut ant
RIFIOm wi th hI ora hﬁﬁtﬁﬁ re ancggf%‘% ae 1nt rrupt E coli FMb was

el ectrotransr dsf thvé’dplg 1 85% AR P, CBﬁncﬁﬂeéE‘?n d pRN 102-1
and transf orAfﬁﬁ‘rﬂepmﬂau gheem! kinho; Hmmtbhnlml glymoISdehp‘ﬁrogérﬂaEe, g/ m.) and
kananycijg- S%B%xhé Hefox(@iﬂ?r&%%)cet\’i%&tﬁg cr eene%ﬁ/fiorwg?tycer ol.

non-utilization on med um An 20 EcoRI .
di gest of géﬁhﬁ?ﬁh@"ﬂﬁefﬁeéﬁﬂéﬁef%mﬂvﬁm ant RTFI Om when probed with the

intact gl pK gene w@tﬁﬁnlglbeélema@afa@h%oééﬂb&ﬁefoﬁnadorl\@{dﬁﬁ!éﬁm 98, 503-517
(1975)) i ndls%at ed t c? @5 doublg cr O%SOVQI’]I nte rant ?( gene

:_fepl acenent ) PSTRCETH “L’\‘?\Xf‘e@%‘é"c oplyol TRnRIPrRAem igpl Eﬂﬁﬁﬁd&'ﬁ@lﬂ@mbserved
owi ng to thelates esartcansiiredm a mdded LB50l anige plle. SiHese 18bkatts Wekd8lso

chl ora ent e ntr | Vi eI ded the

gl o peéfsgéé‘ T A A G S LA Y S TR

confirmed t hbthey P‘Wo@@cd@Xﬁ@%@a@WlWoE@éﬂmsémwmm&r@ﬁwdrml and ATP

'ItD(c):RgI ycer ol s@riiashpikao mT&ibﬁtzgﬂfés Bbh @ Hing 86 plf, WEM uﬁ%&gl yggg lb)[/) %gni(r?' c
usin r|

and SEQ ?Dpﬁt? ‘.‘Lm‘*‘g%wg%‘fi‘)%% gyaﬁf&wgﬁ%lﬁg‘mfﬁdlps Q:-2nPogluspsel ded t he

expect ed 2. 3fiep incRbatidafor il a3 0Pk theREimtémagtha inficroliees phed wekd Werel he

wild-ty C I t i LRl SEQID -

NG 8 ang? SeanFitN o En AGAs e RREE Bferdnd e ltallel YRR The e i ¢ 1

pl asmi d pAHEEUltsoLthes oS V@&‘GP imTaRledti on from glucose. The gl pK nutant

E. tali RJFIOmhas been deposited with ATCC uynder 35 the terns of the
Budapest Treaty on 24 Novenber 1997{‘ABQEJ;B February 2004 WO 01/ 12833

E ﬁr{) #ﬁgg/nggzaf,, EQSx'g_\PeEse &liglgglycerol to l%-pr%&gnedlx%l rl])?rsn'eang}c]) an& E&%% with

. tr_ansfonnant glycerol* | glycerol Dl____gllICOSc*
N . ECL707-pKPI 19/20 19120
o ECL707-pKP2 18720 20/20
- ECL707:pKP4 0720 , 20720
ECL707-sc s | o5

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

. .';AA200: -
25 E éé’h strain AA200 was transformed with cosmid X pﬁezimo}ziae DNA
_ correspondlng t0 one of pKPl pKPZ pKP4 and the Supercos vector alone and
na.med AA200-pKP1 AA200-pKP2 AA200-pKP4 and AA200 sc respectlvely
Strmn AA200 is defective in tnosephosphate isomerase (rpr) L
B ' Twenty single colomes of each cosmid transformation and five of the
30 : 'empty vector transfonnanon were 1solated and tested for theu‘ abxhty to convert
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gene interrupt renoved: After overnight growth on YENB yeast
extract, 0. 8% nutrient broth) at 3 7 OC, -E. coh RE Imggn":gﬁ]mé% (fb‘f) .

su.spensi on was 5 electr6trajisforned with plasm d pJW 168 (unpublished -
“results), which contained the bactoriophage PI Cre reconbi nase gene under
t he coWw@61/12883 t He | PTG i nduci ble lacU V5 pronoter,, aPCT/US00/22874 -
tenperatum sensitive pSC 101 replicon, and an. anpicillin resistance gene.
“Upon outgrowth in SOC medium at 30.0C, transformants were selected at 30 T
(per i ssi v @RmIes Alkipitp phiRitit AVEER b8 FRB. 6Tt AR ECUTOR BTag esultest um

suppl enment ed’ cai beni, c gl (50 ~tg/nmL) .and 1pTG (I M. Two serial
overni ght t %ﬁ?é?%%%re&"eﬂdm 8ol oni es were carried out at 30 OC on'fresh
LB agar mnedi um suppl enented with carbenicillin and. TP.TGin. order to .
al | ow exci si on of the chr onosonal chA'Bngpheni col resistance gene via re .
conmbi nation at t | oxP s tes £§ed b e ke mﬁe (Hoess and 15
Abr enski, J Mol pp\YchIl%O YE\CFO o nsio co-oni-es—aer e
‘replica- plat eﬂmﬁoﬁranB agar- ngbam%uppl enen@m.ml,SLMm’T cillin and

1 PTG and LB uppl enent eggyht h chl or anpheni cp},zé 12.5 gg/nmL) to
i dentify: col on| es E)h{ﬁ wer e carge%\dl’m | 1'i n-resi Aant and :

chl oranphei i i 2OROG-PRERt i ve i ndi chY. 39\9 mar ker gene 2% ppyal . ' An

overni ght 30 A&20@pKipdr e of one moh col ony . was- usedid/2e . i nocul ate "20 10
m. of LB madljs&glgon growt h at CtoOD(GOO nm f 0.6 AU, the

cul ture was i Bt at 37 *C 0 r i ght. Several ?UtIOI’IS wer e pI ated on -
prewvar ned LHNagder nbpositivedsalatesloupbet efdsalatestesiedd overn| ght-at 42 "C (the
non tant colonies were replica- pernssive tenperature for pJW68

replicatdion). Result plated on to gedl um and LB agar medi um )
suppl enented with 25 carbenicillin ) to-identif= colonies that \)
wer e car beni.c ENGINEERING OFGLYCER §B|M5§AMTS Op =&l | 68. ; One-

such &K nut ant" RJlF(b@Pwﬁutqﬁ@me cﬁmtmzeﬂ ERONEGRUCOSECR using priners
SEQ ID NG 8 and - -SEQ TD NOTT 1 | €1 d € xect ed ! 0 kb band
confirm ng weia) o0 eg1a = 0 ase g eplat 1

was confirng dcd_p,mMgek of growt h on I\/B m ni mal 30 nedi um cont a|n| ng I MM
gl ycero The gl pl asm d

pAHA8 t al low g ycﬂo@g pIgt ?%&y\%é‘g’r%? ‘L’%‘&cg@é%@%@gﬁﬁ‘%&%ﬁm&ﬂ ON OF
E. COLI STmmgm@NglIw&aﬁmEnmeﬁterss Mingeapolis, Mdhe Avk8 kbdBNAt ed from

E. | b 5, 33 5-3
o ((329;37) g’ %drﬁalaggﬂF BEnd ?igcgtﬁgﬁﬂ en@‘ﬁﬂsf@ﬁphtﬂe’é

|

i ncor por at ebx ngﬁ &‘éﬂ“%ﬁ‘!ﬂ Fiﬁﬁ%f‘ax%ﬂf iads gzynoly L5 éé?l( ‘B‘B M”cFebr uary

2004 WO 01/ ﬁ%@ﬂc BRTA Lﬁﬁglpa&?ewsmdmuomd(sf;q Mamcam SA (19B2DINAbI ecul ar
a

i PR P s UL R 500 1)
at the uni gEMSSsnbminBNXcoding ptimers/SEQID NQ:Kand SHEQ H2NE): 51 nkiitef | ushed
with K enow,and religal & plifstsEQTH 162 T1R% BRd of primer SEQ ID NO:4
was the reverse complement of primer SEQ ID NO:3 to enable subseqhent overlap Q
extension PCR. The gene splicing by overlap extension technique (Horton et al.,
20  BioTechniques 8, 528 (1990)) was used to generate a 2.1 kb fragment by PCR
- using the above two PCR fragments as templates and primers SEQ ID NO:2 and
"~ SEQID NO:5. This fragment represented a deletion of 0.8 kb from the central -
‘region of the 1.5 kb gIpK gene. Overall, this fragment had 1.0kb and 1.1 kb
flanking regions on either side of the Munl cloning site (within the partial gipK) to
25 allow for chromosomal gene replacement by homologous recombmatlon
 The above 2.1 kb PCR fragment was blunt-ended (usmg mung bean
'huclease) and cloned into the pCR-Blunt vector using the Zero Blunt PCR
Cloning Kit (Invitrogen, San Diego, CA) to yield the 5.6 kb plasmid pRN100
~ containing karamycin and Zeocin resistance genes. The 1.2 kb Hincll fragment
30 E from pLoxCatl (unpubhshed results) containing a chloramphemcol-resxstance '
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5 deletion in'4he' nmddle of gldA and regeneration of a un| ue SaII S|te to
-generate pKP9. A 1.4 kb DNA fragnent containing the gené SR8 %
kananmycin resistance (kan), and including about 400 bps of DNA upstream of
the translational start .codon and about 100 bps of DNA downstream of the
"transl at WenHf128330p codon, was isolated from pET-28a(+) (Rovagem28iMadi son,
Ws) 10 by PCR using primers SEQ ID NO 14 and SEQ ID.NO IS, which
incorporate termnal Sail sites, and subcloned intg the 'gze g | '
site.of pKP9.genefigekedibythactepapirge PAl«sz:Lsnc&bSrmmwla&mMgéé H9 § 204 bps

downst r eam ofwgshgegﬁphﬁtenﬁ; ﬁmé oK ﬁag?\-herﬁliﬁlfmlfasrﬁﬁlﬁiﬂ{]\lwocbyq tingit1o’8 bps

neer tron, vl ik bR pperpbedifiler S FRRTA B 1

- and SEQ | D N@RNID1- W@?Glb@@ﬁgmnatmtmmngﬂmd{GKSpglhmdnmbﬁbd by PER

oo o S| iR e Rk 8080 D POAIRE o sl 3 WhcllpRl. 1B A8 2583 DIRKTOD
transformed W@ 988)pneagprimerssHQHD NO:6and SEQ/L NQe?mbbmtweé; andjigated i s -t he
perm ssive 1 qgpgd 58 Etb@asj;ﬂs-ﬂm‘f?&'iné&p&hl@lawa@munmﬂleapﬁ&mpmm 126 expanded

Appr ox mat ol ield b7 Kbl PN 2 on i Kasgryeend HotaiEBissh co ror 10

h at f 44 C, wesistindepehee Substitution bﬁﬁlctcml@bomgmlregldmm -pRWN10Ewite thel cat i on.
Tr ansf or qgnt ronosone,
occurri ngaatSR 8 ﬂqo?yné}?e?@?%fl%ﬁéﬂgla%g%%ﬁ%@ BP%%E‘? éé?n bl ot

(EEM 25 50utmastnnce£en9|_ rgRN st Gphcqtlpgmﬁ aﬂaﬁ}’ E(Mdlee used to

det er m ne t hepdndtislisos m@:eﬁb[ qavszsnaizssmmeﬁtwmh Eoreiihsthé pirtgee :
transformants. V‘éste n_ bl ot 2% ?H_}/s%@ngowbln et al., Proc. Natl Acad.

“8ci_ 76, 43500CEEHY)P 'Wﬁ@‘%fé‘@ P&i'ne whet her glycerol dehydrogenase
protein, the Prugitkseihg of plyterdl kingse mutagn REA Omrwithyehlo n

activi ty ssgg %ieﬁl&ﬁd to determ ne whether 30 gI ycerol dehydrogenase

activity he transformants. Activity in gl ycerol dehydrogenase
bands on native g@§dﬁ§“ﬂ&%ﬁ@ﬁ@m@f@é®mﬁ1ﬁ§eﬁwep GIHVE IUSBHIBE gl ycerol
plus NAD+ to hdpyi %Msfhﬁn&é@ﬁ&%ﬁ%lorﬁﬁﬂkﬁﬁ&l@mmﬁ tetrazolium

d MIT [ 3- h | 5- di t | b d t
B T L s L e AU gl o el 1
d ycerol dehyglyegenameutilization quQmmlmhlanprhwmon@nmg 1 M glyrcerehoAnum
sultfate apd 1@901{]%1%5&& eBEfn?c bl ton@'such nlg@u kgﬂ{% -whefiBrobed&d 1997) ) .

O 8 'transforna were determ ne

%ggﬁg §8 February
2004 WO 01/ 12@3@%311:!@9@162@8%0%@@6&1@@ (S@th%MMvé 8393-3een
deposi ted wi tf) oA indiAel thhf1ewash d5ublé- crdsﬁtﬂle&m (gﬁxgahafrephcéiﬂeﬂwv erber

" CENE. KNOCKGURSSHHS Mo REPEBIRA 71 Ky 0B eaurets Crsrev g bedng &
i ncl udi ng 228prepsice of ahdlitigamal Feehl site withen thea;hkirsanplmns;bl E:Bmtancmmgn and 220
2951, OO SRS ol B g aghesonuotn v v o Trom
: 1’ ncor por at e -t aralystfeof mutant RIF10m confirmed that it was mcapable of converting
13C-labeled glycerol and ATP to glycerol-3-phosphate. This gIpK mutant was
further analyzed by genomic PCR using primer combinations SEQ ID NO:8 and
- SEQIDNO:9, SEQ ID NO:10 and SEQ ID NO:11, andSEQ ID NO:8 and SEQ
30 IDNO:11 which yielded the expected 2.3 kb, 2.4 kb, and 4.0 kb PCR fragments
-respectivély. The wild-type control yielded the expected 3.5 kb band with primers
SEQID NO:8 and SEQ ID NO:11. The glpK mutant RJF10m was
electrotransformed with plasmid pAH48 to allow glycerol produc'ﬁon from
~glucose. ‘The gipK mutant E. coli RIF10m has been deposited with ATCC under |
35 - the terms of the_Btidapest Treaty on 24 November 1997. '
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10 Sphl and Xbal sites, respectively, and cl oned between the and Xbal
sites of pUC 18, to generate pQ\N2. pQ\2 was cut at the dRiF &E@E‘%?qo and Nco
| sites wthin the gldA gene, the ends flushed with Kl enow and reli gated,
resulting in a 109 bps deletion in the mddle of gldA and regeneration of
a uni quwoBHi28ite, to generate pQW. A 1.2 kb DNA' fr ad¢@AiS08/22804i ni ng t he
-.gene conferring 15 kananycin resistance (kan), and flanked by | oxP sites
-was i sol at ed from pLoxKan2 (Genencor Internatlonal Pal 0 AI to, CA) as a

- Stul / Xhol f Enag giycerol dénase mutentiRIE10with ehleramphenical Isistaniey | nt o pQ\4

at the Sall?—'lé‘%!ﬁ{%'% erddvid@Ni NG Wi th Kl enow, to generate pON8. A 0.4 kb

DNA fragnen ng (he R6 0 n of. re tio ated from

- pGP704 (M I1ér R A %E‘I&‘PE‘E‘ (Mf’/a 9%‘%‘39%?1988))_ by PCR
usi-ng pri mempgtrishtbroth) N3 20C AR doli BHEN 0rDilNOWAer sudpendion wasr por at e termi nal

Sphl d_ Xb, ¢ | 1 Xbal DNA
flroagrrggt co% - (N I'itr%fqr 5337 g‘ﬂ@%ﬁw‘ggggﬂ?%ﬁ%g%}%%em& Kﬁgrgg{ie pKI?>22 A

1.0 kb DNA -thelpetemiopbagetBi Gierreconhinase sens @sﬁ@pmwlaf@algﬁﬁﬂem col
resistance Geafple PHEE'I\H ﬁmﬁ%ﬁi:r thyteﬂnge&ﬁ’tusé édﬂ§1ﬁ¢@§$@5{)l sepliebrgdnd mom pLoxCat 2
(CGenencor International, Palo z‘iﬂb badé ﬁg@g@nt and .
subel . oned iampisitinTosigfanqergensy, P"%?‘{tgc' “g%ﬁg E. coli strain
.[«’JFlof(see ngﬁgfghﬁarﬁwewmiedmgﬂfIK(penmavétmqm&atnrvd’drpIWkﬁ&)KPZS ang )
ransf or, S W enq 5’59‘} ' ![kglllng g doubl e
crossove ﬁ?@&é g%ﬂﬁnyf@"%%%?é%ﬁ@ﬁﬁcout 121?]%?@0 t ang| ydsll S. ’
d ycerol 30 IE’@G)(dm&nEwsgeﬂoafmghl trgnsﬁma&soql%@e@ﬁ PEESATIAEM | e 3)

deronst r at e%tgs'a%‘onéfféshﬂﬁ% ﬁx%&f-?&nﬂng HeA@A MR ARidilin 488 €BEGLnI N t hese
transformants. T er was r

fromthe. chronosone .using the _
- Cre-produci rvgdqﬂtaglw\uexeamwéﬁwca@weeﬂ%m'gh pRstance 504 Y8 quce -y
strain KLPZ?teO(ﬁ?Mﬁitfdn dt 9 Iai:leﬁtesmddthtédt‘@/ thbélwteppmbhmae(mm rated no

ols of 15ne ASEy Adkel Bidp1ofg ¥Eeﬁg§§5>ioﬁﬁ%%¥}%%§‘3@’ﬁé%’%%88/”fz'zrggfid

EXAVPLE 5 PLoAéiha bn m@mé@nmmmaﬁmmw@mm imand BTG ppd LBXPRESS ON
Ceros) 5 o5 PHOSPHATASE
(GPP2) 5 Cona@?r li‘l%| h Qﬁ{ﬁ{mﬁé& 9% o/ O%lﬁ@(gaagesam

expressron casset es for Phos hat ase
(&Y p2): Thecxsaeubhmpdm-@wt@éﬂedmlﬂmepbwmemv sn%waﬁ%

gGeEBanE - aCfe %lgmz#o%}ﬁ ﬂ@ﬁ“g) %Mﬁﬁez stlunaistettcdlopnwasiaied td hﬁcgﬁlage(r:]er Iol .
osphat e sphat ase _.gén n e | anda
ol bne_ a0 argbm %ﬁl«%gﬁﬁ’g‘% ‘Pﬂeﬁﬁ’%’“‘;ﬂ‘?ﬂeb& ?@E@@%Q&ﬁ th etSEQ I D 10
NO 23) i ncormfuadwmnaﬁbdi’amtlmRB&‘thtsSe\e:rdtdﬂuhen&SWel@nﬁth a Smal site
at the 3' end. r odu ReRiisht ° -
mfﬁﬁ[,ﬁ rﬁéc%ux\%%gﬁ @%ﬂlzﬁ&%‘cﬁﬂﬁéﬁ gﬁz dtBP °C (the non

(Strat agene, PIGH| € to generate .the pl asm d pAHL5
cont ai ni ng %ssiﬂh&empaam@for plM14SreplieatipnhsReswdtanraotores kere feplika- | nact i ve

orientation S AR eRwiikir i pt SK+. The
BanHl - Smal félg{ed%ﬁ%?%s%ﬁgpﬂ-g%mlé{a?b%%al ni g‘ t?\?pclgg%m %V\éat% Il nserted

into pB|ZﬁeScﬁaerﬂl¢111$|(-75W@bh@rléﬁféifyﬁ?&%‘ﬁ? ahWeFSarbERic B\ﬁ Ontains the ..
GPP2 gene. i nu{d'ﬂﬁuﬁQI&s?Bf pl@ﬁrhﬁrBJWﬂ»S@n One such glpK mutant, RJF10, was further o

analyzed by genomic PCR using primers SEQ ID NO:8 and SEQ ID NO:11 and
' ylelded the expected 3.0 kb band confirming marker gene excision. Glycerol non-
utilization by mutant RJIF10 was confirmed by lack of growth on M9 minimal
30 medium containing 1 mM glycerol. The g/pK mutant RIF10 was
o electrotransformed with plasmld pAH48 to aliow giycerol productxon from
glucose h o ‘
: - EXAMPLE 3 :
“CONSTRUCTION OF E,_COLI STRAIN WITH gld4 GENE KNOCKOUT
35 - The gld4 gene was isolated from E. coli by PCR (K. B. Mullis and F. A.
Faloona, Meth. Enzymol. 155, 335-350 (1987)) using primers SEQ ID NO:12 and
SEQ ID NO::3, which incorporate terminal Sphl and Xbal sites, respectively,
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for expression fromthe lac promoter. The Xbal-Pstl fragment from pAHL9
‘contai ning the GPP2 gene was inserted into pPHOX2 to creéﬁfﬁbﬂ%ﬁ?&o‘bAHZL
The pAH21/ DH5c is the expression plasmd. 20 .Construction of expression
cassettes for glycerol 3: phosphate dehydrogenase DART : DAR was isol ated
by PCR cWEHIA@Br om genoni ¢ S. cerevisiae DNA using synPEEMUSEN/8Ters ( SEQ
ID NGO 24 with SEQ I D NGO 25). Successful PCR cloning places an Ncol site at
the 5° end of DART where the ATGwithin Ncol is 25 the DART initiator

‘et hi oni ne. “Ahd tloaed(T.Mahiais ([982) Mol®autarClesing: RSLahot&t@dlM@Hml-ﬁ@N ow ng the

translation ts?;ﬁﬂ%%ﬁa} ;. CHlSpREFHLRATR) Eirnd SORPLAIXUAE bl | + Bani H

and cloned in sa’rre SI Wt hi'n £ss pl d.. pTrc99A
(Phar maci a; MUK FQ.BKR% PﬁﬁP@e“’?ﬂﬂRit "F‘ﬂ‘q&f’ §éﬁ %3’5 Wil tor
r Ib bosomé bi ndh@gdalgeﬁe alie érlde fibshe MAthAleMARANd fuligak, SpeltingAS: NP | :\ngg; )
obt ai ned hy aling s

was i nser a‘#ﬁ?‘f}“frh‘g’ I{%g‘%l %‘F@A%‘? h%ﬁmﬁﬁl c%)%‘g%a %ﬁﬁ%% g%gsr%?d pAH40
cont ai ns’t he pERA. HB$4d¢bd31®AF&agg@ntscqnmmn&ﬂ'@cgene§@n emgé@p%ﬁlmﬂ f or -

expression fromdHe ddd &aqmﬁcﬁ moupifmm@,%f(rﬁbﬁmﬁaﬁé@mfﬁbscat away. ' NJ) .
The Ncol - BarH rag nt fr %ﬂ@lﬁa% ond s%t of .35 Spel- RBS- Ncol
t .

| i nker obt aj rfEgslayo eHMES with SEQ
| D. NO: 29) Wa&rahﬂﬁﬁcﬁﬁ@ﬁkop nbdbnt hesﬁphtedBmmth%‘+28a(+c)f(NpB@eﬁJMa6@oﬂ.8Ni§&br uary

2004 WO 8 St. 2. Th

ol asmid JRHe2Y PR PR bARERREA RENTAR alf dpOIDNEAST Bl AR T

‘a ressi on cagemtindSallotites,and St!hvdp!@éwo t@dp’ﬂ@#ﬁ% s&%@éﬁ%éo EHEIIARL and

GPP2 wer e asé{imge%ﬁrl%?s‘ﬂrbﬁfé ginAH Beiglinilg J0AR) W%s%egwﬁs descri bed
an

.above using ard nol ecyl ar ", bi,ol rret ho stl r agnent
%rom PAH 9 cdFnalatonR S‘taﬁé"‘ %’3§8ﬂ'ﬁ‘gqgghﬂ? H@Sﬁgﬁ?’é) W Mge%e was
inserted int %t@ﬂdﬁ@mtmdeMg thé\kiBinsettien, Beastibolited Frofr g§PENby PEBmM pAHL9
“cont ai n| t he. RBS. and te pAH45.
10 The T BosdREEITHITA SO NGB Y SE] FROLEP lhPinBdlse: @nfibr ©, BRITR.
A BanH =RBS- ﬁ;ﬁll ani pbel ;ne;bteapm@ﬂelhy»vwmb@lpmdgbﬂé\;wm@ |S€hbﬂm¢r¥b%
GATCCAGGAAACA B\'E}é%cd@ﬂlﬁt@nﬁ&ﬁ[ it Ht@%ﬁ)(t%%@wrh@p&@@l) to the

the. Banti - fpé? Téﬂi VLN ME R I ST RN G R
DART gene, t hghioRsh the Eéhﬂ?ﬁﬁ:e tarﬂﬁer?thﬁe fOPPRIAJETES deplit¢dtionc ﬁmeeotony ovais tent ation
R R s el
transformed iApwofimatay B2 meguswwe pl@mﬂ 8RO/ HEZBikAkapand derukated forudi Ihg
fhgpfa%m%ﬁ@uggpf g,p%hqgg& n%ﬁ}%@""g WeSperattRGol-pRSE AUSTRPGatBRT € verified by
Transformants growing at 44 °C have plasmid integrated into the chromosome,
occurring at a frequency of approximately 0.0001. PCR and Southern blot (E.M.
. 25  Southern, J Mol. Biol 98, 503-517 (1975)) analyses were used to determine the
) ' - nature of the chromosomal integration events in the transformants. Westemn blot
' analysis (Fowbin ef al., Proc. Natl. Acad. Sci. 76, 4350 (1979)) was used to
determine whether glycerol dehydrogenase protein, the product of gld4, is
produced in the transformants. An activity assay was used to determine whether
30 glycerol dehydrogenase activity remained in the transformants. Activity in
glycetol"déh&drogenase bands on native gels was determined by coupling the
conversion of glycerol plus NAD* to dihydroxyacetone plus NADH to the
" conversion of a tetrazolium dye, MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-
| diphenyltefrazolium bromide] to a deeply colored formazan, with phenazine
35  methosulfate as mediator. Glycerol dehydrogenase also requires the presence of
30 mM ammonium sulfate and 100 mM Tris, pH 9 (Tang et al., J. Bacteriol. 140,
182 (1997)). Of 8 transformants analyzed, 6 were determined to be gld4

p—
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CONSTRUCTI ON OF EXPRESSI ON PLASM DS FOR USE IN TRANSFORMATI ON OF
ESCHERI CHL4 COLI W TH GENES FROM THE 25 KLEBSI ELLA PNEUM®REREaBhePGEGUL ON-

Construction of the expression vector Tacl : The E. tali expression vector
pTacl Q was prepared by inserting |laclq gene (Farabaugh, Nature 274(5673),
765- 76W0DPYIBBY and tac pronoter (Amann et al., Gene' 2BCTABV/ZZR34 (1983))

-into the restriction endonucl ease site EcoRl of pBR322 30 (Sutcliffe, Cold
"Spring Harb. Synp. Quant. Biol. 43, 77-90 (1979)). A multiple cloning site
“and t er m natkapclewti dhceli MSRI3 Ghasbegpiiepasisehwith ATRC pries fhe eausRfence from
EcoRl to Sphy, Budapggtbﬁgagbﬂmmeﬂbypggql dehydrat ase genes dhaBl 23, The
open readi ng rame for e dha lified frompHK28-26 35 by
PCR using primers (SEQ I'D NO 33 anw 34) incorporating an EcoRI.
site at the 5 end and &mﬂsﬁRUIG'IHONOFhWE Cé)IdSTFbﬂNor oduct was subcl oned
54 1 8 Fsbruary 2004 WO A ) 2 i tmus29 (New Engl and

)

