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Glycerol — 3-HPA + HyO {Equation 1)
3-HPA + NADH + H* — 1,3-Propanediol + NAD* - (Equation 2)

35 accumulates in the media. The overali reaction consumes a reducing
equivalent in the form of a cofactor, reduced p-nicotinamide adenine
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Clostridium, and Klebsiella, a paral?el pathway for giycerol operates which
first involves oxidation of glycerol to dihydroxyacetone (DHA) by a NAD*-
(or NADP*-) linked glycerol dehydiogenase, Equation'3. The DHA,
following phosphorylation to dihydroxyacetone phosphate (DHAP) by a
35 DHA kinase (Equation 4),
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SUMMARY OF THE INVENTION

The example embodiments provide for bioconverting a fermentable

35 carbon source to 1,3-propanediol at higher vield than previously obtained and
with the use of a single microorganism. The yield obtain is greater than 35%,

and preferably greater than 40%. Glucose is used as a model substrate and
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with the use of a single mcroorganism The yield
obtain is greater than 35% and preferably greater
than 40% d ucose is used as a nodel substrate and 5
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' expression of active aerobic respiration control protein;
f) an up regulated endogenous ppc gene encoding active
phosphoenolpyruvate carboxylase;

g) an up regulated endogenous bfuR gene encoding actwe

30 cob(l)alamin adenosyltransferase; and
h) an up regulated yqhD gene encoding active alcohol
dehydrogenase.
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with a suitable carbon substrate under suitable conditions.

In a third aspect, there is provided an E. coli strain comprising

% a) a disrupted endogenous phosphoenolpyruvate-giucose
phosphotransferase system preventing expression of
active PEP-glucose phosphotransferase system proteins;

b) an up regulated endogenous galP gene éncoding active

15 galactosé—proton symporter; ‘

c) anup regulated endogenous g?k gene encoding active
glucokinase;

d) = adown regulated endogenous gapA gene encoding active
glyceraldehyde 3-phosphate dehydrogenase.




b) an up regul at ed endogenous gal P gene encodi ng
active 35 gal actose-proton synporter, c) an up

‘regul at ed endogenous g/ kgene encodi ng active

_preventing t hecobhalsminesenosylisinsisasaie met hyl gl yoxal

1di srupt ed -endogﬁ;m@ugoﬂbﬂécmnﬁemﬂg RélisRethbbe
e

13
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.25 ' q) any one of the nucleotide sequences for a pSYCO

gl ucoki nase; d) a down regul at ed endogenous gapA gene
encodi ng active glyceral dehyde 3-phosphate
dehydrogenase. 7 e) a disrupted endogenous arcA gene

pr e;/enlt i ng ?xmaaﬁﬁugfed éifdo@éhéz?éear@,g @Bk Grévahithd 8kpraBsion
control protein; an requ e ndogenous” ppc
gene encodi ng ggg{z%vga ﬁ@gﬁ%%érﬁgﬁgrbwrﬁ(}gpgg Br boxyl ase;
5 g) an up M eg@mtper@gggmmmgnmww ensodugragtive
active cob(l) gphaspivendpyasntd éapshfisase; h) an up

fesu 2 o0 YO A b opogp v

synthase; jh) aafliupreglietbdoRHPuRHUSHCRaIM BEVEalcohol
preventing thed ﬁgcgrrgssa{ gn of active acetate kinase;
k) a disrupted 8. 8?1%&?' pta gene preventing the
expr essi on ibf actistyplegandpaenaussnesi gensprevarmsing)the

r nase A, a
tof] i ShTE i ERting i
expressi on of §&psHonpPHativeacssty fines@nase B. n) a
di srupt ed &mdogmaeé%da@ér@urm?@hbrwe@hﬁhgﬂ% on
20 of active p onat e, de ratase. 0) a -
di srupt ed endoggﬁggsg%&? %ﬁs pﬁ‘?@% EaisﬁﬁeStEIQB '‘ession of
ctive gl yber of diripisd engggencys Ydpgens eisderingdhe gl dA
glene pr Ievgnt I Sexmmmaf émive@gdéah%é u@hw%&érﬁ?et@@dent
gl ycero y n .an any. one e
Dt cort doTDuqnacuaad sndlfenct gt A8 HRie g e
NGs: 65, 66, 67¢XRieps®®) ofeptive aliehyy debydfoganash 8.
embodi nent §) di §glshgted 2BaYFerBRY edtitRnel eﬁﬂ%ﬁagﬁ'ession
q:onst ructs pSYCfOnglle ﬁSY PB SY| 8 SY! 9 or
heir correspoRdihye RUTRIGEUEENE @asern | p
NOs: 65, 669) 67a disrupted endogenous gipK gene preventing expression
of active glycerol kinase;
p) adisrupted endogenous gldA gene preventing expression
of active NADH-dependent glycerol dehydrogenase; and

G or upt ed dhaofeliEed HERS

_ construct SEQ ID NOs:65, 66, 67, or 68.
] Additionally, any of the embodiments disclosed above may also
include the constructs pSYCO101, pSYCO103, pSYC0106, pSYCO109

- or their corresponding nucleotide sequences SEQ ID NOs:65, 66, 67, or
-68. '

BRIEF DESCRIPTION OF THE DRAWINGS,
SEQUENCE DESCRIPTIONS, AND BIOLOGICAL DEPOSITS
The invention can be more fully understood from the following

" detailed description, the Figure 1, the accompanying sequence listing and

- descriptions, and biological deposits that form parts of this application.
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BRI EF DESCRI PTI ON OF THE DRAW NGS, SEQUENCE
DESCRI PTI ONS. AND BI OLOG CAL DEPOCSI TS The invention
can be nore fully understood fromthe foll ow ng

weteisossdsgdescription, the Figure 1, the accqgaaRydosesisos
sequence listing and descriptions, and biol ogi cal
deposits that formparts of this. appllcatlon 7a WO

2004/ 033&aBired Hhgss03roPesediol rpgustisnicosmaed as between
1, 3-taodeansiaitnsnua @egénﬂam( 6988rBEd %G‘ENEW@DMEWPIODS
f er égtc'a?ﬁ Stgﬁ;éﬂ'g?%se I-Ll%ﬂ?’gﬁq'\qaég{&ba@g in h%%mer case,

FI\/P the ghrp WFMH/RSY&QTQ%r case, the strain used

VBI:: EZP{J Eﬁ?ﬁ%}%&ré&a 48P ﬁorﬁ%ﬂ%@%eﬂﬁé&fé I%hﬁ’ﬁﬁaiﬁﬁ
ol JEray Benply it B9 odes QQV%IBQ&HG'QR?%aﬁ@Pﬁam@eCﬁ?

di sciegveneesdiscioparesin paippl applications sasebferthfinrth in 37
gpgl G5 CE %?1732’&3582(‘5 Fﬁ@dﬂll\lr’&ﬁﬁﬁfgm‘%r ﬁgferzgiggligggogsn 4 or

A oSN BOARAIE et AN A SaiREe

Rl deisglosures withé quuemmmweé’mand\nnfiltbeh‘mlmbtent with World

l nt qhieﬁ%tuallprgﬁgr@fﬁggarﬁ%ﬁgﬁéﬂ@ g@%ﬁ’:‘%@??@@@dg%na the
of ¢ RPN Eaa et o b BRp ane BT (Riles #5504

Sec t49%%(astisg, amtSpotix2@® arid AtreexAd of thesAdrainisiration

| NSHRSAIKIORD) ThESeRRALE %gc ébMth%e SRBGStR chbiEfor

r code for 15 nucl % nce, characters
breriete

| t
130G quleofifie Seance sharagirs apa ¢ cRdes Jar alainp agigs
in (ﬂsmﬂﬁlﬂ irycwmfonnnrtmth ﬂU@Am;’AEUBUEEI siandards ddsgribed lired

- IB Ino 1IAiE iR Fhels 156@0 1%&3 gil‘é‘ ; %Q%qlg ¢ %khgﬁﬂ:grr %bdwfﬁ
her é’h’ﬁn?‘ﬁ@%?éb @rsﬁ@reérmom%@e YRRISEENCe: ¢ he
parti al NCd® l%téq@@rttaénwﬂeqiti@@aueﬂce Q@L@@e’dﬁ?ng
Johe én@a&iﬁglhecfakpsv%uox%we%s%neSEQ ID NG 2-3 are

ol i gonuc construct the

i srupt | S EERoPR Bt PRk fessl P penghichine,

usedreddisamtionm di sruption of arcA. 25 SEQIDNO6 is

the part s&b MIRLRCLS Gfe SRDABAES! [?mh@%%ba to BORRY NY

theéilbsﬁld&t l&%A(P cassette. SEQ I are

ol i ‘priners used to construct pR6Kgal P,
25he t errpSEQel DoNExGriscthe partiet eugieatidetsenuergs efqdoubatiof

t he enebdingaroBRP-CHR/GkPEsRier . 30 SEQ I D NGs: 9-10 are

ol gonuch&t IlDdﬁogH_gg{_g ol%o%gc[go i eoxglrrc’rrtlérs used to construct

pR6KgalP, the template plasmid for trc promoter replacement of the
- chromosomat galP promoter.

30 SEQ ID NOs:9-10 are oligonucleotide primers used to construct
pR6Kglk, the template plasmid for trc promoter replacement of the
chromosomal gik promoter.

SEQID NO:1l1 Is the nucleotide sequence of the loxP-Cat-JloxP~Trc
cassette.

35 SEQ 1D NOs:12-13 are oligonucleotide primers used to confirm
integration of SEQ 1D NO:11 for replacement of the chromosomal galP
promoter. '




pR6Kgl k, the tenplate plasmd for trc pronoter
repl acenent of the chronosomal gl k pronoter. SEQ ID
NO 11 is the nucl eotide sequence of the

Waxddoduabess OXP--Trc  cassette. 35 SEQ | D NGs: dZmds2od)oSises
ol i gonucl eotide prinmers used to confirm integration

of SEQ ID.NQ 11 for replacenment of the chronosonal

gal P pro  Ngsijdy15@na pligpswsisotids pimesosed 1a somirm
SEQ Iriteguaioridf 35Q4ADN@H i ganeghesrhemteofié Srbmossedl iR
conf brgmdeat egration of SEQ ID NO 11 for repl acement of

the chro qal [k pronpter. SEQ I D NGs:16-17 are

ol | gonuc{gi%&i Qé\"gﬁiﬁﬁégsar%@wwele@tﬁ%wmts usgd e gorsiwct

db sr thet édnhdisibiph.D NOs: 18-19 are ol i gonucl eoti de
rimers [ . ST ' . Q.

R.OS;né,o SR IONEPES P Uiiniebih P fE g achiii

pr onBBBPUEBSF el i ng gl k expression. 10 SEQ I D NGs: 21

I's the paBEQAD NOsPe @ thdauslestityseubate idithssasstad e

ngfoméﬁtg],?éﬁﬁgér%p%ﬁé%@i}% are the oligonucleotide

trc
pri mers use t1on of gapA SEQ ID
Kes: 24- 25°ERdDiN@s 81 isdba pertiebridieotideisegrenagsietthestandard
al t efrc plvenotédb start codon of gapA to GIG SEQ ID

NGCs: 26- 27, NS94 | I ] riers used

alter t .eS@-ﬂg? grlits%g%_gg%g% &’8}&"’%‘" o&degg%elrﬁuiﬁ %’5 IS

t he ARelfcstionel gaRfience for the short 1.5 G

pr onot er .SEQ ISR 4:PI-MOareHre Hgeritisttide inre 0tdd® alter the

[ cenment of the chronobsonmal gapA
Efr o%%"grca‘\?m&?ﬁf%’e’qéﬁﬁ 1.5 G promoter. SEQ | D NO 31

i s the niRERHIPiNGES: 364 arbemligonurieaiiie primerousead to alter the
pr onsthret cod@bofifE#PpA 8 NGE.32 i s the nucl eotide sequence

o 1 gonuc, Sat R GRP e RN He sotmaty e et S e

chr oRFESSHR) gapA pronmoter with the short 1.20 G

20 SEQ 1D NOs:29-30 are oligonucleotide primers used for

| replacement of the chromosomal gapA promoter with the short 1.5 GI
promoter. ,

SEQ ID NO:31 is the nucleotide sequence for the short 1.20 GI
promoter. ‘

25 SEQ ID NO:32 is the nucleotide sequence for the short 1.6 Gi
promoter.

SEQ 1D NOs:33-34 are oligonucleotide primers used for
replacement of the chromosomal gapA promoter with the short 1.20 GI
promoter. ’

30 SEQ ID NO:35 is the oligonucleotide-primer with SEQ ID NO 33
that is used for replacement of the chromosomal gapA promoter with the
short 1.6 Gl promoter.

SEQ ID NOs:36-37 are oligonucieotide primers used to construct
the mgsA disruption. .

35 SEQ ID NOs:38-39 are oligonucleotide primers used to confirm
disruption of mgsA.




pronoter. 30 SEQ.ID NG 35 is the oligonucl eotideprinmer
with SEQ ID NO 33 that is used for replacenent of the
chromosomal gapA pronoter with the short 1.6 d

Woimessss SEQ | D NOs: 36-37 are ol i gonucl eot iga hédiRBsSos
used to construct the ngsA disruption. 35 SEQ ID

NGs: 38-39 are oligonucleotide priners used to confirm
di srupt i SFDHID NPsAO-9 #© cligondsssledriPeTs USaDB/ 031805

SEQrbBlabbiedibrdte iremebbaanyisd Sokioiis vth B sRord$ &Gf or
repl &%n%nt of the chronpsomal ppc pronmoter with the

shorit pronoter. SEQ ID NGO 42 is an
ol i gonucB&ES! INOKA iman aligedudleotiderprimenussd fegdrdicenent

(3}‘ tr@ﬂa@f&ﬁeﬁdﬂ!ﬁé c ﬁﬁ@)tbp NGs: 43- 44] are ¢ the

ol i gonuc repl acenent_o

 ohr omsofEd @ﬁﬁ?@éﬁ@ esgoRirete TR B e G
" pr orteplecemomROf e memsemal Jaié-bltR pematbrewith the spoitried sl
userbofepnfi rm 10 replacement of the yciK-btuR

ronot er : 47-48 are ol jgonucl eoti

sed f or SECH BsHENE He AIRanSHIREOHIATS JeprosRoth er
i t replreersbiraf e EoiGhbiuRpomoater.. SEQ | D NO 49 is an

ol i gonucls@@s ICIROB7IRY areSHhi E;&bié‘&fafe'ﬁrﬁﬂeréésécﬁﬂlr acement
ol i SEAEHBERYE B TP SO LAHLLP o ST Wil he shert 1.6 G
pt apaekeiedi sruption. SEQ I D NOs: 52-53 are

olt Iagg nucksE@i iR :Q%h%lngéﬁﬁtléégtgg%gfﬂeggﬁﬁg et hon of
S Cl %‘%C?g%céff’r’%&%m otef.he ptsH crr disruption.
SEQ I D NOESHID NOan0eili ayemligbmatiealide prinvers useskid doostruct
Confthéﬁia -S@" HRkip@hnof ptsH crr. SEQ I D NGs: 57-58 are

i srupt iSRG I@@?&%ﬁw e R e i
pr i wiargpticsed pf@acighf i rm  di sruption of al dA.
20 SEQ ID NOs:54-55 are oligonuclectide primers used to construct
 the ptsHlcr disruption.
SEQ ID NO:56 is an oligonucleotide primer used to confirm
disruption of ptsHierr.
SEQ ID NOs:57-58 are cligonucleotide primers used to construct
25 thealdA disruption.
' SEQ ID NOs:59-60 are oligonucleotide primers used to confirm
disruption of aldA.
SEQ 1D NOs:61-62 are oligonucleotide primers used to construct
the aldB disruption.
30 SEQ ID NOs:63-64 are oligonucleotide primers used to confirm
disruption of aldB.
SEQ ID NO:65 is the nucleotide sequence for the pSYCO101
plasmid.
SEQ ID NO:66 is the nucleotide sequence for the pSYCO103
35 plasmid.
SEQ ID NO:67 is the nucleotide sequence for the pSYCO106
plasmid,
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SEQ I D NOs: 61-62 are oligonucleotide prinmers used to
construct the aldB disruption. 30 SEQ I D NGCs: 63-64
are oligonucl eotide priners used to confirm
wobdptisan of aldB. SEQ ID NO 65 is the nucl®Qejdsdfvsnsises
sequence for the pSYCOO plasmd. SEQID NO66 is
the nucl eoti de sequence for the pSYCOL03 35 plasmd.
SEQ | D NGER IPNQ: %a imife resleotide sequrneedorfibe pSYEO109
pSYCp¥eMId. pl asm d. 10 WO 2004/ 033646 PCT/ US2003/ 031805
SEQ I D NGO 68 is the nucl eoti de sequence for the
pSYCOL09 plasm d. Applicants have made the fol | owing
bi ol ogi calPriiepEsihave mederthe fallowing kivlngicalfdepheitBuntigrélse