Bi ol ab, Beverly, & g et pPHAB3 cont ai ni ng
dhaB3. The regi omdmwwmmtmwtnmgdbﬁgﬁdg w inpludingZ28bps dhaB2,
dhaB3 and %? ﬁega%mmn&r&m B5d6A3md 920®ps 6fONRd i nto
pBl uescri pt |

t rat L I CA t t
kpnl and Ecaqm@emg@é?mﬁ‘ﬂ%?%%%wé’o W asv%@%t%é%% Ereali b oved by
di gelstl ng phaiE ﬁnr@évzsmtrgngggms A SEQIRNO: pﬂ,rwlfuyhm:ot-ﬂmtét&mhhifragmégtt -
and i n r )
creat eggbﬂ %plc}‘gﬁpgbaﬁaﬁmél G EEPef 'véﬁaaéfxiﬂr&f’d %E)W%nﬁg% h%dp%&gnrg“?segmg -
frame for 't pJQIRKe derpeatepQN2. aQNZWasthtthmupquzgaﬂﬁandﬁimp@RcSJm ng priners
(SEQ | D NO ZorudifitheTnis bbbl thls hﬁ&gﬁ%@%ﬁt&gw%dgeﬁ&kédl re%hlfnﬁ%"i‘ﬁ‘g a

consensus ribosone DI n site at - the 3

ey

end. ' The priéQuwps deletion ihe sriddie pheiddmndregenomtionefia prigna Sall siteitan 15 i
Not £ xbal 1R P G o Con S o i Sene, the  dhas
gene and3t heaampain %ﬁﬁ%@ﬁg/b‘q”i %ﬂi‘?‘ﬂ@gﬁ)ﬁgffeﬁ‘gaipggﬁgff"l‘?g dhaB

expr essi on p;il_aﬁmwlz (GERERAcor Thermdtingdl] PalXidto, ﬂﬂaganr&tuldﬁhohﬁagmglttﬂue

dhaB(1, 2, 3) n r

Subcl oni nu te%% Tl?ls}? 3’%“8@%‘8@“&“ Eaghggledﬁé;églqgegﬁg{e%ﬂpﬂp Ciﬁ;l_r agrrent

of pHK28- 26, withs Kdetiow, tygeneeate pQNE, é*p%ﬁ feagmeat eqpiainiag thalRelf) gene, was
subcl oned 'rﬁ%ﬁk%ﬁaﬂoatwals I&Sﬁe&ﬁﬁﬁtp@mommﬁe@ Qld]ﬁbikalan'BBe dhaT gene was

NG 7w SEdactsr bl 2 oes SRy BeR aitapaict: SE0ID MR (o nd a
BanHl site G&‘EQHB 13024 nethick fscoporate eérmimal Spaiibod Bibabl sitest espECRvegy i pt
A
cassette from pQNS to generate pKP22. A 1.0 kb DNA fragment containing the
gene conferring chloramphenicol resistance (cam), and flanked by loxP sites was
25  isolated from pLoxCat2 (Genencor International, Palo Alto, CA) as an Xbal B
e frégmcnt;- and subeloned into pKP22 at the Xbal. site, to generate pKP23. E. coli ‘)
strain RIF10 (see Example 2), which is glpK-, was transformed with pKP23 and
transformants with the phenotype kanRcam$ were isolated, indicating double
- crossover integration, which was confirmed by southern blot analysis. Glycerol
30 - :dehydrogenase gel activity assays (as described in Example 3) demonstrated that
. active glycerol dehydrogenase was not present in these transformants. The kan

marker was removed from the chromosome using the Cre-producing plasmid
- pJW168, as.described in Example 2, to.produce strain KLP23. Several isolates
... with the phenotype kanS demonstrated no glycerol dehydrogenase activity, and
35 .southern blot analysis confirmed loss of the kan marker.
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the right orientation for expression fromthe lac promoter in pCR-Script
“and pAH5 contains dhaT gene in the opposite orientati on 18 Fiebrugpa? 008a ntH
fragnent from 30 pAH4 cont ai ning the dhaT gene-was inserted into pTaclQto
~generate plasnmd. pAH8.  The H ndll-BanH fragment from pAHS containing
“the RBS WRIMAMEF gene was inserted into pBluescript!| KSPCTASOWR2ATe pAH 1.
Construction of an expression cassette for dhaT and dhaB(1, 2,3): An
-expression cassette for dhaT and dhaB£ 1I 2, 3% was assenbl ed fromthe 35

i ndividual dhaB(1,2,3) and dhaT su scri bed previously using

standard. ol epuhQUIBIXDNSTRUETHIONAND STRANSSONSTRUNHON FOB BHBI ng t he

Lo cf catt pA 19%@%%&@9@845 %ﬁg%%é%%ﬁﬁ%@@m  SSar

| i nker (SEQ I D NO 39. amND/GIR GPR2d pAHS that was
di gest ed oh Fleti L &3bEpROT! 6. The
| i nker destr H agient from pDT16 was

then inserted |Eh@3@ﬂmﬂt}’ém %@cqw}fgaqqt@@&som%@r@alctm’mﬁéP fragment to
create pDT 1§ Mﬁlohﬁmmsktw@%%eum ATt Tige SeddrolNot |-

fragnent from pDT18 and the Notl rret f,r om CL1920 (SE
| D RIO 41). TRPIGP G&@OSR@%%&%&@?@#H e?tle‘émg%@m J§f:|t13éﬁ‘§)orryces §558 _
1D NO 42) waslogk macgeprm@mmm@mm (ISJEQ)IIEMPBZ MithBQ BPt es of

Beort Pl | CNERE LS Bl pARER s e aa et S‘#’W&%RS%O'

pDT24 was cotietY end. e’&nqmgrodmmaﬁguhcmedmtﬁDCRrSWm!i@tr#t?&t‘@ 0,321 and
the Mul - Xbaky, E%Mto%en&@tmebﬁﬁtﬁldtﬂ]ﬂ{lﬂdiﬂlhth X2, a.sﬂfldeL 1925.
Construction of an expression cassette for dhaT and dhaB 1 DT21 was.
i donstruct ed B@Hlﬁwﬁt@uﬁghetﬁgl’%gme in the inagiivg QREnTption fﬂﬁeﬁﬁ?i‘%"n &3 a{'ﬁ?ﬁl t he

““Not | - Xbal fr%rpi&hotfefQm@lMBcnﬁﬁSKgCtﬂQBﬁknEﬁEQa[&agﬁeﬁﬂﬁom'ﬁMﬂSgl ucolse .
|somaras pr onot et q romStr s clone

PCR and seF?'étamergttg é‘g’ggﬁeﬁ lifs] 'I"Ferg @?ﬁ%?écsﬁﬁﬁﬁ gg}?g coné\?r uct pDT5. y
pCL1925 was phasaiid paHe9 Bhe pAkIdBtCDMtngﬂwF(Ble/gﬁnb in thecpopiget wfenf@®3  into t he

Efﬁg: I- :Dyl'\J/:luis rcxgicsﬁ%ﬁgﬁl%ﬁggﬁé P '?}%nﬁﬁ ent ORI ﬁlﬁ{lé‘e 20

tthe.Mu Xbal n 21 into
the HnDII cmatmxm the GPSR %&W@?E‘Se@ﬁ%’rﬂ?ﬁ@%t%@mg%n@i ‘ggé-ﬁg cassette

for dhaR or %@'ﬁﬂ{j;%ﬁ}ghlglﬂﬁex@k’éﬁoﬂpﬁsﬁld pDT29 was, constructed by
I nsertin the Sacl fragne -ﬁ6|noar|EcoRI sites of

C -
pCL1925. SEgGtiS — =HrfX, or!W
and dhaB 12,_( é’B YA derl vatlve of pl asm d pDT29 was construct ed in .which

|1 t th f th
GhaT vor o del ot ed gtk weS POy FCR cibafliIR0R shflutit SEOREROPNAS the gene
ext ensi on. Usisimg spifigtc primers (BEQUD, NQ:24withe$5Q HORIGR25% Successlil & (dener at ed
using the fol h%é‘ﬁa@s'aﬁ?\f&i sﬁéﬁ@t& @eh@oﬁﬁﬁl&v&%@ﬂ% G%ﬂﬁ:l_ Ncdllie CGT

= S%? l the DAZI% lamatoé-lr-n%thﬁ\omnc At 86'5, nd ofg&%a% site 1s 1r;{rodug5%
followmg the translation terminator. The PCR fragments were digested with Ncol
-+ BamHl'dnd cloned into the same sites within the expression plasmid pTrc99A
(Pharmacia; Piscataway, NJ) to give pDARIA. - o
o . In order to create a better ribosome binding site at the 5' end of DARI,an
30 - Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NO: 26
“with SEQ'ID NQ:27) was inserted into the Ncol site of pDAR1A to create
pAH40. Plasmid pAH40 contains the new RBS and DARI gene in the correct
orientation for expression from the trc promoter of pTrc99A (Pharmacia,
Piscataway; NJ). The Ncol-BamHI fragment from pDARIA and an second set of
35  Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NO:28
. with SEQ ID NO:29) was inserted into the Spel-BamHI site of pBC-SK+
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GIG TTA ACGE3'; 35 SEQ ID NO 45 = 5" GCC TGG CGG AAC ATA CGA TAG CTC ATA ATA
TAC3 ; SEQ ID NO 46 5' CGG GGC GCT GGG CCA GTA CTG3'. 56 18Fpoiay:40042004 WO
01/ 12833 PCT/ US00/ 22874 SEQ I D NO 45 was paired with SEQ ID NO 46 to
generate a product of 931 bps and enconpassi ng nucleic acid including 5
dhaBl (W@O0L#383%e Seal site), all of orfY, and the-fast PETASGISENS

of fdhaT. SEQ ID NO 43 was paired with SEQ ID NO 44 to generate a product
-of 1348 bps and. enconpassing nucleic acid 5 including the |ast five codons
(pl us stop (sadapene, Madﬁﬂ@ﬁ,ﬂVIﬁtolcmteplmﬁﬁ,dmﬂlﬂbfﬂw;ﬂﬁmd@ﬁdﬂa dhaR (to

uni que Saplcopbatﬁ]ae li[he 1§%§&§ﬁl&£ﬂt | 5 end- of SEQ ID NO 44 constitute

a tail that of a 15 base portion of SEQ ID
NO 45. SiniCa Land gopd: of SEQ I D NO. : 45

o tc;h@;gﬁrn@m@cﬁgg@{%ﬁazﬂef S e aree
anneal i ?g (Wfilé"dZ’@lW]‘t%} GPRR sbrlopgs A % erate .a
fjhl rd ngclemﬁlogszmcbtuaddjdumwainmHmaaagmmﬁmmﬁmcmtﬁﬁmgpha)duct was

i gested w th Sa | | SO S
dlggest ed V\m ﬁ@%ﬁ?ﬁmﬁgﬁgﬁﬁ gﬂa‘ld engrngt‘gésqﬁ%ggﬁ %h‘mo f%v\,hl ch is

i dent i cal tp‘\.ﬂ&ﬂ'z eBﬂ@éBtPSfIdiamtg g&@l%ﬁﬁ}ﬁd %PP%I n 15
dhaT. EXAMP, SGAERRD N AE 40110 cieSie ]3@1415 3 PROPANEDI OL USING E. COLI

STRAI N KLP23/ A 129 AND,.THE | MPRQVED, P S US P AH48/ pKP32
20 Pre- ]@JIture Fﬁ?ﬂg% somabindipg st A dhe xepd g R@g?&?ﬂ% cul tured
for seedi ng];aa:ﬁmms;relilmk&)@btmddhmm@h@ tynjdmuarmsr act, 16 g/L
tryptone, -;@m

anpicilli n)agr?ggcg‘b@% A%}é!& @%ﬂ;(ﬁ?%&&%ggﬁ%m 9 | gg ggl:lt [ cal to
KLP23/ pAH4SIIp ISR )45 mxwwmgmﬁon@@él%mw@m%ﬁgg GeWat ar t ed

2L e Sﬁﬁgly'%%&f‘aﬁﬁ“’g@ R gggg%gg?g ‘Z*é’%’“‘““ ?‘;fd' an '08550
.of apprbxi néamHaips the @Eﬂ@ J & 1e F‘é‘? nt er.

Fer nent er andcbdtﬁﬂon'Ebeei;ﬁédsmﬂﬂ@ndmrtmpmnio&:mﬁp’@r@ﬂﬁr@hmmdla; oget her - i n the '
f er ment er VESS% g KH2P04= 12 g citric acid, 12 g MySH. 7H20, 30 ¢
yeast extra fea 3‘”@’3‘6"?&“ c arnnoniumcitrate, 5 nL Mau DF204 as antifoam
1.2 g CaCl2Tgirsgformatien of B aefi: sul furic acid. The pH wes raised to 6.8 with

20- 28% NH40Hand e 1a§én&sqiekameame&m@ﬁﬁﬁf&rﬂ&r@masldeﬁnﬂsi FM5
carbenicillin or ng

trace e?‘éneﬁ%‘%K&Ra @1{9‘5'66?85';(,# r"&fﬁ?%‘%f @gﬂeCt‘R&wﬁa@sgwggmﬁoﬁan solution of

i nocul ati onweﬂiﬁw Moihuﬁmmmmpdueand t he gl ucose 57 18 February 2004
EXAMPLE 6 -
CONSTRUCTION OF EXPRESSION PLASMIDS FOR USE IN
TRANSFORMATION OF ESCHERICHIA COLI WITH GENES FROM THE
.25 ‘ - KLEBSIELLA PNEUMONIAE dha REGULON )
S Construct'ion of the expression vector pTaclQ: - : &_)
The E. coli expression vector pTaclQ was prepared by inserting laclq gene
- (Farabaugh, Nature 274(5673), 765-769 (1978)) and tac promoter (Amann et al.,
A Gehe 25, 167-178 (1983)) into the restriction endonuclease site EcoRI of pBR322
30 -~ (Sutcliffe, Cold Spring Harb. Symp. Quant. Biol. 43, 77-90 (1979)). A multiple
' cloning site and ferminator sequence (SEQ ID NO:32) replaces the pBR322
- sequence from EcoRI to Sphi.
Subcloning the glycerol dehydratase genes ]dhaB] 23 X
: ; "The open reading frame for the dhaB3 gene was amplified from pHK28-26
35 by PCR using primers (SEQ ID NO:33 and SEQ ID NO:34) incorporating an
EcoRl site at the 5" end and a Xbal site at the 3' end. The product was subcloned

£
S
a
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WO 01/12833'. PCT/ US00/ 22874 concentration was 10 g/L. The _sol uti on of
‘trace el ements contained (g/L): citric acid. HO (4.0),19Fekuay@0Ps. o),
NaCl (1.0), FeSO4-7H20.(0.10), CoCl2 6H20 (0.10), ZnSO4. 7H20 (0. 10),
CuSO4- 5H20 (0:010), H3BO3 (0.010), and Na2M04.2H20 (0.010). 5 ‘
" Fer nent aMQM/BBut h: A 15 L stirred tank fermenter -was pPEBAISE28L h t he
medi um descri bed above. The tenperature was controlled at 35 . C and
aqueous ammonia (20-28-weight % was used to control pH at:6.8. Initial
‘val ues for aiintdplatmus2f¢Newdigland Bivlabines, Bavanlys M) th genaeatn the plasmid?

standard lite dnpg tator 10 speed--(set to m ninum values of |
DOHES, ntniy

bet ween 350 a re . set so that _ dissol yed oxyg ) . control
was initiated. V\henT}&JRg@&ICGE@W%@HQBme&B 5)@8’&%%’1" h‘lﬂé ﬁﬁ%i%%f’ﬁ-? Back |
pressure was mimbdl oTehSdihd® dpebsi frofpH mmagkstmseda@fo uek&%ﬂmsae/ Et ff[,
m nor excuyr si uco et we Wi
a 60% or %&;ﬁa g,? S’?Almwsé’ﬁéﬁ%ﬁ%ﬁ%awm?% ??%\gcéo@gggga s not ed

bel ow. Ferneuhb@lasmndeh KLP23/ AHA8/ DT29: A represeptative fernmentation

f th E.-
ol T st o KLpos) LK gtk Soe el ity dlpcinfl @Qﬁﬂﬁ%{%ﬁ‘% ik e
500 i) was f¥bel, Blttrafwmgdge 8.9rkbAragment anstligating drwitipthe 325-hpApak: 16 m/ h.

The yield of ﬁ:a &t B :ﬁﬂdpﬁ%ABﬂt&\@re%b 1 Hoontapting anasl, ah4RD gddicose
consuned) fél terémg 68 g/L 1, 3-pr opagjg/él ol was obtained. - TABLE 4
Represent v@aﬁ r nent ati on summary of the conversion of glucose to

.1, 3-pr opanedl ol (TheepeD)readingfjarie farahé diathlaiene KaP28phRedBom PHIRS-I6 ne ( h)

g, S5 1 hEhRgaGe s (5B N9l shoTnRRH bhotlulise, o, 0 0 ©

v:32.313. 3 .. 62HingHl siwandipcasansugribesopeitgnding sitoat thog gndenda Xbaksiteasiry 2004
VO 01/12833 Pﬁzlaté%wm&wd\étm%cr&swiﬂtepmeszsmmckwdtmom i denti cal

LS ok e Befinb ShiCie dSe OB BRhE S Sl e s 0L T

obt ai ned was 77 g/ A:Ndtibeliagnient font pivfil bromainingifiaR2E i/ dihBl PR3 2he 5 A
15 pr opanedi S e R 8 “’%%B o i RSP R U, i ven i

expression plasm:d pD The I-IdeII-XbaI fragment contammg '

dhaB(1,2,3) genes from pDT2 was inserted into pTaclQ to create pDT3.

20  Subcloning the 1,3-propanediol dehydrogenase gene (dhal):
The Kpni-Sacl fragment of pHK28-26, containing the 1,3-propanediol
- dehydrogenase (dhaT) gene, was subcloned inte pBluescriptll KS+ creating

plasmid pAH1. The dhaT gene was amplified by PCR from pAH]1 as template

DNA and synthetic primers (SEQ ID NO:37 with SEQ ID NO:38) incorporating
_ 25  an Xbal site at the 5' end and a BamHI site at the 3' end. The product was
i) | ~ subcloned:into pCR-Script (Stratagerie) at the Srfl site to generate the plasmids
- pAH4 andpAHS containing dhaT. The plasmid pAH4 contains the dhaT gene in
“the right orientation for expression from the lac promoter in pCR-Script and pAHS
“contains dhaT gene in the opposite orientation. The Xbal-BamHI fragment from

.30 - 'pAH4 containing the dhaT gene was inserted into pTacIQ to generate plasmid .-
pAHS. The HindII-BamHI fragment from pAH8 containing the RBS and dhaT
gene was inserted into pBluescriptIIKS+ to create pAH1 1. .

- Construction of an expression cassette for dha7 and dhaB(1,2.3): = .
An expression cassette for dhaT and dhaB(!,2,3) was assembled from the
35 .individual dhaB(l,2,3) and dhaT subclones described previously using standard

molecular biology methods. A Spel-Sacl fragment containing the dhaB(1,2,3)
genes from pDT3 was inserted into pAH11 at the Spel-Sacl sites to create pAH24.
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Table 5. Vitamn B12 (0 150 g/L 500 L) was fed,, startin h aft
inoculation, at a rate of 1.6 ni/h. After 36 h, approxith ?%W"&'a'izﬂ)ogf
fermentati on broth was purged in order to al low for the continued addition
of glucose feed. The yield of 10 .1, 3-propanedi ol was 26 wt % (g
1,3-prdﬁ9r0éu2855/g gl ucose consurred) and a titer of 112PgrUSeY/R8F opanedi ol*
-was obtained.. TABLE 5 Representative fermentation summary of the inproved
_conversion of gl ucose to 1, 3-propanedi ol ]gl 3-PD) using E, coli stral n

ety oo L Lo
5.924
2416190. 22. 5:1@ ‘g S&Pgts? 3@1213‘5312? 7 422n?°20t.°% -
48197121, 223inkex SEPYﬁ ald S ‘?ﬁ%‘tﬁ‘% o} P & ealtvitamn
B12 feed at ihaktedihe pAHR4aeplacing thatekisting Sall-ddiull ragmicntito oregtepDTi& anin B 12
across the t “WW | [ bt ai ned -
necoita o L PR @fyRloied W ot HESHNAT sliEn it BRI ah@nedD” 2\ N0,
E. COLT KLP2dotFekaEfpemetion pvp intp pCM%QJf&EQ\NEB’QﬂWé&ﬁ%%@SE :
IOgnEt r gglt : Ons&ﬁeraéeap%mnetef ubﬁde@&ﬂbﬁaﬁbap@s@aq TDENOeE ) Ses glomed ?ﬁpl acement -
o .
Pur egene Dﬁ‘iﬁ%{fﬁsﬁﬁ{ (%%@giﬁfgﬁ §’1 %ig{? gmgﬁ\t/h?’lﬁgl Oekb DNA
Hg?g\;ant ng&:(iidﬁrzamasngnmhtedrw1mmr{g‘Ew%%ﬁlltﬁagmphﬁ@ﬁg;fgf;zlﬁonelrafse .
o5, R T, B R e L
KLP23 genoni BinBUA-Mbilhiagmentef BDE2 ey X&aﬁg Ng’% intgthe o yp

DNA fragmnthH@(m@gestmalggﬂd of t pi A yiiQ and the 5" end of yiiR
genes was anplified b PCRfromKLP eoc DA prlrrers SEQIDS5 -
NO 49 and- SE& :-“ & St poT ated o priner SEQID ¢

NO 49. The 5' en@Dﬁbwamns@H@:dEN@rﬁ@gﬂuéSmlﬂﬁEOﬂ@memgt gonplntdnt  of

pri mer Q I tsf%)rﬁ P Th
splici ng by El()%\{/iél}lﬁ% ap eﬂf ensl tec ﬁfwﬁiﬂfo %dggqgtﬁétamtpnﬁ'glcﬁﬁm qﬁegege

528- 535 (19gggqsemmea@earqr@0tgwau%é aﬂlzgtoewxqeaﬁ% tH2isi ng t he
above two PCRodd) Hy BORBA fséfed i cHRe HiaDII Bités GNPL ith28 B ddasthictand SEQ ID

Noso. m Sg@@ﬁg”@mgff resented a,del ot OBl At Rlahlis oF B3P thi A
into the EcoRI-Pvul site of pCL1920. pDT24 was constructed by cloning the
20  HinDIIi-Mull fragment of pDT21 and the Mlul-Xbal fragment of pDT21 into the
'HinDHI-Xbal sites of pCL1925.
Construction of an expression cassette for dhaR, erfY. dhaT, orfX. orfW and
- dhaB(l.2,3.X): :
pDT29 was constructed by inserting the Sacl-EcoRI fragment of
25  pHK28-26 into Saci-EcoRl sites of pCL1925.
Construction of an expression cassette fdr-dhaR. ortY, orfX, orfW and )
dhaB(1.2 3, o
" A derivative of plasmid pDT29 was constructed in which all except the
first 5 and the last 5 codons (plus stop codon) of the gene dhaT were deleted by a
30 technique known as PCR-mediated overlap extension. Using pDT29 as template,
2 primary PCR products were generated using the following primers:
SEQ ID NO:43 = 5'GAC GCA ACA GTA TTC CGT CG(3Y
SEQ ID NO:44 = 5'ATG AGC TAT CGT ATG TTC CGC CAGGCATTCTGA
"GTG TTA ACG3';
35 SEQ ID NO:45 = 5'GCC TGG CGG AAC ATA CGA TAG CTC ATA ATA
SEQ ID NO:46=5' CGG GGC GCT GGG CCA GTA CTG3".

L
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Overal I, this fragnent had 1.0 kb flanking regions on either side of the
- Seal cloning site (within the partial tpiA) to allow forl&helHaAB* gene
repl acenent by honol ogous reconbination. 15 The above bl unt-ended 2.0 kb
PCR fragment was cloned into the' pCRBlunt vector using the Zero Bl unt
* PCR Cl onWOg@1#2833( | nvi trogen, San Diego, CA) to yield thechuSokizsp asmd
pRN106- 2 cont ai ni ng kanamyci n and Zeocin resistance genes. The 1.2 kb
Hincll fragment from pLoxCatl (unpublished results), containing a
“chl or anpheni col - r SHGIANCe4 Dwacpdided with SR IDAND 46 ito phrregate 2 frodiccti afxP si t es

Snaith et the tpiA
fragrent 1 n SPLERE B cPmpbliahidtcle AeRhinaas MR (Suiiihe S '9{% Fa P
PRN106- 2 to yll@lferftYhencBﬂxsﬂmmfp&g@nr@ dhﬁﬁ?SEQ IDEE@I‘iﬁeréqsmge ‘F‘Vl

tri osephosphaire) APNEY. 66 gtanta &I&Bvljztsrmran@%ont RUdIEE béa: 25

s e
- 32 12@# Font b e e oﬂsfq%”%igoq‘%ggp%%a@ o RO TR | o
- cassette wasaRCR dmp (td trdqueSap] gied)- The 1 abased at the Staid of [SBOPID Nizd4

el ect 1ot r anstghRfle Wikl U it lorflbiedt 2 13 H;iggﬁ@ POYsEQIBTent and

transformants were c resistant ) .and

kananyci n 301\L@ﬁ§1 §IW@I(Y3§1€d/1rh_a§°s\ﬁéﬂ@5fElF‘i%%$ QAR 44 CB!*Ft eaitail mal nedi a

f;)_rl pOO{ gl Mﬁhﬂﬁﬂdekﬂé%m I&{ﬁéﬂtéfdi‘Ml%dé@BﬁmnIo@SE RO:0. unmaazglel t_
utiliza onat e nsur e utilization

' phenotyphﬁ Efgp ﬁ“ %é’lgS éfc’)le Genomc DNA -~

from one suc bvaglﬂ;arand eRaBhng by/\B@R tmr@lnexatm mirdtmelexcmcai:pro&tmmf gene via

o o AL ot ARG oo PRt A Lk 4

i ndi cated tha was a e crossover-inte ran repl acenent)

~.3ince the tm@@i’&i@ﬁéﬂﬂ@%&d&hﬁﬁe@e@wﬂb B do seneeate; thg plassiifing to the

“presence of ?md%hicﬁnﬁucﬁmﬂbgvm Bhdep tmrﬁmm@elﬁrmmlwmnw
February 01/ 12833 PCT/ US00/ 22874 resi st ance gene. As expected, the

host KLP? af?& | d-type FMb controls vyielded single 8.9 kb and 9.4 kb

bands respectively. This tpM nutant EXdsMPLEther  anal yzed by. .genom ¢ PCR

using primners SEQ{: m@@rﬁéf%ﬁ%tgsﬂqég PMBP dlqgm@e expect ed

4.6 kb PCR fragmen sane pri n"erﬁﬁ the ost KLP23 and
wil d-type FMb strains» bthCQL@MH@ p@'@ fragnent. Wen

cell-free extracts WFMN&PROVIEDBROO%S&@MEM3 ¥ tested for
tpi A acti gl ycer al dehyde 3-phosphate as substrate, no_activity
o, et s e e

was obse m" The tpi A mutant RI8m was electrotransformed with
pl asmi d pAH48 t 0. MILRAR/WAR4SAPLT2HaetKL P2 YpAH48MK32ovg e prrciltakgifoni t h bot h

10 pl i d e
o *5 s S AACA AT A0 0L 000 Lol SOk 1 O
RI8mto gi vdOmiBNaCkvoomiaming 20\wrfsrathendyillin (goampicitingand Pree/ANED OL

USING E. CCOLIs eclﬁo&?%' ML@Q@/M;S}Q@J?& idddcdiHE HLW@%@ISIWSS USI NG
RJ81 AH4 / KP§2 Pr.e- 9?!1 }.
_ except that dhaT is deleted.
) . Cultures were started from frozen stocks (10% DMSO as cryOprotectant)
" in 500 mL of medium in a 2-L Erlenmeyer flask, grown at 35 *°C in a shaker at

250 rpm until an ODss; of approximately 1.0 AU was reached and used to seed

the fermenter.
30 © Fermenter medium:
The following components were sterilized together in the fermenter vessel:
| 45 ¢ K_I-12P04, 12 g citric acid, 12 g MgS0O,4-7H,0, 30 g yeast extract, 2.0 g ferric
* ammonium citrate, 5 mL Mazu DF204 as antifoam, 1.2 g CaC12 2H,0, and
" 7.3 mL sulfuric acid. The pH was raised to 6.8 with 20-28% NH,OH and the
35 - following components were added: 1.2 g carbenicillin or ampicillin, 0.30 g
spectinomycin, 60 mL of a solution of trace elements and glucose (from a
" 60-67 weight % feed). After inoculation, the volume was 6.0 L and the glucose
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RJ8/ pAHAS/ pDT29 and RJ8/ pAH48/pKP32 were pre-cultured for seedi ngz a
fernenter as-described in Exanple 7. RJI8/ pAH48/ pKP32 is 1&Eehruen2004 20
RJ8/ pAHA8/ pDT29 except that dhaT is deleted. Fernmenter nedium . Fernenter
medi um was as described in Exanple 7. Fernentation growh: Fernenter

gr owt h W 81/t2833lescri bed i n Exanpl e 7 except that initiakPCvaisesxs?25 :for
~air flowrate (set to mnimum val ues of between 5 and 6 standard liters per
-mn) and agitator speed (set to m ni num val ues of between 300 and 690 rpm
‘were set scorchatratitinowas! 10egiL o Thg eolutiDOpf wapstelasmentpeontainad (8led cithen OUR

val ues reg&ﬁeﬁa%vgﬁefpﬁg %%@F(er ﬁQ@i(llO‘)rFeS\é,;'ﬁDgBé(ﬁ 2C6C1 coenzyrre B 12

dded D
s RS T M TGRS R S

1, 3- pr opanpg Iqbo(‘:m-%di@)om;l ng E. CO|I strai n RJ8/ pAH48/ pDT29 is given in
TabI e 6 k-‘t amn B S provi ded as bol us, additions of 2, 16 and 16 ng at

%nd%ﬁg&%ﬁr vely. The yield of 1,3-propanedi ol was 35 wt % (g
- 35 1 3- propanedAolSbsgtrcd:tmkfmmwa}pmwedmmfgﬂﬁwﬂlmdqscgb@ -

1, 3-pr Opanggdi\%' T En@é}é@}e%gs cdirtrofi€d SOIT 4¢24ng :E;IQQ&S\&Q:&&M%%

PCT/ us0o0/ 2 epresentative fer rrent on s %’ of the :
conver si on (2§ aight &) s usedtofopalild ate-8, initial P’B}“eﬁ WESE i strain

(o) ot s el “g%“f(%w“*‘f’*’m‘m% e e L o
19385310 555%3%9 %B’S@E’b‘“& ggega%gf{aggg?@gm@ ‘3‘%‘?%3’?%%6 045.0
4321139. 97 di75561v?d oxypenbo) fcemtrm Matmmatedmtﬂen RER pAldSrepttied?: A

t at t .
1, 3- pr opandB ST P T R oA R pltb DG SONBAISA 8 2l °.S§ given in 5
Tabl e 7. Vicomtnal waB3gt atd 8% rEBxcepiefor mindyexenysigusiiglycopewas magtaingd at6 ny at ,.-’~'”‘}

appr oxi mat %leﬁ(ve%ﬁo afd 10571, WRRRTOY YR8 () Tead, o i By 3 pr opanedi o was™

34 wt %(g 1, 3- ?gne | %g gl ucos consuned) and a tlter of 129 g/L
1, 3-pr anéﬂ?@ly 2% &6 as“PA%UF 9¥Representative fermentation summary
of the | pIFeMRshtaIvRIts KDP20Ip AH4SASBE29:t 0 1, 3-propanedi ol (1,3-PD) using E.