. Ese egtaymg@ftﬂwsddap@émba@rﬁi thBQﬁt@%t‘bhéer&fo hi'ﬂgg of the
by DoBebos orELBHARME R e b ubpse bt PRER REsaEEe: |

Reference DeS| gnati on Date of Deposit 10 Transf or ned

E. col DepbSitorAddEieniond 18 Apriati [ﬂe%%éutoﬁont aining a

Sth |on of k ; el | geo P ]ncaq |ng tliylggoosllt

' EQ)ntH“ﬁaﬁfwgieAﬁ:@Id@}m 18 Aprl |Amsgmosmt$4;mp4995

- cont ginkirively Apdid drenk 1BELSEIgbsi el | a genonme encoding a
di ol hydr 20 E. CO|I MBP33. 6 ATCC 98598
25 NETEMES )é © ?ﬁ @‘b‘%’qenut ant E. coil RIJFL Om ATCC
9859dﬁh2@aﬂawemﬁy@p 1997 Escherichia coil: RI8n ATCC
PTA4216 9 April 2002 25 Escherichia coil: FMP: Km

T [ 200 T I
B TEPRGIMRAE P TR g o TG SRt | orfgiAnr 1685
depd9pmigkpfFrgeniaining@eportioB®f year s and wi || be made

avalmgﬁsﬁeenagg,d;ﬂbeer@é@h £a3P upon the grant of a patent
di s c{eﬂ?&r %see The availability of a deposit does not
7 WZP"E'Snse to practice the subject invention

cons
in derogation of patent rights granted by governnent
ACt | DRoli MSP33.6 ATCC 98598 25 November 1997
gloK mutant E. colf RJF10m ATCC 98597 25 November 1997
Escherichia coli: RJ8n ATCC PTA4216 9 April 2002
25
Escherichia coli: FMP'2:Km ATCC PTA-4732 28 September 2002

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

WoSodosskle " ATCC No. " is the accession nunigiriseeesisisos
cultures on deposit with the ATCC. 11 ---- - - ---- -

----------- VID_2004/ 033646 PCT/ US2003/ 031505 DETAI LED
DESCRI PTI ON GEETAM ‘ RT1 )

provi des Ther pragent Iirplen’u plovitiee $& efrﬁrnpnh)eﬂcmﬁdﬁstfbﬂ g a
fer ”EIBESHWeﬁlr[bzé RSO S &%&]J:él dll;et%ﬁ% P 1 %%9‘883 SHig!

usi ng_.a_Si M Cr oor.ganism
char g%?%?lsﬂ%éf W"i’%@'ﬁ%"@d Themefheq t§¢3§ﬁ€ﬂﬂt@1299ll ke tanpgaved
| %vgﬂ S-propanedio! vieltsatye\es mtl’]ﬁévwﬁ@hy?otﬁaiﬁéﬂ osgd

roduct i 19i neer ed 1 o
ﬁam m z e eh(ﬂé&!?gse@cﬁq b@%é'fj E\ﬁg’?‘bﬁ jf PhECp &NGINeErasito
i nco‘i"ﬁﬁlmef thg W%tﬁb@il@sﬁfFQ!%'IWtqfﬁw paita@y by incotratingeragiotus
t he @mmwrsmumoﬁs tat g@veﬁﬁha@w@m&m&ramﬁ toGRIMSYAGSve

tan AP 1t EehrbRBloidd AT Rtn5s A0 s Zne

Heti feqnﬁh’la@d %as tcheonsivheardewfanenayfnelgclvifes foatieali of
pr odariﬁanoaneﬂﬁbfsl.,?} piophﬁedibw‘rb@udttbﬁ ?ﬁ@é)‘?t |sW|thﬁmﬁ|e Scope

{ t
T L T e
. pr od¥IEl 9@ 6‘1‘3 an rprepsegediaipn off éSrwoparcdinds i ni ti ons
15 TremsvelbDéfinitiongn be nore fully understood with

fsefer encel'hfecfn\;e“ﬁo £ bW ¥¥| {llhlgr:l{ er%%%ﬁlgfz I r%g?trbgf?ezto%ﬁg d

In th

del &P 'DQ‘FF’émﬁéanﬁéieﬁmgw arasdin thryelaimseand specifietipns. -

and Géiis'thatedredeleted:t he type |1 NADH dehydrogenase a
0

ubi ot oL SANRA oo Rt . BBy Al rerr:
TypﬂE%\ Iypsill NABH deblijwgenasea sorptein thatmatalyzsdideTonmeasian
2;06 hyd ubigeinase-8l 4 NADH:# Eﬁﬁi@dbhumemjh NAI%*E Typi&dl of NABH
Fof ooy Eg%ﬁ% LS Lo R GruPledofne U3 Bapadedty

- rest df’é’f‘ ﬁobontrol protein is 25 encoded by arcA in
E. col | . TRaeertrerasrobiehesyifish @sm&ﬂtp&)t@liﬂwﬁa BARAC rofdfd a

Ed lé)rb%? %ﬁ;:?&g ﬂrcﬁg égﬁﬂ' '%e'i‘% et%gltr%b%fqglgpgprgtem is
eo)‘?{)c -"@ u hate + H20. Typical of
phos phogThe temas éphabphygiuesrise delsydritade"ant. “E&d” refer to a
Phog%ﬁﬂlt%@[ﬁeﬁﬁé{ B5eP56n bts Sﬂgs%jle ggluégo%a?é/ AL
eoxy-6-phospho-gluconate + Hz0. Typical of phosphogluconate
dehydratase is EC 4.2.1.12. Phosphogiuconate dehydratase is encoded
30 byeddin E. col.
The terms “phosphocarrier protein HPr” and “PtsH” refer to the
~ phosphocarrier protein encoded by ptsH in E. coli. The terms
“phosphoenolpyruvate-protein phosphotransferase” and “Ptsi” refer to the
phosphotransferase, EC 2.7.3.9_, encoded by pisf in E. coli. The terms
35 "PTS system”, “glucose-specific IIA component”, and “Crt” refer to EC

2.7.1.69, encoded by crrin E. coll. PisH, Ptsl and Crr comprise the PTS
system.
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The terns "phosphocarrier protein HPC and "PtsH' refer
to the phosphocarrier protein encoded by ptsHin E.
coll. The terms "phosphoenol pyruvate-protein

woasnheisiansf erase” and "Ptsl" refer to the perusioesmesiges
phosphot ransferase, EC 2.7.3.9, encoded by ptsl in E

co/i. Th terrrs 35 "PTS systent, "glucose-specific IlA
conponent e 187 “Phgsphoprglaruyaiesugarphpspheiansiérestied
by csystém”, EF’TSGyétemPtcﬁl"PTET ffersad thePhospREBIPEUTAE-

PTS de Hg suig% F‘@E&Qg Qr';;.3646 PCT/ 1352003/ 031805 The
term osp ruavat e- sugar phosphotransferase

systent, Mejerag §F%ﬂw glygxal SW@BS@ ‘Masé\” refer to a protein

gﬂosﬂnbbmtalmd thealorverdRpaIT AR %étdﬁ@t;%@pﬁy@tte Pﬁet}twf-
e (0]

2 or QTR oBBead ?ﬁ"?yzeﬁﬁ‘%tﬁz&x%@amrh%% EC 425

di hyMethiglvaxahsypthash és pieadedtby meahipl E. agliyoxal +

phosphat &heTyiphs @ideiydsRichydrobommsal A"aHat Paie rbfer B

& Z ipjiin R bah dod BERRURIONIRCP s BNE.CE BByl NA S
*%l dhelcpgle Typisakof aldekvdp dehydiogenasel A isdeC tikid1.22.
clc)nvﬁdie[n}m dehytigenaddARs én@id@ah hydgdA m MASY, 10 +
121,22 Tﬁ%ﬁ’aﬁ"ﬁé aRenBHE P EadE R SR AR oy B 0
in profed) that qaté vzed the coawa:@wlda‘ F&@rwme*n@ldehﬂe taiNADH

Aln 3Ba|cmaﬂerrypxca1a:f aldchiyai deh ; Iafog®b DE] @1 22.
SR RO |
?rL g IB in Fhetehis" ‘galaeitRe- % ﬁ?prﬂgtlg?a'nG”GEﬁf’trE%ﬂba
e T R L
t -glusper sra acheubsiye
2}0{3atg?gasgp&mrsyrﬁb@{msvéfﬁpd@d%yryafnﬁ ﬁfEe&thUbSt rate
or [»QO er | £
gal P n et BBRRARE Al ol BRELCES otcloif gy c#a'vsyes
r ef dhe 9@1\'@%%9%@19!4@&@ +oAatR g glucose-rphosphate $iADP.of

D- gl TypizakofglutbRirage @ ECGEE1 @, BhRMaLE isteriidRed bw;k e,
of g;lO cokinase is EC 2.7.1.2. d ucok| nase is encoded -

by gk in E. call. 25 The terns "glyceral dehyde
23~ phosphabe tleyesy sivegralsiehyde ﬁmosp@pﬂewtﬁbgﬁnaa@" and
plr ot'GapAt fefdr t6 atpﬁbwmet?at baawgéwm@%oﬂgex@fon [}/feraidehyde-
ot *ﬁ"lqﬁﬁ%’.égfe PR DNAED e IRSBREHpoa ot -
pisal @ qim@lﬁab@%nb@ﬁnk@émé@lwdr@mse is EC
1 2.1.12. Glyceraldehyde 3-phosphate dehydrogenase is encoded by
30 gapAinE. coli.
The terms "phosphoenolpyruvate carboxylase” and "Ppc” refer to a
protein that catalyses the conversion of phosphoenolpyruvate + H,O +
CO:2 to phosphate + oxaloacetic acid. Typical of phosphoenolpyruvate
carboxylase is EC 4.1.1.31. Phosphoenoipyruvate carboxylass is
35 encoded by ppcin E. coli.
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1.2.1.12. dyceral dehyde 3-phosphate dehydrogenase is
encoded by 30 gapAin E coll. The terns
"phosphoenol pyruvat e carboxyl ase" and "Ppc" refer to a

WoodRbissihat catal yses the conversion of  perws2003m31805
- phosphoenol pyruvate + H2O + CO2 to phosphate +

oxal oacetic acid. Typical of phosphoenol pyruvate
-car boxy| dde tersn Peilg erels t.ma Dlﬂiﬁb‘@ﬁ@i@mﬂ @ryaoded by yoiK which

car j9ihaaforialy 8du Rjefie ishchaing TobghalamiO
05 Theterm Yci K" refers

20041 46 PeT US? 3/ 03
aa‘%ﬁ%%s ER S&l’]’@f)’%@% B‘I yci K which is
t r ansl at iTbadg¢my“co G}alajdrntaglebowitramfma@@’ﬁefe@ww gngyme

% 2“?* RIrRIPIE foR ARSI T AR donioBy SIS TIOMATD 0o
A ahS0eha a5 Al B SIS ARGl BRRerpfage
deo5@dénbayl Cmb(i}adqmmrzminnﬂa&mrar@fetra%e isrengadertiby the gene
cor rpagt deedaicab155s) @rpﬁééﬁeﬁcﬁ@d&h 24gnAsdbanR Leses)

'eﬁcﬁﬁé%f%@nl%"ﬂwgﬁeﬁu% ety G FEmer ks Re3) fr° ' °

16s c geudbinanastenitrificants. | (GenBank LO8890) in
Sal nilonal detilitioplds | um  and "cob0" (GenBank M52866) in

10F’§’€“d““ﬁs’“ﬂ“"trt ans ddi tio ns:
The cer i RORITL 0% g 44 CFfRistert Fetorr@ i (5. e
- NO 3arm "Hhert ‘!t@ﬁ#pl’csmiel’ refeds 1GISHR dnitsR8r dhe tarmsisiBED
0 0k hpract st pd forrarns iachgseny
_‘f5 and Pl g‘?éﬁgﬁgﬁl‘ﬁ *NO. 32. The terns
" gl ycer ollh8 {grhesglyatrel-8ehysivhede dalsyelrogerdse'GRRDIG3PDH”
ref eréfeFRJ é‘ﬁ@?b ;&ﬁl%trbgfoﬁsﬁﬁé)ﬂ?%h thB'achf Hgtydé?alyzes the
&

sl Rt b DL oot

. phosq@baprmte G38P). Ihivivei G ARty el ADE!; NIWDHEH;NSDPH,  or
0 t

' 2?;)]1; E%ﬁ) E:% 52,9 ﬁ C ?‘P I gﬁ%ﬁegﬁzﬁéﬁﬁﬁh{g& ae%c?gét%ﬂ’%ebfﬁg nase,

de hygiicegi3aseisphiiblioRid dgemase s TNAGIRHdepdndent gimmpﬂrﬂ}t e

de h%BQ&%ﬁéﬁ@hycﬁ naEé‘Dé Wﬁé‘ﬁergfeﬁ?ggn It ﬁ?—?ﬂ

dehyd enase
s SePHAPORISAT 8 ResReskieRR t B AenRIGHALD
24| y cdepehdesit phd NADRRI-ddpénydEnbgivoerskbs-phashaidy Heh)tchxogBErBses

g@ﬁgrﬂﬁggmﬁﬁ#ég :ﬁp%ieég QB@%E%QSBW Jhe

Wi | Idebenderéd!ycero!-3 phosphate dehydrogenase will be used

infterchangeably. The NADH-dependent enzyme (EC 1.1.1.8) is encoded,

30 for example, by several genes including GPD1 (GenBank Z74071x2), or
GPD2 (GenBank Z35169x1), or GPD3 (GenBank G984182), or DAR1
(GenBank Z74071x2). The NADPH-dependent enzyme (EC 1.1.1.94) is
encoded by gpsA (GenBank U321643, (cds 197911-196892) G466746
and 1.45246). The FAD-dependent enzyme (EC 1.1.99.5) is encoded by

35 GUTZ {GenBank Z47047x23), or glpD (GenBank G147838), or gipABC
(GenBank M20938) {see WO 9928480 and references therein, which are
herein incorporated by reference).
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i nt erchangeably. The NADH dependent enzyne (EC )
1.1.1.8) is encoded, 30 for exanple, by several genes
i ncluding GPDI (GenBank Z74071x2), or GPD2 (CGenBank

wa240R%kls Or GPD3 (GenBank (084182), or DARyy 2003/0318:0'5'
( GenBank Z74071x2). The NADPH- dependent enzyne

1.1.1. 94 encoded by gpsA (GenBank U321643, (cds
197911- 1 s@%}nséa%emﬁ:a p@napltatsiedﬁ‘)sn dieerd-Amphwepbaidest

?2%’15‘”% piitiphatase, 8¢ A0S phe M?efé%r%a”k

sadhdie (Rl SusmRRs Ry et S

t hercenversianict blyaerol-3ipbpephate aod waberdo glycbip! and momam)
51 WROAHML0EPAT R aité’%%@ﬁc@éé@%r @r?axw e
I BB BRI ISP e pea SRR S L ke AR R 2S¢

r ef GWOtQQ2§4§@ Bpg weranne% theneinswhitle afeoherain incorpomated by
act idfefehckiat catal yzes the conversion of

| | h d wa | and
P nor gani Iﬁ SRk BRdesiBh e ko BolEH e ramsassbip foran
0or esxyMe IaetwrlyyhamtawﬁsrimMVBﬁéimaﬁglgﬁeroi and AP
( CenRastol @hﬁ%&ﬁ%&t@anﬁ%{ﬂa e, R @gﬂnds%ﬁ%%‘é?m

t heréi re herein eference

The T Fplered By phisipipgtal %@ﬁé - PSPPSRI,

r es Sayesirgl kindseris emcoded, bnayamplacby (aum (GeaBack tdN§82619)

the a6 @}‘I;ﬁ{ R stBak L@ibY@ﬂr be Y 9@5 and references therein,
lyc 3 hos hat e ADP, Th e - ener gy

8 M r]g(ﬁppo bMé'efreéefﬂcgéed by physi ol ogi cal

substit uTb@te(rm “giypelphdawmmapq‘fnem&) a po@bgrm:tdeol

S kin RIePES Enafrfd H 1
i eI o Ao

i nc@rgoriat. ed2hyA perypepimteer)espdﬂmble &rran'gizymeractivity that
Zﬂehﬁgfaﬁ&%‘ #REcorivBiskirsorldly e rdl % Mi‘Pl 9 etcSrféE%Té%' Bidfred to
for an rre ace%q!)vu t&ﬁ at, ¢ conver si on
§|6\/ me?F R EPURGSR et yggrogerl]a:@g mgy be
gI ydepmdelnbumlyﬁémi @aetayue 1. Q)EN@DP_H E.C. 72)1.72, or other
pol E%Eidréi% 3.eBRORS, .Y 92f OA r@fbﬁ'&é}i e?ﬁbiy&éﬂo}’ that 20

G Qo aREes T rarcr PPl g9 (Gengank U0D00S) (seo
25 di My 98R§4barheeferedeast therin, villighcarediereiaiyabrpoyatessey
ey Rfferefg@gendent upon NADH (E.C. 1.1..1.6), NADPH (E.C

A NADH dzt'?a%%&@ HeE PR O gEEa T bRl 2y

f or esxarPEE|Vity thad kdialyeSe tHeaedoveid 06 a glyesrol 1Rslevide to the

992§mcmﬁyars§wr8ﬁisﬁ§démeelpbr WpEPo8dLoriRE Brdent

36 nclnvgntion tﬁe d%%ydra%se enzymLs include a glycerol dehydratase
(E.C. 4.2.1.30) and a diol 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 fretindii, Clostridium pasteurianum, Salmonella typhimurium,

35 and Klebsiella oxytoca. In each case, the dehydratase is composed of

three subunits: the large or “o” subunit, the medium or “B” subunit, and
the small or *y" subunit. Due to the wide variation in gene nomenclature
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The term "dehydrat ase enzyne" or "dehydratase" wl|l
-refer to any -enzyne activity that catal yzes the
conversion of a glycerol nolecule to the product
wolvdlossygr opi onal dehyde. For the purposes Gicridt8o03m31805
present 30 invention the dehydratase enzynes include a
gl ycerol dehydratase (E.C. 4.2.1.30) and a di ol
dehykrestindhe {tEra@rezta gompaetive ghamip gvest iarirable 1 to facilitate
subsitentifieatiod. The §6ricd araMkoldescAbEPRAN R eRbmple, Daniel ef al.