O L T R bl MandE5 B o i 5856 (91
1 3~propancd101 (1,3-PD) using E. coli strain KLP23/pAH48/pDT29 is given in
Table 4. Vitamin By, (0.075 g/L, 500 mL) was fed, starting 3 h_ after inoculation,
20 atarate of 16 mL/h. The yield of 1,3-propanediol was 24 wt % (g

1,3-propanediol/g glucose consumed) and a tlter of 68 g/L. 1,3-propanedio} was

obtamed -
TABLE4 |

Representative fermentation summary of the conversion of glucose to

A 1,3-propanediol (1,3-PD) usingE coli strain KLP23/pAH48/pDT29 £

_ Time (h) OD550(AU) DO (%) _Glucose (g/L) Glycerol (g/L) 1,3-PD (g/L)

0 0 150 129 - 00 0
6 17 80 83 31 .. 1
12 42 53 2.8 125 9
18 . 98 - 9. .57 126 32
24 136 1. 328 12.0 51
30 148 10 . 123 133 62
32 152 i 125 o143 .65

33 1591115 172 68
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62 18 February 2004 WO 01/ 12833 PCT/ US00/ 22874 EXAMPLE 10 | DENTI FI CATI ON OF
"THE E. CBHOMINGRIBSPECI FI C CATALYTIC ACTIVITY (yahD) | N THETUSRROYED 1

3- PROPANEDI OL PROCESS Denonstration of non-specific catalytic activity in

1, 3- propanedl ol -producing 5 fernentations with the inproved catalyst, A
whol e cel | " assay Pinilar resulis wsearhigingd wish gulidspeenh ysamint B ppifesd afdwicesed t o

denonstrate. Hﬁ%n&éiﬂaﬂ@ﬂ\oﬁmﬁd iddﬁiﬁbﬂ%ﬁ tabt‘b'séﬁe'uﬁw'%ouﬁ@bfﬁfes present
under ferneptative co €$$‘8 ns .af terwg‘%egg |on of vitamn B 12 and the

~product i on ofTEeNRlNR-o shiitsr oReA ‘but not before. A
- reconbi nant td feginengationl @itls KiPaB ycerol production and

1,3-pro edi oI I ely, was
growﬁ ||r[1)a5I0 | eP#eq‘r%P&EérRﬁggsf&? in %escrl Aﬁgg&olgx&gpﬁ\%ééf? bﬁt in the
absence of vilst a?FPH&ﬂBS!@ (i #Pﬁ)paﬂgﬁ 31125‘{%‘! KEP23/pa HASIPRASS ingiverinhen the
Eﬁnkf rEachem‘aﬁlwr Oitafteih @Y (mmmmmﬂ%wmsmhgcfg{éfgermb%ﬁ?ken frT ﬁm
e tanks i nmedi a Qs addi tion e
cells were r8ch ger(gol%n‘?ﬁ;cherﬁ fgg&aﬁl?%%‘%ﬁy%%&Pﬁ%‘ﬁ&&&“‘%*’fﬂﬁ‘é| Y83 ori gi nal
vol une i n PBpuiged ireordeniotadiowiforthé Sontpyedradditivoobgiptmeifeed! Theyiehhofbi t  new

el s 36?2529??%"@28% Batt MG it ol P LAMNAPLERL b P51 2 ops

buf fer cont aPhl Fg/kd.3ypropgnssiel sas oblingd). gl ycerol, 1 ng/L coenzyne B 12,
and 150 20 g/ nL chl.oranpheni col) so that the fi nal volume was 50 nL at an

.0D550 of  appr oxi mately 10. The fIask$ABQE05 ected fromli ght, were shaken

5_.-_9t 250 rpm at’ 35 "C.-Ariquots for HPLCanalysis were taken over-tine.

“Ti me- dependent RepSessatative ptation punmary ob Heimpsered conYersiRa obJHERE K ng cel | s
recovered from thel, 3peopanediel (1 SrRRbusing B-cobistipssk LE2 Y pAHAS/BEP32ddi tion. I n
g'n lrgclt cont ! apime INODSEBAUTLS DG %) S Gbeode &7 I BREQ g@ﬂqgfpgf_(gﬁg)ved
post-vitamin B 92 additiof. Deteé$$on of Foh- speC| fi @Q:atal yticlacti vi ty in

~cell-free extragts: A naQQve gel 94:t|V|ty@ga| n assag.vas used go

denonstrate noqzspem fi c34 90 9.7 10.4 -
18 66 43 9.3 5.9 24

24 161 9 02 25 46

30 200 10 02 60 67

36 212 10 1.2 9.7 88

2 202 2 0.1 15.5 08

8 . 197 12 1.2 23.8 112

Slmllar results were obtamed with an identical vitamin B, feed at half the
15 ‘Vconccntratlon or bolus addmons of vitamiin 812 across the time course of the
“ fermcntat;on The hlghest titer obtained was 114 g/L.
EXAMPLE 8
ENGINEERING OF TRIOSEPHOSPHATE ISOMERASE MUTANT OF
. ' E COLIKLP23 FOR ENHANCED YIELDOF
20 1.3-PROPANEDIOL FROM GLUCOSE
o Constructlon oip!asmld for tnosephosphatc 1somerase genc rcplacement in E coli
KLP23 ,
) E. coh KLP23 genomlc DNA was prepared usmg the Puregene DNA
Isoianon Kit (Gcntra Systems, ancapohs MN) A 1.0 kbDNA fragment
25 'contaxmng cdh and the 3' end of triosephosphate isomerase (rptA) genes was
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catalytic activity in cell-free extracts. Cells were recovered I%QS and
post-vitamn 30 B 12 addition, fromrepresentative | 0- 1 ffons . .
enpl oyi ng reconbi nant E. coli strains containing the gl ycerol producti on
and 1, 3-propanedi ol - production plasm ds, pAH4S and pKP32, respectively;
and cel WOrt14@838xtracts were prepared by cell disrupti orcaaisog2zz7+rench '
- press. The cell-free extracts, a preparation of pure Kl ebsiellapneunoni ae
-1, 3-propanedi ol dehydrogenase (dhaT), and nol ecul ar 35 wei ght standards
‘were appl i eamplifiesrhy PCR (Mutlisend Fatoons Mathelisdinzymel. !/éﬁﬁﬁﬁ-éﬁﬁgﬂwﬂg)el s. The

gel s wereta@xglewﬁge&gmenmst g&ﬁnﬁyeeqmﬁeﬁé.frg aoah-ak. and  NADI

or et hanol expecte wher e

ropanedi ol was 63
18 February! D &N fpgmeppeontatying @B@P@@?ﬂ"‘t WéQs%RS’sthFét ‘%ﬂf“gct ivity
stain for ’éswmbﬁﬁéd/@m’@mfm Kwrzagaqummusxﬂg FivRrosEQaD

appr oxi 40 was observ d on | wher e
pglroe KI ﬁ%ﬁﬁ’%ﬁ?ﬁﬁ ?93%8‘;)%1*35?56?‘: 6‘8&? \%E?a@gpl i e I'n
contrast, V\H@'@ IT1® P endef pritner SEQID N:43 vwhs theat ersrmmpdenentiof am n B 12
cel | 5fre t t I vity was
observed at rﬂé%%@?%ﬁ??/%&g‘gb%mﬁeq&ﬁgﬁ%gﬁﬁano @sﬁ%%e a sub}s/trate
nei t her t hesobisie byveiedameftensinn taehnigysdHo ﬂpeebdtﬁrqﬂfepbmawl&ﬁ@w%nd wer e

vi si bl e, -but;9809Ra e FaRdate WSO kD RASMEIt DY ﬁre\h'bbr?éﬁvtbﬁ’CRZ addi tion

32@3?93’2@%&%&# gﬁoegg@rqs.aeapymfe %@M?ﬁﬁ%ﬁ@é@ﬁiﬂf e ac e

typically fﬁamﬂentmeprbdenmdgaialeannof73%$fﬁmt168é)pgpu swsayal gehere proteins are

separ at ed by LBl el A0 BE FOIHE R SRANIBI S ARREK- AL eP Of Fored

greater sensi accurac ron of
1, 3-pr opanedpomgusrte {withye thecpastial r‘mﬂktqmltow ﬂomhrarstosmmlﬁenamlammmt t he £D)
acti vi ty i Shy héBbloghs R&nhisddgact  from the al cohol dehydr ogenases 15 with

S ecrfr t tovva s et a t hat hav been characteri zed
fgr ol>/| and C%H“’aF’I‘&é@g@E‘? Eﬁkﬁaﬂ‘?@“d@’ﬂ% Rt e assay works on
t he pr i nci p@R—Bhﬂv&d&iﬁ)@thQﬁ%@B&aﬁ@[)Bz(é&mtdgd(nt (Iavmfogemﬁane)iegi,rons from
1, 3- propan thosulfate
t hen IocoEpI ggbg‘% %&?itg%%?%rﬁ%smag’hﬁ&gk%%“ gg&a&fm raz um brom de dy)e
(MIT, 3 20 fesisgnge genehyThen].2kbiHincly frpgmems fepmpRbexGatk (unppblishgth br oni de)

whi Eh for nEre@ulté)r%ﬁj[tﬁhth tehlbrmﬁﬂreneetl-resxafah@é efﬂ?bﬂtéw&cfe@mﬁli@’e[“ ght |

soaki n ubs 0 rempve rea s an

sol ubl %ddyeﬁpitx%ﬁatﬁﬂéﬁﬂﬁg#‘ﬁé g;ét’gmrlgg ‘ig)@f %ﬂswa‘?t“%? T@ﬂ%‘? ogenase,
an i nsol ubl gislfragmeyicin fptasmid pR&ilﬁ)@Ebyd@pmgsthScaI-tdigsadwmrave been

descri bed b g@§3 ﬁ'feﬂfthlf%rh lgb;pla_%'i‘iﬁh)%\iﬁh 1.169: 2050 (1987)). 25

Purrfrcatro icat1o € non- secrfrc catal tic activityjn E
coi |l : Ala i.f-c wiecof tregephosphaie isomicrase mutant RI8m bydipsar BNA ot gl ytic

activity vva&ansy&ﬁ,{;@_gbﬂed on cells harvested fromthe end of a typical

1, 3-propanedio run cribed ocess using
KLP23/ 8/ pKP3 @Qﬁgﬁeﬂs ‘?“Sl%ﬁea“@é’l’tm%%?‘ti@tlbﬁ% ‘fép a‘\%ﬁ%\/ﬁé hed and
r esuspendedNCh5@ahd B 2kb fragm2t cointaiding (pid Glankingleqgionstaniitee , pH 7. 5. The ,\)
cells inth )ﬁ_?g k~fd-Rae extract
was obt ai ne’E E;t§ @gnl?ﬂ@?asWe%als mﬁ}‘hﬁgg%ﬁl%gggﬁmt@? %?b KLIK the

super nat ant wmglermttmfonnrcbwrth |UE(!0 byigod dhis 38rf(hiine25@Nrfgﬁ‘eng@Pém ne .

sul fate wi tHaﬁfbﬁﬁdnwhaméreehloﬁfphwe@rt[@ﬁ&em%gtsttag/ﬁeglaﬁwk&eﬂtyt:nt ugation

2 2 h h
(Suro)e[nde;& r) gezgggre%g ug,/ln?L) were e; ?c%elngg gltl i/% ntnifa Pme ia ft[)r Igo%l#g a
glucose utilization on 1 mM glucose for normal gluconate utilization on I} mM

.gluconate, and to ensure the giycerol non-utilization phenotype of host KLP23 on
I mM glycerol. An EcoRlI dtgest of § genomic DNA from one such mutant, RI8m,
when probed with the intact fpid gene via Southern analy51s (Southern, J. Mol.

35.  Biol. 98, 503-517 ( 1975)) indicated that it was a double-crossover integrant (tpid
gene replacement) since the two expected 6.6 kb and 3.0 kb bands were observed,
owmg to thc presence of an addltmnal EcoRI site within the chloramphenicol
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35 preparative grade 'colum (6 x 60 cn) equilibrated w th_Hepes buffer
*Fractions of 10 mL each were collected and an aliquot of8 EeRFHaNY04
concentrated twentyfive- fold using 10,000 MV cutoff Centricori(r)
~menbranes prior to assay by the native 64 1 8 February 2004 WO 01/12833

" PCT/ USOOMP®I728%e|l activity stain. The non-specifice catalPgriusoaeisivity was
identified in fractions 107-112, and the peak activity in fractions
108-109. A larger aliquot (7 nmL each) of fractions 108 and 109 were
“concent r at edrdsistange gered Asrkpbded dt host KLP23 andowildtyme FMQcmamés nat i ve gel .

The gel was e '
acti 8| ty \/\/neﬂagl%c'dgar{g%1 i? qﬁ ﬂgjgdgé%%’%ﬁjéﬁatyrghg sent"("%lil he non- speC| fic
catal ytic acenalyzeg ygmfetq}’&@awn&an@ens gbmd%@QﬂBNﬁﬁ?om with the
stai ned. gel" amsk 1é1aéuith\e@§p&wd mksP@Rlﬁ%ghﬁhmHﬂ@ﬁJnﬁJ@}n i@ papnded to

 he e ool 0 ofﬁfﬁ%iéfdex%ﬁéieﬁmér s ot ieled wrsv}é#??ﬁr@&;fﬁ#'t el escin

© 0.5 nL of 2Dithgmelntn Vhidh dellffreeréxtractafromgpidomO@ant R I8ns ard hoso KLRAB were

onto an i.soelectri.ctocusi yacry Y ani de gel
el ect r ophor e¥fas opseryed nghe@rtimutaghBI8m was electetsprisfarme @)“MC;E of E.

col i extract §lakmid mos.fm 1@&@1 ctibDirbi ﬁé’%’&vaﬁ‘éﬂ@& hogh2d/ ;

{ranst or b Pl vbﬁ%@@ 3210 v Sravgpanniis pwEﬁg?bi'r@o“rﬁés

st ai ned for plucbsel %emhlomgnpﬁmw@bﬂekx@ﬂaﬂ&l mhketewwélnﬁlh&w frok RISz & ned Dbl ot
. used to obtab tﬂ]? |dent|ty of the non-specific catalytic activity is shown
in Figure 62 § S were identified using standard techni ques for am no
-perminus pepti de sequenci ng. Only E&Mﬂ%iEQspot (Spot A) encoded for an
oxi doreduct ase EONFERSIONOF HINRIGSITOVES PRAVANEBIORUSTNBUEC6) Vi ©f ded 2
Wi

am no-term nus o

100% identity match by rch too f
yghD, an?% coli open&&@%@?&%ﬁ%m%%gﬁmoymduct ase activity.

centri fugati fegteh%{ m&w;g;f@g,g IRBEIE) 5 ot pface g@sfbggétg, o 45} 0aded

Conpl ete am no aci d sequen@®ROOCESS UBNGRIB byyghD is given in
SEQ I D NO. 57P _Ea crorrespondl ng DNA sequence is given in SED I D NO 58. The
yghD gene ha ‘entity to the gene 25 adhB in Clostridium a probable

NADH- dependent - buRéWpMW@d&d&'pﬁH%@ﬁBZmac p;ﬂ-cldtweﬂfoygdwmngn E. cols
KLP23: Bi OChﬁ@Exﬁéhtc?%&’ééér g @ﬁﬂH 1&&@&3@”0' ng
; ¢ activi

suggest ed at non- eC| I C cata e encoded by the E
coli yqh® geRdS/pAkK §/P[§@r9éx6?9tm isdgleted; on encodes a hypot heti cal
oxi dor educt apemantkr GeydiwahnNs 30 two aI cohol dehydrogenase signatures al so

found in the Gtrabacter freund|| Kl,eb |eI I neunoni ae.
1, 3- pr opanedi ol FW‘E é“g“(‘-f’ﬁﬁ Crblifdt”ilu XHRB $ gene. To disrupt this

gene, yghD a elm&i:’ﬂﬁatiop@ L - fl anki ng DNA sequence and 906 bp of 3'-fl anking
DNA sequence were Flm :q,,& xgﬁqi ﬁé?‘%@ DNA in
a PCR using Taq pg pher g an ?Sgﬁ#%ivhﬁnléo E(prl 4ﬁa%g’@g& 1 59)
5' - GOGGTATCGHor @ritom prasEalges of(bsmen 3G ©egndard liters per

“B - @GAGCTCQQMEWQ}EWBH%% vERied §f lr@REEI00 #dY80 rpm)
: were set so that.dissolved oxygen (DO) control was initiated when OUR values
- reached between 60 and 100 mmol/L/h. Vitamin B, or coenzyme By, was added
-as noted below.
30 Fermentation with RI8/pAH48/pDT29:

A representative fermentation summary of the conversion of glucose to
1,3-propanediol (1,3-PD) using E. coli strain RI8/pAH48/pDT29 is given in
Table 6. Vitamin B, was provided as bolus additions of 2,16and 16 mgat2, 8§,

-and 26 h, respectively. The yield of 1,3-propanediol was 35 wt % (g
35 1,3-propanediol/g glucose consumed) and a titer of 50.1 g/L 1 3-propaned101 was
- obtained. -
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WD 01/ 12833 PCT/ US00/ 22874 The reaction was run at 94 Cfor 1 50 C for
i min, and 72 Cfor 3 min for 35 cycles followed by a fﬂ%EPb'é’i‘fye?%qA'on at
72 Cfor .5 min The resulting 3.7 Kb DNA fragnent was purified, digested
with Sacl and Kpnl and ligated to simlarly digested pBluescriptll KS(+)
(Strat eWey)12838r 16 h at 16 C. The ligated DNA was usedQrsUsop/arsssor m E.
coli Ma (G bco/BRL) and the expected plasnmid, pJSP29, was isolated froma
-transformant denonstrating white colony color on LB agar (D fco)
‘containing X-gal (40 gg/nL) and anpi’EABLE® (100 gg/nL). Plasm d pJSP29 was
digested with AfRé [%irefbﬁdmwwmieﬁtahb@amh fAROcdivelsih ofigh@seiat conpri sing

363 bp of the ygh &ﬁfb‘f@@é?ﬁjol‘t@f}mb)%u%}z &ﬁ@ﬁhﬁﬁzﬁ%ﬁ&/ﬁﬁwnce The

r emai ni ng 5, 356 T T-agient gat c 374 bp

Af 111/ Ndel WGKPBGWO&6 aﬁ?@ﬁ%’)t f@“c%mcﬂl\yqeé&(%énbé Pd@-ﬂfrom
pLoxKan2 (Genegcor |ntegnationgly Pal o. 1¢ﬂsto CA) f@r 16 h at 0](5 C. The

| i gated DNA was used to transf DH5a and t he expect pl asm d,
pJSP32- Bl ue, vv§s i sol at &d from transt‘r hant sel ecii'gd',on LB z’g% medi-a 15
cont ai ni ng karénycin (56 g/ mL) . 9%l asm d §3ISP32- Bl uel.has di gestled wi'th Kpnl
and Sac! and't' e 3, 865 Bp yghD giﬂsruptl op cassettey\@ts purifiedand . ligated

to - simlarly d| gest e - pGP704 | 1 er and Mekal anos . Bacteri oL
170: 2575- 2583 19( 1988)) 3Bor 16. h°at 16 C.3-The ||gate%‘9DNA was Wskd to .
transformE. q@gli SY3233 (MI|esgand Mekgjanos, J: gacteri ol .26170: 2575- 2583

(1988)) and t expect 20 pIa d, pJSP32, was i ated fr

t ransf or nant gil ected: gg LB aga rredl a {‘)gnt ai ni ngsﬂénarryci nO{BS@ g/nm). ‘
Pl asm d pJSP337was tradffornmed Bhto E. thBi KLP23 @dd transf4hfmants were
sel ected on LB.;agar coggai ni ng nanyci ng §50 .t g/ m. O the F’%pﬁ

kananyci n- res:zgt ant trgtrllsfor manltfg screeneg t wo de%r'r%nstrate the )
anpi ci | I'i n- ganghta y&ngﬁgg_q&{mﬁ mg@gq{%mz a doubl e-crossover 25 '
reconbi nati on event resu rs_)fg i n re [[acemnment ﬁ% YF@(&QD @ene with the yghD
di sruption casseftEPretelatiedFIRanfaso 6\‘“‘1{‘%@”9 Begie of ZBeseied by PCR
usi ng genonil 3-propinedivd ( B3-PD) using!B. khksmthslpﬁ&mﬁ(Misglmmhe tenpl ate

5 CosnctTCEANECT i i o el Bt aliEhe 8 g Tong i 101 O1)

5 - CAGCTCOCAMFTO0REIY 86284 445br, rgspect{v8B THo @é)l 3-propanediol was

5' - COCAGCT G%%T/I G%ﬁcése co%énﬁ&?%h@ N F4R9 g/L
5' - GGCGACCCGACGCT ;%é (SEQ | D NO65)
5' CCGCAAGAWCPXGQWI 3' 66 18 February 2004 WO 01/ 12833

PCT/ US00/ 22874 (SEQ I D NO. : 66) . 5' C(X)%TJETGACGAGFTCTGA(X)(XBGA 3" Set #4:

Representative fermentation summary of the improved conversion of glucose
to 1,3-propanediol (1,3-PD) using E. coli strain RIS/pAH48/pKP32.

- Time (h) OD550 (AU) DO (%) Glucose (g/L)- Glycerol (g/L) 1,3-PD (g/L)

0 .0 150 12.6 0.1 0

6 12 13 60 © 26 0 )
12 24 99 .00 106 - 0
8 51 76 - 24 . - 289 0
24 78 82 2.4 442 5
- 30 114 70 3.8 26.9 33
kTSNS § § R ) 0.0 - . 20.0 57
42 139 65 S0l 219 69
48 157 36 01 /Y N 79
55 158 © 25 02 ¢ 204 - 9%
64 U169 140 0.1 <158 113
72 169 12 0.1 13.4 119
7% 162 14 0.1 148 129

10
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(SEQ I D NG 67) 5' - GGAATTCATGAACAACTTTAATCTGCACAC- 3 (SEC%I D

*NO 68) , 5' - GTT. TGAGGCGTAAAAAGCTTAGCGRGCERC- 3' 5 The react 1®febiane20ffm usi ng
ei ther Expand H gh Fidelity. Polynerase (Boehringer. Mnhein) or Platinum
~P.CR Superm x containing Taq pol ynerase (G bc6/BRL) at 94 Cfor 1 min, 5.0
Cfor | WORVIZBIY 72 C for 2 min for 35 cycles followed bPCHUSHOLPATL
extension at 72 Cfor 5. mn. The resulting PCR products were anal yzed by
gel electrophoresis in..LO %w v) agarose. The results summarized in Table
'8 10 confirnmed disruption of the yHKAMPLE IOh both transformants. TABLES.

W 1 G- type. 11, 200 ace TR AIO TS OB OB SHECHIC GURLATE )T
pr oduct - - 2, 594 AABVITE uek) INBHEIMPROMED JLIPROPANEDIOL BROGE

_ _ ‘ _ LA DU A (N HROE D t he 3' end
of yghD, i nchegibfidiratibn BPnét-specifid At ctib%ﬁ Hgﬂk@a@ﬂolﬁ%1 . The
del eti on~ enpves 303. bg !otfh_S_' éﬂhDgC?a' ng 15 sequenceé corresponding to 121

amno aci-ds. _ s bp downstream of the renaining
yghD codi ng sequeAoshdlacd hassdyafonbyiepropanedio iehydeogenase aetiviey wal assdials pAH4AS

and pKP32 we =L f d.J |1 ) _ r ansf or mant
cont gi ni ng b%ﬁ&%%%?n&%ﬁm@ésﬂ&ﬁggﬁgg&gﬁhtﬁ{}gég@ c%%%epg{lﬁgﬁg ) )
ani pi ci | | i n {enpentatiyerpopditions aftesthe adshyjan of iBmin By and the pradupliensel}-at i ve

t ransfor mant hyB&x i6ithidedydé {3SHRAN Bukt Yot B£8RV Al fecSthMRARE, 167i draln
propanedi ol in 10 "L fernent at-lgns. eith resence olr ahsence of

r.in the.

Vi tam n 112, COUAIRRG Geglycmolinasysinn and T sprapanediol prodsten s
1, 3- pr opanedpAH4P endlpKPB32) mespactiv@ly, kvas gedwrs tor A In fdfmPRE D AddditiablgRsS 2:
Ferment ati on f. ' - ranedsLol .. f. d, :
essentially %essrng%esd clp%bxgégg%&gfr%ﬁﬁéea%ﬁﬁo@ﬁw?j E#E.uf cﬁgﬁiﬁ?&%}%ﬁ%m (yghD-
1.’y | pAHA8/ pKP3@8img)ovasaddedwhenstheftanks reashed appseximptehh E0G/QRBs0di Aliqnsts on on

1, 3- pr opanedpfdelip wWefiiakérOfom 3kt BnkLIMRSERET Uefdte att 2 hREOABNBHIBY using the
knockout, of the.no -SpeﬁIfIC catalytic act{tl vity, .E. coli, strai.n KLP23
(yghD- ) /'PAHA ‘mg{h"i‘? SHBTTer Rt hycept %ati‘é@ﬁflﬁafis&}s%é%f ‘0\83%3&/ 12833

PCT/ US00/ 228dgiflal vbhemoin?B8 buffartceatitiyg MCugmlathdaramphénical s iritsdt gl ycer ol
til the additiop. Ltani . 10.4 h).
Vit ani n 1o fek PR it SRS cebtepdie foilil® P RECISARBRARG paey (0 T
vitam n B 12callsgvaseddediodddmL baffled Sesks contetnieg a eagionginiure(RBShe 4 h t hat
folt I ogled- Bléblﬁ@&gbhtﬁmmgimgﬁsg&ué‘d@é\ﬁlﬁ%!g%e:'i)i,sﬂ ﬁgﬁﬁeoehﬂﬁnt‘_ @Bﬁ(%%d _w%@l i zation
.rate r ed. er e- was 0 u Nncrease | (0] | C ensi .
Rer o T o B sorampbe aeatl St the Tl ViiiEe 3 sl micR b sn e Lhe tank
accumul at ed. apphexitmaghe$0. The Basksfprote@es fropaligh) wére shakanae250nwpm &.351 g/ L.
The or gani smaag;eRGe KGHBIXF ahdlgsiy et thitdnYovRY ifk 2TiR&dpddlibgtt | on series of

the cells

production of 3-HPA was observed in flasks containing cells recovered from the
fermenter either pre- or post-vitamin By addition. In direct contrast, significant
25 levels of 1,3-propanediol were observed only in those flasks containing cells
) ‘recovered from the fermenter post-vitamin B addition.
Detection of :non-specific catalytic activity in cell-free extracts:

. A native gel activity stain assay was used to demonstrate non-specific
_ catalytic activity in cell-free extracts. Cells were recovered, pre- and post-vitamin
30 By addition, from representative 10-L fermentations erhploying recombinant
E. coli strains containing the glycerol-production and 1,3-propanediol-production
plasmids, pAH48 and pKP32,_re_specti§cly; and celi-free extracts were prepared by
- - cell disruption using a French press. The cell-free extracts, a preparation of pure
KIebsiélIﬁ pneumoniae 1,3-propanediol dehydrogenase (dhaT), and molecular
35 weight standards were applied to and run out on native gradient polyacrylamide
- - gels. The gels were then exposed to either the substrates 1,3-propanediol and
- NAD™ or ethanol and NAD™. As expected in the gels where 1,3-propanedio! was
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on agar plates contai n| ng anpicillin and spectinonycin. The plates were 10
i ncubated for 24 h in 'a 30 Cincubator. There were no vi&belrugetZ¥des on -
the plate fromthe fernmentation of E. coli KLP23 (yghD=)/pAH48/ pKP32,
Table 11. By, contrast, the cell suspension froma control tank to which
no vit a¥ioM1B283was added continued to accrue cell nass RAT/GROPR2ATOI until ¢
the 10-L tank was full due to the conplete addition of the glucose feed
-solution (Table 10). An agar 15 plate viability determ nation by dilution
"series of thhewbﬂratsmpmﬁsitpatahtfotﬁha'ﬁmsobset\rcﬂswliiehnn’sgm&dioemhshomed a

vi abl e cel | t I r estinat ed
by the opti cng w%nm t a?a?ih%f(ggkigﬁst TAEEMEE%{%?;& aﬁa\%&
f er ment at i orWhSEEPHE Sut havmwv@ae ¢ 3rivepapedia! dehydrageaase vias appled. oo

(pL ;)pqggggl ol Iﬁl;mﬂrdgE))whb‘ifé Ng-propdelio]l whd fhe BuHéh‘E’t%?anﬂ YDA AR SLEKP32. time

(A | ucose..(g/ ce oI L PD( /L) 00.415011. 30. 050
2.33. 013210. %6@‘3@1"0393&%‘9 6@2"%1% ‘é’g’é‘ )i‘ V"é’o""%“l 6%5 &2
16. 337. 2149 bpproRimately0 Kdal3 Whepkdonsl Wuseéa.%@stﬂﬁn‘ﬁ@%ﬁ&lﬁethe DhaT422. 30. 42

23. 833. 6149453, Aer A8 nidR-PEiAS AR ﬁé’é’&i)(nt%ngfd \%re%lgly ﬂt?t% Gl{u&JSOO/ 22874

TABLE 10 Representative fermentalion su Pﬁgnver .on o gl ucose
to glycerol waaé?wgiare-efaﬂwswmw riaggiion abanproyima)

2. 2281288, S0 1% dooly “‘“‘9*@"é%é“s)"ﬂ'a‘mi‘“ié‘s%@‘é%é“?ﬁﬁwg“‘fg&ﬁ?’@?o 7040.5
20. 211718, 08w dnagdtalduhaan d i gt simA R iy Dol T Rt bsent at i ve-
summary of - vi abl |1Im§/n4that$1 soay vdicte pratesdpoiepastedibyf meoirewlanweights  of

gl ucose u5| |ehzsﬁg SJ;LS? [ bsence and
presence of “vi F?n?% £tﬁ:'d§ ﬁ,%ﬁg)%ﬁ)ig &?E%ﬁ{t S(glle?’l 1%0 (AU) vi abl e

counts (ef umafwm@ezmgoqeﬂ ;mgpzecéslamébosy@gmmw low activity )

* and where the activity is likely to be distinct from the alcohol dehydrogenases

15 . with specificity towards ethanol as substrate that have been well characterized for

. E. coli and found in all organisms.  The dehydrogenase assay works on the

principle that dehydrogenase catalyzes the transfer of electrons from 1,3-
propanediol (or other alcohols) to NADT, PMS (phenazine methosulfate) then
couples electron transfer between NADH and a tetrazolium bromide dye (MTT, 3-

20  [4,5-dimethylthiazol-2-ylj-2,5-diphenyltetrazolium bromide) which forms a

- precipitate in the gel. After a few-hours to overnight soaking in the substrates, the

gels are washed to remove reagents and soluble dye. At bands on the gel where
there is an active dehydrogenase, an insoluble blue dye forms. Various aspects of
the assay have been described by Johnson and Lin (J. Bacteriol. 169:2050 (1987)).

25  Punfication and identification of the non-specific catalytic activity in E. coli:

Alarge scale, partial purification of non-specific catalytic activity was )

performed on cells harvested from the end of a typical 1,3-propanediol production
run as described in the improved process using KLP23/pAH48/pKP32 of Example
7. The cell pellet (16 g) was washed and resuspended three times in 20 mL of 50
30 “'mM Hepes buffer, pH 7.5. The cells in the suspension were lysed by sonication.
The cell-free extract was obtained by centrifugation (15 min, 20,000 x g, 10 °C)
and the supernatant was further clarified by addition of 250 mg of protamine
sulfate with stirring on'ice. The supernatant obtained by centrifugation (20 min,
* 20,000 x g, 10 °C) was fractionated by passage through a Superdex® 200
35 preparative grade column (6 x 60 cm) eqﬁilibr’ated with Hepes buffer. Fractions
-of 10 mL each were collected and an aliquot of each was concentrated twentyfive-
« fold using 10,000 MW cutoff Centriconi® membranes prior to assay by the native
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15 . The gel was transferred to a PVDF membrane by electroblotting. T :

membrane was stained for proteins using the Colloidal blue gel stain. The stained
blot used to obtain the identity of the non-speczﬁc catalytic act1v1ty is shown in
Figure 6. Spots were identified using standard techmques for amino terminus
peptide sequencing. Only a single spot (Spot A) encoded for an oxidoreductase
20  activity. Nineteen cycles of Spot A (Figure 6) yielded a 100% identity match by
the FASTA search too!l with the amino-terminus of yghD, an E. coli open reading
frame with putative oxidoreductase activity. Cormmplete amino acid sequence for
the protein encoded by yghD is given in SEQ ID NO:57; the corresponding DNA
sequence is given in SED ID NO:58. The yghD gene has 40% identity to the gene
N 25  adhB in Clostridium, a probable NADH-dependent butanol dehydrogcnase 2
) - Gene Dlsruptlon of yghD in E. coli KLP23: ,
. * Biochemical assays and amino-terminal amino a¢id sequencing suggested
~ that non—s;ieéiﬁc catalytic activity may be encoded by the E. coli yqghD gene. This
A gene of unknown function encodes a hypothetical oxidoreductase and contains
30  two alcohol dehydrogenase signatures also found in the Citrobacter freundii and
* Klebsiella preumoniae 1 ,3-propanediol dehydrogenase encoded by the dhaT gene.
To disrupt this gene yghD and 830 bp of 5-flanking DNA sequence and
906 bp of 3'-flanking DNA sequence were amplified from E. coli KLP23
(Example 4) genomlc DNAina PCR usmg Taq polymerase ‘and the followmg
35 primers: :
(SEQ ID NO:59) 5'- GCGGTACCG’I‘TGCTCGACGCTCAGG’ITITCGG—B'
(SEQ ID NO:60) 5-GCGAGCTCGACGCTTGCCCTGATCGAGTTTTGC-3'
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25 Novenber HISBI2-Blug, has ishpabirom a\namsﬁbannntfselectednnm agitintedianal sheet n ™
15 containing kanamycin (50 pg/mL). Plasmid pJSP32-Blue was digested with Kpnl
~and Sac/ and the 3,865 bp thD disruption cassette was purified and ligated to-
similarly digested pGP704 (Miller and Mekalanos, J. Bacteriol. 170:2575-2583
(1988)) for 16 h at 16 °C. The ligated DNA was used to transform E. coli §Y327
(Miller and Mekalanos, J. Bacteriol. 170:2575-2583 (1988)) and the expected
20  plasmid, pJSP32, was isolated from a transformant selected on LB agar media

containing kanamycin (50 pg/mL). Plasmid pJSP32 was transformed into E. coli
KLP23 and transformants were selected on LB agar containing kanamycin
(50 pg/mL). Of the 200 kanamycin-resistant transformants screened, two
demonstrated the ampicillin-sensitive phenotype expected for a double-crossover
25 recombination event resulting in replacement of the yghDD gene with the yghD
disruptiont cassette. : : ’D
The disruption of the yghD gene was confmncd by PCR using genomlc
'DNA isolated from these two transformants as the template and the following sets
~ of primer pairs: |
30  Set#l:
_ (SEQ ID NO 61) 5'-GCGAGCTCGACGCTTGCCCTGATCGAGTI’ITGC 3
~ (SEQID NO:62) 5'- CAGCTGGCAATTCCGGTI‘CG -3
 Set#2: -
(SEQ ID NO:63) 5'-CCCAGCTGGCAATI‘CCGG'ITCGC’I'I‘GCTGT—B’
35 ‘(SEQ ID NO:64) 5'-GGCGACCCGACGCTCCAGACGGAAGCTGGT-3'
. Set #3:
. (SEQ ID NO: 65) 5'-CCGCAAGATI‘CACGGATGCATCGTGAAGGG-B'
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The yghD disruption deletes the 3' end of yghD, including 46 bp of 3'-flanking
intergenic DNA sequence. The deletion'removes 363 bp of 3' yghD coding

15 sequence corresponding to 121 amino acids. A stop codon is present 15 bp
downstream of the remaining yghD coding sequence in the kahamycin resistance
cassette. |

Plasmids pAH48 and pKP32 were co-transformed into £. coli KLP23
(yghD-) and transformants containing both plasmids were selected on LB agar

) 20 containing ampicillin (100 pg/mL) and spectinomycin (50 ug/mL). A

representative transformant was tested for its ability to covert glucose to 1,3-

propanediol in 10°'L fermentations either in the presence or absence of vitamin
Demonstration that yghD is required for significant 1.3-propanediol production in

25 E. coli strain KLP23/pAHA48/pKP32:

Fermentations for the production of 1,3-propanediol were performed,
essentially as described in Example 7, with the E. coli strain KLP23 (yghD-
YpAH48/pKP32 in order to test for the effect of the yghD disruption on
1,3-propanediol production.

30 A representative 10-L fermentation using the knockout of the non-specific
catalytic activity, E. coli strain KLP23 (vqhD-)/pAHA48/pKP32, is shown in Table
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Clains 7, 8 or 11 wherein the gene encoding a polypeptide having a
dehydratase activity is sel ected(pcomald &) 10 group consisting of a
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--------------------------------------------- } _&L FEESt uﬁgene
en dt-)dpﬁﬁ"ﬁcpw;%mﬂ’ﬁﬂ‘fhaw ng a dehydra‘[‘“&%-é"‘él!ﬁ'f‘i“ﬁI"t'3'7l fied op gmpddifional hest{_lohe
g mgg;,ﬂ@gmgmlggl ypeptlde having . glrycerol - 3- phosphat e dehydr ogenasg
ag ene- encodlng a pol ypeptide having '
gl y%g?éé'% é##gsé%a@&ge ac %Ng and (i v) at | east one gene encodi ng R

dgt |yU1 SeTeat t am- at—teast —one endugenous gene encofli ng
a {8 @8?‘#%‘“%“"63 1?"' f':"%lc‘taf'd“'f"'f)to convert 3-hydroxypropi onal dehyfie to
1,13 Qﬁﬂd Umieirelty Bhdrei n nb functional dhaT gene encoding a ’
1,|3Manaspase Yiloginde eOvl6dRed%se activity is present in the reconbinant]E.
cdl¥SA 30 35 19. A reconbinant E. coli conprising: (a) a set of exogenol
gqgnes consisting of (i) at;|east one gene encoding a pol ypeptide having {3
gllycerol - 3- phosphat e dehydrogenase activity; (ii) at |east one gene L
ermgbmgoﬁ porypeptiide having gl ycer[Qkesnpfamphat ase activity; and (11f)
\ 3t of genes encodl ng the ggf@; spv{p;ducts of dhaR orfY 0 f X
a 4 8

PC‘TJ’ usamamamo(dmms Ae@etink ﬁwea.oymd@.g en ot!ilss -gmmelnmm(gyn & amnmas;b@c |ﬂ ;

In respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until

the publication of the mention. of the grant of the European patent or
until the date on which the application has been refused or withdrawn
or. is deemed. to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 28(4) EPC)
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s
o T

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the Intemational Burcau laier fspecify the general nature of the indications e.g., “Accession

Number of Depasit”}
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-catalytic activity to convert 3-hydroxypropi onal dehyde tq_-1. 3-pr nedi ol ,
wherein no functional dhaT gene encoding a 1, 3- propanedi af F&k‘l’”@&%@ﬁ‘ct ase
5 activity is present in the reconbinant E. coli. 20. The reconbi nant E.
coli of aim19 further conprising a set of endogenous genes, each gene
«w havi ng VHH/EBHn i nactivating the gene, the set consiswecmgsed228fa) a gene
encodi ng a pol ypeptide having glycerol kinase activity; 10 (b) a gene
encodi ng a pol ypepinsie- ' Q- ctivity, and (c): a
"gene encoding a' pgﬁﬁggg?qm%\#ﬁg&t@rﬁ gg@%ﬂgggﬁﬁgé&’@&h@%e activity.
21. A process for the bi oproductiOﬁ,cqu B ﬂgropanedi ol conprising: 15 (a)
contacting under suitable conditions {he reéonbi nant E. coli of either
Caim19 or aim?20 with at |east one carbon source selected fromthe

-]

grO_ . L LY Y, -”5‘3“‘3 ' > 3:: ---: LS ale ars (16
and|Si ngle i Pl o b eisroogpismatiyredito iy g estiptise di o 0
(b) ng—the i3 edi ol ed in (a).. 22 A
pr of es mekoridaooPPESErEt | on of 1, 3-propahgd W ) ConGacti ng
t he H-eeombi-rart—E—Baki—of—Claiws 19 or ??)%%r“tggg'w%gcé"o” i ‘F‘f{"" skl gr

A af W™ 19PayDBstiplita her conprising: (i) at |east one exogenous gene .
encpdMERLCANDBYRE) EPLTURE COBLEEATOMg a dehydratase activity; (ii) at 1east |one
exogenous—gene encoding a dehydratase reactivation factor; at |east onejl

endptydiss efdepgsitanpingtiputiordinclgingprondpode @Rl ¢ catal ytic activity to convert -
dosnty UsfersicPrmaRigonal dehyde to 1, 3-propanediol, with at |east one |
carpdanfs2us  ¥iveleGd odiid-2opé he group consisting .of glycerol and .
di hydsoxyacet one, and (b) optionally recovering the 1, 3-propanedi ol

__vp{)duced in (a). 23. Aprocess for the production of 1, 3-propanedi ol :
~conprising: 35 (a).: contacting a reconbinant E.. coli with a first soufce
of |Gt a—seeond ce—gfcarbon _the reconbinant E. coli |
corpri si NG agdi118gdiebr uary 2004 WO 01yAFZE33mbw Liog0/ 22874 (i) at | east]one
exdgenaus gene encoding a polypeptidd havin dehydrat ase activity; (}i).

(ii : nous gene encodi ng Wrdep o 2gditions] e
actli m trgspdtfef b€! ﬁﬂ_;set, Qe&&rﬂ?{c}ns in which a European pafent 1is sought, -

a sample of the déstited microorganism will be made available until |
the publicat‘io_n" of the mention of the grant of the European patent or
until the date on which the application has been refused or withdrawn
or is deelme'd‘j to be withdrawn, only by the issue of such a sample to an
expert noq;inated 'by the person requesting the sample. (Rule 28(4) EPC)

at |lceasbiRALIKBEATTONS AP HEPEP b o i iind o it 9 £ | -
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Number of Depasit™)

to the latemational Bureau later fspecify the general nature of the ir:é'icar'::di.s e.2.. “Accession

For recciving Office use only

. _ For Intcrational Burcau use only  smesewom———y .
D This sheet was reccived with the intemational application

D This shect was reccived by the Intemnational Bureau on: -

Authorized officer Authorized officer

Form PCT/RO/ 134 (July 1992)



3- hydr-oxypr opi onal dehyde to 1, 3-propanedi ol, wherein no functional dhaT
gene encodi ng a 1, 3-propanedi ol oxi doreduct ase activity1§§eB?@§%?RO||1 t he
reconbinant E. coli and 10 wherein the first carbon source is selected
fromthe group consisting of glycerol and di hydroxyacetone, and the second
car bon WoWmyee3Bs sel ected fromthe group consisting of poavesserzdrari des,

ol i gosacchari des, pol ysaccharides, and single-carbon substrates; and 15

(D) optional 1y | eqOiRiATIONS RELATING YR BRAEL AHEoRRRRTER Alsh®) - 24. The

process of Caim erein the reconbi nan conprises 20
25 (a) a set of exogenous genes cg&s,i,&ici,-?g; of (i) at |east one gene ‘
encodi ng a pol ypeptide having . glycero -g-phosphate dehydr ogenase
activity; (ii) at l|east one gene encoding a pol ypepti de having _
—3— 1o RV VA {one suhset . of genes encodi ng
A Bt dndicyiens eade belowgplateip ipmicreppgpnism referiedio indhe fekfintithaBl . dhaB2, dhaB3 and
onpieg Lbyl2 3 ' h ¢ having a nutation

i npgt i eir td L e sef consTstin T (] a.0cene encour g =

6. '”t_ﬁf#m_ﬁ mﬁﬁgﬁ?ﬂr ol kinase acti \%"t\cz':"q‘gﬂ‘{‘(f‘i’i"'?“d"‘Ij‘éﬁ%""éﬂ‘&%‘tﬁ‘;@a
po pfdivardarhinsituries gl ycerol  dehydrogenase activity; and (iii) a-géne
enfc SMERIEAN TYHE/ GUPTURE: COBMEOTgOkr i osephosphate i sonerase activity. 25.
Vegctor. pDT29 conprising a set of genes dhaR, orfY, dhaT, orfX, 35 orf |l./]
. of depasiip?institbiaRRciuddP posiicddda@Soumgf TOrth TN SEQ TD NO I. 26 VeTt
PHP38 R0 3! , orfY, orjX, orfWdhaBl, dhaB2, dhaB3 and qrjZ gs
S Miﬂstsgslnfiééai Qz’gﬂé-'zza? 18 February 2004 WO 01/ 12833 PCT/ US00/.22874
27. y&y reconbi nant E. coli strain KLP23 conprising: (a) a set of two
erjJdogenous genes, each gene having a nutation inactivating the gene, tfhe..
sqgt consisting of (i) a gene encoding a pol ypeptide having a glycerol i
Kifppase—b MVIREVE i) e_encoding a polypeptide having a
glyéé?oﬁmmdehydro%Fnase activity; (b)Acesesioptember one exogenous gene encog

a {pol ViPeBPYHR¥Ra\A3g gl ycer ol - 3- phojsphat&@e§if7ogenase activity;

ng

C. ADDITI_ONA__L INDICATIONS (Zeave blank if not applicable) This information is continued on an addilionél-"'sﬁq.:qt D

In respect of those designations in which a European patent is sought‘ |
a sample of the. deposited microorganism will ‘be made available until !
the publication of the mention of the grant of the European pétéﬁt”&r
until the date on which the application has been refused or withdrawn
or, 1s deemed to be withdrawn, only by the issue of such a sample to an
| expert nominated by the person requesting the sample. (Rule 28(4) EPC)

D. DES[GNATED STATES FOR WHICH INDICATIONS ARE MADE {if the indications are not Jor all dc:ign}:;éd Sraté:)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

mlmff;uons l,;s‘;cd be_l__ow will be submitted to the Intemational Bureau later {Specify the general nature of the indications e.g., *Accession

‘ For receiving Office use only . . For [ntemational Bureau use only
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10 (c) . at |east one exogenous gene encodi ng a pol ypeptide having 15 20 25
30 gl ycerol - 3- phosphatase activity; and (d) a plasmd pRPEsbrugg 2004
reconbi nant E. coli strain RJ8 conprising: (a) set of three endogenous
genes, each gene having a nmutation inactivating the gene, the set

consi st i W@ %42838) a gene. encoding a pol ypepti de havi ng BCDiUgeER814 ki nase

~activity; (ii) a gene encoding a pol ypeptide having a gl ycerol

~dehydrogenase act i VINDICARIONSHELATINGTO ADEPOSNEDMRODAUAVBAPt | de having a
“triosephosphate isonerase activity. 29. A process for the production of

1, 3- propanedi ol conprising: (a) corPerruldPbisiunder suitable conditions, a
reconbi nant E. coli conprising a dha regulon and | acking a functional dhaT
gene__encodi ng a 1, 3- propanedi ol oxi doreductase activity with at |east one

Car PANTRGHIcGios miR 8L ilnd e LRI BLAE i3 BliGr T 0 1 TOMT e groap
conki stigpag of nopgsacchari des 9sa_cgﬂar_! S, polysaccharides, and

e 0l
Si nfFre—corbor——subsreres —ahd "'mgbf g":" I —%
1, 3} Br IEAREHFANOBPHRERASIT-i n (a). 79 18 Felbirtiarapos2OR4cMPedlhAdlad@idaa
LI *Mﬁﬁ%mﬂimimﬂuﬂf’on[ de lI\iEUUUI s~and Q}Hpally RCH-US06/228-+4—<1-2
| mp L the Biol ogical -Production of 1,3-Propanediol w.th
Hi g mf‘??%r”ﬁ?%é ‘%ﬁﬁ%%—%ﬁcﬁ&% <141> <150>. 60/149, 534 '<151>
19909 us-,qja =+60>—68—<+70>-M-eroseot—O-Hce 97 <210> 1 <211> 12145 _<P12>
DA A9573 of et ety aclulrpase! de e s
gt clgABR Uadvrpsdgy Blott t aat gecget ct cat gcagcaget cggt ggeggt ct 60
aag aggg%@gat dticgdutp 268 Hyyt2209 t gat aat cagcaagacgect t cgccgecgt c120

Date of depasit Accession Number

25 November 1997 - S ATCC 98598

C. ADDITIONAL INDICATIONS (feave blank if nét applicable) This information is cantinued on an additional sheet ]

In respect of those designations in which a European patent is sought
a sample of the deposited microorgatism will be made available until '
the publication of the mention of the grant of the European patent or
until the date on which the application has been refused or withdrawn
or. is deemed to be withdrawm, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 28(4) EPC)
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aatttgcatcgcgcattcaaacattttgtccggcgt cggcgaggt gaatatttccccecagl80
acaggcgccggagagcatgccctggccgatatagccgcagtgcatcggttcatgtcé@%%?ﬁ@“”KM4
gtcgccgeccggagagcagggccacct t gccagccaccggegcegt cggt gcgggt cacat a300
cagngggfctg 3gcagggtcagctgcggatgggctttagccagcccctgtaattgttc360
attcagt caacacggttaatcagctttttcattattcagtgctccgt PETAFAN22374
-aggt't cgat.gccgcect ct ct gct ggcggaggceggt cat cgegt aggggt at cgt ct gacg480

gt ggagcgt gcct ggegat at gat gat t ct ggct gagcggacgaaaaaaagaat gccccg540
acgatcgggtttcattacgaaacattgcttcctgd@ﬂéﬂﬁﬁttctttatggaacgttttt600

gct gaggat at ggt gaaaat gcgagct ggcgegetttttttcttct gccat aagcggecgg660
tcaggatagccggcgaagcgggtggga aaatft ttgctgattttctgccaactgcgg?ZO

gagaaaaggcggt cada F'ﬁé‘ﬁ R Y E‘&é‘a‘&&a@@@f&&?é‘@%’@
ggat cgcaat cetigacfg umha@rﬁ@hbfmydtoa@mpmmnﬁmb agepphicdi4fd

cctgtgttitca aac aaaa gagagat tttttgttccctgecggecctacad’00
gt gat cg actélaftg 5&’("“@&% I%ccfggcgcttcact ggccggcgcggat aa960

cgccagggct cat cat gt c(aélcan @o@dﬁihmcwm 2qjd frggmetaengorting git vpa sutgtahi2ld

t at:t caat ct ccagccaaat at ?Bﬁﬁﬁ%@%%ﬁlﬂ@%&ﬁ%@@kﬁ&é 81‘@ (ﬂgg&@gqt al080
t gccaaaaacct ggcggagagcettcticgtcat cgctgacg ttcgt aa tgaﬂgct ggcll40

gggagagaaagt ggt gaat cé‘?&@ li‘é‘g@(‘ f@&‘@%‘itd a% 1mnilanty
t aacggcgaat gcagccat QC9Q@ﬁ@t@@&%ﬁ@i@@ﬁﬂgﬁ&ﬁ%&écﬂﬁ@ﬂ%@@m&hﬁﬁo

{1 act allagaaget gocgat Sﬁ%ﬁﬁaﬁﬁe%ﬁﬁﬁé%%beﬁ@%@%ﬁ%i?ﬁ%@;%%%%o  |

cagcgcgct gt cggt gat c@camg tpogyacyd gaeayaa@wdmg gﬁblymﬂﬁiebﬁﬂ
gaaaaacccggat at ggt ggt g %@ qg&gg@%q}g %01%8(8
. gct ggt ct ccggcat gggcga gcgctc ccacc aggccaaagc cga 0

t gcgcgcgecaccagceat ggc ¢ SRueeecd &fcggceget gagect cgcccgl620

-c;:tg?gcgat’gatacg;:tgﬁtqgmml ﬁﬁ@ﬁcﬁ&ﬁﬁ SkehiGha A58 HEGELH R ¢4) 174%10
a ccgaagcgc a catc

i fgadiocagt ggct t goocbRetiEtn deagH ey @%3&&@328&&%%8& -

agagt gccat cacct gt at cac gaslgagatadX $$C; 0tiehy §DSollbwer b 0.905 $8IT, J(BBI&' -

gct gcagaacagcccgat ggacg Lipaaacggt gcagggct t ct gccagcaggt €ggl1920

cctgccggt gacget cgcgcagatgggcgt caaqgaggggat cgacgagaaaat cgccgcl1960

ggt ggcgaaagct acct gc@dggaa?g arad Sugment thelog complengngacRaap .
cccggagagegt ccat gececget g ggccgat ct gt t aggccageagt gget ggc2100

gcgttaattcgecggt aa ccagQtcagcggtttttctt C 2160
gcagt%éctgccgg%gé&‘f’t‘%’&g‘f %‘%ﬁ%&%ﬁ%ﬁé@bﬁ&éé@ﬁ&ﬁb 220"

act caggat accgggagggcpalypdptide engided by gmeagﬁedamagmemﬁmmef!%o

‘aagtttat gcqgggézgaaacct ggcaaacgccgcaccagg' cccagggcct.gaccttcgac2340-1 WO

01/12833 . t Ctgtc ggcgtaaaac cgcgctgcetc accatcggcc aggcggegcet

t gggagttta t ggacggddg pobw@emtgtcng@wys &$ st put intSFEQ PAYNQ:57ct gagecegt t

gcggcgagec gcaaagCof ghigel é&GQtecﬁg.&f’é?&é&&ha giagag

cattatgggc acctgcgegce t (jctg C gccga t caacaccgc c¢ggcgat cgg
catttt &dgc ‘@R @Pﬁ"é%ly 5’&“@‘6 6 P FEAUenget aaccac gggcggeggt

t cggcet ct at t gt &89t aicrogiganiandiansfoRTelwitl it cHitkhe gérgafQlahggccat
~ wherein the microorganism is selected from the group consisting of Citrobacter,
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus,
 Saccharomyces, Schizosaccharorﬁyces, Zygosaccharomyces, Pichia,

30 Kluyverorﬁyces Candida, Hansenula, Debaryomyces, Mucor, Torulopsis,
Methylobacter, Salmonella, Bacillus, Aerobacter Streptomyces and
Pseudomonas. 7