I o B 20 S SrSAH o  Bi"

G t rehep: 874, 380 1999))0 Referringita faplest. geneaiauending the large

Sal nenral h@bdn‘itmg}mééidll BehyiraidBé ifshRdIRIBragRMYArREdas; N

each e he dehydrat ase. .S conpose hr
subu%eﬁ}%g:enf:é%'ﬁg eg%legwm qr Bsﬁ%m?{{)'?a‘c"ﬁ%g : ’uﬂﬁ%randp"
subugfiaC; agnes encaslinghihiel small ory” suibboibincludewdhaBs, g€, and
PCTIY S0, g anads TDACITERGLS sHéing e fEioedh tu Sliteth

_ u [ u . .
com R AGBVaHER eldti bade and Raghdenep snpadifa themgdium
e rmrni"Bi subungincludecodidhard pd@B;aenes dosoding e small 6wy’
exangubnit ifide! pciE #Ha pddd;EMS M crobi oL Rev. 22,1553
(1999)) and Toraya and Mari (J. Blot Chem 274, 3372
(1999)). Referring to Table 1, genes encoding the
large 5 or "a" subunit of glycerol dehydratase include
dhaBl1, gl dA and dhaB; genes encodi ng the nedi um or
"(i" subunit include dhaB2, gldB, and dhaC, genes
encoding the small or "y" subunit include dhaB3, gl dC,
and dhaE. Also referring to Table 1, genes encodi ng
the large or "a" subunit of diol dehydratase include
pduC and pddA; genes encodi ng the nedium 10 or "J3"
subunit include pduD and pddB; genes encodi ng the
small or "y" subunit include pduE and pddC. 16 WO
2004/ 033646 PCT/ US2003/031505 r al 1 r 0O CON U co
OCO C0OCOto mr-_ Wn CNyl roOroNILNO1
~N InNN N co O0-tT Co COLOCo Cor N .Oca (am
co odl D
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\ﬂ@@&ﬁ@ﬁﬁ%ﬁ PCT/ US2003/ 031805 d ycer ol and l‘ﬂ’[ﬂ}820031‘031805
dehydr at ases are subject to nmechani sm based sui ci de

i nactivation by glycerol and sone other substrates
(Dani el &lyarol andriEVBehydraiabes bre fRibject 22 MeSbAILMIBEEY .

;I_Eg suftiidB mg?tﬁbséq?ﬁb gcer'b‘?&‘}‘d EMAL b isBBsRites t[ﬁrﬁ‘él St EP

tohy 78 groBt REv g2, DR 198 N)s THE Ry Aehidfatess

r eaceactivaiion faabr? refdry to those pasteins a¢sponsiblesfod &aﬁdvaihggbe

act 'dé'hWrat acrtﬁﬂﬁ NHARRY “ddh§d %B%@Eﬂ%g %&t‘i\h{?ﬂ
ra

refe‘rs non of .convertin
not b%l"@ tB$ @%\f tag¢ actyfty 10rs Eﬁﬂﬂ"leg'fit@ gilige
capaiiidtdrefest mltms phemfma'nonm:fmshwa‘tmg ardehpdname not

h
Seﬁy EBB@%f%EtéI éd%tréi@% ) %%Eé(@b é)? Eat%{ ﬁ% o;f%e Ul

{
e S S5 % 1 Seboass b %wm S Rclyafion of o
~ 1or otcehpdraiEmecoridiee phérdemndrioni of extending thg useful balf-ife dithe
the b{%@ﬁxﬁq@%w& aﬁ%@r&%ﬁkﬁax&%@n‘ﬁ%ﬁiﬁé&%Q%emg

(US. ef erence erejn

' ne d'i‘ asthe penyise reasivela feciop(sen Wagir 41 (US
Tor espasaw dvisltefelenddis dherefthedich2ird hefSv ihcfbﬁ)o@'éteé 9)/

ggfeéfffépér{&t Bldn ‘%ilaéi’ id rSBf'&Ig éé ﬁﬂ ﬁi&%u éﬂolQ: k) 3372
157 ot 3998 aawiTea@emer A et o1, AT se atering to
AI s Tabid trgeneg encodindbee bf thggmeteinsrinddde grfZ hdhal34C gooh,

Nh‘])_ﬁ&rAOtlﬂé&% frh é 'tBj'?al%H eﬁ’ég Qgrdtﬁe sBEdHA of
and r B. XI ar

uct ase”

ropa
éh%%amn%lnc@e& 5‘ @B refer to
t he pol yﬂ‘hptterdm(‘ﬂ)?:—presamrhmlb:lx&iofreﬂucﬁse é‘nzafmpamdmﬂ ty

2@“ atdlg §dr‘6ﬁ§ﬁ%e@ onl%rYagﬁ Zédﬂéﬂd“tﬂeyaﬁ;gbgﬁcﬁ(ﬁ ﬁé 8 fHan

enc@@?ﬁ@eﬁéﬂw&hgﬁ i5 PaRatle of eifizing the otarpgyecsio gf SHPA

t r armsdri, piprapzmetipl pronked theogenafshsriodingseck azivily is found

I 1S {5 be physically or transcriptionally linked to a dehydratase enzyme in its
natural (i.e., wild type) setting; for example, the gene is found within a dha

25 regulon as is the case with dhaT from Klebsiella pneumoniae. Referring
to Table 1, genes encoding a 1,3-propanediol oxidoreductase include
dhaT from Klebsiella pneumoniae, Citrobacter freundii, and Clostridium
pasteurianum. Each of these genes encode a polypeptide belonging to
the family of type lll alcohol dehydrogenases, exhibits a conserved iron-

30 . binding motif, and has a preference for the NAD*/NADH linked
interconversion of 3-HPA and 1,3-propanediol (Johnson and Lin,
J. Bacteriol. 169, 2050 (1987); Daniel ef al., J. Bacteriol. 177, 2151 (1995);
and Leurs et al., FEMS Microbiol. Lett. 154, 337 (1997)). Enzymes with
similar physical properties have been isolated from Laciobaciflus brevis

35 and Lactobacilius buchneri (Veiga da Dunha and Foster, Appl. Environ.
Microbiol. 58, 2005 (1992)).
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natural (i.e., wild type) setting; for exanple, the
gene is found within a dha 25 regulon as is the case
with dhaT from Kl ebsi el |l a pneunoni ae. Referring to

waPogsobsseg€nes encoding a 1, 3-propanedi ol perusz003/031805
oxi doreduct ase include dhaT fromKlebsiella

- pneunoni ae, Citrobacter freundii, and C ostridium
past eur i diveriernEadibia regulonasterg tna selarf@sseciated gepgept duhm

o aatRg fisthes'sheodiAgvhliody iolsital dolivifled; Hithiding but not
ot A g Bheraciing 2 TRAVEN AR 1 | e
i nt et.@emuanetivhoxidorgditasantypically prdhpasgdov conpisesibe -

and dpdh reddinGHahRE PER1EFY, ARAO okkO8AV, dRad, Yhalb, ShaB3,
51°(1995); ' and Leurs et at, FEMS

- J. B%gat erl,olL” 177 (i%
M cr ?f?ﬁ%fi?g’m?g NG®IN.(1997)). Enzymes with sinilar
physi cal Tiwedgmr tnoasspeaifie chiabytic iastilityt rederk tothe polypeptide(s)
L act RBssHsidié! for Bh@hryme ety théas ORREEA! tHTaRIERNARE
Vei.ga da Dupha ost.er . Environ.. "M cropiolL
o BHsTVEEes S HBA P b aIcraaEde adsraassa Detes
Ithe 1.8mnepatiadiot eddirediictasH(s). Sypially these ehzysenaieciazhol
geNEfoHylrdRBRAsSsC ANy Ra P IARE cBRCKRE bfH4? than
bi ol tiyities, i ngcludi but no I te 0 a
ey LT RBEaiding bt ok Hinied Boiavins sieh s AP OGN A
1, 3-ganedane dowspecticacatl dehgiogenase (alhD) isfodhd, for
r e » -
??ﬁﬁ’ﬁ?@éﬁ PRodchpuSy ShElSPa DRcIdRIEReieasg wi
132 el ?% 4% ei n. The term "non-specific catalytic
acti vi t y'Thedémrssiunctionieorgehzypepfuncticns yefer edhe catabjtie
for BENERE: bl ik i ffd ol
t he ﬁiﬁ\r/]t.er con %?@bg%%%j;i?\pﬁgﬁe@g r%d}t%{e%?% %ﬁggﬁ%?péﬁ ¢
 speciemicH fepekigi | fruncesstecd sk suetivanpEiviy may apply (0 &
oxi deaetitrdn ageililjum Whpiecthak | pyodutéisr obeithempodackoradubstrale

Rehyds Esaaéompnsﬁé@bn@é}?sﬁﬂ?&ewdi dd.i ze cofactors

ot her Dt/ NADH, . ipclygding. hut not Ijmted to
£l avi s JReermS “pobpeptdelRnd SrogET are BreckinteSraeebY;
al cohol dékyetsdearkor s(ipsiread}”™ arsl Tarbod solimwe” refacior earbon
to ke i i f | ed
w R %5@5‘2|b¥'"%"§é"§??5?2§¥ h%ﬁi’“%‘ﬁ‘??jééﬁﬁ?ﬁﬁ?ftﬁ%ﬁ--
or "RER vegiinn anghparieulaily ¢asbemsowrersFe/eGied TRy ing grgup
25f  aoneisiygef monasateharidgs { digosanehgydase polysamthtides, and
el es o HARLAR B8 bl v to a
eact i on e tefis Foshael pner amicherGSGATEIes 10 B ei t her
pr oduicroorganism sapaiieoeceiting Herelgnawptarslbgous.getess and of
Sul texBhedoingttidel S td prodhies B achRl gdtfeirbaiict. and
"protein’ are us@g dnter c,hgfn%eabé&. L Jhe terns "caj bocrlw
Hubst r at §96 H{ES 1PIGR §o8G mripRIOT AEr ‘hererploggs gene” an
“heterologous DNA” refer to genetic material native to one organism that
has been placed within a host microorganism by various means. The
gene of interest may be a naturally occurring gene, a mutated gene, ora
synthetic gene. .
35 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
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source capabl e of being netabolized by host
m croorgani sns of the present invention and
particul arly carbon sources selected fromthe group 25

WO RsAIk40 of nonosacchari des, ol i gosacchar ipggfss2003/031805
pol ysaccharides, and one-carbon substrates or

m xtures thereof. The terns "host cell" or "host
m cridiordyend erexiredhepmpeomal neplisatig gemuaneesap hb termof

I ecetrhdiSmiamtelefiits & thBgireawt 089 YangRRAstcHd of
expressi ene actirve

hos, t d ,
or buct . 138 \oHL opdrraty peBreRteS 1 the Kippies heraing
- " hetheraslitagometegehky transfontidiiener ohudgfians DNA" refer to
geneti c 1Ré ! rdtdhibifarkt PhiGBBrgBAT hd trhfdforhés hegen
pl acepl ﬁg thin.a host. m croporgani,sm %gmv %g]sﬁtrre ns.
The TeIgE A MiCHQIRILE™, HAYGSEN S IHNFS B dTRtF plpgoUs or
gendoreignrgenes edexteneopies obhoragingbist genegeide réBormhieant
hoqu SopIHREnY §rths Brescht fuehidh ioRéss BiRig Gers doling
Gt RReaRtA BRuBosash (SRR Ukipk Shgwhatassay
19e (BPEG), aiysardl debydratesetdoai, dbaB2and 20aBB), dehydratase
oxt fomavain ALY (G i SR and SRR A5 Hhcanedio
"t r SRGPIRANEREe (9haTdiar (e ProRlISHPR Al Lo-Rsppapediol from suitable
¢ r ansfonmabsicates. TA@refermed sguroeiiment!is gin &1 vek Fdhsforfiat with
L1 o oRcAes Bt LR AT CHanal A\ ROt bl aierother
15 o B sy g B4 a2 B1eca cRptein e di stk ety and
mi c theogeyeenios thehmn-sppciieanmtalytiorestivityried the interconversion of
het gLabRGANS, RbrophREbY @p%ﬁfti)kl%'ﬁy %&ciﬁd‘iﬁ% 4 ,éiﬁﬂg%ﬁe&fni

honol ogou en The rec nant m croor gani sns of
theoﬁﬁg?éﬁfﬂ%?ﬁézmagﬁ express forei gn genes encodi ng
gl ycer ol Genef oafpiscdo @ nimbsic aoid dragsenf tHRDEXpresses a specific
20! Y pRit6ih; BoRRgRERIIAR é&%ﬁﬁé’%@necsémg%%nd&im%ase

(dhaR9, . dhaB2 and. dhaB3), .de atase, ‘regct)vatiqn .
{ ac TP BroEPtg) e HAdBR G 155 ters rebien e apic-
" oxi tipebrefer taseggrehasTiound in héterepwithl ie bwonmegilatory sequences.
pr ot orpaarei A EhahRing IRP B Proccstywilkh 2
[ I. . i) W
P heoghg dhBOb AT MeRtanismg O fandcrbtion a5h &R AT, broduces
2k cEb@Miahpeidsequense. 16stundarsioddbal the pagcessif ebeoding a
tr a@pécﬁﬁd‘?ﬁinb%oﬁ%&c@bﬁ?é Heiudies Fih?%@hl&frﬁéﬁ@? ?nayf i{a\ﬁazve
geng_fo e non-specific catalytic activity for e
ot Bns e S gB M chiste 4 Rhengesh o Bhirdplarm®o Aol or
spewhichdaidive kaselaranags whghpnapaltes@inelor more amino acids, but
oxi ge ;n@ﬂaﬁécﬁtﬂ'%(fﬁh?ﬁcﬁﬁﬂﬁﬁopeﬁ@ﬁﬁ'ihé @b}ggﬁ eﬁ%cﬁad’l‘}&ct 1hBINA
ci ragnent. expr esses eci fig, rotein
ofc Porlger Borirafip P Eidaft bl Bidverign aoBripaSes:
nonmgérithag)the apecific exemplary sequences.
The term “isolated” refers to a protein or DNA sequence that is
removed from at least one component with which it is naturally associated.
An "isolated nucleic acid molecule” is a polymer of RNA or DNA
35 thatis single- or double-stranded, optionally containing synthetic, non-
natural or altered nucleotide bases. An isolated nucleic acid molecule in
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foll owing (3 non-coding) the coding region. The terns
"native" and "wild- type" refer to a gene as found in
nature with its own regul atory sequences. The terns

wonrerdiseg’ and "codi ng" refer to the processchysywisedises
a gene, through the nechanisns of transcription and
roduce 25 an am no aci d sequence. It

trangl ati on
i S uﬁ‘a‘g?'g'l Bfo%B?IM%FPF Pﬁ%NﬁrrB@ée% COPIERSRfiong of yiespgments
am nof ANAI gsequndNAi arclnitieic DNA. sequences t hat nmay
i nvol ve = : '
e encodoi Santey g Bterd fy At B mde IS WRRih
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][ ef edsnetaffecithe bbility ofth®Ndclsie Gickinasletiiatio nfedidte @mewald?n
ro t o wit LG i tura
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c onatiesstion of gemeexpressiow by agiieents or 66-s0pPibssiae Rehhclogy
r. s A Vo
B e i Vo A8 bbbty S i il
mor e NFURYEHPD gaCPARaS e daQfPtharthe $petific GremAlant saseness.
5 nore aRonexamuplesi isvwsli lohownar tHaf dretHat bierafiomicinizofae
I OREY; : : :
o ROyl 9B Bt RGNS, iy i
nuc|9YeR sife; Rptge nat gffest the &nstianal REarpsties ¢f thpenepdesor e
20uclpeaieindee bameton. dRoritiné papbeed oftthe paddient inyestfort he

nucloebiafind RO LSRk Pad SREAhal fiuth LRE I WToIBligB0

expressi on by antisense Of CO-sUpPr€ssi-on
10 'KeHiSt antially sinilar" also refers to

modi fi cati ohs Srhall dliphatis, Inehpolacokslighty) peltt esidokst he,
i nstant i nvents'egnn{rs(p? .deletion or insertion of
2gne or nore %g)?:'l eot'l dé bdses) that do not ) _
ubst ant i ald-y Pfarepegativelychawier sesiduesanshibelriasddes: Asi
resul ting tradsarGht, Glm;s-a-vis the ability to nediate
al terati on -of e, Sfﬁ?g% [ : J (.
co-suppress3?orl1%fa{e}'c‘?1?1o g‘d’;‘ﬁ‘%@%‘r%‘ﬁ?%‘aﬁﬁg%ﬁ%f YPhe
functi onal ‘%r bpEIE3ipbats. noprolpEresidupsg Metdess, He, Val (Cys);

nol e_c]ch! e. Thandnvention enconpasses nore than the .
ifi . Fr , it
Hhown ﬁﬁé”&%‘{@%gﬁ%ﬁﬁ Sidyes, T ETIRCL Which
resul t i H4sha coPsR{RIthe Ao acid Alapinean ihydwghipbisearipo
am acidamiay batsubstitgieddry sstdden dnagbdifl@ anothee fdse tiydidphobic
FuneddiRAbud APGLEhEFord nﬁpéahfd?gﬂ%%gc residue (such as valine,
leucine, or isoleucine). Similarly, changes which result in substitution of
35 one negatively charged residue for another (such as aspartic acid for

glutamic acid) or one positively charged residue for another (such as
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20 protein are common. For the purposes of the present
i nvention substitutions are defined as exchanges
within one of the following five groups: 1. Snall

- wbh@hadskss, nonpolar or slightly polar residyggrstVostesisoes
- Ser, Thr (Pro, Gy); 25 2. Polar, negatively charged

residues and their am des: Asp, Asn, Gu, Gn;
Pol dysingios Bidinvieg)castaisqbel expastetl@progiies ai\rr@tlor&q}!y 4,
Lar %u@bleﬁh%dgct nonpol ar residues: Met, Leu, Ile, Val
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act 'a\éidf:fgatgl?ﬂg%rgﬁ I@vfﬁ%@tﬁ\!ﬂ(‘se ﬁ@e@éretégﬁetzalwt @Q%S‘BQntlcal to the
e DN Soauiece o tioarqh agk Tregmants ironed Bets B | "
-act |pvefe!5red>ﬁuclb@ amict fragrdentp mozlatcieast Q{ZB& atengcal to the DNA
ski |sb§&’elﬁfetdf5tﬁé‘ nL&6R U i%':%rﬁélﬁé ey SpPRbatréial Mbst pidfrkedf

ot BB RIdgicERs oamot tiat e BeRyrhdpoRed] i DA
stnsegmrtceo’.!frtﬂenudas: acll ftagnsSes répottethi®Dsn. 65 C and

ashed trﬁjc@ﬁ: §§@fra m]eam?/ i SR ridlabied aﬁ&lth@r ﬂﬁ%lé?@gcld

0.1 % lﬂﬁ enc exe fi,.ed her )

e I L e h @hega single

f r agirendesd foimtdféhe nsd;lezmacldrfmmerrb naaraenealde theotbernysieic

LAy Gt gt

e Bhlufion itk en VRIicAtRg 289 WeRbing cniitiags ple 61
24ci dndéwngnd eixsmypliiedin SMDOIQG!% Ffrdeﬂt ikc &1 andManiatiNA

Seqml&fdbhﬁ n%ﬁr:lr.?o‘iata efﬂaﬁﬁa?%&fﬂrﬁ F RS, ool Spnng
T Faor T aDor S Pigas. Gofd Sprin s (A, jeradlar) °

Chapter 11 and Table 11.1 therein (entirely incorporated herein by
reference). The conditions of temperature and jonic strength determine

30 the “stringency” of the hybridization. For preliminary screening for
homologous nucleic acids, low stringency hybridization conditions,
corresponding to a Tm of 55 °, can be used, e.g., 5X 8SC, 0.1% SDS, '
0.25% milk, and no formamide; or 30% formamide, 5X SSC, 0.5% SDS.
Moderate stringency hybridization conditions correspond to a higher Tm,

35 e.g., 40% formamide, with 5X or 6X 8SC. Hybridization requires that the
two nucleic acids contain complementary sequences, although depending
on the stringency of the hybridization, mismatches between bases are
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sequence of the nucleic acid fragnents reported

herein. 20 A nucleic acid fragnent is "hybridizable to
.anot her nucleic acid fragment, such as a cDNA,
g@mm/@sdblA, or RNA, when a single strandedediansineghsisos
the nucleic acid fragnment can anneal to the other
nucleic acid fragment under the appropriate

condPEFRie. dhepeniseriatewidgeney fOidWBttldlahg nueleic acids
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somlarity “@bs@ﬁfﬁ'p@&%nbﬁﬁféﬁ% ah‘%?n:ﬁb‘%bi@%'n@@leohde
sequences or h

of IS 8Ree Wieh SoRitits Saoudh o it oo At SHeNFaPLS T v
st abpelypaptide or thespoladtide sequemcgloéa genp toaffordoiusativeaci d
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or e ErAEA TR cotofsee SRt TR gV BERSED) 1 fhere
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nucl ei c acid

TP RIS é?'dgsg%ﬁnc%@smgrc’é%ﬁq%gg a%Pw@fatslneoraeqﬁlﬁm um
| engYlarepuer, with sespebt todiugkbtide aequenices,qusing-specific | east

abowsu éﬁuaeald@qirbmonf&rsm pz(ﬁﬁ@&amgmoughuélsatﬁesaﬁwﬁe

I e a S ¢ ld%? ts,ééjueesf\ce-%%per%)entt nPethocffs oa% ge%e lgentllr" ca&%n elgs, at
Southern hybridization) and isofation (e.g., in situ hybridization of bacterial

35 colonies or.bacteriophage plaques). In addition, short oligonucleotides of
12-15 bases may be used as amplification primers in PCR in order to
obtain a particular nucleic acid molecule comprising the primers.
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30 nucl eotides. Furthernore; the skilled artisan wl|
recogni ze that the tenperature and wash sol ution salt
concentration nay be adjusted as necessary according

WO 20@psRIcs such as Iength of the probe. 20 Acrus2003/031805
"substantial portion" refers to an am no acid or
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and d@%y&féir@?s%@rr&iemérﬂa@'t& Gubhe ] ﬂ'cé@rﬁln? , B instant
cterial 35 col.oni es ,or. bacteriq h%ge ﬂues . In
B aiitvastion 2RerToitegRrliedn i areaos ot tesaBERR: 1my
be wwetblementap tofthe eompletepsequenses as RPRrted irotheer t o
obt aﬁcﬁpﬁpﬁﬁ‘ﬁﬁ%Séé%énc@%étﬁg%s%élﬂaﬂ%@@ LSSt ARIZRY SiRilag
thedﬁjr&l el S 4 2004/ 033646 PCT/ 1J52003/ 031805
Acc PG SGIUENGESt anti al portion" of a nucl eotide
sequence Toorigm ‘pescent ieniity”,afs knoende theeart,ds acelatidrship
AR pethorl QTS ihoreid el Sucries 8 wiftrdhore?, ot © ©
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o6 detgmined By R estEh BB Has: P sHok RSHsees o daertty
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ablowew Yahe 1 9%3;@6}@51}19} ,@ﬁﬁﬁyé@bgée b 'dbﬁé; BdEL, Griffin, A.
15 0, g e el ot 02 eSS 1 2 sequpnce
Wi t nadsisdiotMaleculivBiolagenesi tirinjes Ge dithi Avesietric Frass: New
Zhy NTJe, 19{%‘?Qaﬁd’h E8§idiRel MnfhRIPPATBR ChHbEkdW M AR D rereux,
CC?Jr.,décﬁg; gtbcl%tor? Plrenssé ?\Fetw York, 1991. Preferred methods to
determine identity are designed to give the largest match between the
35 sequences tested. 7
Methods to determine identity and similarity are codified in publicly
available computer programs. Preferred computer program methods to
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15 invention also includes isolated nucleic acid
nmol ecul es that are conplenmentary to the conplete
sequences as reported in the acconpanying Sequence

Wb SdohiBe@S Vel | as those substantially sim bagmszoswsises
nucl eic acid sequences. The term "percent identity",

as known in the art, is a relationship 20 between t wo
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PCT 14458 60328336 D5% Gtientity e ai réfendndeynumiedtide seduarice)it is

2Bet Yifiﬁﬁhe%a%ﬂﬁ %‘E%‘Bﬁ%é %«#ﬂdéﬁ@e oPt i @uc%%&dé lsThérifat to

pac mr@fereg%@eqqﬁe@cmé@ﬁ% "ﬁhEP vweeqﬁidaﬁsemq%mwt h
t heinchalearpierfive pdirftauthtions pee eaci 106 puclestideswi the

pen?‘smfg%ﬁ”l&g 83 D%?@?ﬁg}eﬁ% ggb}ﬂgr'\gefg%@a falﬁ W@H%oﬁ&e

BLABTYING awclentida semence g legst 97 % i Rt TeTergcsy
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Anobbsitions, interspersed either individually among nucleotides in the
reference sequence or in one or more contiguous groups within the
reference sequence. Analogously, by a polypeptide having an amino acid
sequence having at least, for example, 95% identity to a reference amino

35 acid sequence is intended that the amino acid sequence of the
polypeptide is identical to the reference sequence except that the
polypeptide sequence may include up to five amino acid alterations per

26




preferred nmethod to determ ne percent identity, is by
t he nethod of DNASTAR protein alignnment protocol
-using the Jotun-Hein algorithm 15 (Hein at at, Methods

WO2UMMs3644.83: 626- 645 (1990)). Default par amei@nssdsisos
t he Jotun-Hein nethod for allgnrrents are: for multiple

alignments, gap penalty=1 1, gap |ength penalty=3;
for 9aahr i0seminoiagideeithe teferphee-gminasacicinini dthersvards,iton,
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g"re| Boi weeh thOSE term Aal posi t i ons,

B either i ndi vi dual I y anong nucleotldes in
t he r ef dheriern Seageant bemoiogyhrefere to thenetentad amngmmd;

ar Olééﬁuéhé@idﬁnﬁt?%ehﬁe%fgﬁfpgmﬁfbﬁoﬁgécﬁf aNREN a‘ﬁ?ﬁ'agﬂﬁb‘aé{nu sel¥ence
et 1IRRBRAISE aEPROA A0S okl aerotoe. Aot el anros
35 a&:ﬁlaog@meM@ exhibitrided héraologhe Thaihnmology detween any
3;)219 g}ﬁg %Iy‘b%gi‘ %%nlg éh@é%ggﬁhbﬂﬁa?ﬁ?% gﬁ&tﬂ&ﬁerbf) maling amino
oo AR LR RO 16 Rber sathenche s, SR Bhipdotal muplaerof
per amgno ac;dsm either.of the-two-sequencea@re titt $4188 6% the two
Fng /esrb'gﬁ%g%%%é %Qg Ct? %ﬁﬁlBlt 5@% l?dméle ;@C' ds of the
ol y pept | AL RGOt HiRiaTS (S iviftses i Be BRefethd® osoc
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_ i
o ey L B adin- SRS ininted by Asnbs i ot gelrin BReGR o a
am micigotide ﬁ@@rmwpamfytm@vemamrr@rmd s Eberefure, wiesn be
o PS%Snﬁtﬁléglgiﬁb% éé}% fof RAR6 \%’Hé%( Sgé%ﬁtﬁﬁﬁea }Fﬁa&%n} it is desirable
EIL G MR CU N T e
r ef diegnercyefipreferred icddereusagend the hastyoslier e bet ween
those t efdfiRhiidStoith®8Squence, such as deletions, insertions, or
substitutions in the sequence which produce silent changes that do not
substantially affect the functional properties of the resulting protein
35 molecule are also contemplated. For example, alteration in the gene
sequence which reflect the degeneracy of the genetic code, or which
result in the production of a chemically equivalent amino acid at a given
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10 interspersed either individually anong residues in
the reference sequence or in one or nore contiguous
groups within the reference sequence. The term

Wwbeinegas” refers to a protein or pol ypep&rb@%sfbﬁilbs‘iﬁ)s
or naturally occurring in a given host cell. The

invention includes mcroorgani sms producing

honotiSy BiEscpvenelateg. vikws, 2 coden feathe amino acl alanine, a
te ;: hinaraghobicldrainbeici, mrtreesn.tbsﬂmgsa# t?gé/codcﬁlf&fcédhg dnbther
-ex n | dentl
ppole'e%)se &dr@éﬂ&%\%‘éldﬂe ch?lueles @?ﬁuﬁ% oL & ragrgg'qﬂlgﬁsgblc residue,
i derﬁqCBaﬁs vading, leucing noisglausinea Gimilarbg okanges whichresuibin
Lﬂ T sgubstiithtioe 6PHEE n&YHLINE! a@eaeagm%ﬁtaﬁdthenbtsbcﬂag%d

(0] n_an WO e | aes
noekgahe e ORTRLABL L SR K £ o, |
ani rﬂﬂoﬂzﬁﬂ ghehaas lysing fosargiaiset ¢arnalsqn be etcmﬁﬂtect@cpremm a
e. ? blolbélcblgl dquiValdri prddeica! Nﬂéléﬁﬁ!teho@lfan é’eﬁlvﬁiﬁh %Lﬁ% In
el Se ar e e . .sane en
S oo teration'c fd KRei GG g Rl B 8 Dot imblbtule
e gevardalpo nobbe expediediioaieg Srecactivity otibe gerieini ¢n sonle
25 2688, tit inag iRt 15 d6diraple olRalteLieftd Sehe SEHRAEE in

one ity *§§FL‘%§( {0 Bkt or AlibBhien PHute HERIEA St it tne
awarR¥oigin tEﬁSh of depyproppeedt mediicatiansds el witkipdbe fauting skill

cel lin the 418 agds dbterminati®Obf @@erﬁi@ﬁ%‘f‘ﬁldd@cﬁpﬁﬁwﬁy lrﬁhg' ven
mi

BT Mo dorohlg e Wireovel A s nBHARSh FLRnBe0RRE | O o,

to desvgiresipacg@passaddly thisduverdion Bregiee defjnest byctheimbility

us age hipiliaanasr éthﬁqen& &@Q%J%}%Yf O?If)( 95@{ ®A 't%ﬁglos OGP,

usa | |ca lons to the se uence

such th%%(%?@f%}'gﬁé x?rﬁglg gn. substituti on;1 in

t he sequéheéerhi |%hf9§$l0d’u@éer§ ito ti‘mttraﬂsam@@s anddtandlation to
28ubgieas pra dci/fralfnfaa%éné RRY Irfgi!&? iHéJéh%]heﬁéeP@I%é lg@ﬁe Bf'oo%@?