7. A recombinant microorganism, useful for the production of
. 1 3-propanedlol compnsmg :
35 - ... . {a) .atleastone gene encodmg apolypepnde havmg a dehydratasc '
activity; :
(b} at least one gene enching a dehydratase reactivation factor;
and | '
.74



gt gggt aact
, tgctggagag
ggcggcgaga

ccggcgetge tgecgecgege
d§90”§$§htcacct t aaaaccgat tgtcgaggcg caaggcaaca BCTAUSENLEM

agcat ca
.- ccggt ggagce
- ctgccgacga
gct act gt gc
gcgcgceggec

gcagcgcccc,

atcgagtatc t
t cgacggccg ¢

ggt ggaacay
ct gcgegece

cttcgcgact O

agcgtcattg akk
tcttttccga
cgaaaaggaa
aat at cggcc
~agcat caggc
cgcgcagcgq
gt gcagct gg
ttgcggt cga
. egcgegeat ¢
“@&agcccggceg
gaat at ggt c
gat acgatac
gt acgcagt t
gagt gagggc.
ggcgcccagce
acagctcatt
cgacaggacg

tgctcgttgc

agt cggceige
agcggcgatg
at at cggcga
cggcatgtcg
gccat cccgg
cct ggcgcag

25

)

30

35

().

ccctgcttac cgacagcctg ctggcggaat ccaaccgtca

cat ggacgat ggggt gat gg cgtggaacga ctgcagtttc t
ctgctgcatc ttgatgctca gggaaaaata tcgccgatct ggtgaccctc
gcccgecggec tgaatcacgt cgaagtcacc tttgaaagtc

agat gcggca gctgatgacc agccagct cg gt aaagtcag gagcagat gt

t

agcgaagagd hodt SO ORI BT ERUAL HADOHTRU ARl
cctacatctc cagnvmym@magadﬁgmyp@pi@gmeﬁﬁm tgactt tat gg
gaaaat ggtc gog ﬁ#ﬁﬁ gu&et tgaget g gecaacggeg gecaccetgtt

g gccgga gctgég cg gcfetgctgc aggtgattaa ctcacccgcc

gingier fanet welfygéﬁgynp gacodinegat.3-paerenedighoxidergduntasat ct

am;euﬁistﬁraseaﬁﬁgﬁ@?&g{ngug%%?c%&géméﬂa Q@gt&k%&r@géc ?t&g?
" g Biging st ede- idvahedas latiaiym 1

aljebtielia @@rm@amw@mmmzmmmmyceg cggaatatc .

actt t t cat
ot STt R ARl a8 AR e Rt i d R ey it
g@%é@éﬁc@ebaﬁ’@wgéaﬂéwﬂacgaﬂ efglzlaég@e)aé'abnmﬂgcgca

BaALsCA6PDakiey, SBRERAG fﬁ%aﬁé%%@aﬁggcgatt ?Cf: gé ggggg
at gcgc, t ccagggcc cagca cga ccga tg
gcagag% glg' ?ot"@gg g’“ﬁ’@@%‘%ﬁb% coRpEgypEcat a
t aagccgcet. c(a): a@gh:as;m geﬁ@am@aihggtpo@tp@pﬁdé:m SI9&H-61em9C
gct ggccagt a%ﬁt%ci azya gt gca ggct tt cccg

tggcgtagca g ccagc é% \i 1 cgac ggtgccgtag
tttctcgat dbrg@t Wawm%gammw¢mngmmtm a
at t cagt ttc tc ﬁéé”ﬂhfaé@e ggact gfccggcgt t ggc?ccgagf
gat cgt cg at cggt.gacg . ccggtggcgc g ccgccg agct gggca
tat ct cyc 3-&6@%@%@5 TOaEaR1S d3g§t§958ﬁY reigthecgccag

deamﬁmé ractilatioh &GHirlis el@aECbPaYAHE BHECTsblatdal feith G Ghs C
q?%‘g cgccg gcat ggt gcc cgcgcggat C gt aaaacagg gcggt gaaagd
't gt t* t aacact cag aat gcct ggc ggcaat ctcc

ct t t aldyc Jdegedonganmme migroatgagiomgif Claiat ¢ wheait o ahd ggIGee

ahdepBREORY iR HOR R AT I Bradt Nt & S LA ER o
gt t gegdt f%f-‘@@ft%@%fé@ucreewmf@lm&m@@ommatatsgg

betiasorird preiptantdy poiar kg b G v
JOPYEERSEy atgaggcoga

- ... - (a) afirst gene encodinga polypeptxde having glycerol kinase
.. activity; .
" . (b) asecond gene encoding a polypeptide having glycerol
‘dehydrogenase activity; and
a third gene encoding a polypepnde having triosephosphate
isomerase activity.

12; The recombmant microorganism of Claims 8 or 11 wherein the
recombinant microorganism converts a carbon source selected from the group
consisting of monosaccharides, oligosaccharides, polysaccharides, and
single-carbon substrates to 1,3-propanediol.. -

~13.  The recombinant microorganism of Claim 7 wherein the recombinant

_microorganism converts a carbon source selected from the group consisting of

glycerol and dihydroxyacetone to 1,3-propanediol.

75
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ggcggceggeg tccgtcaccg ggttagegtc tttggagata taggectcta 5004
atcccggtcg ccgeggt cag ggcggecggt ttaccgatca atcgttgata agg%gﬁ%ﬁ

gcagtttgcg ccagctgacg atcacaaact ttcggtgttg gtcaggacgc agtggcgggat
gacctc ct%gg’ggt gccgg gaccgcgacg ataggcggca gcgggttggt cagggtctcg
attccgg‘y ad gccctca tgggtggecgg cgatgccgat gcctt tgeccg PEAATSOYLI$EYH -
-gcccacggtg acgatgatgt cgcactgttc gcggcgaaac acggcgaggc gttggtgtct

‘ttcgggttcg gctc tca ccacctcg ccgcagat aa tgcagggttt
t gt ccaccgc gccatg@l? t &%‘ g‘ﬁ“ﬁ%&&ﬁ'&&“g @gﬂ@%@&%@%}g@é&rﬂtltwﬁwe&*@cg,eeag
cagct ggcag cegcddng:agalypggﬁigt}iaggg lyeed-3 g

at ??23252&%%‘6 cgc‘?”éﬂ{%‘f stlbsoy g*é%?&@ﬁ%&%ﬁ@%@ﬁ%@%@%@ﬂﬁ;ﬁég%o

cctcaatcagZ 92880 ggccagccag2940 cat caaacac3000. tgtcgatgcggggo
ctgctgcgt 3120 c gmn actgc
oo 90195330 omme s e e g ol 1 0g3060

Lt t S0t cga PP UEE Brlgaatiar e g SR RO iRG Fe iy SIBI Ao cggc 3960
ggt gaccagc4@zOgrogp gasipting af B3P 1ahd GPPRct t 4140 tt gagcgegt 4200 cgggact 9994260
aactgtttta4320 16. The recombinant microorganism of Claims 7, 8 or 11 wherein the '
- gene encoding a polypeptide having a dehydratase activity is selected from the
10  group consisting of a glycerol dehydratase and a diol dehydratase. -
7. . The recombinant microorganism of Claims 7, 8 and 11 wherein the
- gene encoding a polypeptide having a dehydratase activity is isolated from ‘
Klebsiella sp., Citrobacter sp., or Clostridium sp. . \:)
. 18. A recombinant E. coli comprising: .
15 (a) a set of exogenous genes consisting of:
() atleastone gene encoding a polypeptide having a
- dehydratase activity;
(i)  atleast one gene encoding a polypeptide having
- :glycerol-3-phosphate dehydrogenase activity;
20 . (1if) - at least one gene encoding a polypeptide having
- glycerol-3-phosphatase activity; and
(iv)  atleast one gene encoding a dehydratase
reactivation factor; and
L (b) - . at least one endogenous gene encoding a non-specific
25 catalytic activity to convert 3-hydroxypropionaldehyde to 1,3-propanediol;
wherein no functional dhaT. gene encoding a 1,3-propanediol oxidoreductase x}
activity is present in the recorhbinant £, coli.
19. .. A recombinant E. coli comprising;:
(@) aset of exogenous genes consisting of
30 S (1) - atleast one gene encoding a polypeptide having
+ .. glycerol-3-phosphate dehydrogenase activity;
(ii)  atleast one gene encoding a polypeptide having
, glycerol-3-phosphatase activity; and
S - (1ii) . at least one subset of genes encoding the gene
35 ... .. . - products of dhaR, orfY, orfX, orfW dhaBl, dhaB2,
. dhaB3 and orfZ, and
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atctcctctt4380 tcagcccccad4440 tcgecgggt cg4500 gcctcgacgc4gg%é %bg%&ggmzo
ttaaccagct 4680 tgtccggtagd4740 gacgcgct ga4800 gcagcggcgt 4 é" cCagc4920

cgtacgcct g4980 ggaaaat cgc5040 cttttagagcs5100 gatgctgcgg5160 ccgegt cgags220
atttctccgg5280 ccacgccgt g5340 cgaggtt ggc5400 gcgect gcag5460 tcgectgecat 5520
cggcgt gg‘g #B3Bcagcagt gg5640 tcactttggt 5700 cggt ggt at t SFGUUSIgHacag5820

- ggct gcecgee5880 cgt cgecgecac5940 tccecggect 6000 ggecttt gt c6060 ¢t acggaaat 6120
~gatagctcat. 6180 2 WD 01/1283318 February 2004 PCTI USOQ 22874

aat at acct t ct ¢gct t caggtibat attegugya andugenats gengergodiog angngptcddG 240
taattgatcctgctcgaccgt accggggg&l@%@ﬁﬁgg%gg&gpfgf&&g@g 1[a@ g@g,g)o
gc

aaaaat aact ggcaggccgccgccaaaa taataattcgctgttg gcag63
accgt acagagat't gt cct ggct gg € B@P gltsaat ttcatgggtaccttgcttcag6420

gctgcaggcegce tm&%tmﬁtkﬁﬂ%ﬁ@%%@élﬁG&iﬁg a1 opGpaitdRy egidbredhadd0

cat ccgct ggat aagga tigcctcc atc cggaaaacaccaccgcca06540

gtt gat ct agtaﬁgg@f &@?@P&@gﬁ%‘&%@ gct gggcggcggecagggt 6600

gattgtctgaactt gt t gchOcﬂ’hgtebmabmaﬁttE.tcoh ofel;anadezfg@mraamgnxlggaﬁaﬁﬁ‘

gcgaat agt ca 0

{ittat cageg: %%%%%3?2%?83&% R R R T

gaaaaacgt aatepa%!@ tttttattaattgatttatatcattgcgggcgat cacat 6840

tttttatitttgecoecoyagapaaichs Sdbamle vkl agalyderd kaias BRGy;
10 - (b) ~ a gene encoding a polypeptide havmg glycerol dehydrogenase

' ST activity; and -

'(¢)’ " a gene encoding a polypeptide having tnosephosphate

) - isomerase activity."

T

21. A process for the bioproduction of 1,3-propanediol comprising:
15 _ "~ -~ (a) contacting under suitable conditions the recombinant E. coli of
' either Claim 19 or Claim 20 with at least one carbon source
selected from the group consisting of monosaccharides,
oligosaccharides, polysaccharides, and single-carbon substrates
.~ whereby 1,3-propanediol is produced; and
20 -~ - (b} “opticnally recovering the 1,3-propanediol produced in (a).
22. A process for the bioproduction of 1,3-propanediol comprising:
{a) contacting the recombinant E. coli of Claims 19 or 20 or the
recombinant E.coli of Claims 19 or 20 further comprising:
"~ (i) atleast one exogenous gene encoding a polypeptide
25 . ' having a dehydratase activity;
' (ii) at least one exogenous gene encoding a dehydratase
reactivation factor;
(iii) at least one endogenous gene encoeding a non-
specific catalytic activity to convert 3-hydroxy-
30 : e - propionaldehyde to 1,3-propanediol,
' ' -with at least one carbon source selected from the group consisting
-of glycerol and dihydroxyacetone, and
(b) optionally recovering the 1,3-propanediol produced in (a).
- .23, Acprocess for the production of 1,3-propanediol comprising:
35 - .. (a).- contacting a recombinant E. coli with a first source of carbon
| - and with a second source of carbon, the recombinant E. coli
| comprising:
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caaattgaaacgaaattaaatttatttttttcaccactggctcatttaaagtt ccgg%gt{as 8{2004

t gccggt aat ggccgggcggcaacgacgct ggceccggegt att cget accgt ct ge
ttcaccttttgagccgat gaacaat gaaaagat caaaacgattt gcagt act ggcccagc7080

gccccgt caat cg{ggacgggct gat t ggcgagt ggcct gaagaggggct gat cgccat gg7140
“acagcc O

t ggat at t cacgt cagccgggaggag caP& SPCEIOBERAUS Rt errod
aagcggt cgaggt gat ggcgcagat gaac ghadhge degidenigacguegct gcagaaga7440

“tgcgtgeccgecggacceect ccaacgagt goeae tcaccaatctcaaa ataatc
t gcagat t gccgct gacgccgccgagggcgggla %’8@??%‘15(?‘35%5 %«%%rg%@

cggtcggtttcgcgcgctacgecgecegttt amgwcatmg@mgm gttggtcggttcgcagt 7620 -

gcggecgscccggegt gt t gacgeaggget ﬁaeweﬁ@&m &ﬁﬁeggﬁe%ﬁ 98&8%%%7680
gcat gcgt ggct t aaccagct acgccgagac 6gt c acg accgaag gtat 7740
t t accgacggcgat gat acgccgt ggt caaélg‘g @ 1 ifEieien

gcgggt t g?aaai gctgct acacct ccggcaedggmgﬁgtgﬁgtafmeﬁmttgggpp@,bmggggg
agagcaagt cgat gct ct ac catt act.aaa
tt cagggact gcaaaacggc&lﬁgﬁgé}é%@gﬁ?ﬂqéﬁgtgw e@@ﬁ 5%?319%3 980

gcat t cgggcggt gct ggcg nelurigse Aty ot prespot inghe cicoghaging Fogi/BMa0
ccgccagggaccagact tt ctwrre?éiﬁu&qaam}ﬁms&%?&&%m&ﬁ %ﬁ gc8100
agat gct gccgggcaccgactttattrt@ba. gy cf@g cggt gccgaact acgaca8160
acat gt t cgccggct cgaacttPESSHNE A % y %Y%Méeﬂ‘@éb@é%@ﬁ 220-

gt gacct gat ggt t gacggcggxbongmgters@gtegmﬁ@m@m%mmg:sﬁt tc8280 -

gccagaaagcggcgcgggcg q ctgecqgccaat £g8340
ccgacgaggaggt ggaggcc%?:@%gggg%rcc coaltlé g@%‘?ﬁ%ﬁ% %@5@@ a8400
acgt ggt ggaggat ct gagt Gogs-eng gachgcgecaacat caccggcct c98460
at at t gtgggcgcgcet gagegge aﬁ&ﬂﬁn Eécae&ﬁ?gttﬁ&@g aﬁféafo?gwﬁ% g)g

t gct gcgccagegg at t act gcagacct cg tctcgtc cagt
t cgaggt ggt gagti f@ggsga% %zpbigwa%re @5“@8@@5@&& t%‘t‘tb%m

gcat ct ct gcegmpagsst gggcggagat caaaaat att cc gggcgt ggtt cagcccgaca8700

ccat t gaat aaggcggt at t tt acagacaacccaaat.t ca ctcttttaccc8760
t gaaaacCCgcgagggcggggf)aagsc?? ?xogg[boé'f EE%E fepRY Hﬁg(ggagt ggt gat cg8820

gctgt cggccct gcct t ctg?t aaad o daps mmasa@emmgaigmgmlype@udchmlg?cggggg
cgatcchgaaagagct gatt gccggg lg&gﬁ gc
gcattctgcgcacgtccgacgtctcct?% atggc@%g dm%gg%f%gg gct 9000

cggggat cggcat cggt at ccagt §9aagdgs %e&%g@w@as Bgéﬁgb@émd ayugo60
t gccgct ;:agcaacct ggatgct gttct ccg@g&@ggrpgggrgﬁ@ag@g?ﬁq gﬁg@fct accgigg
ggcagat t ggcaaaaacgct gcgc caa acc cgc .ggt. gccgg
tggtgaacgatcagatggtgcggcggél gttclg%‘;? %%a%g@@gwépa? 118 tHegeR8 9240
aagagaccaaacat gt ggt gcaggacgccgm@omgfﬂhﬂb@?ﬂcaﬁ-ﬁt OALt draBl 230
gggagt gaccat gagcgagaaaaccat gcgg g9 %Q%Zi dccgt t agccacccgct g9360
cccggagcat at cct gacgcect accgggaaacca Cga gt t accct cgagaaggt 9420
gct ct ct ggcgaggt gggcc&@(ﬁa@g Yrigeenpas genss oach ggachvingapiutatioa9480
ggegeagalt gccgageagakiealigIRe Al can LaoAGARRANL | CCOCCcaCggeanas
~ ggagcttatcgccattcctgacgagCgcart ct ggct at ct at cgcgctgcgcccgtt9600
8
ccgct cct cgcaggecggagh get 6@6’@%@‘\9@@’6@&@85’@?% EQQ!QU@?@G%GO

activity;

...l

30 (i)  a'gene encoding a polypeptide having glycerol
- o - dehydrogenase activity; and
(i)  a gene encoding a polypeptide having triosephosphate
isomerase activity.
25." Vector pDT29 comprising a set of genes dhaR, orfY, dhaT, orfX,
5 orfW, dhaBl, dhaB2, dhaB3, and orfZ as set forth in SEQ ID NO:1.
26. Vector pKP32 comprising dhaR, orfY, orfX, orfW, dhaB1, dhaB2,
dhaB3 and orfZ as set forth in SEQ ID NO:1.
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cggt ct ct t cagt aaaagt ggacaacggt ct gat cgt cgaBCTFGVHINBT4
- acggcaaacgccgggaccagttt gacat gat cgaccgatttat cgccgattacgcgat ca7260

;acgttgagcgcacagagcaggcaatg cct glﬁasggcggt ggaaat agcccgt at gct g7328
weptide
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gacagt gaat gccgect t t gt ccgggagt cggcggaagt gt at cagcagcggcat aqg? B%gy 2004
gcgt aaaggaagct aagcggaggt cagcat gccgt t aat agccgggat t gat at cgg

cgccaccaccgaggt ggcgct ggcgt ccgact acccgcaggcgagggegttt gtt gccag9840
cgggat cgt cgcgacgacgggcat gaaagggacgcgggacaat at cgccgggaccct cgc9900
cgcgct gg 8&? ct ggcgaaaacaccgt ggt cgat gagcgat gt ct ct cgcatPITATOG22874

-t cttaacgaagccgcgcecggt gat t ggcgat gt ggcgat ggagaccat caccgagaccat 10020 3 18
-February 2004 WD 01/12833PCT/ USO0/ 22874 t at caccgaa tcgaccat ga

t cggt cat aacccgcaga@igcagecaisingitob gofitsthgmKOBEB cghpis@gacg act at cgccce

t cgggcggct ggcgacgct gc C at c attg
acgacgecgt cgatt t cot ﬁa@&%ﬁ%@%@&%&%@%&%&%ﬁ%gﬁﬂé b fRiHhoa

t caacgt ggt ggcggcgat cct c deshiasfingthe egess thelwpemsipting gf gaacaaccgcect gc
gt aaaaccct gccggttgtg gat;gaaghg@a%ke&lhg %1‘-’%’% u&!&ﬁ’ﬁ% %129&9989&%&&
t ggcggcggt ggaagt ggccgcgccgggccg}g% gCcgl0380 gatcct gt cgaatccctacg
ggat cgccactTtt cttcgggct aagccc@ﬁ ccal0440 ggccatcgtccccatcgcecce
gcgccc'; gat t ggcaaccgt t ccg?g?t ggemmamggamaq{épﬁdmmggaéml gcagt
cgcgggt gat cccggcgggceaacct ct ag 1( _ :
adagcgccgcggagaggccg. at tcgccaéjd?%%g%ég%ég Cat cat gcaggcgat gag10620
cgcct geget ccggt acgegacd c cifdepstepearogerpes gceaensoding aquplynegtidd bedey

t gagcgggt gcgcaaggt aat ggcgt ggé,gla;g %gﬁgﬁﬁrg ‘;, acat 10740

ccaggat ct gct ggcggt ggat@ attccgcgcaeacgﬁ%ﬁgeﬁ%ggg@g gga ggcc 910800

cgagt gcgctat ggagaat gcc
aaE gcaggtt at cg;:ccgcg?act gagjygncle:@}ph:bsphm?mg&gtg;?gt gagt gggcg?igggg
cgt ggaggccaacat ggccat cggcg ?ﬂ;ﬁac cccggcet gt gcggegecge

:.ggcgatcctcgacctcg cgcc tt%g%%g}dt gcggcgat cgt caacgcggaggggcallo4o
‘gat aacggcggt ccat c28gchderpyrnnant dace/astrain BI§ comprisingt t aaaaccgall100

gct gggect cgaggat ct t t co) 9@%99@@&&%@&% ﬁé@@&:ﬁ%@ﬁ&ﬂ%@gﬁé Hhdatibio
ggaaagcct gitcagtattcgt cacgagaa gg g_g gatg ctttcgggaagccct 11220
cagcccggce tgttcgccaaagtgg‘f‘g‘i & @jﬁﬁrg‘g“c&é%’f‘%ﬁtﬂg gat cgal1280
t aacgccagcccgct ggaaaaaat t cgt @i} cgt ggencagodiag apabpepidaagingd dile46!

t gt caccaact gcct gcgegeygcid %ﬁgg{ ctcacccggcggttccattcgegat at 11400
cgcctttgtggtgetggt gggcggc ‘ggact tt gagat cccgcagcettat cac11460

‘ggaagcctt gt cgcact at ggegt ggt é@mg@@aatmﬂxmgg@@bwmﬂggmszo
gccgcgcaat gcggt cgeccaccgggct get actmg&gg&,ga@gg&gﬁ@t kfpacgggcgcl1580

tcgcgcca tctctctttaacgtgctatttca ccgat aat acttct 11640 '
acctt aacg%(ggcagt gcgt ggccgagt® f)(f’tﬁe&g% @éf’%ﬁ@??‘?@?gé esephesphate
gcgggct gcgt cgct gecgcet gcgggt cgccgggg&nﬁagfetichggy cagt gggagat cagt 11760
ey Srgggect | 9990! CAHALANGE fle 3&@&@.@&%@9%@@9@%&%&8@& L g

cacct aaat ccggcggt gacca gccc cgcctyt gaacgccg aag§1880
gatctgcagtttattgttgec a@ggt@@tgygg@ rtsett@jdge@tgbw@g@mggmgmnmm
gggct ct at cgccaget gt t t ct coabgiphisiag gwq&ma&&haehgsme%%@%@ e

gccgccagt gt t aacct ggccggggyt ct ccaggt acccgecat ccacatatcacttft 12
catac aagcgﬁ t gccgt ggagacca@B%cﬁ%ﬁggaﬁEEﬂe 5’3 5@3@)%@%@& Ysthoat least
ct gaccgacgacggcaacggaat t c bag éarbs® 36rcé] wherein the carbon source is selected from
the group consisting of monosaccharides, oligosaccharides,

polysacchandes, and single-carbon substrates; and

(b) optionally recovering the 1,3-propanediol produced in (a).
30
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<211> 22
Sequence:
<210> 3

Descri pt
tggt cgag
51
Artificial

aaagt gaagt
<212x1
Artificial;,seqyg

cgcagaaact acg s

23

e

<212> DNA <213> Unknown <220>
<223> priner
<212> DNA <213> Artificial
@ Artificial Sequence:

Sii’ft &BBttcac ttt 23 4 18 February 2004 WO 01/ 128EF/USH0/22874
<212> DNA <213> Artificial
Sequence:

primer

<211> 23

<130>

<i40>
<141>

<150>.
<151>

<160> 68
<170>
<210> 1.
<211>

<212> DNA
<213>

<400> 1

gtcgaccacc
aaaattcagg

‘aatttgcatc

acaggcgccg
gcegecgecyg
cagcgggtcc
attcagtaca
aggttcgatg
gtggagegtg
acgatcgggt
gctgaggata
tcaggatagc
gagaaaaggc

‘ggatcgcaat

cctgtgttte
gtgatcgcac
cgccagggcect
tattcaatct
tgccaaaaac
gggagagaaa
taacggcgaa
ctgecocgegge

ttactaccag:
-cagegegetg

gaaaaacccg

- gctggtctcc

tgcgegegcec

“cctgtgctat
ggtagtgacc

ctttgaaagc
agagtgccat
gctgcagaac
cctgececggtg
ggtggcgaaa
cceggagage
gcgttaattc
ggcagtcegcet
actcaggata
aagtttatge

<220>

e ¥

BC1020 ECT

60/14%9,534
1999-08-08

12145

acggtggtga
atgtegeegg
gcgcattcaa
gagagcatgc
gagagcaggyg
tgatgcaggg

tcttcaacac

ccgectetet
cctggegata
ttcattacga
tggtgaaaat
cggcgaagcg
ggtcaaacac
cctgacagag
atatcagaac
tgctecggta
catcatgtct
ccagecaaat
ctggcggaga
gtggtgaatg
tgcagccatg
gtggtcggga
aagctgccgg
tcggtgatcet
gatatggtgg
ggcatgggcg
accagcatgg
gatacgctgc
gaagcgcetag
agtggcctgg
cacctgtatc
agcccgatgg
acgctegege
gctacctgcg
gtcecatgeey
gcggtggeta
gccegdaggyag

‘ccgggaagge

agcgcgaaac

pri mer

Microsoft Office 97

Klebsiella pneumoniae

ctttaatgcc
tatagttttt
acattttgte
cctggccgat
ccaccttgec
tcagctgegg
ggttaatcag
gctggegygag
tgatgattct
aacattgctt
gcgagetgge
ggtgggaaaa
ggaggattgt
actagggttt
aaaaaggcga
cgctcegtte
acatgcgcac
atcttcaggg
gcttettegt
gcctgcagag
cggaaatcaa
tcggeggtgg
tggtggtgat
acaccgaagce
tgatggacac
atgcgctctce
ccggaggaca
tggcggaggg
agcgcatcat
ccgctgecca
acggtgagaa
acgagattga
agatgggegt
cggaagggga
ctatecctecac
aaccgctggc
ttctctatgg
ggtctcticc
ctggcaaacy

pri mer

Sequence <220>
<220>sgf2RC2 1pET RS

<220>

pri mer

<223> Descri pt f Ar
<400> 2 getttctgtg 88335

Sequence <220>
<223>.

B@P{
<223>
<400> 3

<223> Description of

gctetcatge
gataatcagc
cggegtegge
atagccgeag
agccacegge
atgggcttta
ctttttcatt
gcggtcatceg
ggctgagcgy
cctgattttyg
gegetttttt
aatitittge
aagggcatta
tttgttccaa
aagatttttt
aggccgegcet
ttatttgaqg
tcctgatgcet
catcgctgac
ccacgatatt
ccgtctgatyg

taaaacccto
cccgaccatc

gggcgagttt
ggcgattatce

cacctggttc:

gtccaccgag
cgaaaaggcc
cgaggegaac

‘tgcaatccac

agtggectte
aacggtgcag
caaagagggyg
aaccatccat
cgccgatcetyg
ccaggtcage
tacaacgegyg
gtcattgece
ccgcaccagyg

1

PCT/ US00/ 22874 <400> 4
gat cctcga ccaattggat ggtggcgcag tagcaaacaa t 51 <210> 5
E27134uAPeRY Pdej %ﬂm%ﬁ (F&f ceomea P>

<223> Descri ption of

agcagctegg
aagacgcctt
gaggtgaata
tgcatcggtt
gcgteggtge
gccagecect
attcagtgct
cgtaggggta
acgaaaaaaa
tttctttatg
tcttetgeea
tgattttectg
tgcggcaaag
tatggaacgt
tgttcectge
tcactggecy
gtgaaaggaa
gctgttetgt
gatttecgtaa
cgctgccatg
gcgattttge
gataccgcga

gcctcegaccg:

gaagagtatc
gccaaagegce
gaggccaaag
goggegetga
cgtctggegg
acttacctca
aacggtttca
ggtaccctgyg
ggcttctgee
atcgacgaga
aatatgccgt
ttaggccage
ggtttttett
aaaaggatat
agtcatggca

‘cccagggect

tggcggtcete
cgccgecgte
tttececcgg
catgtceget
gggtcacata
gtaattgttc
ccgttggaga
tcgtctgacg
gaatgccceeg
gaacgttttt
taageggegg
ccgactgegg
gagcggatcg
aaaaaattaa
cggccctaca
gcgeggataa
tgctaaaagt
tcggtcaata
tgaagetyge
cggaacggtt
aaaaacaggg
aggcgatcgy
atgcgccaac
tgatctatcco
cggtacgect
cttgctacga
gcectegeecey
cgcaggecgyg
gcggcattgg
ccattcttga
cgcagetggt
agecgegtegg
aaatcgecge
ttgcggtgac
agtggcetggce
tctecectee
gactgttcag
ccgcetgeage
gaccttcgac

€he ?igﬁogbﬁé% %Bduc%g)gr? o§ P%a Cap%%gglol

60
120

180.

240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



<213> Artificial Sequence <220> <223> Description of Ar

Lid ci al uence:
<400> 6 ctgtcagccg ttaagtgttcagféﬁﬁmgﬁ%8%'7

primer <220> <223> priner

<211> 23 <212> DNA <213> Artificial Sequence <220> <223> Description of
‘Artificial Seguence: priner <220> <223> primer <400> 7 cagttcaacc
tgttgatadP®H0g833210> 8 <211> 20 <212> DNA <213> Artifi RERUSEEREBce <220>

<223> Description of Artificial Sequence: prinmer 23 25 23 5 18 February

2004 VWO Q4442838 820tnaas8 23RqJclBacc 43S 8L 8RILEA AR EGaAC Yo <210> 9
<211> 20tggobZ2eta tiolfcgedtdchttdchgicbtiSequentgatidgde cogs2@atdeakd pti on of

Artifici atgBegoehasggqmEgrergca2eisty W2eEsgched msaceA00y B thtargaga2aad
aaat cact cagriptt gigcegeysag cafjtatcgge acctgegege tgtegetgge cgegatgcag 2580
ggccagccga tcaacaccge cggcgatcgg cattttaage aggcegctaca gccatggagt 2640
ttttgctcga cgecggtgtt tgataaccac gggeggetgt toggeotctat ctegetttge 2700
tgtetggteg ageaccagtce cagecgecgac ctctcectga cgctggecat cgeceegegag 2760
gtgggtaact ccctgcttac cgacagectg ctggeggaat ccaaccgtca cctcaatcag 2820
atgtacggce tgctggagag catggacgat ggggtgatgg cgtggaacga acagggoegtg 2880
ctgcagtttc tcaatgttca ggcggegaga ctgctgeate ttgatgctca ageccageccag 2940
gggaaaaata tecgeegatet ggtgaccctc ceggegetge tgegecgege catcaaacac 3000
gecegeggee tgaatcacgt cgaagtcacce tttgaaagtc agcatcagtt tgtecgatgeg 3060
gtgatcacct taaaaccgat tgtcgaggcg caaggcaaca gttttattet geotgetgeat 3120
cecggtggage agatgcggca getgatgacc agecagetcg gtaaagtcag ccacaccttt 3180
gagcagatgt ctgccgacga tccggaaacc cgacgectga tccactttgg ccgecaggecg 3240
gcgegcggeg gotteccceggt getactgtge ggcocgaagagg gggtcgggaa agagetgetg 3300
;agccaggeta ttcacaatga aagcgaacgg gegggeggec cctacatctce cgtcaactge 3360
cagctatatg ccgacagcgt gcetgggecag gacktttatgyg gcagegeccc taccgacgat 3420

. gaaaatggtc gectgageoeg ccottgagetg gocaacggeg goacectgtt tetggaaaag 3480
atcgagtatc tggegecgga getgcagtceg getctgetge aggtgattaa geagggegtg 3540

o ctcacccgec tcgacgeccg gegectgatc ccggtggatg tgaaggtgat tgccaccace 3600
52) accgtegatc tggccaatct ggtggaacag aaccgcttta gcoccgccaget gtactatgeg 3660
B ctgcactcct ttgagatcgt catccecgecg ctgcgegecc gacgcaacag tattcegteg 3720
ctggtgcata accggttgaa gagcctggag aagcecgtttct cttocgogact gaaagtggac 3780
gatgacgcgc tggcacagct ggtggcctac tcgtggecgg ggaatgattt tgagctcaac 3840
agcgtcattg agaatatcge catcagcagc gacaacggec acattcgect gagtaatctg 3900
ccggaatate tcottttccga gecggoegggce ggggatageg cgtcateget getgecggee 3960
agcctgactt ttagcgccat cgaaaaggaa gcectattatte acgecgeccy ggtgaccage 4020
gggcgggtge aggagatgtc gecagctgcte aatateggec gcaccaccct gbtggegeaaa 4080
atgaagcagt acgatattga cgccagecag ttcaagcgea agcatcagge ctagtetett 4140
cgattcgcge catggagaac agggcatccg acaggcgatt gectgtagegt ttgagegegt 4200
cgegeagegyg atgogegegg tocatggeeg tcagcaggeg ttcgageega cgggactggg 4260
tgcgegecac gtgcagetgg gcagaggcga gattcctcecc cgggatcacg aactgtttta 4320
acgggccgcet cteggecata ttgeggtega taagecgete cagggcggtg atcteoctett 4380
cgccgatcgt ctggctcagg cgggtcaggce cccgecgeatc gotggecagt tcagecccca 4440
gcacgaacag cgtctgetga atatggtgeca ggctttccecg cageccggeg tegegggtecg 4500
tggcgtagca gacgcccage tgggatatca gttcatcgac ggtgcegtag goctcecgacge 4560
gaatatggtec tttctcgatg cggctgecge cgtacaggge ggtggtgect ttatccccgg 4620
tgcgggtata gatacgatac attcagtttc tctcacttaa cggcaggact ttaaccaget 4680
gcececggegtt ggcgecgage gtacgeagtt gatcgteget atcggigacg tgtccggtag 4740
ccageggege gtocegocogge agetgggeat gagtgaggge tatctcegeeg gacgegoctga 4800
gcccgatace cacccgcagg ggcgagettce tggocgecag ggcgeccagc geageggegt 4860

(ﬁ © caccgeetec gtcataggtt atggtctgge aggggaccce ctgctoctce ageccccage 4920
‘_) acagctcatt gatggcgceg gcatggtgcc cgcgcggatc gtaaaacagyg cgtacgectg 4980
gcggtgaaag cgacatgacg gtecccctegt taacactcag aatgectgge ggaaaatcge 5040
ggcaatctcoc tgctegttge ctttacgegyg gttcgagaac geattgeegt cktttagage 5100
catctcegee atgtagggga agteggectc ttttaccccc agatcgegea gatgetgegg 5160
aataccgata tccatcgaca gacgegtgat ageggegatg getttttecg ccgegtegag 5220
agtggacagt ccggtgatat tttecgeccat cagttcageg atatcggega atttctcegg 5280
gttggegatce aggttgtage gcgeccacatg cggcagcagg acagcgttgg ccacgccgtg 5340
cggcatgtcg tacaggccge ccagetggtg cgccatggeg tgcacgtage cgaggttgge 5400
'gttattgaaa gccatccegg ccagcagaga agcataggec atgttttcce gegectgecag 5460
attgctgeeg agggccacgg cctggegcadg gttgegggeg atgaggegga togectgeat 5520
ggecggcggeg tccgtcaccg ggttagegtco tttggagata taggcctcta cggegtgggt 5580
cagggcatce atcceggteg cegeggtcag ggeggccggt ttaccgatca tcagecagtgg 5640
atcgttgata gagaccgacg gcagtttgcg ccagctgacg atcacaaact tcactttggt 5700
ttcggtgtty gtcaggacge agtggegagt gacctegetg geggtgecgg cggtggtatt 5760
gaccgegacg ataggcggca gegggttggt cagggtcteg attceggecat actggtacag 5820
atcgccctea tgggtggegg cgatgecgat gectttgoeg caatcgtgeg ggctgecgee 5880
‘gcccacggtg acgatgatgt cgecactgttc geggcgaaac acggcgaggce cgtcgegcac 5940
gttggtgtet ttegggtteg gctcgacgee gtcaaagatc gocacctega tcoccggecte 6000
ccgcagataa tgcagggitt tgteccacege gecatcttta attgctcgeca ggectttgte 6060
ggtgaccage agggcttttt tcocceccccag cagetggecag cgttogecga ctacggaaat 6120
ggcgttgggg ccaaaaaagt taacgtttgg caccagataa tcaaacatac gatagctcat 6180
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<212> DNA <213> Artificial Sequence <220> <223> Descript
. Sequence; prinmer <220> <223> prinmer <400> 10 ttacgcccc
11 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: prinmer <220> <223> prinmer <400> 11 a ?gatg
- tgcacct gPUERBI 15 211> 26 <212> DNA <213> Artifici a|PC§QI§&I%%é <220>
<223> Description of Artificial Sequence: prinmer <220> <223> prinmer <400>

h?%ewaef%‘ﬁ 4 LSHSL

12 cgagceﬁag‘jé‘éa ét? getragt ettt 2 POTS Q@@i@%ﬂcczﬂ@gmcmcmg%% 4B 0Febr uary
2004 WO asgﬁcgg Lerpgseasy aaog CI%\@%?E?B-MF‘F‘HCFE?%I %ence
<220> <ﬁ T R Segz,-ﬁ% cobbidtete seebag pri mer
<400> 13 gctgcaggcg ctecaggett tattcaggga aatatcgeag ctggagacga aggcctcgtc 6480
catccgctgg ataagcageg tgttgectec goggtcaact acggaaaaca ceaccgecac 6540
gttgatctca gtggcttttt tttccaccge cgccgeeatt tgctgggegg cggeccagggt 66090
gattgtctga acttgttgge tcttgttcat cattctctocc cgcaccagga taacgctgge 6660
gcgaatagtc agtaggggge gatagtaaaa aactattace atteggttgg cttgetttat 6720
ttttgtcagec gttattttgt cgeccgeocecat gatttagtca atagggttaa aatagegtcg 6780
gaaaaacgta attaagggceg ttttttatta attgatttat atcattgcgg gocgatcacat 6840 .
tttttatttt tgccgcocecgga gtaaagtttc atagtgaaac tgtcggtaga tttegtgtge 6900
caaattgaaa cgaaattaaa tttatttttt tcaccactgyg ctcatttaaa gttccgetat 6960
tgecggtaat ggcegggegg caacgacgct ggcccggegt attegetace gtetgeggat 7020
ttcacctttt gageccgatga acaatgaaaa gatcaaaacg atttgcagta ctggcccage 7080
gecccegtcaa tcaggacggg ctgattggeg agtggectga agaggggcetg atcgecatgg 7140
acagcccctt tgaccceggtce tcttcagtaa aagtggacaa cggtctgate gtcgaactgg 7200
acggcaaacg ccgdggaccaqg tttgacatga tcgaccgatt tategeegat tacgcgatca 7260
acgttgagcg cacagagcag gcaatgcegce tggaggeggt ggaaatagec cgtatgetgg 7320
tggatattca cgtcagccgg gaggagatca ttgccatcac taccgccatc acgccggeca 7380
aagcggtcga ggtgatggeg cagatgaacg tggtggagat gatgatggeg ctgcagaaga 7440
tgecgtgeceg ccggaccece tccaaccagt goccacgtcac caatctcaaa gataatcegg 7500
tgcagattgc cgctgacgcc geccgaggccg ggatccgegg cttctcagaa caggagacca 7560
cggtcggtat cgcgcegctac gogeegttta acgcectgge getgttggte ggttegcagt 7620
gecggoccgece cggegtgttg acgecagtgcet cggtggaaga ggccaccgag ctggagctgg 7680
gcatgegtgg cttaaccagce tacgeccgaga cggtateggt ctacggeocace gaageggtat 7740
ttaccgacgg cgatgatacg ccgtggtcaa aggegttect cgecteggec tacgectcee 7800
gcgggttgaa aatgeogctac accteccggea ccggatccga agegectgatg ggctattegg 7860
agagcaagtc gatgctctac ctcgaatecge getgcecatctt cattactaaa ggegeocgggg 7920
ttcagggact gcaaaacgge gecggtgaget gtatcggeat gaccggeget gtgecgtcegg 7980
gcattcggge ggtgetggeg gaaaacctga tegectcotat getegaccte gaagtggegt 8040
ccgccaacga ccagacttte tcccactcgg atattcegeceg caccgcgege accctgatge 8100
"agatgctgcc gggcaccegac tttattttet cecggcectacag cgcggtgceg aactacgaca 8160
acatgttcge cggetcgaac ttcgatgogg aagattttga tgattacaac atcctgecage 8220
gtgacctgat ggttgacggc ggcctgegte cggtgaccga ggcggaaacc attgeccattc 8280
gccagaaagc ggcgcgggeg atccaggegg ttttecgega getggggetg ccgccaatcg 8340
ccgacgaggda ggtggaggec gecacctacg cgcacggeag caacgagatg ccgécgcgta 8400
acgtggtgga ggatctgagt gcggtggaag agatgatgaa gcgcaacatc accggectcg 8460
atattgtcgg cgegectgage cgcagogget ttgaggatat cgeccagecaat attctcaata 8520
tgctgcegeca gcgggtcacce ggcgattacce tgcagacctc ggccattetce gatcggecagt 8580
tcgaggtggt gagtgcgghtc aacgacatca atgactatca ggggecggge accggctatc 8640
gcatctctge cgaacgctgg geggagatca aaaatattcc gggegtggtt cagcecgaca 8700
. ccattgaata aggcggtatt cctgtgcaac agacaacceca aattcagecc tcttttacce 8760
i ) tgaaaacccy cgagggceggg gtagettetg ccgatgaacyg cgccgatgaa gtggtgatcg 8820
S ‘gegteggecece tgccttegat aaacaccagce atcacactcet gatcegatatg cccecatggeg 8880
cgatcctcaa agagctgatt gccggggtgg aagaagaggg gcttcacgce cgggtggtge 8940
gcattctgeg cacgtocgac gtctccttta tggectggga tgoggccaac ctgagegget 9000
cggggatcgg catcggtate cagtegaagg ggaccacggt catccatcag cgcgatctge 9060
tgcegetcag caacctggag ctgttctcec aggegecget getgacgetg gagacctace 9120
ggcagattgg caaaaacgct gcgcgetatg cgcgcaaaga gtcaccttcg ccggtgcoccgg 9180
tggtgaacga tcagatggtg cggccgaaat ttatggccaa agccgcgcta tttcatatca 9240
aagagaccaa acatgtggtg caggacgccecg agcccgtcac cctgcacate gacttagtaa 9300
gggagtgacc atgagcgaga aaaccatgcg cgtgcaggat tatccgttag ccacccgetg ™ 9360
cceggagcat atcctgacge ctaccggcaa accattgacc gatattacce tcgagaaggt 9420
gctctctgge gaggtgggcc cgcaggatgt gcggatctcc cgccagaccce ttgagtacca 9480
ggcgcagatt gccgagcaga tgcagcegcca tgeggtggeqg cgcaatttee gecgegegge 9540
ggagcttatce gccattectg acgagegeat tcoctggectate tataacgege tgegecegtt 9600
ccgctceccteg caggeggage tgctggcegat cgoccgacgag ctggagcaca cctggcatge 9660
gacagtgaat geccgecttitg tccgggagte ggcggaagtg tatcagcagc ggcataaget 9720
gcgtaaagga agctaagegg aggtcagcat gecgttaata gecgggattg atatcggcaa 9780
cgccaccacce gaggtggege tggecgtcoga ctacccgcoag gcgagggegt ttgttgecag 9840
cgggatcgtc gcgacgacqgq gcatgaaagg gacgegggac aatatcgcecg ggaccctege 9900
cgcgectggag caggecctgg cgaaaacace gtggtcgatg agcogatgtct ctcgecatcta 9960
tcttaacgaa gocgegecgy tgattggega tgtggegatg gagaccatca ccgagaccat 10020
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gcgtctagag' taggttattc ccactcttg <210> 14 <211> 26 <212> QN@ <21§5§4
Artificial Sequence <220> <223> Description of Art|f|C| pri mer
.<220> '<223> priner PCTIUSOQ 22874 29 <400> 14 gaagtcgacc gctgcgcctt atccgg

26 <210> %u <é%1> 28 <212> DNA <213> Artificial Sequence <220> <223>
Descri pt O%%3R&rtificial Sequence: primer <220> <223> BETNEI/28H0> 15
cgcgtcgacg tttacaattt caggtggc <210> 16 <211> 23 <212> DNA <213>

CArtif
<r22'0>' ci %gi?ggéﬁggc@cga%é@; 1§Z£§ca8§S§J Rido2 g
<212> DNAgg/ggg%a ge,; dtaktgitaly Sﬁﬁu@f@e é’g%
Artifici algaSeeprsnceacepodaver tkdcfedut

é%aauggyag pri mer

egal 5211> 27

& @d
&5@%& é@eﬂfdalat iamoof

umwg@ﬁ@!i B2 49y BB Ya< Py i%%3>

'prl nmer gtaaaaccct
tggcggeggt
ggatcgccac
gcgccctgat
cgegggtgat
atgtcgcega
acatccgegg
tggegtecct
atacgtttat
ccgtegggat
aactgagcgc
tcgecgggge
cecggetegac
ccggggcggyg
cgctggcgga
gtcacgagaa
aagtggtgta
aaattcgtct
cgctgegeca
geggetceatce
gcgtggtcge
ccgggetget
aacgtgctat
ggccgagttt
gegggtegee
cgccatggcec
cattgecctg
ccagacggcec
tctegatcett
cggggtettt
gaccaccate
aattc

<QRGs9ugpac

gcaggtcecec

.gatecctgteg

ggccatcgte
cecgeagygay
aaagcgcecgce
cgectgeget
tgagcgggtyg
ccaggatctg
cgagtgecgec
aatgcaggtt
cgtggaggcec
ggcgatcctc
gataacggcg
gctgggecte
ggaaagcctg
cagcccggeg
taacgccage
tgtcaccaac
cgectttgtg
ggaagccttg
gcegegceaat
tcgecgccagce

accttaaccy

gcgggcetgeg
attatctggg
cacctaaatc
gtgctgecegt
gggctctatce
gccgecagtce
atacaagcgt
ctgaccgacg

<210>
<211>
<212>
<213>

2
22

<220>
<223>

<220>
<223>

<400> 2
gctttctgtg

<210> 3

<2tl> 23
<212>
<213>

<2205
<223>

<220>
<223>

<400> 3

DNA
Unknown

DNA
Artificial Sequence

aaccgcctge
gagggggtaa
aatccctacg
cccatcgece
gatgtgcagt

ggagaggccg

ccggtacgeg
cgcaaggtaa
ctggeggtgg
atggagaatg
atcgceccgeg
aacatggcca
gacctcggcg
gtccatctceg
gaggatcttt
ttcagtattc
gtgttcgeca
ccgetggaaa
tgcctgegeg
gtgctggtygg
tcgecactatg
gecaggtegeca
ctctctcttt
ggcagtgcgt
tcgetgeget
geecttggegt
cggecggtgac
ttattgttge
gccagetgtt
ttaacctgge
ttgcecgtgga
acggcaacgg

Pescription of
primer

ctgcggcttt

primer

Artificial

Description of Artificial Sequence:

tggtcgagga tccacttcac ttt

gccggtggtg gatgaagtga
ggaagtggcc gegcegggec
cittctteggg ctaagcccqgg
tggcaaccgt tccegeggtgg
cceggeggge aacctctaca
gggcgcggaa gecatcatge
cgaaccgggc acccacgecg
gaccggccat gagatgageg
tccgecgecaag gtgcagggeg
ggcggcgatg gtgaaagegg

ccgactgcag accgaggtgg

gttaaccact cccggetgtg
ggatgeggeg atcgtcaacg
gaatatggtc agcctgttga
agcgataaaa aaatacccge
tggcgeggtg gagtictttce
catcaaggag ggcgaactgg
cgtgcgecga caggcegaaag
ggtctcacce ggcggttcca
gctggacttt gagatcccge
cgggcaggge aatatteggg
actggccggt caggcgaatt
ttcaggatge cgataatgaa
cttggcaccg gattgctcat
ggggeccaget ttggtcagtg
atctacctga cggeceggtgt
tggetgttecg ceotgttttga
ggggcctict gegeccgecege
gaacagagtc agcatatcgt
tccacgtace cgecatccaca
acggcaatcce tgatggcgat

Sequence: primer

primer

cgctgetgga
aggtggtgcg
aagagaccca
tgctcaagac
ttagecggega
aggcgatgag
geggeatgcet
cgatatacat
ggatggcegg
atcgtctgea
tggtgggcgg
cggcegecget
cggaggggca
ttaaaaccga
tggccaaagt
gggaagccct
tgcecgatega
agaaagtgtt
ttcgegatat
agcttatcac
gaacagaagqg
aaacgggcgce
ccagacttet
tttettegge
ggagatcagt
cteeggegeyg
acgecgcaag
getggtgtat
gcgcggcact
tatcactttt
gatcatggece

10380
10440
10500
10560
10620
10680°
10740 -
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12145

22

23



cagtctagag ttattggcaa acctacc <210> 18
Artificial Sequence <220>
<220> <223> priner

ggéﬁznce Op&}

<223> Description of Artificial Sequence: primer

> Artificial Sequence <220>

<211> 25 <212> qg@
<223> Description of Artifici §équg%ce pri mer
<400> 18 gatgcatgcc cagggcggag acggc <210> 19 <211> 29

<223> Descrlptlon of Artificial
<220> <223> primer <400> 19 ctaacgattgh '3
aaaat gtcc <210> 20 <211> 30 <212> DNA <213> Artificial Sequence <220>

<220> <223> priner

PCT/ USOCO/<228%¥4 127 25 29 <400> 20 cacgcatgca gttcaacctg ttgatagtac 30 <210>

.21 <211><2 >
of Artifis

3

ccttttaaat taaaaatg 28 <2

5

<$312> DNA <213> Artificial Sequence <220> <223> Description
HﬁQﬁleﬂ h&ﬁk <220> <223> pri.mer

<400> 21 gcgtctagat

<220>
<223> Description of Artificial Sequence: primer
S <220>
<223> primer
T <400> 4
aaagtgaagt ggatcctcga ccaattggat ggtggcgcag tagcaaacaa t 51
<210> 5
<211> 23
‘<212> DNA
<213> Artificial Sequence
o <220> -
Yy <223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 5
ggatcaccgce cgcagaaact acg 23
<210> 6
<211> 25
<212> DNA
<213> Artificial Sequence
- <220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 6
ctgtcagceg ttaagtgtte ctgtg 25
'ff) <210> 7
o Co«211> 23
<212> DNA
- «213> Artificial Sequence
<220 :
-<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 7
cagttcaacc tgttgatagt acg 23
<210> 8
<211> 20
<212> DNA
<213> Artificial Seguence
<220>
<223> Description of Artificial Sequence: primer



<211> 51 8 18 February 2004 WO 01/12833 <212> DNA <213> guence
<220> <223> Description of Artificial Sequence: primer Ag%%g %Qgégﬁpprlner
-PCT/ US00/ 22874 <400> 22 gcgcggatcc aggagtctag aattatggga ttgactacta
aacctctag&EL]%%?<210> 23 <211> 36 <212> 'DNA <213> Artificial Sequence
<220> cription of Artificial Sequence: priner EBEHHSOVRBHRS prjner
<400> 23 gatacgcccg ggttaccatt tcaacagatc gtcctt 36 <210> 24 -<211> 34
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence:<§ﬂﬂzner <220> <223> priner <400> 24 ttgataatat aaccat ggct
gct gct get §28agPBYmex210> 25 <211> 39 <212> DNA <213> Artificial Sequence
<220> <223= . Degcription of Artificial Sequence: primer <220> <223> priner

. <400> 25 ggégggag@; Gatdalelt gga tccaataaat ctaatcttc <210> 26 <Zyl> 24
<212> DNA

<210> 9
<211> 20
<212>  DNA
<213> BArtificial Seguence.
T 220> .
<223> Description of Artificial Sequence: primer
<220>
<223> primer
. <400> 9
atggagaaaa aaatcactgyg ) 20
Y <210> 10
i <211> 20
<212> DHA
<213> BArtificial Sequence
t<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 10
ttacgecccg cectgccact 20
<210> 11
<211> 20
<212> DHNA
<213> Artificial Sequence
- €220> .
<223> Description of Artificial Sequence: primer
S T <220>
: <223> primer
©<400> ¢ 11
tcagaggatg tgcacctgca 20
<210> 12
<211> 26
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 12

cgagcatgee geatttggca ctacte - 26



<213> Artificial Sequence <220> <223> Description of Arg e SEpence:
primer <220> <223> prinmer 39 9 WO 01/12833 <400> 26 catgacta aaggaggaca
attc <210> 27 <211> 24 <212> DNA <213> Artificial Sequence <220> <223>
Descri pt n of Artificial Sequence: prinmer <220> <223> prinmer <400> 27
catggaaﬁ*ﬁ VBtcttac tagt <210> 28 <211> 19 <212> DYSW288H £ i ci al
Sequence <220> <223> Description of Artificial Sequence: prinmer <220>
<223> pri b> <4Q0> 28 ctagtaagga ggacaattc <210> 29 <211> 19 <212> DNA
<213> Artdohici @l Sequence <220> <223> Description of Artificial Sequence:
prinmer <22@2> oRR3> prinmer <400> 29 catggaattg tcctcctta <210> 30 <211>
15 <21221PNAAzpAGEcip} tSefiperficgl Sequence <220> <223> Descri ption of
Artificiq52§§quehcer pri nmer - S :

<223> Description of Artificial Sequence: primer

<220> .
<223> primer
<400> 13
'gcgtcectagag taggttattc ccactettg 29
<2i0> 14
<2il1> 26
<212> DNA
<213> Artificial Sequence
<220> _ _ _
e €223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 14
gaagtcgacc gctgcgectt atcegg 26
<210> 15
<211> 28
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 15
cgcgtegacg tttacaattt caggtggc 28
> <210> 16 '
"-) o <211> 23
<212> DNA _
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 16
gcagcatget ggactggtag tag 23
<210> .17
<211> 27
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer



<220> <223> priner <400> 30 gatccaggaa acaga <210> 31 .5 > 212>
DNA <213> Artificial Sequence 18 February 2004 PCT/ US00/ 25??&“‘5&%05
15 10 18 February 2004 WO 01/12833 <220>
rimer <220> <223> prinmer <400> 31
LUIBBIBDONA <213> Artifici al

al Sequence: term nator sequence <220>

Sequence;
<211> 94W

Artifici

19 19

<223> Description of Artificial

ctagtctgtt tcctg <210> 32

Sequence <220>

<22 BCTHSCHIZ8H | on of

<223> term nator sequence

PCT/ US00/<22874 15 <400> 32 agcttaggag tctagaatat tgagctcgaa ttcccgggca
t gcggt acc@2dat cragema 60 aaagcccgca cctgacagtg cgggettttt tttt 94 <210> 33

<211> 37
Artifi-ci

Sequence <220>

primer

primer

primer

primer

4§§;Z>7DNA <213> Artificial ‘
Alng RIS OBl at B IS 253202  <223> pri mer
<210> 18
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
<220>
<223> primer
<400> 18
gatgcatgecec cagggcggag acggc
<210> 19
- <211> 29
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
<220>
<223> primer
<400> 19
ctaacgattg ttctctagag aaaatgtcc
<210> 20
<211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:
<220>
. 223> primer
<400> 20
cacgcatgca gttcaacctg ttgatagtac
<210> 21
<211> 28
<212> DNA
<213> Artificial Sequence
<220>
«223> Description of Artificial Sequence:
<220>
<223> primer
<400> 21
gcgtctagat ccttttaaat taaaaatg
<210> 22
<211> 51

<223> Descri ption of
27

25

29

30

28



-

<400> 33 .ggaattcaga tctcagcaat gagcgagaaa accatgc 37 <21q§ﬁ6‘ F}?é(?ff 27
> <212> DNA <213> Artificial Sequence <220> <223> Description ol “Ar ﬁ‘i ci al
-Sequence: primer <220> <223> prinmer <400> 34 gctctagatt agcttccttt acgcagc
<210> 35 ﬁﬁ#; 33 <212> DNA <213> Artificial Sequence <220> <223>
Descri pt NONIR: tificial Sequence: primer <220> <223> BFEHSPUZBTH1 19
February 2004 WO 01/12833 <400> 35 ggccaagctt aaggaggtta attaaat gaa aag
<210> 36 <2ZP1>DM¥6 <212> DNA <213> Artificial Sequence <220> <223>
Descri pti 6#3f Muificidlafementonce: priner <220> <223> priner '
PCT/ USQO 22844 33 <400> 36 gctctagatt attcaatggt gtcggg 26 <210> 37 <211>
42 <212>¢ <Bels3zif¥ibhf € hat ; S8OERBEGIeN2ED> primed3> Description of
Artificial Sequence: prinmer <220> <223> priner :

<220> : .