ool B B Bl bl i i

For exanp
“refl (thQSl@@&!i elpaant 9’69" ofrrying nghlch austiegt part omne: h

2pCTraplisaliny SRMs0eEs, gppeme dntegreting seqeates] phaibasr a
codancleetidd fét]u@m:éﬁ) Ilﬁé‘drd)r%ir&ﬂbﬂ %g ainghy @5 Qﬁuf‘tﬂéust?raﬁ‘c!i@d1 Y
2L EryTRR S B R SRS e
hy dPepiRssee haws berrejoined ar ieemsnhingd ing a ubigue tenstaretion
i's gmwthl i8 apaBlaof lﬁfrbefum@é"ﬁﬁfiﬁoféhfrﬁé}nérﬁ%ﬂdtDNR séquence
3 nolthe e Send BiballaHions Qul abpRprigh ol Siravlated) o
ones%@mp\ygp@ eslar ransipgvatinecdssette” 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
35 elements in addition to the foreign gene that allow for enhanced
expression of that gene in a foreign host.
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anot her, such as |lysine for arginine, can also be
expected to produce a biologically equival ent
product. Nucl eoti de changes which result in

wobemaissan of the N-termnal and G term nal pp@rdsbidflszizos
of the protein nolecule 10 would al so not be expected

to alter the activity of the protein. In sone cases,
it sitmeclicrcef Rerodddnardfirganiemegake nmut ants of the

sequencenéaomsrr@ﬁfo ngméddbn&élﬁngftﬁeeﬁéceeéaﬁlge%@ma@wfu

on the cal ,.a Eac
he Sefie dieaaate 2RIl heyaRYePhia A ST STt to
ski 11,3-propankdiobmiy basonstraeted neing ddhoiguet wed tkaowin dm thef

by o'é}g'@ahe domnpsgw rbIg ﬂ&pﬁafeo@eﬁ&gmsgeﬁ gée‘epm)
g e mg@% BF2) e s hca R, ghab, and

seq
def i dfw&wdhydmataseheha:ﬂmtlom tachyrt{pifdiané orfiXhepad

stri FQ— P&pa‘h@@ﬂl 6)&;6’6}'%&&3%8( cﬁég) mfeéFeélsc{Pa%mﬁ% tfaltive host

Wi't e's es exe
exp?U@E debsiellpar Sacehbmeveesed P??FF fodfangfym host strains
10r armichtasdh coh DHBA, BELEF0Py AM200, of KbRRA. gene COdI ng for

the |§&gﬁ@pgﬁ3§£ t he gene product The ternms "plasmd

ve sette" refer to an extra chronosonal
el erent M@tfwwﬂ%ﬁtwgg e G PO & BAGRErBLISHasrS Al
centocoaimoretiad okl knower irt the arkedfl molaadandsiclaly.y Fonestamaple, if
for %Qge&dén‘&lélo?fh |§kn5fvﬁa%gﬁﬂle offfd ﬁi‘frﬁh@maﬁ%@h

el ement s onono rcatin
. endteA ?ﬁpéégﬁ‘?%‘?qt'l"?@ engpnuriease dighsiips apd may Be aoierhe W'th
S eqyrobeEscorplemantaoy tocthecdelsmd gerfie seqgiengé. eOnoe the

dou%ﬁ ﬁﬁé&& @’s%ﬁ’ate PINARR: b%ecfrhﬁ(lﬁi@dflfsﬁ’gw Eﬁﬁ\%r
I'C nucl €eo0 uenc ave "\'/\ﬁ%cw

j oi gcled W'gﬁﬁﬁ%‘éﬂeﬁhﬁ’fjﬁ syChAs 8t
| S c(hiﬁafbﬁ&‘a O2)i tobbtaﬁuammgna qf v beitabile fog transfoametidoNA

ﬁ@ @g{t glected gene product al ong with

approp | ransl ated sequence into a cell.
"Transfo masvﬁ 5&9§§€‘[‘q Bbrapigs B'\ag besreated ¥ivere @9 ct or
contsagnients ¢f deavmicoDNHBE-45RH) imay |begnaekmgmhhtm veautors and

add'Js#eEP[i’o {rQnngﬁn %Bfn%gﬂﬁte MR éﬁ@ﬁldfvﬁﬁﬁolré ér%égﬁ?ue in.being

tra ormal articul.ar si Qn
cas aqcemoyai% argesgaantifips Ofléw\o Censially ‘-P‘HSHE‘? yectors
Xs0r é1aye agmaaet anedcdpy\of hige ¢85 Dbl esaeabsce whigh ds heeded for

th

X h:t a@kﬁélﬁ@ %ﬁﬁén%#cﬁlﬁr&%%or%ﬁﬁ gcgglgﬁgﬁgﬁsﬁi Skifn
PCT/! @%ﬁ)@%sl %986%9 ?‘@gﬁé’?i“-@&w RIS0r CORERID AB iGN °f replication
O ganch as (etebahd dagtresistence smakessuah as mgydnegesistant to

nec %‘mﬁé g‘n 9F Hﬁém% oﬁf/ Mithdds %ﬂ%ecdsgrﬁd 98&%1@?# the

3 SBLA SR bacil hate i el AESBEN ih RaBbrook:

vel |J. ehalwsupra.t he 5 art. Genes encodi ng

gl ycer ol T35RARSBRANG SRYAY, FSBRATINA Fidkted using the
appropriate restriction endonucleases and ligated, adjacent to the cos
region of the cosmid vector using the appropriate ligases. Cosmid vectors

35 containing the linearized foreign DNA are then reacted with a DNA
packaging vehicle such as bacteriophage. During the packaging process
the cos sites are cleaved and the foreign DNA is packaged into the head
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gl ycerol - 3- phosphat ase (GPP2), gl ycerol dehydr at ase
(dhaBl, dhaB2, and dhaB3), dehydratase reactivation
factor (ortZ and orfX) and 1, 3-propanedi ol

W0 fMen@asket ase (dhaT) were i sol ated from a natiygod3Rskos
such as Kl ebsiella or Saccharonyces and used to

transform host strains 10 such as E. coil DHba,
ECL 7patlionnaDiie bacteridl 2B pariitis o ThtsopartitieCane thekbishd ds

of Ofi*%@éféﬁt RGitdles héﬁ%e%&?& d¢ IR, @?f‘cb%bﬁl{eg ?&ﬁB %@‘w‘céﬂ; €
For DR 4rpicn, DA creylaliass dRE S JIMERES BERE 108 SURBLANES. I
.Sui t i realgmrdﬂrge skginenisi of foraigy MINA Sart be mtmdiubgd and

rfzst é*lﬁ.ééstéa zﬁ%%ﬂTb?ﬂa‘?ﬁﬁSst%ﬁseSt | ondand m;y be screened

seq _! on And Cloning ot Ganes b woding: “w @ ,
be aﬁ@BZ, aad dhaB8)y Dehedrdtasd Repicineting cﬁactm&; é:de and orD()

anmpl 4 &4 £at 5Bt QdBves Ppyerase chain
reac%@% tain unts of
DNA sui t &515811¢ ¥pctprsanck casmid f@m%@nﬁ@e E%Wﬁﬁ

Viectwitten thid coetesdbf thel presend inviedtidn forcioriedargeesegneents of -

cr ea%&m@ Emeﬂr@rh gb%cﬁ;sgqsg@a%m Qs%e{sst% 4BI6 K

a vec S ang.
appr WBFg doshropagdiel O|S§eﬁ‘ Ungﬁ'ﬁ%'" fr Ag
abl eK.t,mneammram lsolatadjw methotls ek knoin DNhe dBearet al | y

COsS ”Ehgeé{@& iRk ezr%sﬂﬁﬁgn @ﬁ#r@@?éuﬁ‘%r d‘i’lflnfoh::ﬁa c&id

nc | ch s nee
o< ErARK SUPBIRE) ¢ing ﬁ@apaplsflgﬁcq%gm giyacs.
addi Following @ -n'shactmsnfsﬂmqmd% tchf Xb 1 Rioe MFscslisiweral so

cont @i r@hed il the @ srhEi%Nﬁ at“l"réﬂ%forﬁ‘iéﬁ’f’s \ﬁérecﬁrc.féne@rfgr the
dr ug reS|st ance S ch as a gene resist a(%rgI %
an; Y 5 CONVSRGSREE fp 1 SRRt By groning Hisads in the
vect peserfeercf ghee®0 ahd analﬁmngrﬂ'te raexdiafforsyBipadapamediol

Qpct gﬁ nhosts are well described in Sanbrook, J. et
cl one, .cosm ds, forelegn DNA i s

i soi at ed T@Q qféﬁ% Eé” p'éBﬁ‘P‘%%?'lpaﬁ'g"? EaRsTprRants were analyzed
endoandcthe @ssrmidarwbre ingated hK R daraiceR2. t DNithseeqguieacing esjiealed

%‘; t r%@r%'ﬂd?ndig%’ thd lyEQroi W@é@%éﬁé ﬁ'olln' @%ﬁldn

tQrs cont n i ne ore|
éPPQ h@&e\f\ﬁa(' of PR CopgR d?'ﬁrg e@E‘Pﬁ"E!F
Huc rgimerdﬂ aehpdiatasbapae. Diherrﬂg3-prc¢>apadlbhm91lgle|drans&s’mants

th
pagk\f&é}% gﬁb&rﬁéd Qﬁ@tl‘% d‘ Hd Bi¥dsL HNA
ﬂt‘?%ﬁwc‘@f"' Eh‘é‘% g encaglinga diol

PCT/ 8@%‘?3}@1’9@'&‘*
par tdehlydrataReagmeparti cl es are then used to transfect

sui tabl e Aﬁﬂ?tﬁg%b'lﬁ?ﬁmﬁvéﬁ&\ﬁtllﬁaﬁ khe (SBEEd Qér?é&tf?cgn within

| Nt O or el |rc ari zes  un
30+ @&E@ cosml C%Igerthp%ercgﬁg dewqratase genes an

dehydratase reactivation factor genes include, but are not limited to,
Citrobacter, Clostridia and Salmonelia (see Table 1).
Genes Encoding G3PDH and G3P Phosphatase _
The present invention provides genes suitable for the expression of
35 G3PDH and G3P phosphatase activities in a host cell.
Genes encoding G3PDH are known. For example, GPD1 has been
isolated from Saccharomyces (Wang ef al,, supra). Similarly, G3PDH
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this manner | arge segnents of foreign DNA can be
i ntroduced and 5 expressed in reconbi nant host cells.
I sol ation And O oning of CGenes Encoding d ycerol

wshwdbakase (dhaBl, dhaB2, and dhaB3), Dehygdiakaefoszisos
Reactivating Factors (ortZ and oW, and,

1, 3-propanedi ol dehvdrogenase WiaT) Cosm d vectors and
c os aaiivity Barsséleo een olaied frotisSavsharonyeds eacpdsdtbyi GPDhe

COm(Etkadth 10, ok MBlopIGh AELE ObEsY o] one | &1 g€,

o s o EDr e aungass. g the presant ivntion ys BPYBERIIeY ot
1, 3-gnyqemeesicotiing Sppayeptidé rgspogeiblefor NBRA-depemdent.
%‘“e%ﬂgbﬁ?d@@ i 38&&%% AR R0 Qaﬁ:itw’é éag‘a‘Bfé’\Sf cathl the
art - an es|.e th the restric nzyme 3A
For GBI IREYEpeone BasPTA AR AR BB and
packapephatsi(GGPH Haglearkit is quatimgated thalt arggene encoding the

FOl | WhB Bk CORUEHES ngABT-Idﬂ n &ﬁt@ﬁPiﬁ—l’s%ﬁi\dﬁdﬂd@ the
VR t th: th ..

Tr eGP AR s GRPE GRP2eRERS: 3nd gheA Wiliha Upgtiang! in the
mom/pafes_;erg iyveatioh whereln Sap empranaxdd séquancg Mo er_g:otripaﬁs

Ce of N . 3 e
o 0iAning sl REERERE SioRiofl, bE Mo Mar R o HBOnE
1 3 THpelom e Pt 1 e skilestRareRmuiiaPPiRsale Mtioeoes
and dniceding<G8RI3H leated foartbth&Riouars wiKBEo HaNitable for use
Seqyf e ﬂ%g MR RBN, @gn%Q%hXSdh%?@?Fo@bu gPﬁatEQ@are known.

I ) ..
Rembiat CRapIR, GHE hasBeeD IpRIRSH T SREC BV SRS e iNge
encdfiortgsck led akpl. g&iql_c Q_hem gehyidsas 48396)ene. O her
1,3-prop %B?megﬂ)uragééstéf‘fﬁe Fe%-%@ﬁﬁﬁélﬂf&hs analimged
and the cos S re. nane 4 and - . .
seqUésft Ph@%&ﬁ adivitnigisuitalde doruse ﬁze rgthodaherpia that

enc aatiivity ia cepabie orﬂehtﬁltyzmahe cgeresionbf Yigeebl-3-phosphate

t : ‘ t m

: 2v(\)nnf ) H%‘g\‘gﬁtﬁ‘:g@’é P%‘Fllg&g%gérpﬁog aglttéé}r ﬁgrtﬂ%?’so récergg

> f
dehyRAcating dng aRino agid seauanss ofex!3 &h@ab@f@%wr&?ﬁmﬁme fo
gendbe gasdsiGeP2atd @PP1 mdit bé fumictiadhl frothe pesent revehiion,

do i & ' :
Coo AR TS i B s
i nvSNPFBHtioNs deletiong eadditqnsiths do gy ltehibedyngtionof e
2f G ohéipHatasd dixymeh dhelskillad @epstini will bppeciate thahgestes
cel lencG8iRE B pRHId S RidhE SttEeSHA AR
GPDle' r'h S §een ﬁ?%&’lpl ate ]%I%maggw B?Tyce%%wang eei
ai . ,SU§%? Or us ipithe plepenidayntiono wWo 2004/ 033646
PCT/Hd520@B¢ 031805 activity has al so been isol at ed
from SSGERM RBMGRTs RIPH R omindRPRraduction of 1,3-propanediol .
30 may be either prokaryotic or eukaryotic and will be limited only by the host
cell ability to express the active enzymes for the 1 ,3-p!'opanediol pathway.
Suitable host cells will be microorganisms such as Cifrobacfer,
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus,
Aspergillus, Saccharomyces, Schizosaccharomyces,
35  Zygosaccharomyces, Pichia, Kluyveromyces, Candida, Hansenula,
Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia,
" Salmonella, Bacillus, Streptomyces, and Pseudomonas. Preferred in the
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“(Eriksson et al., M. Mcrobiol. 17, 95 (1995)). For
the purposes of the present invention it is
contenplated that any gene encodi ng a pol ypepti de

. WBShARSsR e for NADH dependent 5 G3PDH acti yickMstoes/sisos
sui table wherein that activity is capable of

catal yzing the conversion of dihydroxyacetone

phospieaend if\Bkfie) ateEgthprichialcoll-EsshesgtiablatieeItpbsiela,

| Zumr tnb%babtbr latd %?éb”éolf&iatm’{%t F@érr&f‘hétﬁg % arediwe t he
cor rggcg@ﬂ%%ﬂ#b %ﬁé’ {/ﬂg’ﬁg& gﬁ%%gg glﬁi’ﬁp Dz&“dﬁ&?C
and Gpa4v3d)) MCotBE6UAd CICorI926). t he 10 present

- ioveptdion oM réhsﬁ&?ﬁéaﬁé&@ aC| d sequence may

encaompas el eti ons, or
addi ti ons s"'ler{%{?s% WY&P’“%H P@P"dﬁ‘ﬁ & Var"ﬁh’cft VeFtopt afthe -
enzymansiarmatiskiaht edpiessisn casddtics apjpatde fattke chaihggenes

enc%w@?ﬁ#aha%k%ggoﬁ bPEé‘s@HFP@'oﬁ:O}aﬁé‘sﬁﬁa%é' al so

be s us t he t1on
oot WO, She SeRuiakee drastive B8 S FASCoet,
EPPZSlhmlebmmrBMI mﬂmsém}&emmp@mpleemmm evi si ae

| t( Egrﬁg:fégrgém% e io d?g%mt%tﬁfé:‘)ectg%%f:%riﬁéaén&e@ it )ekamphy,
e GRS Baciesin, @ usi(sichs Bateriphads 17 Ak perupd
use phagehea cosntidda ydust of a planht Pradodals/for phianingpamblusng f
cat adjsh '\/@Gtoh??re%%rté g eGh tHE X% Péa%l?]l%ol? RPSRBpe 20

us HZOt ceroLrgus |nor%|agﬁl;$ﬁ@1 gate

R B B L R A R S
G3P @éplmsimut ofdke GBPDEbahGBRgHbsphathee gemesy DARI2amEhd
GPPI gppb | reBEe B inciﬁéh Lied st Eéféﬁurﬁ&ﬁ@é‘éh@fbmihar to

e oS e 383 P, rbw&l SR PETIRE RSPl AT g iBese

t. hat gehes imsuitablacfior tﬂwrésmmunmntlm incheEirgbuBaBbt limited fo
ﬁgf@?@‘i Q%l%se@ngGAI g?gggﬁ:“ G‘ﬂﬁrﬂdl& mrgfnwﬁ
ot he?RES Iz ENO wgeﬁgﬁf‘érﬁwas'%fn Sachermytes)
- pr esADX1 (waeéﬁtfmmxpréﬂsm iC&idisa)Sand kol Ep a4t ABgl T8, thorand
t he tf@ﬁx@&?‘ﬁ! fgfft@( ,ngghlm EORy®f 1, 3-propanediol 30 may

be el otlcor eu d will be
limted é'ﬁF"Q'“B ﬁ@”tf?éé?glor@dﬂﬁg’/Q{?P%etd}fWﬁd HOBY¥EIOUE e
2ct i gemee naiiveek the prafared hGstpr Qplineallyob teratifmiion.site may be
Sui t@AbBedkaR h%ﬁ)elfér W':é ho@@pr&i‘e‘ﬁ‘e@‘?fdsﬁaﬂuéﬂs such as