<223> primer

o <400> 22
gcgcggatec aggagtctag aattatggga ttgactacta aacctcectate t 51

- <210> 23
<21l> 36
<212> " DNA
<213> Artificial Sequence

<220> :
<223> Description of Artificial Sequence: primer

<220>
gﬁ\ o <223> primer

| <400> 23
gatacgcccg ggttaccatt tcaacagatc gtcctt . 36

<210> 24

<211> 34

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Segquence: primer

<220>
<223> primer

<400> 24
ttgataatat aaccatggct gctgetgetg atag : 34

<210> 25 '
<211> 39

- <212> DNA

L}) ‘ <213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<400> 25 ]
gtatgatatg ttatcttgga tccaataaat ctaatcttc : 39

<210> 26

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: primer

<220>
<223> primer



<400> 37 gcgcecgtcta gaattatgag ctatcgtatg tttgattatc tg 4 <211>
36 .<212> DNA <213> Artificial Sequence <220> <223> Desé?ﬁ%%ﬁ%ﬁygﬁb

“Artificial Sequence: priner <220> <223> prinmer <400> 38 tctgatacgg
gatcctc tggcg gaaaat 36 <210> 39 <211> 18 <212> DNA <213>
Artific?gﬁu@é%%énce <220> <223> Description of Artificing§§&%§ﬁE%: | i nker -
<220> <223> |inker <400> 39 tcgacgaatt caggagga <210> 40 <211> 18 <212>
DNA <213> Artificial Sequence 18 12 18 February 2004 WO 01/ 12833
PCT/ US00/ 99874 920> <223> Description of Artificial Sequence: |inker
<220> <2PF9FHIePAIHIBHOLET agt cct cc tgaattcgl8 <210> 41 <21P4 4549
<212> DNA(»192133 Artificial Sequence -

<211> 24
<212> DNA
<213> Artificial Seguence
<220> |
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 27
catggaattg tcctececttac tagt : 24 -
<210> 28
<211> 19
<212> DNA )
ﬁ?h ) <213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
<400> 28
ctagtaagga ggacaatte ’ 19
<210> 29
<211> 19
<212> DNA
<213> Artificial Seguence
<220>
. <223> Description of Brtificial Sequence: primer
<220>
<223> primer
<) j <400> 29
“ catggaattg tcctectta - 19
<210> 30
<21l1> 15
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: primer
<220>
<223> primer
- <400> 30
gatccaggaa acaga ' 7 15
«210> 31
<211> 15
<212> DNA

<213> Artificial Sequence

10

S L



' ggcaggaactgct gaacagca
'+ cgccct gagaagoccpt gacgggettttcttgtattatgggtagtttcct 780

' -atttacagag

- <220> <223> Description of Artificial Sequence: .pCL19
-~ plasm d <400> 41 agctcgtcag cgggtgttgg ‘

cgggt gt cgg. ggct ggct t aact at'gcggcat cagagcag60
tat gcggt gy ﬁpcgcacagatgcgtaaggagaaaa120
gccatt caggct gcgcaact gt t gggaagggcgat cggt g180
‘ccagct ggcgaaagggggat gt gct gcaaggcgat t aagt 240 t gggt aacgc
ccagtcacggc t t gt aaaacgacggccagt gaatt cgag300 ctcggtaccc
t agagt cga f)ca C C cgt.aat .0 ctg
PRk olaFripao R AnTRt Ol est SUOANa, Dheniancy
aagt gt aaageat>ggggt gcct aat gagt gagct aact cacat t aat t gc480
ct gcccgcet kKezragbrigggaaacct gt cgt gccagctgcat t aat gaat 540

gaattcccgacg t aggacgggt aagcct gt t gat gat accgct gcctt a600
%&9 Ct Gl

attgtactga
taccgcat ca
cgggcctctt

‘tagccagtc§ 1cgggat aat ccgaagt ggt cagact gg660
aaagt cagat agcaccacat agcagacc720

cat aaaagge gPhgt gccatttacccccattcact gccagagccgt 840

aactgaatgg gﬁpagg?ggag&gg qggcaggtgcctgatggtcggagagoo
' % gcccgagittgcyayg

att cagcgat g?%ctacttaagcctttagggt960

gttttgtagaggipgcaaacagcegtttgecgacatccttttgtaatact gcgl020
aagt agt gagriat anacagggohggyatcifdel gl tSetnteaicet t ttethink@80
tattctat aaatt asequebe®t t gaat at aaacaaaaaaaacacacaaagl140
>_ctagcagaatttacaagttttccagcaaaggtCtagchOO
gat acccacgséi.capaggaaaadlgagiagl aattat catt gact agccc1260
gl at agt gatt aaaat cacct agaccaat t gagat gt at gt ct gaatt ag1320
“gbcaaatgaaﬁmm@cgattagtcgctatgacttaacggagcatgaaacca1380
at gct gt gt ggederara éat.aaaee%q,taégmqt?am&éwgaeaéagtgawg@m
at cgt t cactE2HE5ETaSFHAGRt R GaItar heachttagt agggaaal500
tgtatt agctagpgcaaccagagagct gat gacgagaact gt ggaaat cal560
ggtt aaaggetit-gagatttt ccagt ggacaaact at gccaagttct caal620
agaatt agt kela>agbgaagagat attgeccttatcttttccagtt aaaaal680
at at aat ct §gbacabeifaakticteIEgathaacaaat act ct at gaggal740
gttattaaagg?ﬁptaacacaaaagaaaactcacaaggcaaatatagaga1800
t gaattt aaghiHat gliRabaoht goazal A3cLAGealaRrat t 13aR&1860
at gggtttt gaaaccaat aagt aaagattt aaacactt acagcaat at gal920
t gat aagcga gcccgactgatacgttgattttccaagttgaact agl9o80
ggat ct cgt &attgaBEtt*gagaacaaccagat aaaaat gaat ggt gaca2040
aaccat t acalgagakt cct acct acat aacggact aagaaaaacact ac2100
aact gcaaaggidaagsd cacsaghid bggaggaaaalktiddgagt gaca2160
gt at gatctcaatggttcgttctcat ggct cacgcaaaaacaacgaacca2220
catactggcggﬁg}ag$gaaggatctgaggttcttatggctcttgtatct2280

DNA
Artificial Sequence

. <212>
{f) <213>
<220>

<223> Description of Artificial Sequence: primer
<220>
<223> primer

<400> 34

gctctagatt agettecttt acgcagce

<210>
<211>
<212>
<213>

35

33

DNA

Artificial Segquence

<220>

<223> Description of Artificial Sequence: primer
<220>
<223> primer

11

20 184 Bruary 2604

gagt gcacca
LS P
cagggttttc

ggggat cct c

cggaagcat a
gttgcgctca
cggccaacgc
ct gggt gcat
aaaat cagag;s
cgccat aaaa
t gcat gaat c
gagcgcagcg
caaaaggaat
tttaaggtct

gaact gact a

attctttctt

gt ct agcgga
agaatttaca’
atctcaattg
ttgttttcaa
agctaatttt
Pa&aeIffaeg
atgcttatg
ggaat ccttt
gcgaaaaat t
aattcat aaa
tttatgagtg
ttagccttga
ggcttaacca
aat t ggt ggt
at agacaaat
aaaaaccaac
acgatgcttt

t gcaaagt aaz

cact agagaa

27



at cagt gaag catcaagactaacaaacaaaagtagaacaactgttcaccgttapagg&ggéﬁé@2004
aagggaaaac tgtccat at gcacagat gaaaacggt gt aaaaaagat agat acat cagag 0
cttttacgag tttttggtgcattcaaagctgttcaccat gaacagat cgacaat gt aaca2460 -
gatgaacagp abgtaacacctaatagaacaggtgaaaccagtaaaacaaagcaactagaa2520 13 WO
01/ 12833Y® B&EPHary 2004 PCT/.US00/ 2287- | - PCT/US00/22874

cat gaaat t gaacacct gagacaactt gtt acagct caacagt cacacat agacagcct g2580
aaacaggcgat gct gct t at cgaat caaagct gccgacaacacgggagccagt gacgcct 2640

cccgt ggggapgaaajscat ggcaat t ct ggaagaaat agcgcttt cagccggcaaaccgg2700
ct'gaagccofrteigrgabibgattancapactegraagaccagaacageccgt t t gcgg276(G3
gcagcaaaacccgt gggaat taattcccct gct cgcgcaggct gggt gccaagcet ¢t cgg2820

~ gtaacatc §c- t ccttggagcccttgeccct cecgcacgat gat cgt gccgt gat 2880

cgaaat cca getggacccgeagt t gcaaaccct cact gat ccgcat gcccgtt ccat 2940

acagaagctgdesgantaapsgat §cjuegest t ccagaaaaccgaggat gcgaaccact t 3000
cat ccggggt cagcaccaccggcaagcgccgcgacggccgaggt ctt ccgat ct cct gaa3060

gccagggc Pecqgt gcacagcacctt gccgt agaagaacagcaaggccgccaat gecct 3120
-gacgatgcgggééggﬁﬁﬁééﬁﬂePﬁﬁ%@&?%%ff%bé@g ggdggﬂﬁgatgcctcga3180
ct't cgct gct.ggccaaggt t gccgggt gacgcacaccgt ggaaacggat gaaggcacgaa3240
cccagt ggagataagnaGingt t cggtt cgt aagct gt aat gcaagt agcgt at gcgct cac3300
gcaactgg{;gagaaccttgaccgaacgcagcggtggtaacggcgcagtggcggttttca3360
tggcttgtt actgttttttt gt acagt ct at gcct cgggcat ccaagcagcaag342Q
cgcgttacd%ﬁgfﬁég%c@H?ﬁ?gggaﬁﬁﬁpgtggagcagcaacgatgttacgcagca99348§6
. gcagt cgcenbhaaapcaaag ttaaacat cat gagggaagcggt gat cgccgaagt at cga3540
ct caact atcagaggtzagt t ggcgt cat cgagcgcecat ct cgaaccgacgt t gct ggccg3600
.tacatttgt gct cagt ggat ggcggcct gaagccacacagt gatattgattt gc3660
_ngttacggfﬁ-Ecégggﬁﬁﬁﬁgg%¥§ﬁaﬁ%aacgcggcgagctttgatc'aacgaccttt3720
t ggaaact t cggct t cccct ggagagagcgagat t ct ccgegcet gt agaagt caccatt g3780
t t gt gcacgacgacaisatt $heh 0gC gkt atictay Glegagu@c gaaahgeaat t t ggag3840
-aat ggcagcgcaat gacatt ctt gcaggt at ctt cgagccagccacgat cgacatt gat c3900
tggctatctﬁgﬁ?gacaaaagcaagagaacatagcgttgccttggtaggtccagcggcggSQ60
aggaact ct1%¥dat et cct gaacaggat ct at t t gaggcgct aaat gaaacct t aa4020
cgct at ggaagihsgcegcccgact gggct ggcgat gagcgaaat gt agt gett acgtt gt 4080
cccgcat t t gfcagrgmggaditaageygeanmdh cgagesgaaggatygt cgct gccgact 414042
gggcaat ggagcgcct gccggcccagt at cagcccgt cat act t gaagct agacaggctt 4200
at cttggac da gat cgctt ggcct cgcgcgcagat cagt t ggaagaat tt gt cc4260
act acgt ga C at caccaaggt agt cggcaaat aat gt ct aacaatt cgttcaad4320
gccgacgccggiztcgegdegegactiarateaagegt t agat gcact aagcacat aat t g4380
ct cacagccaaact at caggt caagtctgcttttattatttttaagcgtgcat aat aagc4440

cct acacaasd0gggagat at at cat gaaaggct ggctttttcttgtt at cgcaat agtt 4500
. ggcgaagt ¥legcRREcatREigRat AZAECE A CTAYTY Tt tRCFEA549 <210> 42 <211> 199

<212> DNA.,,¢0s

<223> primer

) <400> 38 _
tctgatacgg gatcctcaga atgcctggcg gaaaat 36

<210> 39

<211> 18

<212> DNA : :

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: linker

<220>
<223> linker

<400> 39
tcgacgaatt caggagga 18

<210> 40

<211>. 18

<212> DNA

<213> Artificial Sequence

12



<213> Artificial Sequence <220> <223> Description of Artificial ence:
gl ucose i sonerase pronoter <220>  <223> pronoter <400> 4 hF'eBh?ary%@(%’
gaattcactagtcgatctgt gctgtttgcc acggtatgcagcaccagcgc gagattatgg 60

gct cgcacgcet cgact gt cg gacgggggca ct ggaacgagaagt caggcg agccgtcacg 120
cccttgac§§¥-g@§§atcc t gagcaaat a attcaaccact aaacaaat ¢ aac@%@ﬂﬁ?ﬁzﬁéb
cccggaggt aaccaagcett 199 <210> 43 <211> 21 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: prinmer <220>
<223> prigmep>14 WO 01/ 12833 <400> 43 gacgcaacag tattccgtcg ¢ <210> 44
<211> 42 «<xRR2>pdAipdbaoAnttidicial sSagueace 1xAd}> <223> Description of
Artificial Sequence: prinmer <220> <223> prinmer 18 February 2004

PCT/ US00/ 928974 21 <400> 44 atgagctatc-gtatgttccg ccaggcattc tgagtgttaa cg

42 <210>

73> <olipken3

<212> DNA <213> Artificial

Descri ptigmeef Atificial
' ctagtccteoe tgaattcg

R

<210>
<211>
<212>
<213>

41

<220>
<223>

<220>
<223>

<400> 41
agctcgtcag
attgtactga
taccgcatca
cgggcctett
tgggtaacgc
ctcggtacec
gtcatagctg
cggaagcata
gttgcgctca
cggcecaacgce
ctgggtgcat
aaaatcagag
cgccataaaa
tgcatgaatc
gagcgcageg
caaaaggaat
tttaaggtct
gaactgacta
attectttett

~ gtctagcgga

agaatttaca
atctcaattg
ttgttttcaa
agctaatttt
‘aacggacggt
atgcttatgg
ggaatccttt
gcgaaaaatt
aattcataaa
tttatgagtg
ttagcettga
ggcttaacca
aattggtggt
atagacaaat
aaataccaac
acgatgcttt
‘tgcaaagtaa

cactagagaa

atcagtgaag
aagggaaaac
cttttacgag
gatgaacagc

4549
DN&A
Artificial Sequence

plasmid

cgggtgttgg
gagtgcacca
ggcgccattc
cgctattacg
cagggtttte
ggggatcctce
tttecctgtgt
aagtgtaaag
ctgccegett
gaattceccga
tagccagtet
ggcaggaact
cgccetgaga
cataaaaggc
aactgaatgt
attcagcgat
gttttgtaga
aagtagtgag
tattectataa
atttacagag
gatacccaca
gtatagtgat
agcaaatgaa
atgctgtgtg
atcgttecact
tgtattagcet
ggttaaaggc
agaattagtt
atataatctg
gttattaaaa
tgaatttaag
atgggttttg
tgataagcga
ggatctcgta
aaccattaca
aactgcaaaa
gtatgatctc
catactggct
catcaagact
tgtccatatg
tttttggtge
atgtaacacc

Description of Artificial

cgggtgtcgg

tatgcggtgt
gccattcagg
ccagctageg
ccagtcacga
tagagtcgac

‘gaaattgtta

cctggagtgce
tccagteggg
cagtaagacy
gaatgacctg
gctgaacagc
ageccgtgac
gcctgtagtyg
cacgaaaaag
ttgcecgage
ggagcaaaca
ttatacacag
attataacca
ggtctagcag
actcaaagga
taaaatcacce
ctagcgatta

gcactactca

tataaccaat
aaagcaacca
tttgagattt
tttagtgaag
gaacatgtta
gaactaacac
ttcatgttaa
aaaccaataa
ggceogcccga
accgaacttg
tcagattcct
attcagctca
aatggttcgt
aaatacggaa
aacaaacaaa
cacagatgaa
attcaaagct
taatagaaca

Sequence:

ggctggctta
gaaataccgc
ctgcgcaact
aaagggggat
cgttgtaaaa
ctgcaggecat
tccgctcaca
ctaatgagtg
aaacctgtcg
ggtaagcctg
tcacgggata
aaaaagtcag
gggcttttet
ccattracce

acagcgactc

ttgcgagggt
gcgtttgega
ggctgggatc
cttgaatata
aatttacaag
aaaggactag
tagaccaatt
gtegetatga
accccacgat
acgctcagat
gagagctgat
tccagtggac
agatattgcc
agtcttttga
aaaagaaaac
tgcttgaaaa
gtaaagattt
ctgatacgtt
agaacaacca
acctacataa
ccagttttga
tctcatggct
ggatctgagyg
agtagaacaa
aacggtgtaa
gttcaccatg
ggtgaaacca

13

pCL1920

actatgcggce
acagatgegt
gttgggaagg
gtgctgcaag
cgacggccag
gcaagecttgg
attccacaca
agctaactca
tgccagectge
ttgatgatac
atccgaagtg
atagcaccac
tgtattatgg
ccattcactyg
aggtgcctga
gctacttaag
catcctettg
tattcttttt
aacaaaaaaa
ttttecagea
taattatcat
gagatgtatg
cttaacggag
tgaaaaccct
gatgaacatc
gacgagaact
aaactatgcc
ttatcttttc
aaacaaatac
tcacaaggca
taactaccat
aaacacttac
gattttccaa
gataaaaatg
cggactaaga
ggcaaaattt
cacgcaaaaa
ttecttatgge
ctgttcaccg
aaaagataga
aacagatcga
gtaaaacaaa

Sequence <220>
Sequence: prinmer <220> <223> primer

atcagageag
aaggagaaaa
gcgatcggty
gcgattaagt
tgaattcgag
cgtaatcatg
acatacgagc
cattaattgc
attaatgaat
cgctgectta
gtcagactgqg
atagcagacc
gtagtticct
ccagagcegt
tggtcggaga
cctttagggt
taatactgcg
atcttttttt
acacacaaag
aaggtctagce
tgactageccc
tctgaattag
catgaaacca
acaaggaaag
agtagggaaa
gtggaaatca
aagttctcaa
cagttaaazaa
tctatgagga
aatatagaga
gagtttaaaa
agcaatatga
gttgaactag
aatggtgaca
aaaacactac
ttgagtgaca

‘caacgaacca

tcttgtatet
ttacatatca
tacatcagag
caatgtaaca
gcaactagaa

<223>

18

60
120
180
240
300
360
220
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400 -

2460

2520



<400> 45 gcctggcgga acatacgata gctcataata tac. 33 <210> 4@ . <212>
DNA <213> Artificial Sequence <220> <223> Description of Krtﬁ%|C|é§4

<220> <223> prinmer <400> 46 cggggcgctg ggccagtact 9 21
<210> 47 (ﬁéig <212> DNA <213> Artificial Sequence <220> <223>
Descript?gh Rrtificial Sequence: primer <220> <223> BCIHSPUB3H> . <223>
pri.mer <400> 47 tcaaacccgg tggtttctcg cgaccggg <210> 48 <211> 28 28 15 18
Febr uary c20BaiVd 2428889 <a2cttORIA acR2IBEcaAr tddticasadat aﬁiﬁé‘m?ék > <223>
Descri pt R3#F08% {tRFFEGtapt 5'% ad %ﬁ?aatgaiz‘?{ﬂ L i t cagccgga
tat coacofE-TaeaE giresine @ s T biesee

Faacs serﬂaattéa&ca ga%& ¢dcagiqd

Sequencegg

- Sequence: primer

ca

gtaacatcaa

- cgaaatccag

acagaagctyg
catceggagt
gccagggcag
gacgatgcgt
cttegetget
cccagtggac
gcaactggtce
tggcttgtta
cgcgttacgce

.gcagtcgecce

ctcaactatc
tacatttgta
tggttacggt
tggaaacttc
ttgtgcacga
aatggcagcg
tggctatett
aggaactctt
cgetatggaa
ccegeatttg
gggcaatgga
atcttggaca
actacgtgaa
gccgacgcceyg
ctcacagecca
cctacacaaa
ggcgaagtaa

<210>
<211>
<212>
<213>

42
1399
DNA

<220>
<223>

<220>
<223>

<400> 42
gaattcacta
gctegecacge
cccttgacaa
cccggagygta

<210>
<211>
<212>
<213>

43
21
DNA

<220>

<223>

<220>
<223>

ggececgatece
atccttgacc
ggcgaacaaa
cagcaccacc
atccgtgecac
ggagaccgaa
gcccaaggtt
ataagecctgt
cagaaccttyg
tgactgtttt
cgtgggtcga
taaaacaaag
agaggtagtt
cggctccgca
gaccgtaagg
ggctteoccet
cgacatcatt
caatgacatt
gctgacaaaa
tgatccggtt
ctcgeccgecce
gtacagcgca
gcgectgecg
agaagaagat
aggcgagatc
cttcgecggeg
aactatcagyg
ttgggagata
tcgcaacatc

promoter

gtcgatctgt
tcgactgteg
tgecacatce
accaagctt

primer

ttggagcect
cgcagttgca
cgatgcetege
ggcaagcgcc
agcaccttgce
accttgeget
gccgggtgac
tcggttegta
accgaacgca
tttggggtac
tgtttgatgt
ttaaacatca
ggcgtcatcg
gtggatggcg
cttgatgaaa
ggagagagcyg
ccgtggegtt
cttgcaggta
gcaagagaac
cctgaacagg
gactgggctg
gtaaccggca
gccecagtatc
cgettggect
accaaggtag
cggecttaact
tcaagtctgc
tatcatgaaa
cgcattaaaa

Artificial Sequence

Description of Artificial

gctgtttgee

gacgggggca
tgagcaaata

Artificial Sequence

Description of ARrtificial

tgrectecog
aaccctcact
cttccagaaa
gcgacggcey
cgtagaagaa
cgttcgccag
gcacaccgtyg
agctgtaatg
gcagtggtaa
agtctatgec
tatggagcag
tgagggaagce
agcgecatct
gcctgaagcce
caacgcggceg
agattctccg
atccagctaa
tcttegagec
atagcgttge
atctatttga
gcgatgagceyg
aaatcgcgcc
agccecegtceat
cgcgegcaga
tcggcaaata
caagecgttag
ttttattatt
ggctggettt
tctagecgagyg

Sequence:

acggtatgca
ctggaacgag
attcaaccac

Sequence:

14

cacgatgatc
gatccgeatg
accgaggatg
aggtctteceg
cagcaaqggcc
ccaggacaga
gaaacggatg
caagtagcgt
cggcgcagtg
tcgggcatcc
caacgatgtt
ggtgatcgec
cgaaccgacg
acacagtgat

agctttgate

cgctgtagaa
gcgegaactg
agccacgate
cttggtaggt
ggcgctaaat
aaatgtagtg
gaaggatgtc

‘acttgaagct

tcagttggaa
atgtctaaca
atgcactaag
tttaagcgtg
ttcttgttat
gctttacta

nsagct¢udggegazo
880

gtgccgtgat 2
ccegttccat
cgaaccactt
atctcctgaa
gccaatgect
aatgcctega
aaggcacgaa
atgcgetcac
gcggttttca
aagcagcaag
acgcagcagg
gaagtatcga
ttgectggeeg
attgatttgce
aacgaccttt
gtcaccattg
caatttggag
gacattgatc
ccageggegy
gaaaccttaa
cttacgttgt
gctgccgact
agacaggett
gaatttgtcc
attcgttcaa
cacataattg
cataataagc
cgcaatagtt

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020

4080

4140
4200
4260

4320
4380
4440
4500
4549

glucose isomerase promoter

gcaccagege gagattatgg 60
aagtcaggcg agccgtcacg 120
taaacaaatc aaccgcgttt 180

primer

198



<220> <223> prinmer PCT/US00/ 22874 28 <400> 49 accagcgcgq§§%§§g§%ﬁk2512>

. cggctgagta ctcaacacct gccagctctt tacgcaggtt 60 <210> 50

DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence; i <220> <223> prinmer <400> 50 cagcatgcct _gcgaaccaca

ggcct at WU 5T 511508 <0105 DNA <2135 Artifici 5&%’3&%’%«3 <220>
<223> Description of Artificial Sequence: prinmer <220> <223> priner <400>
51 at gaacasmgt ggogcgt agg gttaacat <210> 52 <211> 28 <212> DNA <213>
Artifici adacSeegpregctatt2e@teg c<223>. Description of Artificial Seddence:
primer <220> -ﬁ323> primer prinmer 28 16. "WO 01/12833 18 February 2004

PCT/ US00/ 14.5?00> 52 ttaattactt gatttattgt cggcttta28 <210> 53 <211>
13B0 <212 2BNApna ' - ‘

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<400> 44
atgagctatc gtatgttccg ccaggcattce tgagtgttaa cg _ . 42

<210> 45
<211> 33
<212> DNA :
<213> Artificial Sequence

) <2205
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<400> 45
gcctggegga acatacgata gcetcataata tac. : 33

<210> 46

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer

<220>
«223> primer

) <400> 46 _
) cggggegetg ggccagtact g ' 21

<210> 47

<21i> 28

«<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: primer

<220>
<223> primer

<220>
<223> primer

<400> 47 . 7 )
tcaaaccecgg tggtttcteg cgaccggg : 28

<210> 48
<21i> 28

15



<213> Saccharonyces cerevisiae <400> 53 ctttaattttctttta
act ct cct acat aagacat caagaaacaattgtatattgt 60 acaccccccccct ccacaaa
cat aaat att gat aat at aaagat gt ct gct gct gct gat 120 agattaaactt aact tccgg
ccactt gag; ﬁlg%{}agaaagagaagt tcctcttctgttl180 tcettt gaaggct aaa
gcctttca 59 gt gat t ggat ct ggt aact ggggt 240 act act attgcc a{sﬁ

t gccgaaaat t gt aagggat acccagaagttttcgct cca300 at agt acaaat gt gggtgtt
cgaagaagagat camrggt gaaaaat t gact gaaat cat a360 aat act agacat caaaacgt
gaaat act4xcet qgeaficdel ciegoemmpacaat t t ggt t 420 gct aat ccagacttgattga

tt cagt caaggat gtcgacatcatcgttttcaacattcca480 catcaatttttgccccgtat
ct gt agw?%%ig%aaggf L9 :ORLGRCANOLEARBAD gehalct cct oi ct aaaggg
tttt gaagtt“got gt aaa gtcca tgctatcc acat cact gaggaact agg

- tattcaatgiaggt gct ct at ct ggt gct aacattgccacc660 gaagt cgct caagaacactg -

gt ct gaaacRaeagirtiget t accacatt ccaaaggattt c720 agaggcgagggcaaggacgt
cgaccat a ttctaaaggccttgttccacagaccttac780ttccacgttagtgtcatcga-
agat gttgﬁ%‘_‘gg ctegat el aig {gaagaac840 gttgttgccttaggttgt gg
“tttagtcgaag %ct aggctgggg%{cag%%g%&gcttct gct 900 gccat ccaaagagtcggttt

ggoat gaga-tmabcaagaat tcggtcaaatgtttttcccagaa960 tctagagaagaaacat acta

: ccaagagt‘e?t gttgct gat ttgat caccacct gcl1020 gct ggt ggt agaaacgt caa
ggttgcta ggi ac eté;ggt aaggacgcct ggl080 gaat gt gaaaaggagttgtt
gaat ggccad ccgctcaagg tacct gcaaagaall40 gttcacgaat ggttggaaac

at gt ggctgi;gt.cgaagacttcccattattt gaagccgt al200 taccaaatcgtttacaacaa
ct acccaatyaagasect gedggadabygaititigaslg dadieat@60 pgategt acat gaagat t agat
ttatt ggagaaagat aacatatcatacttcccccactttt1320 ttcgaggctcttctatatca
,..,tattcat %ﬁ cattatgtcatttctcataactactt1380 <210> 54 <211> 391
L 9213> Sact

t1%tFtebruary 2004

g%ZS'N

<212> PRT

nyces cerevisiae <400> 54 Met Ser Ala Ala Ala Asp Arg Leu Asn

Leu Thr &fypo>d4s H's Leu Asn 1 5 10 15 Ala Gy Arg Lys Arg Ser Ser Ser Ser
Val Ser isuagtyicAbgtchhiatd ug@Bg28cB0ttapsafyto gPbroctyet WaroHeptVe0 |le Ay
Ser Ay Asn Trp Ay Thr Thr 35 40 45 Ile Ala Lys Val Val Ala Au Asn Cys
Lys Ay gro’”Pr Gu Val Phe 50 55 60 Ala Pro Ii.e Val G n Met Trp Val Phe

14

Au du

>III§,AAsn Ay Gu 65 70 75 80 Lys Leu Thr Gu Ile Ile Asn Thr

Arg H s @ms>AsartValcikySsekpentdeu 85 90 95 Pro Ay Ile Thr Leu Pro Asp
Asn.Leu Val Ala- Asn Pro Asp Leu Ile 100 105 110 Asp Ser Val Lys Asp Val

Asp lle FQ?é”VaI Phe Asn ||

23> Description of ré%c f;Sequence primer

<220>
<223> primer

©<400> 50
cagcatgcct gcgaaccaca ggcctatce 28

<210> 51

<211> 28

o <212> DHNA

£ <213> Artificial Sequence

<220> ,
" 223> Description of Artificial Sequence: primer

- <220>
<223> primer

<400> 51
atgaacaagt ggggcgtagg gttaacat 28

<210> 52

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223>  Description of Artificial Sequence: primer

<220> _
<223> primer

16.