Ci trobac Entero

Aer obaot EPr bifsivg EABIeePIGn of thepelah| PTAYies, DNA encoding the
Sac Gy ey aes lml@dmpmm:ﬂgcthtmrghnymamn &ixions to selected
Zyg Fé‘s@%%ﬁﬁﬁe 13n& Buéh th'ﬁ't HX{Y@&QHN ratits frRe S nhation of

ﬁﬁ?%b&fepa@te sl Voo Toruonse

St r ept orrfj’@ég:ulémhydlseﬁémbﬁr@mnt Pveifiti are thavediers3i
pSYCO101, pSYCO103, pSYCO1086, and pSYCO109. The essential
elements are derived from the dha regulon isolated from Klebsiella
pneumoniae and from Saccharomyces cerevisiae. Each contains the

35 open reading frames dhaB1, dhaB2, dhaB3, dhaX, orfX, DAR1, and GPP2
arranged in three separate operons, nucleotide sequences of which are
given in SEQ 1D NO:65, SEQ ID NO:66, SEQ ID NO:67, and SEQ ID
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WD 2004/ 033646 PCT/ US2003/ 031505 present invention
are Escherichia coli, Escherchia blattae, Klebsiella,
Citrobacter, and Aerobacter. Mst preferred is E coli

wBbiddseWO 2001012833 A2), RIS.n (ATCC PTA-p¢zAfsboosBs1805
coli: EMP ::Km (ATCC PTA4732), MG 1655 (ATCC

7009262323. 5 Vectors and Expression Cassettes Th?

pr e KPS, resentively. Jhewifirsanceshatwesr theiveriors aredliugigted

t r afvsfherohatt beiovafile praiikEs-S imlicatess prdrasies tivd ofdrereiding

t he [ : ti gn el DH,

P (%;E‘%%Pé%ée‘{ FRTARGER 1 JorePMebeRt RleomidRiigh oFa

rea®PFiAd-i on factor into a suitable host cell. 10

S_ui WCE)W?(BE@ID\NU:GB)E t hose whi ch_ are conpati bl e

Wth the 48 ERPP GRS ﬁ%ﬁﬁig’éiféy&%n%a%ﬂbtcémpsre‘eetsttﬂé StheR2

be deri v , or—exam;le, roma bacterium a Vvirus

( suPRMEVIRREI®S, ophage T7 or a M1 3 derived phage),

a 3osmj dp-126 WRgB! (Qham_MhaBQ;_dlEﬁBﬁ__@hakﬁ dndr obt ﬁi ni ng

and usin CLOr r own to those in the art
Sanbr ooﬁ”e?%ﬁa.d'e@ﬁg@'i"?ﬁ?@h ‘nitiation control :

10 giPSYEO K3 (SEGHER ¥Ps66)uhi ch are useful to drive

expr essi parcqDath SFEEBREv eHeRidtiophsire diRethg oftes 2
( DAl i @0 (5% respectively) in the desired host
cel F are anrre ous and famliar to those skilled in

“the art.pi5 lopaiGlydbail stheRg: dhaBhehBKS 898 dri vi ng
these gpnesiong GlUbifabbrex feiw).he present invention

~dncludi Wated to 20 CYCl, H' SS, GAL1,
1&LP§¢W5@D QQ@) GAPDH, ADCL, TRP1, . URA3,
LEW2, ENDirc{RariiifiPRI)sems ofestationsosnaresq the other 2

Sac pasiv@ipspesdrs, AOXI (useful for expression in

Pi chi a) ; I 7 and trc
(Iuself ul) Pglr%jI&r(]g%é@*%ﬁﬁ?@l@?ﬁ%@%&%?%nﬁat ion
control Pdd long GHrTAL &6 setkri ved from various 25
20€N@S YD1 009(SEQ IROBEHf erred hosts. Optionally, a

term nat | [ B u a}lw; Vel wlt oS
nost pr e#’g&r@apf VU nzc)lt‘)sﬁcl eedt_gﬁln?_ngz?tﬁ)sz ec[faﬁt\g/)%ﬁ)e@%ro&%izon
of pﬁ'&wayszmnsenzynes, DNA encodi ng the enzynes are
l'i nked opar@ivhy GlaraRh dhaBRi ahaBe) dealipredt o sel ected

expr essi or rgl S such that expression
results ﬁﬁ‘iﬁ’gbf(%r(ﬁ'gﬁ%n of 30 the appropriate
5 D T - & e . § p

SY%dhﬂiﬂoﬁbﬂ 3 Seddid = o
ot ved EPPE%ES'H':E%%?%%%%ISES% b Ereifbedef YR UEPd e Fafirgm
pneappriipsatechnst cellsm| ipa o) thescaseetts seitalaingithe genes

(Ao poroh armplanAuiee dayadba B iheRd s
of o Sram B LRERL o 14 Mot BAE el B arER TR i dolid
procedures such as by transformation (e.g., using calcium-permeabilized
cells, eléctroporatior;), or by transfection using a recombinant phage virus
(Sambrook et al., supra). ,
In the present invention cassettes were used to transform the
35 E. coli as fully described in the GENERAL METHODS and EXAMPLES.
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given in SEQ I D NO 65, SEQ ID NO 66, SEQ ID NG 67, and
SEQID 32 -------- -- --- WD 2004/ 033646
PCT/ US2003/ 031805 NO 68, respectively. The differences

Qel WeERsdsbe vectors are illustrated in the ghtshossn3isos
bel ow [the prefix "p-." indicates a pronoter; the open

reading frames contained within each"( )" represent
- the Elogptsition of an operon]: 5 pSYCOL01 (SEQ I D

NG 69): T SBhRR e g@éxé tmee%istc%nsym;ﬂgeeatmmhe

d ]
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pat hway ope
| (dhaiE!"P aﬂ@s@aénm , OHARS exhﬂ%ﬂfosfgrﬁf loani catghgfiteyenression could
or f Xb®riutied ﬁaW%%@@héﬁE@lb Defileitdes. Portaxample, many

(Dar\?mﬁfé)ceﬁé‘ﬁi% s% } elté’:fb Rt forh BRicBES8hd By-
b ch L

pat h vvay

(dhaed gﬁg ggth@nggga drd )@)is cgﬁgmp‘gx_t@ haf m@al@ptrams of these
{or f Wilbtyps cagdniyms, 22ppIR¥ GO1 BOproSEiiRdidd prEIEEDN thet Bre

e bl S0Pty Rk, B3, BRS04 5 iy o

and ‘"1!59@09 | ong GI (orfv or)) 25 Transformation of
gw g ablt e I\Hi@tﬁ?as meﬁiwmaﬁntsrarefco@enmarﬁdmfvel keown in the
ro r t

e %'l‘cf) nl;{i’ll:e%me% ‘QQ%H g@@.&@ rﬂ%y @%ﬁp&éé’d 131 \%ﬂ%ﬁ&?f%bbﬁé

pr 815 ag radiagen of ghqraical rﬂlﬂtaa@&%%ﬁeaﬁc'f%@e@ frdhe dgsired
c ont phariotget Whee nmtmg& mudationg tHESEPHrad@@iBnmitheplitadsief

dehy AnA R ichizifl b RIOR A B Beetd SHEREl Uit i Bt or

t h

:oPogwa!ﬁf%@oémﬁ gage%mvhagﬁg?f wiial wﬁﬁn (e éﬂnge ﬁ'ﬁﬂg nm to
cal caoomipavirera2bl infreid prefetrbd, UM rediatiopar this waelength by

- -%gaggﬁ&gt{(dllg 'Ea s'@waﬁgé§ AR hERlc RARFEUENEY From guanidine
and cytosine to adenlne and thymidine. Since all cells have DNA repair
mechanisms that would repair most UV induced mutations, agents such
as caffeine and other inhibitors may be added fo interrupt the repair
process and maximize the number of effective mutations. Long wave UV

25 mutations using light in the 300 nm to 400 nm rarige are also possible but
are generally not as effective as the short wave UV light unless used in
conjunction with various activators such as psoralen dyes that interact with
the DNA.

Mutagenesis with chemical agents is also effective for generating

30 mutanis and commonly used substances include chemicals that affect
nonreplicating DNA such as HNO» and NH,OH, as well as agents that
affect replicating DNA such as acridine dyes, notable for causing
frameshift mutations. Specific methods for creating mutants using
radiation or chemical agents are well documented in the art. See, for

35 example, Thomas D. Brock in Biotechnology: A Textbook of Industrial
Microbiology, Second Edition (1989) Sinauer Associates, Inc.,
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In the present invention cassettes were used to
transformthe 35 E. coil as fully described in the
GENERAL METHODS and EXAMPLES. 33 WD 2004/ 033646
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me ¢ ham-altesed)nwild-type gene.epai r nost UV i nduced

t t h ff d oth
2L SR RRRuAER" S SGed to interrupt the repair
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causi ng I'ons.” Specific nmethods for
¥re . usi ng
Alternatively, it may be useful fo reduce or eliminate the expression

of certain genes relative to a given activity level. For the purposes of this
invention, it is useful to distinguish between reduction and elimination. The
terms “down regulation” and "down-regulating” of a gene refers to a

" 35  reduction, but not a total elimination, of the activity of the encoded protein.
Methods of down-regulating and disrupting genes are known to those of
skill in the art. |
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radi ati on or chem cal agents are well docunented in
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! eI ps QI'I'us gerres is represent tive of a number of path&g{/g I?noe\r\?n to
those skilled in the art. Glucose is converted in a series of steps by
‘enzymes of the glycolytic pathway to dihydroxyacetone phosphaie (DHAP)
and 3-phosphoglyceraldehyde (3-PG). Glycerol is then formed by éither
hydrolysis of DHAP to dihydroxyacetone (DHA) followed by reduction, or

35 reduction of DHAP to glycerol 3-phosphate (G3P) foliowed by hydrolysis.
The hydrolysis step can be catalyzed by any number of cellular
phosphatases, which are known to be non-specific with respect to their
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invention, it is useful to distinguish between
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35 converted to dihydroxyacetone. Mutations can be directed toward a
structural gene so as to impair or improve the activity of an enzymatic
activity or can be directed toward a regulatory gene, including promoter
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1,3-propanediol. In such a process, the oxidoreductase Is again
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alcohol dehydrogenase), however the need for deletion mutations are

35 nullified by the energy considerations of adding glycerol to the cuiture. In
such as process titers of 1,3-propanediol of at least 71 g/l are achieved
where titers of 200 g/l are expected.
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additions. Preferred ratios of vitamin B4» (mg) fed to cell mass (OD550)
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sl oSSR NI e At HRSPUNL i,
Adv oClepgipaldademfesmentation is a ciosed system where the composmon of
the media is set at the beginning of the fermentation and is not subject to
artificial alterations during the fermentation. Thus, at the beginning of the
" fermentation the media is inoculated with the desired microorganism or
microorganisms and fermentation is pérm'rtted to occur adding nothing to
35 the system. Typically, however, *batch” fermentation is batch with respect
to the addition of carbon source and atiempts are often made at

contralling factors such as pH and oxygen concentration. In batch
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parameters to moderate. In other systems a number of factors affecting
growth can be altered continuously while the cell concentration, measured
by media turbidity, is kept constant. Continuous systems strive o
maintain steady state growth conditions and thus the cell loss due to

35 media being drawn off must be balanced against the cell growth rate in
the fermentation. Methods of modulating nutrients and growth factors for
continuous fermentation processes as well as technigues for maximizing
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‘Fed-batch fernentations may be perforned with carbon
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10

15

KnR

KnR gal Pp-trc glkp-trc KLGG AarcA FMb gi pk-
ptsH crr-

(WO 2001012833 A2),
(ATCC PTA-4216),
ATCC 700926 (commercially available)

WO
WO
woO

0821340 A1
2001012833 A2
2001012833 A2

SEQ ID NO:65.-

SEQ ID NO:66.

SEQ ID NO:67.

SEQ ID NO:68.

The plasmids pKD3, pKD4, pKD13 and pKD486, and pCP20 have

been described (Datsenko and Wanner, supra). The plasmids pLoxCat2

and pJW168 have been described (Palmeros ef al., supra).
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presence of the antibiotic. Subsequently, pKD48 is cured from the cells
and the recombinase plasmids are then introduced into the integrants for

20 removal of the antibiotic gene. Strains integrated with a loxP cassetle are
transformed with pJW168 that encodes Cre recombinase (Palmeros et al,
supra). Strains containing a FRT cassette are transformed with pCP20
that encodes Fip recombinase (Datsenko and Wanner, supra). Atfter
removal of the integrated marker, the recombinase plasmids are cured

25 from the strain.

P1 vir transduction were performed as previously described [Miller,
J.H., A short course in bacterial genetics. A laboratory manual and
handbook for Escherchia coli and related bacteria (1992), Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY].

30 ENZYME ASSAYS

Assays for Glucokinase (Glk) activity:

Glucokinase (Glk) activity was assayed by foliowing the conversion
of glucose to glucose-6-phosphate spectrophotometrically at 340 nm by
coupling the glucokinase reaction with that of glucose-6-phosphate

35 dehydrogenase (E.C. 1.1.1.49). The assay contained 0.5 mM NADP, 5
mM ATP, 5 mM MgCl, and 2 units of glucose-6-phosphate dehydrogenase
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further monitored. Ppc activily was defined by subtracting the background
25 rate from the gross rate. Alternative assays may be found in T. E.
Barman, supra.
Assays for dehydratase enzymes:
Dehydratase activity in cell-free exiracts was determined using
gither glycerol or 1,2-propanediol as substrate. Typically, cell-free extracts
30 were prepared by cell disruption using a french press followed by
centrifugation of the 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)) disciose an assay that
35 measures the reactivation of dehydratases. Dehydratase activity was .
determined in toluenized whole cells, with and without ATP, using either
- glycerol or 1,2-propanediol as substrate. Reactivation was determined by
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35 Assay for glycerol-3-phosphatase activity:
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NADH-linked glycerol dehydrogenase assay:
NADH —linked glycerol dehydrogenase activity (g/dA) in cellfree
35  extracts from E. colf strains was determined after protein separation by
nan-denaturing polyacrylamide gel electrophoresis. The conversion of
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Soy hroth with glucose (SBG1%) contains 10 g/L. Soytone (Difco), 5 g/l
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Fermentation Protocol (14L)
35 Shake flask cultures of all strains described (KLP23, RJ8.n, MB
1655) were grown on either 2YT medium or L.B containing the appropriate
antibiotics as detailed in the examples to make the pre-culture for
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35 " Molar yield, as either fraction or %, represents (mol glycerol produced +
mol 1,3-propanediol produced)/(mol glucose consumed). Weight yield, generally

given as %, represents (g 1,3-propanediol produced)/(g glucose consumed).
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derivative obtained fromculture supernatants were
conpared to that obtained BEXAMPLEUt hentic standards.

The mMasORSERUCTION G_WW DEMYIFRIGENASERT RPROS hﬁbh)

gbucose, g4 ndf n'ﬂl’tétldﬁrwé’soolﬁélhéd b?ﬁ’rﬁéﬁ’@ﬁtlng J@e godmﬁ region

oa TR B CSe e el ned i sneisrce. 55 @o

(13. Bcgpiskipn KEROEIB) Wit Bpsiream andS04nstid20: '(lﬂﬂgﬂg_n)eglons
citrives @@F@amﬁﬁl@ﬂhﬁgﬁﬁ? eco?:%ﬂ@éééﬁ aﬁﬁl&hé‘d SN s sette

east extract,
Wé’hf ?Pd of the-gene,and;a

cont e oSitd 6:!@@%%1 2. qvgéowo (3.0
g )@xé%%bc%ébfﬁ b E@sse%ﬁm @eq ol E%LE)SITIIG plLoxCat27
CuSCI@GEtD N(IDHGWI@SI!))n mhtBnE&)@ ( EncdDESOR) V| Jollowed by fill-in to
en | &@%@rﬁ%n@é uﬁrﬁ&ttlﬂﬁ @gﬂ{é‘ 1. T'M%)éra g}erl?t The
81 Iﬁgc\ta"anéoﬁba?%?ﬁo e alrusros el sup. Jbast
ext rmﬂt‘ Cat OagpeitetwagPORamplifidd a0 ek@trgpbratdaiGhio KIBP23
| at | %
st g e R R R
nd haer peRaRvely i Gt eqebinges, oSt upre)
contleavisg 96 bg/df irBeyupting (eBuénw) corfiaigihl onpdaRS idxditeadihis
14%4&5‘ iNASs deﬁ@ﬁatég l&’nlﬂhé’i Ug\gé@?uf %ﬂ?@f Hﬂgﬁt 5% Wragco'
L. PRiEined B iomyssingdhe podlas doglom it o e eRgatieiout oxP
medi sites do gNBsdJ“emtiﬁLNﬁ)Hg‘iﬁs he appropriate antibiotics
as ogétiuesbr Qfﬁj‘ggnexanpl es to make the pre-culture

C for ¥ PCT/U 03/ 031805 on
0 he 1 & Ginphs comamina ALTAkiNG SaceneRiand GHsh 1 et

25 oZexP5deem Windh8 1pCopwas PCR atmplifietb ayldydenes intsplni/V5-

CT Yok Qo ﬁﬂ@ erl] rt@ Bt bRAN$1. TR ABN-IHABAR-COR-bBSA

P PR o bk, FEer ot S Sl VMBS, of ¢ ne

s pe drgdombimard istraink nvefe seleitetl fasshlorahghenicsl negistancel ony
was SiR@dsdf) iffeFdtiohlt th Sassults S ndh Wad@3nfirmed by PCR.
30  The chloramphenicol marker was removed by using Cre recombinase
- (Palmeros et al., supra) creating strain RJ8.n.
EXAMPLE 2
COMPARISON OF 1.3-PROPANEDIOL AND GLYCEROL
PRODUCTION WITH E. COLI STRAINS KLP23/pAH48/pDT29

35 AND KLP23/pAHA8/pKP32

Strain KLP23 was transformed with plasmids pAH48 and pDT29 or
pKP32. Production of 1,3-propanediol (and glycerol) was determined in
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placed in 30 nL of the specified nmediumin a 250 nL
" baffled flask. The cultures were incubated at 34 C
- and 300 rpm shaking to an OD550 of approxinmately 1.0

Ad egosiggached and used to seed the fernment ggapadddons/nsisos
some cases, a seed fernmenter was used to provide a

| ar ger pre-cul ture for 10 inoculating a production
f er ML E&srmeftd af desaibed it Geaeral Yettedal Pye-cullieas faraiach

tngt p%gﬂgg&t@gw{egeﬁ@géerga ﬁ@cfﬁo%n rﬁt@m&%aa%a ﬁ,ﬁ% iEsDO0
b Bl it 200 o benie Ang S0ePa/L SRPehneEaEl ke i
ot he g@mtdrite ehthedagkpleasusdidednaouthip thedieohedar. f Ererfenmnenter

g@é Q&é?e% 35 %@g@@g 0\'0%%ll%?rﬂ$r%bﬁt g
It
rmnoih%fég’&ieé’s are géiqi_e}%?nb@t m%e %‘g ﬁhhﬁtﬂ%| TP%IV o6

g/ L) straﬂ?@@lfbieaéh febmntatkon.is, desalletibeiow.aci d (98% 1.2

rTL/ Ll)fe 914K|£t92 !Kiltﬁféf D?ﬁg ant [ foam yeast

X T s fat sthrfing 3 h
The sol Ug ﬂ@ﬁ emmp!erat@meﬁm@:ﬁ?s‘i Q!bn@% k) W@'T’ gd, gtartin
¢ daftdt Ghdetiddion/ at)a raMh &6 iR, (8 rébreddntativa GeNaditatich. O

JnsopriaRgrt Qa%fér o Qheoss 6 O @%95%%0'9{ grole
(0. OEOeaf/sirpin M3 RS AR T 2RR0T e B RERIA OF
st er{,Bipk g@am;oi wae 2ahiivasg am-mpanbctmt/g @uc&asw dohs@ed@Band

O%‘)%p Vféj ) 10,335‘?0 rbeglovgfagﬁg%r%prlgp??a?/; froma

: a‘-htl biotics (see specific exanples 25 for details)
vvere made. The ferrrenter VOTABIEE @fit er i nocul ati on was
lit I RRJAL ed ¢
th tli]ﬁee Tes?nutaﬁrllve Sien %ﬂa sﬁﬁt?neflrﬁ oﬁ% c%rnve‘@%nodfedﬂﬁfo o
control | le2tPERP 1§

%N WinaigRd mjsseqnu)olmcp t(%at e"m&sew;y mmmr(gua 32D (g/L)

contToffed at bar nd do ¢ rol set 5%
Except Tor m nop echln’sg ons, ﬁ;%ose concentratl on 0
was maifht ai ned1Bet ween & g/ L ancBQS g/L wih a 60-6%%
(ww {eed. Vigam n Blzzadditiomsgand anyidsher 9

changef%to the ener al Brocedur%gescrl bengere ar eqgo

not ed t he an‘pl es. “35 Mol ar™yiel d i ther
fracti®h or %13bepreserdtls (nol ¥P§cerol ptdBuced + 51

nmol 1,3 propangdi ol praguced)/ (1mb gl ucosez.gonsunedpz
Wi ght_,yi el d, ner al | gi ven % repr nts (g
Haned JB2pr oducdd) /(g ol 143 i ®

1, 3- prOpanedi produce /(g se consuned). 51
2004/ 038646 PAPLR1JS20031031505 EXAMVPLE | TEBNSTRUCTESN
OF NADH DEHYDROGENASE |1 M NUS (Andh) E. COLT STRAI NS

FOR THE GRODUCLLENSS dbitdinERRiN SR Rtical vitamin By, feed at

twice the concentration or bolus additions of vitamin B4, across the time
course of the fermentation. The highest titer obtained was 77 g/L.
20 Improved fermentation with KLP23/pAH48/pKP32.

A representative fermentation summary of the conversion of glucose
to 1,3-propanediol (1,3-PD) using E. cofi strain KLP23/pAH48/pKP32 is
given in Table 2.2. Vitamin B4, (0.150 g/L, 500 mL) was fed, starting 3 h
after inoculation, at a rate of 16 mL/h. After 36 h, approximately 2 L of

25 fermentation broth was purged in order to allow for the continued addition
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Construction of KLndh81. 5 An ndh nutation was

- obtained by interrupting the coding region wth a

/ oxP511 cassette. The ndh gene (for reference, see

- WenFRMkssss ACCeESSIi ON # UD0096), W th upstreard@Rshoososises
downstream f | anki ng regi ons, was PCR anplified from

E. coif MGL655 and cl oned. The ndh cassette was

di gestt gacosietfbedt The yieklwftl, Hgropanghibhwan26 e %igldl e of

the g §rlﬁ0|:t>§"ﬁ5§ihcﬁlg]dﬂjdogé% ﬂ#rﬁ%ﬁe} a%gx;’%} of PEEGLL € Was

cl on CL gene in “the
opposPrRIoRRRSSR Mes SRtag Gt i ve to the ndh gene. The
FoxP511- Cat -/ oxP51 | cassette was obtained fromthe
" plasm d pLoxCat27 [SEQ ID & 2by di gestion with

Spe |I' and EcoR V, foll owed in to generate
bl unt e‘ﬁ%esﬁ'ﬂaf“@efﬁﬂﬁ%ntﬁ?qrb%um@ﬁwf the improyeq gonversion of

fragnent. Theuddse tox Bodrbpanddioli($,3sPDpusiad E. ob/f $than | oxP
site (Palnmeros et at, sppp IA-II-_I%I I@%ﬁ . Cat cassette

was -PGR—&ﬂj
conpeli@gat(nr e ODS58(AHN | BY Gb) &lucosedahd Clyerpl (ghe 1,3-PD (gl)

chl oranpheni col gmar keriggas renpvgd by thegfre

r econbi hase (Pag ros e @) Ieawégﬁ 96 bp 06
-interrzgtlng sequence c talnlng’r e !oxP site

Thi s strain %hs desi §dated Kihdhsl. Al 1@fnati vel y7
an ndhmgrut ati onggas obygi ned by gnterruptsgg the 24

codi n\t_:/%{egi on f_h a Cat 9casset tLPe%:Mot hout Fé}gxP Si tﬁé

to gi strain NDH413. “Constr n of

casset3® contak8®ng ndh ¥l anki nd. %equence &Ad 67
| oxP51dg Cat - 2519 0xP511 1fhrom Kl ndh81: : Cm vy PCR  gg
anplif' d and ned intg pUni Ng-, His TOP

[InV|t gen] tgbgr eate pAH111. N?Pn’é %5 o8

ndh- | A&&511- Cafl®T oxP51112casset te2from pARA.81 was 112

igntegrated into strain R]8/pKD46 Reconbi nant strains

were selgcted f chl or .

Sucoessr i egis fire LARRT W A Sl A8REs R fesgat

by P the 3onqeriratinn or boiph eddifions efvitastin Bas acioss thadtimg

usi %Lﬁ@ofmémemman( Fifhle HeSt fiter ébteirﬁéélﬁﬁé’é 114 Rt ing
strain RJ8.n. EXAMPLE . 3- PROPANEDI OL
AND GLYCERO_ PROI?IUCTI (]\I

pKP32. Production o g
was determ ned in 36+6—CT/ US2003/ 031805
14 L f e H8MAN48pRY" %@drﬁ&mmﬁﬁlp@aém—cwmm@wre

Pr e-gropdreti @BingFroz8AGils thawed and grown in 500 mL 2YT with 200
15  mg/L carbenicillin and 50 mg/L spectinomycin. The full contents of the
flask were used io inoculate the fermenter. The fermenter was operated
at 35° C and a d6 set-point of 10%,; all other contro! parameters are as
described in General Methods. RJ8/pAH48/pKP32 is identical to
RJ8/pAH48/pDT29 except that dhaT is deleted, The vitamin By, strategy
20 for each fermentation is detailed below.
‘ Fermentation with RJ8/pAH48/pDT29.
A representative fermentation summary of the conversion of glucose
to 1,3-propanediol (1,3-PD) using E. cofi strain RJ8/pAH48/pDT29 is given
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" . ducose (g/L)

fermentation were prepared using frozen vials thawed
and grown in 500 nL 2YT with 200 ng/L carbenicillin
and 50 ng/L spectinomycin. The full contents of the
whasdsoegue used to inoculate the fernmenter. plHus2003031805
fermenter 5 was operated at 350 C and a d6 set - poi nt

of 10% all other control paraneters are as descri bed

i n. Gari@blg 2Adt Viemin Brewss pavidedmeholug additiapy of @5 1€ 864

f er MEgtdteNs] sndiZd R leSFediOLRW.ThES/idIE B 8BLREpaHddbl was

KLP 129. ln.this exanpl vitam n. - 075
or L Sl £k ebankioli pliefa Estned sRT it df 60k O
i nocLBarepanediol was ohtainask 16 nh. A representative

fermentation summary of the conversion of glucose to

1, 3- propanedi ol (1, 3-PD) ' ., coli strain
KLP23/ pAH48/ pDT29 i s gi ve A Bz#%éﬂe 2.1. The yield of
1, 3- pr opariRedreseniative famnentation synbarg-opthepanvertion ¢fglucose to -

gl ucose consuaBEbarARd (18-Pb) @ing¥. BPsteHid-RIS/PAHAB/PDT29
0) IT1EU 1

Ry DEREL: SIE5P e Dk s, e 14/ Clerol A, L& PRHo)

of gludbse to @, 3-proganedi ol1@4, 3-PD) uwsing E. cobD
strai n KLP23/ pAK48/ pDT, Ti meq{ H) OD550 U DO (9

& gi;‘/cer ol1%gg/ L) 11,1(3?PD (g/ L)é'g 0 150 1 '.49
0.0 0% 17 80783 3.19% 12 45%3 2.8 12156 9 18 9839
5.7 12146 32 245136 11882.8 12.1851 30 128 10 12. 359
13.3 67 32 15311 12.5314.3 65538 159 1341.5 17. 2568
Simlar results were obtained wth an identical
vitanmi4? B12 feg¥ at twbce the Ebncentrat¥en or boffé
addi ti®ins of vbdam n BIB acrosstihe tine 7.4ourse ofis.0
the f ntati gp. The Bkghest i4ier obtaiggd was 7
g/ L. ggoﬂfn'pr ovgg fer rre%?ati on {va%h KLP23/E§!§I-|48/pKP§52'.0
A repr"é%ent ati ¢t fernedation s%?mary of fﬁe 50.1
conversion of glucose to 1, 3-propanediol (1, 3-PD)

i ng erTA 332 is given in

2. T Tam.n BLz j7 L, m-) was fed,
starti nd* FgPrEseRrie ferms My o4 81%0@2’8@%0‘1&%?9059
Af t do 138 plopaapgiobi iFBDELSING E coff stedin RIBetH4l pliP3Disgiven
MRS iRHERDAD 0 R bF 48 and
i TaaRA, \Ag“%'g‘g‘ﬁ Bl 6%2*’3’6‘%%%"1‘3%‘% fagand -

16 mg at approximately 26 and 44 hr, respectively. The yield of
1,3-propanediol was 34 wt % (g 1,3-propanediol/g glucose consumed) and
a titer of 129 g/l. 1,3-propanediol was obtained.

15 TABLE 2A.2
Representative fermentation summary of the improved conversion of
glucose to 1,3-propanediol (1,3-PD) using E. colf strain RJ8/pAH48/pKP32.
Time (h) ODS50 (AU) DO (%) Glucose (g/l.) Giycerol (g/L) 1,3-PD (g/L)

0 0 150 12.6 0.1 0
B 12 113 8.0 2.6 0
12 24 99 0.0 10.6 0
18 51 76 2.4 28.9 0
24 78 82 2.4 44.2 5

30 114 70 3.8 . 26.9 33
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of glucose feed. The yield of 1, 3-propanediol was 26

w % (g 1, 3-propanediol/g glucose consuned) and a
titer of 112 g/L 1, 3-propanedi ol was obtai ned. TABLE
Rooidapiesent ati ve fernmentati on summary of tPdeqyus2003/031805
i nproved conversion of glucose to 1, 3-propanedi ol

(1, 3-PD) usin coil strain KLP23/pAH48/ pKP32 Ti e

( h) s i &D%5MU)%D@(%&:0§@CPQ?/ (B4) GGWG@‘DUQ/LO g/BYPD (g/)
1,3-PD36g/L) 010 148 2.8 0.00@ - 6 22 6.06- 9 3.3
1234 9.7 4 7 18,66 43 24161902
2.5 46%Q30 20258?0 0.2 éso 67 gé 212 5192 9.7 889 42
202 2 @651 15.5588 48 387 12 102 23.8 1224 5 Sinil7ar
resul t sswere ofggai ned psth an pdentical pyjst ami n Big

" feed aky hal f 1tage conc trat| 0@ or bol u§ gddltl ons of
vitam n Bl2 across the Grse of tiir

fermenf4éti on. PRe hi gh@%t tlteﬁ1obt ai ned3das 114 1g9L

EXAMPLE4 2A 10 162VPARI SEN OF 1, g1 PROPANER) @1 AND 129
GLYCEROL PRODUCTION W TH E. C(]_I STRAI NS

RJ8/ pAHA8/ pDT29 AND RIS/ pAHAS/ pKP32 ~RJ8/ pAHASpDT29
and RI8/ pAkdalrend 2ligh zad @iicerot grodietion with Epesitstirairsi ng

frozen vials thawed an®u@rpyHidpred M 2YT Wi th 200
15 ng/L N Th
(ol | con e g nifas “trew?i@%g@ﬁmérﬁwﬁ@%%Eein%awe?ane

f2r nipdegtionmfd 3-prapenediol (sad giyseraliweas daterriibedCinattiL a

d6 sf@tmmemasadesbﬂ%d 2y Geﬁérﬁﬁﬂeﬁ:@ﬂ% Blthips Z@f@g alPf e

as ner

i dent'i cg{pAFﬁ g’ﬁé”%’t@%@ rb%'?@o &@Qﬂ?ﬁf—%&’{’

del e¢aseeniciia apd S8melL Bpcinanayoirgly epdreithe prskculture. The
T er namuad watransféeddid §§e§@féPWenteF§ﬁ@§£Hvﬁ{ P16 W idfore 1 L.

ﬁ? 3#@%‘ GBS s /20 RBiet a5 i pgiction oapsiste digpat tme,”
FheQ)DaR0ihng reachss) pvertsoAth aR) 80 gAHgigta Ml accugiulded

54 in the broth. Both the seed and production fermenters were operated at
35 °C and a d6 set-point of 10%; all other control parameters are as
described in General Methods.

15 Vitamin B4 was added to the production tank in 16 mg boluses at 12
h, 17.3 h, 22.8 h, and 27.5 h. The final titer was 112.7 g/L 3G and the
mass yield was 31.6%.