115
~.lle
. Ser
" Leu
* Ala

Thr

Asp

Hi s

230

245

260

275

Thr

Al a

Leu

Hi s

o

120

17

125 17 18 February 2004 WO 01/ 12833 PCT/ USOQ 228@53\3/@135?%@0 Arg
Cys Ser A n Leu Lys Ay H's Val Asp Ser..H s 130 135 1 a Ala lle .
Cys Leu Lys Ay Phe. Ju Val Ay Ala Lys Ay 145 .150 155 160 Val Gn
Leu éﬁfﬁla%ss-ryr Ile Thr Gu Gu Leu Ay Ile @n Cys 1%5 170 175 Gy
‘Leu Ser Ala Asn Ile'Ala Thr Gu Val Ala Gn 180 IS3/URPH2X3 G u Thr
Val Ala 195 . Tyr Hs Ile 200 Pro Lys 190 Asp Phe 205 AQu Ay Lys
Val H| s Lys Val Leu Lys Ala Leu Phe 210 215 220 Gu Hs Arg dy
Arg E’%ﬁagcttgt&gt a%tgélcgg t\c(al lle Gu Asp Val Ala Gy Ileger Ile 225
235 Val Val Ala Leu Ay Cys Gy Phe Val Gu
250 25f0>d y3lLeu Ay Trp Gly Asn Asn Ala Ser Ala Ala lle An Arg Val Ay
26;) ggmﬂ_egﬁjﬂy Guhlle Ile Arg Phe Gy G n Met Phe Phe Pro Qu Ser Arg
: P85 G u Thr Tyr 5y.r Gn u Ser Ala Ay Val Ala Asp Leu lle

< c QMY Ces e ia

290285 300 MRFOSe AF Gy Arg Asn Val Lys Val Ala Arg Leu Met
Thr 3656 339 315 320 Ser Gly Lys Asp Ala Trp Gu Cys Qu Lys Qu Leu
Asn etytaEkntt 325t 330t 83t Sarct At @tGhgr@ry dzgmaddast THutaGyfgbys 6@1 u Val
d u $p¥pq_cggcc(]qg:tc®4@ag4@cgmatt gataatataa agatgtctgc tgetgetgat™ 12

- agattaaact taacttccgg ccacttgaat gctggtagaa agagaagttc ctcttctgtt 180
tetttgaagg ctgccgaaaa gectttcaag ghtactgtga ttggatctgyg taactggggt 240
actactattg ccaaggtggt tgccgaaaat tgtaagggat acccagaagt tttcgetcca 300
atagtacaaa tgtgggtgtt cgaagaagag atcaatggtg aaaaattgac tgaaatcata 360
aatactagac atcaaaacgt gaaatacttg cctggcatca ctctacccga caatttggtt 420
gctaatccag acttgattga ttcagtcaag gatgtcgaca tcatcgtttt caacattcca 480
catcaatttt tgccccgtat ctgtageccaa ttgaaaggtc atgttgattc acacgtcaga 540
gctatctcct gtctaaaggg ttttgaagtt ggtgctaaag gtgtccaatt gctatectet 600
tacatcactg aggaactagg tattcaatgt ggtgctctat ctggtgctaa cattgccacc 660
gaagtcgctc aagaacactg gtctgaaaca acagttgett accacattcc aaaggatttc 120
agaggcgagg gcaaggacgt cgaccataag gttctaaagg ccttgttcca cagaccttac | 780
ttccacgtta gtgtcatcga agatgttgct ggtatctcca tctgtggtge tttgaagaac 840
gttgttgcet taggttgtgg tttcgtcgaa ggtctagget ggggtaacaa cgettctget 900
gccatccaaa gagtcggttt gggtgagatce atcagattcg gtcaaatgtt tttcccagaa 960
tctagagaag aaacatacta ccaagagtct gctggtgttg ctgatttgat caccacctge 1020
- gctggtggta gaaacgtcaa ggttgctagg ctaatggcta cttctggtaa ggacgcctgg 1080
gaatgtgaaa aggagttgtt gaatggccaa tccgetcaag gtttaattac ctgcaaagaa 1140
gttcacgaat ggttggaaac atgtggctct gtcogaagact tcccattatt tgaagcegta 1200
taccaaatcg tttacaacaa ctacccaatg aagaacctgc cggacatgat tgaagaatta 1260
gatctacatg aagattagat ttattggaga aagataacat atcatacttc ccccactttt 1320
ttcgaggctc ttctatatca tattcataaa ttagcattat gtcatttctc ataactactt 1380
<210> 54
<211> 391
<212> PRT
<213> Saccharomyces cerevisiae
<400> 54 _
Met Ser Ala Ala Ala Asp Arg Leu Asn Leu Thr Ser Gly His Leu Asn
1 5 10 15
_Alé Gly Arg Lys Arg Ser Ser Ser Ser Val Ser Leu Lys Ala Bla Glu
' 20 25 30
Lys Pro Phé Lys Val Thr Val Ile Gly Ser Gly Asn Trp Gly Thr Thr
35 40 45
Ile Ala Lys Val Val Ala Glu Asn Cys Lys Gly Tyr Pro Glu Val Phe
50 55 60
Ala Pro Ile Val Gln Met'Trp Val Phe Glu Glu Glu Ile Asn Gly Glu
65 70 75 8¢
'Lys Leu Thr Glu TIle Ile Asn Thr Arg His Gim Asn Val Lys Tyr Leu
85 90 a5
Pro Gly Ile Thr‘Leﬁ Pro Aép Asn Leu Val Ala Asn Pro Asp Leu Ile
100 105 110
Asp Ser Val Lys Asp Val Asp Ile Ile Val Phe Asn Ile Pro His Gln
115. 120 125




- Thr. Cys Gy Ser Val GQu Asp Phe Pro Leu Phe A u Al a Val r 360
365 Ile val Tyr Asn Asn Tyr.Pro Met Lys Asn Leu Pro Asp ﬁéfe%ﬁ%r@é&l

370375380 G u Leu Asp Leu -His Au Asp 385390 <210> 55 <211> 753 <212> DNA
<213> Saﬁéﬂgr Qp.cescer evi si ae <400> 55 at gggattgactactaaacc
tctatcttlgadagtitaacgceget ttgtt cgacgt cgac60 ggtaccat t at caCrASeY22874
accagccattgctgcattctggagggatttcggt aaggacl20 aaaccttatttcgatgctga

- acacgtt abgs argt sl BEA L 04 Idyg Isgaatytlehgrts1 80y gasatdigaimagktigct ccC

" agactttgccadtigaagagt at gt t aacy3at t agaagct 240 gaaat t ccggt caagt acgg

tgaaaaatccattgaagtccca cagttaa c30 ctttgaac tacc
aaaagaga%@@ F5a At 639“(:5 (% &j’t gésd‘gg ? o Vf’ g gg yt cga
gcat ct gggaatcaggagaocaaa acttcattaccgct4 18 418 February 2004 AVWO

: 01/ 1283395/@50£Hu22§174er Ser Tyr Ile Thr Glu Gl'l._l Leu Gly Ile Gln Cys

aat gat gt caaacagggt aagadé€$ cat ccagaaccat attt gaagggcaggaat dgetta 480
ggat at ccgat caat gagcaagacc ttccaa tcta agacget 540
ccagcaggta ¥tpdﬁc]8‘?d'b g g“tc:lé‘g%%é a,gﬁ‘tgg'f qIggt At g{g@g% [? ® 600
ttcgacttggacttcct aaaggaaaaaggct gt gacat cat t'gt caaaaaccacgaat cc 660
at’cagagt trggagctiacemt GEEgRACEYAQYaHGt tpaars agktidyt gacgagt axy 720

18

ttatat gctaaggactt ct gttgaaat gagt 39053 <210> 56 QP> 250 <212> P. RT <213>
Sacchar onyces CEYEVI Si ae <400> L J\/ﬁ . ¥ lianleug;] l‘)l_l_l sAPro Leu Ser Leu
Lys Val 'hz,l&g ¥R &1 48 Afp511]§p 1% Bre Asp¥¥ Mellelle Ser
Gn Pro Ala e Ala Ala 20 %5 30 Phe Trp Arg Asp Phe Gy Lys Asp Lys Pro
Tyr Phe ARsp trardd midivsl s3F vdl 4%e\GAh Adpe vel rrlvWadlySele Hes Gey Trp Arg Thr
Phe Asp ARa Ile AI a Lys 25@ 55 60 Phe Al &3Pro Asp Phe Al az‘Nsn Gu Qu Tyr
-val Asn C{.} g ‘7%5],5 8@ u Elec Pr gL Lyvg & Gy GQu Lys
: L G e
'-.;-ger Ile ézﬁ X 2P 676 5,&[53 8b ‘g8 Ys¥Celi oys” Asa Al'a Leu Asn Al a
Leu Pro Lys G u Lys Trp Ala 100 105 110
Gly Leu Gly Trp Gly Asn Asn Ala Ser Ala Ala Ile Gln Arg Val Gly
260 265 270
Leu Gly Glu Ile Ile Arg Phe Gly Gln Met Phe Phe Pro Glu Ser Arg
275 . 280 ' 285
Glu Glu Thr Tyr Tyr Gln Glu Ser Ala Gly Val Ala Asp Leu Ile Thr
290 295 300
“Thr Cys Ala Gly Gly Arg Asn Val Lys Val Ala Arg Leu Met Ala Thr
30s 310 315 320
Ser Gly Lys Asp Ala Trp Glu Cys Glu Lys Glu Leu Leu Asn Gly Gln
325 330 335
Ser Ala Gln Gly Leu Ile Thr Cys Lys Glu Val His Glu Trp Leu Glu
340 345 350
e Thr Cys Gly Ser Val Glu Asp Phe Pro Leu Phe Glu Ala Val Tyr Gln
L) 355 360 365
Ile Val Tyr Asn Asn Tyr Pro Met Lys Asn Leu Pro Asp Met Ile Glu
' 370 375 380
Glu Leu Asp Leu His Glu Asp
385 390
<210> 55
<211> 753
<212> DNA
<213> Saccharomyces cerevisiae
<400> 55 .
atgggattga ctactaaacc tctatctttg aaagttaacg ccgetttgtt cgacgtcgac 60
ggtaccatta tcatctctca accagccatt gctgeattet ggagggattt cggtaaggac 120
aaaccttatt tcgatgectga acacgttatc caagtctcge atggttggag aacgtttgat 180
gccattgeta agttogectce agactttgcc aatgaagagt atgttaacaa attagaaget 240
' gaaattccgg tcaagtacgg tgaaaaatcc attgaagtcc caggtgcagt taagetgtge 300
aacgctttga acgctstacc aaaagagaaa tgggctgtgg caacttcegg tacccgtgat 360
atggcacaaa aatggttcga gcatctggga atcaggagac caaagtactt cattaccget 420



Val Ala Thr Ser Gy Thr Arg Asp Met Ala A n Lys Trp the ' 120
125 Leu Gy Ile Arg Arg Pro Lys Tyr Phe Ile Thr Ala Asn %ge@h%@é& 130

135 140 G n Ay Lys Pro Hs Pro Qu Pro Tyr Leu Lys Gy Arg Asn Gy Leu
145 150 OIﬁgﬂGy Tyr Pro Ile Asn Qu G n Asp Pro Ser Ls Ser s Val
Val Val 175P.heGIuAspA|aProAlaGlyIIeAIa Ala Al a
- Gy Cys 180 185 Lys-1le lle Ay Ile Ala Thr Thr Phe Asp Leu 195 200 '
Lys. A Yy aG¥5ath)EPa |daeaddgr a¥adcckyst ohangddicsat@ta t@ﬁ@a@@ @apadartaMi® Ala A u
Thr Asp gGktatdaba @lcaatc.hascamcggt@czwarsew%rtwaﬂ gagsﬁt Leu Lys
4

Trp 24562«5@9@2&6%529:;‘3%1&@;:88:@;@ }-‘\g VEERTC I € vl %er lle Arg
Val %ﬁﬁ%%& % %a Sea2 E:b:'lﬂft}f SR O L/ 12533
PCT/ USO 0> 57 Met Asn Asn PH& Asn Leu
Hi s Thr Pro Thr-Arg IIe Leu Phe Gly Lys 151015 Ay Alalle Ala @y Leu
Arg Glu<@l1ﬂ>ll5§ Pro Hs Asp Ala Arg Val 20 25 30 Leu Ile Thr Tyr Ay Gy
Ay Ser 5%% Lys Thr Ay Val Leu Asp 35 40 45 G n Val Leu Asp Ala Leu
Lys Ay >A%gc(\_4§4ro;n§ébsecgré%hglg y Ay 50 55 60 Il'e Qu Pro Asn Pro Ala .
Tyr Au Thr Leu Met Asn Ala Val Lys Leu B

<400> 56 -

Met Gly Leu Thr Thr Lys Pro Leu Ser Leu Lys Val Asn Ala Ala Leu

1 5 10 15

Phe Asp Val Asp Gly Thr Ile Ile Ile Ser Gln Pro Ala Ile Ala RAia
20 25 30

Phe Trp Arg Asp Phe Gly Lys Asp Lys Pro Tyr Phe Asp Ala Glu His
35 - 40 45

Val Ile Gln Val Ser His Gly Trp Arg Thr Phe Asp Ala Ile Ala Lys
50 55 60

Phe Ala Pro Asp Phe Ala Asn Glu Glu Tyr Val Asn Lys Leu Glu Ala.
65 . 70 75 80

Glu Ile Pro Val Lys Tyr Gly Glu Lys Ser Ile Glu Val Pro Gly ala
85 90 95

Val Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro Lys Glu Lys Trp Ala
100 105 110

val Ala Thr Ser Gly Thr Arg Asp Met Ala Gln Lys Trp Phe Glu His
115 120 125

Leu Gly Ile Arg Arg Pro Lys Tyr Phe Ile Thr Ala Asn Asp Val Lys
130 135 140

Gln Gly Lys Pro His Pro Glu Pro Tyr Leu Lys Gly Arg Asn Gly Leu
145 150 155 160

ﬂ;) Gly Tyr Pro Ile Asn Glu Gln Asp Pro Ser-Lys Ser Lys Val Val Val
: 165 ' 170 175

Phe Giu Asp Ala Pro Ala Gly Ile Ala Ala Gly Lys Ala Ala Gly Cys
180 185 190

. Lys Ile Ile Gly Ile Ala Thr Thr Phe Asp Leu Asp Phe Leu Lys_Glu
: 185 200 205

Lys Gly Cys AsprIle Ile Val Lys Asn His Glu Ser Ile Arg Val Gly
210 : 215 220

Gly Tyr Asn Ala Glu Thr Asp Glu Val Glu Phe Ile Phe Asp Asp Tyx
225 230 235 240

Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp
- 245 250

<210> 57
<211> 387

19



IS Y

P

.65 70 75 80 Val Arg Qu dn Lys Val Thr Phe Leu Leu Al a Gy
Ser 85 90 95 Val Leu Asp Ay Thr Lys Phe Ile Ala Ala Al J\éq&ebqjémg‘%? Pro
G@u 100 105 110 Asn Ile Asp Pro Trp His Ile Leu An Thr Ay Ay Lys Qu
e Lys g&)loqﬂ%%% 125 Ser Ala Ile Pro Met Ay Cys Val Leu Thr Leu Pro Al a
Thr er 135 140 G u Her Asn Ala Ay Al a Val IIeP§ngSﬂP/§28L‘§/s Thr
Thr Gly Asp Lys 145 150 155 160 Gn Ala Phe His Ser Ala His Val @n Pro
Val Phe Leu Asp 165 170 175 Pro Val Tyr.Thr Tyr Thr Leu Pro Pro
Arg G @@f’ ﬁacgﬁn Ay Vval 180 185 190 Val Asp Ala Phe Val H's Thr Val
Gu d@n Tyr Val Thr Lys Pro Val 195 200 205 Asp Ala Lys Ile G n Asp Arg
Phe Ala<@o> @7 |Ile Leu Leu Thr _Leu 210 . 215 220 Ile G u Asp Ay Pro Lys
Aa LeuMeyshad gsprigedi) A8h H??rThASBICVéFE_'L‘O %5132?369‘?%‘92%1@ L% g Ala Asn Vval
Met Trp a Ala Thr A Ala Leu Asn Gy Leu Ile 245 250 255 dy Ala Ay Val
Pro G naAspaity R1&@aTély bhs abpteikeslGiye s Eas@a2fiy 240 Leu Thr Ala
Met . H| s Gy Leu AspoHis. Ala G n Thr25Leu AI alle VaI 30275 280 285 Leu Pro

Ala Leu Trp Asn Gu Véls Arg Asp Thr L A&‘f eu 90 295 300 Leu
G n Tyr BaPali@ dhATgEVErY FHH CAY P )éalr Y § P305 310 315 320

201 8 February 004 V\DOl/12833 PCT/USOO/22874 u Arg IIe Asp Ala Ala Ile
Al a Al aglhrvAr gedsizpPhie: Bhe 1gh Us1G Ret325330335ed @uuGihy &at GPyo Thr His Leu
Ser  Asp Tyr sy Leu Asp Gy Sér Ser 340345-3581le Pro AI a Leu Leu Lys Lys

“Leu Au GQu Hs Ay Mt Thr Le 53 65 4 HlsAspIIeThr
Cou Asp N& e BRATARY Mp Toreid i3 igreint e A 175 *has
Val aArg Glu Gln Lys Val Thr Phe Leu Leu Ala Val Gly Gly Gly Ser
8BS 90 95

Val Leu Asp Gly Thr Lys Phe Ile Ala Ala Ala Ala Asn Tyr Pro Glu
100 ’ 105 110

Asn Ile Asp Pro Trp His Ile Leu Gln Thr Gly Gly Lys Glu Ile Lys
115 120 125

Ser Ala Ile Pro Met Gly Cys Val Leu Thr Leu Pro Ala Thr Gly Ser .
130 135 140

Glu Ser Asn Ala Gly Ala Val Ile Ser Arg Lys Thr Thr Gly Asp Lys
145 150 155 160

Gln Ala Phe His Ser Ala His Val Gln Pro Val Phe Ala Val Leu Asp
165 170 175

Pro Val Tyr.Thxr Tyr Thr Leu Pro Pro Arg Gln Val Ala Asn Gly Val
180 185 190

Val Asp Ala Phe Val His Thr Val Glu Gln Tyr Val Thr Lys Pro Val
195 200 205

-iy) Asp Ala Lys Ile Gln Asp Arg Phe Ala Glu Gly Ile Leu Leu Thr Leu
' 210 . 215 220

Ile Glu Asp Gly Pro Lys Ala Leu Lys Glu Pro Glu Asn Tyr Asp Val
225 230 , 235 240

Arg Ala Asn Val Met Trp Ala Ala Thr Gln Ala Leu Asn Gly Leu Ile
' 245 250 255

Gly Ala Gly Val Pro Gln Asp Trp Ala Thr His Met Leu Gly His Glu
7 260 - 265 270

Leu Thr Ala Met His Gly Leu Asp His Ala Gln Thr Leu Ala Ile Val
275 280 285

Leu Pro Ala Leu Trp Asn Glu Lys Arg Asp Thr Lys Arg Ala Lys Leu
290 295 300

Leu Gln Tyr Ala Glu Arg Val Trp Asn Ile Thr Glu Gly Ser Asp Asp
305 : 310 315 320
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<210> 58 <211> 1164 <212> DNA <213> E. coli <400> 58 atgqgjg ct 2004
» ttaatctgcacaccccaacccgcattctgtttggtaaaggcgcaat cget 60 ggtt &%Eﬁ”y
aacaaattcctcacgat gct cgcgt attgattacctacggcggcggcagecl20 gt gaaaaaaa

ccggcgt t] agttctggat gccct gaaaggcat ggacgt gct g180 gaatttqggc
. gtattgag@%&%@@g.ggcttatgaaacgctgatgaacgccgtgaaactgz40 gtﬂﬁﬂ@???%“14
accaaattta

agaaagt gactttcctgctggcggttggcggceggttct gt act ggacggc300
tcgeccgeagegget aactat ceagaaaghat gaaheegh0gaacald sho3he €rABKI99CY
gtaaagaga?taébagcgc@a;gpcgatgggctgtgtg@bgacgctgcca420 gEmaccggt t
cagaat ccaacgcaggcgcggt gat ct cccgt aaaaccacaggcgacaag480 caggcgttcc
at t ct gcaeat gjtyt ca:gcmggmm Higdegt $pxt 6?sat'1‘a'€g@m ben Ace H4y fecaBECt gC
éf?tgt acacaccgtg gaacagtatg

cgccgcegt caggt gget 24€ggcegt agt ggacgce
‘ ”accaaaxgcgaéot gat q,%%aﬁe%aigs%ggaf&pm Gag2g0F et 66Q &idekgacgc
- taat cgaa ﬁtggtgggaaagccct aaagaggragaaaact acgat gkg720 cgcgccaacg
t cat gt gggcggcgact caggcgct gaacggtttgatt ggcgct ggcgt a780 ccgcaggact
gggcaacguat Glwgasygischaydaet c@@n@ﬁ@@@éd@ﬁté%%dﬁﬁ8@@ E¥c §éBcaaa
cact ggct at ct&ct gecct geact gt at gaacaacgcgat at€aag900 cgcgct aage
tgctgcaqhatgﬂ}gggcgcgtctggaacatcactgaaggttccgatgat960 gagcgtattg
»acgccgcgﬁﬁtgccgc acccgcaatttctttgagcaattaggcgt gccgl020 acccacct ct
ccgact acggt ct ggacggcagct ccat eccggcttt gct gaaaaaact g1080 gaagagcacg
gcat gacccaact gggcgaaaat cat gacatt acgtt ggat gt cagccgc1140 cgt at at acg
- aagccgc tad1164 <210> 59 <211> 32 <212> DNA <213> Artificial Sequence
1 <220> < cription of Artificial Sequence: Primer <400> 59 gcggtaccgt
t gct cgacghsb gaggbiftc gg <210> 60 <211> 33 <212> DNA <213> Artificial
~.Sequence <220> <223> Description of Artificial Sequence:Prinmer 32 21 WO

01/ 128334049058 60 gc%agctcga cgcttgccct gatc%agttt t gc <2%p> 63. ., <211> 33
atgaacaact ttaatctgca caccctaacd cgeatt tgt ttggtaaagg cgcaatcget 60
. 'ggtttacgcg aacaaattcc tcacgatget cgcgtattga ttacctacgg cggcggecage 120
gtgaaaaaaa ccggegtict cgatcaagtt ctggatgccc tgaaaggeat ggacgtgctg 180
gaatttggcg gtattgagec aaaccegget tatgaaacgce tgatgaacgc cgtgaaactg 240
gttcgcgaac agaaagtgac tttcetgetg gcggttggeg gcggttctgt actggacgge 300
accaaattta tcgccgcage ggctaactat ccggaaaata tcgatccgtg gcacattctg 360
caaacgggcg gtaaagagat taaaagegec atcccgatgg gctgtgtget gacgctgeca 420
gcaaccggtt cagaatccaa cgcaggcgceg gtgatctcecc gtaaaaccac aggcgacaag 480
caggegttcc attctgeecca tgtteageeg gtatttgceg tgetcgatce ggtttatace 540
tacaccetge cgecgegtea gghggetaac ggegtagtgg acgcctttgt acacaccgtg 600
gaacagtatg ttaccaaacc ggttgatgcc aaaattcagg accgtttcge agaaggcatt 660
- ttgctgacge taatcgaaga tggtccgaaa gocctgaaag agocagaaaa ctacgatgtg 720
cgegecaacg tcatgtggge ggegactcag gegctgaacg gtttgattgg cgctggcgta 780
ccgcaggact gggcaacgca tatgctggge cacgaactga ctgcgatgea cggtctggat 840
cacgcgcaaa cactggctat cgtcetgect geactgtgga atgaaaaacg cgataccaag 900
- cgegetaage tgctgcaata tgetgaacge gtctggaaca tcactgaagg ttccgatgat 960
gagcgtattg acgccgcegat tgccgcaacc cgcaatttct ttgagcaatt aggcgtgccg 1020
acccacctct ccgactacgg tctggacgge agetecatcec cggetttget gaaaaaactg 1080
gaagagcacg gcatgaccca actgggcgaa aatcatgaca ttacgttgga tgtcagecge 1140
cgtatatacg aagccgcccg ctaa 1164
<210> 59
<211> 32
<212> DNA
<213> Artificial Sequence
<220> .
<223> Description of Artificial Sequence:Primer’
<400> 59
gcggtaccat tgctcgacge tcaggttite gg 32
<210> 60
<211> 33
<212> DNR

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Primer
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ERE Y It

<212> DNA <213> Artificial. Sequence <220> <223>-Descriq%kpn of é'ficial
Sequence: Primer 18 February 2004 PCT/ US00/ 22874 33 <400~ fbﬁﬁﬁééé ga
cgcttgccct gatcgagttt tgec 33 <210> 62 <211> 20 <212> DNA <213> Artificial
Sequence ;ﬁﬁ?>3'<223> Description of Artificial Sequence:Prinmer <400> 62
cagct ggc X2 Wgt t cg 20 <210> 63 <211> 30 <212> DNA <FCTAISRPRIS ¢j a
Sequence <220> <223> Description of Artificial Sequence:Prinmer <400> 63
cccagct gg 00agaccggtt cgcttgetgt <210> 64 <211> 30 <212> DNA <213>
Artifici Qfga ROURNEErTaelt gsddgriesgeiption of Artificial Sequence: Priner
<400> 64 ggcgdgacccga cgctccagac ggaagctggt <210> 65 <211> 30 <212> DNA

. <213> Artificial Sequence <220> <223> Description of Artificial

Sequencezgiﬂingﬁ <400> 65 ccgcaagatt cacggatgca tcgtgaaggg 30 30 30 22 3

. <212> DNA
. <213> Artificial Sequence

<220> . .
<223> Description of Artificial Sequence:Primer

<400> 61 ‘ . ’ .
gegagctcga cgettgecet gategagttt tge 33

<210> 62

<211> 20

<212> DNA

<213> Artificial Sequence

Y <220

<223> Description of Artificial Sequeénce:Primer

<400> 62 . )
cagctggecaa ttccggtteg 20

<210> 63

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 63
cccagetgge aattccggtt cgcttgetgt 30

<210> 64
<211> 30
<212> DNA

'QQ} <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 64 ,
ggcgacccga cgctccagac ggaagetggt 30

<210> 65

<211> 30

<212> DNA

<213> Artificial Sequence

(o
£220> ]
<223> Description of Artificial Sequence:Primer

<400> 65
ccgcaagatt cacggatgca tcgtgaaggg : 30
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WD 01/ 12833 <210> 66 <211>.27 <212> DNA-<213> Art|f|0|q J$§qren <220>
<223> Description of Artificial Sequence:Prinmer <400> 66 gdEeriay
acgagttctg agcggga <210> 67 <211> 30 <212> DNA <213> Artifici al Sequence
<220> %@i @gifrlption of Artificial Sequence:Priner 18 Februamé 2004
PCT/ US( c) Vv 27 <400> 67 ggaattcatg aacaacttta atctg 310> 68
<211> 30 <212> DNA <213> Artificial Sequence <220> <223> Description of
ArtificiabidSegaence: Priner <400> 68 gtttgaggcg t aaaaagctt agcgggcggc 30 23

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> 66
cgccttettyg acgagttetyg ageggga 27

‘<210> 67

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Primer

<400> ©7
fﬁ) ~ ggaattcatg aacaacttta atctgcacac 30

<210> €8

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence:Primer

<400> 68
gtttgaggeg taaaaagctt agcgggegge . 30
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