EXAMPLE 3
CONSTRUCTION AND SHAKE FLASK PERFORMANCE OF AN
.20 E. COLI STRAIN WITH A DELETION IN
' THE arcA GLOBAL REGULATOR
An arcA deletion ffor reference, see GenBank, Accession #
U00096] was made by replacing 0.6 kb of the coding region with the FRT-
CmR-FRT cassette of pKD3. A replacement cassette was amplified with
25  the primer pair SEQ ID NO:2 and SEQ ID NO:3 using pKD3 as the
template. The primer SEQ ID NO:2 contains 41 bp of homology to the 5’
end of arcA and 20 bp of homology to pKD3. Primer SEQ ID NO:3
contains 42 bp of homology to the 3’ end of arcA and 20 bp of homology
to pKD3. The PCR product was gel-purified and eleciroporated into
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----------- - WO 2004/ 033646 PCT/ US2003/031805 in
Tabl e 2A.1. Vitamn Bl12 was provi ded as bol us
additions of 2, 16 and 16 ng at 2, 8, and 26 h,

wospankisye!l y. The yield of 1,3-propanediol vwasdRoosfsi¥es
(g 1, 3-propanedi ol /g gl ucose consuned) and a titer of

'50.1 g/L 1, 3-propanedi ol was obtained. 5 TABLE 2A. 1
ReprM@éﬁﬁﬁpKDéG tcempetnacellsn Recondinand kiraine wera selesiedon

g[ r g_lain %ergs/vm 1215 %E#[ gpams@rﬁﬂhehkoﬁ ﬁ@ déislidfofthe GPAA

3 Ldise iy e BY BCR, Sbihe 14 BIPR bail SEQ B HOrgnd SEQ

10. 6DINQ:50 . The vgildsty @ Birdib. dive®. 50,0, ¥b POR (ii®dact ghils the 7

2533 rg&tﬁnlglﬁial‘cft%tr]ém‘?3 @eéa %h%ral |2§§1 qq(b%%RSJrgdl}é 4h %ﬁam
@feé'gnﬂ@dﬂa‘%@ 9 Agrop: fzinfsoi\f?1 y$ag ?Wéoorepared and

f er nmed do moveing mulikibhirid4Bé piil KLndh8 ¢ o Eseﬂ(la’tdh‘&é
ferngptatégn summary of the conversion of glucose to

Fo6) b hakessnt L agream s6a and diehaRchmird s were
B2 elecrofransforieel with iptdsosid aSYCO10r sOnk cbBngrd ehéh sigaiat
appr\f?a@ :HaSt%J 3 F8hantptfedin gﬁ&?@fgwgﬁé&mmmﬂ A soPh.

anedi
gI uc a%%e;'fumwaathert 0 ml. ba

1, 3- Erlmpwyenlﬂaﬂk onméaikih aDrreldTWQnédiBIrENiﬂMQ g/L glucose,
Repr. t ed
conv@?fﬁ?w%d"ﬁ%{%?"@” IR prop SHoRY

oo Hapubatca 13001 pa) 41 Kind sRp3bo "esltl ZrﬁPeé)ﬁw
( AU)th&ldh¢ @WcAGhutadior irhprdves Bleymelao yielddilglycerd-dra 1, @/ L)

12 113 6.0 2.6 0 12 24 99 0.0
2o, drapankgiPpRaboton © 22 105 2.0 8 8 0 A a2 s 30
114703826933
TABLE 3
Glycerol and 1,3-propanediol production in E. coli control
and AarcA::.Cm strains

Glycerol 1,3 (93] Molar Yield
Strain (a/l.) Propanediol 550nm  (mol/mol)
(/L)
KLndh81 pSYCO101 5.8 10.7 29.2 0.87
KLndh81 AarcA .6.8 11.4 25.9 0.95
pSYCO101
20 EXAMPLE 4

CONSTRUCTION OF PHOSPHOTRANSERASE SYSTEM MINUS
(PTS)) E. COLI STRAINS WITH TRC PROMOTERS CONTROLLING
EXPRESSION LEVELS OF GALACTOSE-PROTON
SYMPORTER (galP) AND GLUCOKINASE (glk)
25  Construction of a loxP-CAT-foxP-Trc cassette (pTrCm42).
Linear DNA was obtained from plasmid pTrc99a (Pharmacia)
digested with Hindlll and Ncol, filled with T4 DNA polymerase, circularized
and transformed into £.coli TOP-10 (Invitrogen, Carlsbad, CA). Following
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55 WD 2004/ 033646 PCT/ US2003/031805 Tine (h) OD550
(AU) DO (%9 G ucose (g/L) dycerol (g/L) 1,3-PD (g/L)
36 111 72 0.0 20.0 57 42 139 65 0.1 21.9 69 48 157

Wo Moadeszeds 4 79 55 158 25 0.2 21.4 94 64 16@1hékrddsidsisos
15.8 113 72 169 12 0.1 13.4 119 74 162 14 0.1 14.8

129 1 3-Propagnedi ol and gl ycerol production with E

Col | SEUFGHEN PN 4re-ages Rlakes Griofining SBrmall of rreRiciins the

tr anwﬁsulgtin@dlamm(@raB)MaMLpiﬂbﬁlandmabjeﬁBafa restriction enzyme

Pr odaedijsNto%lonfins 1 PRADRA r8¢io£ %H&aglllg}’ﬁ%%&(})be n Hingji
4 L e escribe

determped in rnenters as I'n Genera
Met h?ﬂrlgs. CH WIS ARS8 r 0zen vial of RIS. n/ pAHAS/ pKP32
was b:e r anginerumigliet BsEBODsitd inlgBred (UpsP&n @iHe —35 region of the
car ) ,
7 5 e SRS ok

C
Fer HEREIENCE 48NS FGAR) Hiasked by Jougesites oLinear DMA sasigbeained
cul tiore piecs! digesied with &3pha, gdigusifiediusihg arQIRGUIRRBEET .

At t -' : 50 AU 0
L Okt (QNCENGTRI 18 TAIR fofiiEiact) o By 1
eo@%‘&aﬁfo&gﬁﬁ%-fm%ﬁf&@’%& G@seplte weas @btaineddmne

and the plsenid ppoiGut! afeeISEQ | [alNO:O,tﬁyedig@ﬂi@hr\mthh Stut and
ar S - .
Ort aomia), pRORAT s SRS OAESCRRTERIRLs M Sithe, o™,
bol JGBHOTLIXUS Vas transiored Jo & g9tk 197Insitrogerhend
f i nadelactiorewasperidiied oy LiriBagabtes eontami®y 50 flgl. sRS
1. GY . )
%ER%M* M had 2Rl oA e it e et g
| N TRENGHA0Sray e anatysis nerernedn Twe rsarids optaining loxP-
r ef atitod-TeaetiGhe BarkCatorP eassitetin tHEAHAS hndasihende

by TepBbaifd SHbrit f ' 9B M Lh the FRT-
cm%-c%?g @g?ssEe;'?%r@“o?‘agv&fé‘ﬁfzﬁ@?a@ﬁ%%ﬁe%g9%’959{9 was
anplRHY BT RN P THemARrespedielypai r SEQ I D NO 2 and SEQ
20D gonstrustionaf pRSpramotdreeplhesméritttemplbie fop na mg%@ ]
NO 2 conpahg 0 ' n L.
and 20 b P 0 ﬁéjrsgf%g&%%%ﬁﬁ%qyﬁé@#gpﬁég [‘f"eDo i r?wtﬁ
conRURSIragmoxrs Y 6B3petts wWasd GR agmtified framg¥remé2
20 lwpingfthénprimeppgir SEQ ID NO:7 and SEQ ID NO:8. The primer pair
incorporates 40 bp of homology to the galP upstream region to each end
25 ofthe PCR product. PCR parameters were 95 °C for 1 min; 55 °C for 1
min; 72 °C for 2 min, 30 cycles using Tag polymerase (Roche). The
product was subcloned info Echo pUni/His5 R6K (Invitrogen) to generate
the plasmid pR6éKgalP. _
Construction of a fre promoter replacement template for gl (PR6KgIk).
30 A DNA cassette containing the fre promoter and fac operator with
an upstream loxP-CAT-JoxP cassette was amplified from pTrCm42 by
PCR using the primer pair SEQ ID NO:9 and SEQ ID NO:10. The primer
pair SEQ ID NO:9 and SEQ ID NO:10 incorporates 39 (with a one base
deletion) and 40 bp of homology, respectively, to the glk upstream region
35  toeach end of the PCR product. PCR parameters were 95 °C for 1 min;
55 °C for 1 min; 72 °C for 2 min, 30 cycles using Tag polymerase (Roche).
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to pKD3. The PCR product was gel-purified and
el ectroporated into 56 WD 2004/ 033646
PCT/ US2003/ 031805 MGL655/ pKD46 conpetent cel | s.

Recomaizgapnt strains were selected on LB pl af@supbdsfasises
12.5 ng/L of chl oranpheni col. The deletion of the arcA

gene was confirmed by PCR, using the priner pair SEQ
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fl asl( %Qﬂnf&. giyegiraip KptsTalated o0 MagGankey (Iaszteseg) fe%acssfe %
50 n@ldcosqa,dﬁlptsmmbnts a white 2olomy phendtgpe.n B12. The

fl a.s '%g%@ﬁe%? to_f fﬂ%nﬁﬂﬁﬁ%ﬁg orifotbPRR b Sphtifetit¥e fomoter
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PN e G e e 1
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PP SRR e e O P SR N O g PR
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Gl SO ity 4T T L, o

pTr c §SHO ?’hﬁ@l ies G‘P'@f@@tf@d‘ Qpngfl- ‘F‘i?'?\"& Rhegical. RRugeessiul

fill hﬂegmtndm Eﬂth%speﬂtey raplazee theeragion 38 toz8 bp upstreamof
the galP ATG start codon (for reference, see GenBank, Accession #
L00096) with a foxP-Cat-loxP-Trc cassette (SEQ ID NO:11) to provide

25 strain KLpts::galP-trc. Integration was confirmed by PCR analysis using
the primer pair SEQ ID NO:7 and SEQ ID NO:8 (amplifying the integration
site to give a 1.4 kb product) and the primer pair SEQ ID NO:12 and SEQ
ID NO:13 (amplifying the integration site, including upstream and
downstream regions, to give a 2.1 kb product). PCR parameters were 95

30 °Cfor 1 min; 55 °C for 1 min; 72 °C for 2 min, 30 cycles using Tag
polymerase or rTth polymerase. Klpts::galP-ire, plated on MacConkey
(lactose’) agar + 1% glucose, exhibits a light red colony phenotype. The
chloramphenicol marker was removed as described by Palmeros ef al.,
supra. The removal was confirmed by PCR analysis using the primer pair

35 SEQID NO:12 and SEQ ID NO:13 (to give a 1.1 kb product) and the
resulting strain was designated KLgalP-irc,
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and transformed into E.co/i TOP-10 (I nvitrogen,

Carlsbad, CA). Following 57 WO 2004/033646

- PCT/ US2003/ 031805 sel ection on Luria-agar plates
Wothslodtda® 50 no/ L of carbenicillin, the regyhishbdds§iostsos
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An edd deletion [for reference, see GenBank, Accession # U00096]
was obtained by replacing 1.7 kb of the coding region with a loxP-cat-loxP
cassette from pLoxCat2. A replacement cassette was amplified with the

35 primer pair SEQ |D NO:16 and SEQ ID NO:17. The primer SEQ ID NO:16
contains 80 bp of homology to the 5" end of edd and 18 bp of homology to
the template pLoxCat2, The primer SEQ 1D NO:17 contains 78 bp of
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35 to each end of the PCR product. PCR paraneters were
95 Cfor 1 mn; 55 Cfor I mn; 72 Cfor 2 mn, 30
cycl es using Tag pol ynerase (Roche). 58 WO
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eni col
é&%cggahl@?@gpm griger pair SEQ 1D NOT4/SEQ 1D

NO:15, respectively. Sequence analysis on these three samples was
performed using the same primers. In each case, the galP gene and
promoter region remained unchanged from the parent strain while the gik
gene and promoter region contained an identical, single base pair change
35 when compared the parent strain. The two isolates of “selected
FMP/pSYCO103" and one isolate of “selected FMP” contained the
sequence identified as SEQ 1D NO:20 in the — 35 to ~10 region of frc
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supra. The renoval was confirnmed by PCR anal ysis using
the prinmer pair 35 SEQ ID NGO 12 and SEQ ID NO 13 (to
give a 1.1 kb product) and the resulting strain was
deslogimatagl KLgal P-trc. 59 WO 2004/ 033646 PCT/US2003/031805
PCT/ US2003/ 031805 Repl acenent of the natural glk
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using the F
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S6e wWenHameasat by gmlagmg&,sthm glart codon of the gapA gene wnth a
GTG or TTG start codon.

The E. coli gapA gene plus upstream and downstream flanking
sequence was amplified by PCR from E. coli strain MG1655 using primer
pair SEQ ID NO:22 and SEQ {D NO:23. The PCR product was cloned

35  directly from the PCR reaction into pCR-Blunt}l-TOPO (Invitrogen) to form
pDT50. The plasmids pDT50 and pLitmus 28 (New England Biolabs, Inc.)
were digested with Sphl and BamH | and the gapA gene fragment and
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was obtained by replacing 1.7 kb of the coding region
wWth a |loxP-cat-1oxP cassette from pLoxCat2. A
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WaizooalEesd D NO 16 and SEQ I D NO 17. The pri ngfr/iabeshiises
NO 16 contains 80 bp of honology to the 5" end of edd
and 18 bp of honology to the tenplate pLoxCat2. The

pr i MesctdPERspELtNEly  Wegdl-plfied’ Sndligapéd. 6Dhd\@sulting plasmid,

| 2002@3@%&%@%%3 ﬁ‘&%%égﬁ Py e o o

product Wde gmftrputam plasmigl§ yvase §@ﬂ$t6t9¢ﬁda'ﬂ~°é@9 thﬁ%ﬁratﬁme
Aalr g{bb:kﬁﬁ@l@ang@mml Y Site-DiRlcled Miregenddis Riethcalt (Shiattgens) gfa
The SHRCAY i Rl el oo, Wit Ghaphsibe”
st TG SipRiTR Nke Pod QLD Ne2Siastpaiatte B9G mytion
Wi | dor thy pﬂm%t' pair BEQ eNO®RZanti SBQROMNORIdY eteatbtHeeT TG e
rec

o ocetial ABbViE Ftr ANRENEh, BbirEadpll m&{é@eﬁsﬁd i
AeddPpride rentexe bRltemnalaghelasmisl andbleree ol dhe amplifiag

B Ngasrhide. The plRefidiversiel Bahsorasd Bito & co/STPP4) and

. this "Ré %{?g has been 10 desi gnated KLGG AarcA Dedd or,

al te(r , FMP. Sel ection and characteri zati on of

an FMP stTﬂ‘lﬁlgﬁPé\x(ﬁTﬁlaﬂdrgﬁpé\nm leanstaucts wareePeR agnplified
ConsuHmY pritfier paivBEQADING: ZQQJnH$EIQEEDN@QBQ The mbfwu:;ts

: “er:&‘%ré SEGTbled P AETERA rooBol Al I PIsAPRL, | E. ol
t Utegin §LR2%1;120W@$ cqrgirucled hydransdueing KLP&a yitha P
desqitidgedydate obedimdEirdh E.icoli DSaHbYEcxdli Gt SﬁbﬂMCenter)

322&%5@0&%@ b B 3 SapE Gé R PR Of Rl e
A ucslediedstor grawihionyB plates jthguf 2 mllq:aser%@ sensitivity to
ext fcémdrémpmcély [Heiabhoing boreBmbalise bigizesiul Btegr&tion of the

ARG ThE AR TARGR L Re e

VVI t rﬁ RAd TEsresnedtivelynddeasyremant of the GapA adliviienindhe
ess e(mmm ki REPATTEaA IS Shoael tBatdhe Baplidebdls were 4%

he B8GrE orfhe Ralthd b RIEZRClesbaBREN, ITC% 00 °

st r eaked Sftflaﬁ‘m KlHe23s KL AGT G, od KLEAA BES Mese traasiggnedhwith

- B0. lhé\wasmpsmghmmuct@ste@ forerr, B-prapapediobprodaétion in TM2

des'rﬁ@cﬂﬁr%dco%? iR S SICuFIE BI Yo Lopymhilihe SRS

were Simla al ni ng“no
pl adtpminBe- d r@ﬁ%ﬂfseﬁl'e Sb@W@(tft &able¥P . The galP and

g/ k genes, including the introduced trc pronoter

reg| on, were PCR anplified ng?_'@lWO col oni es of

"sel ected FMP/ pSYCOL03" anmd—ome-col ony of "sel ected
FvP'  Rapresantativeshake fiagkssugonarof the sapversicseed glgsose to
NO 13 and {Bepropaniaeiiol Daing Qi bRNOKLEY BFEEYO0101,

KLP AGTG/pSYCO101, and KLPATTG/pSYCO101

Glycerol 1,3-Propanediol  Molar Yield

Strain {g/l.) (g/L) {mol/mol)
KLP23 pSYCO101 58 10.7 ‘ 0.87
KLPAGTG pSYCO101 0.7 1.3 0.11
KLPATTG pSYCQ101 0.2 04 0.04
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NO 15, respectively. Sequence analysis on these three
sanpl es was perfornmed using the sane priners. In each
case, the ga/P gene and pronoter regi on remi ned

woohanekes fromthe parent strain while the gblfmsgﬁg@_,lsos
and pronoter region contained an identical, single

base pair change 35 V\,hen conpared the parent strain.
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replacement cassetie was PCR ampIrF ied with primer pair SEQ ID NO:33

25 and SEQ ID NO:34 using genomic DNA from MG1655 1.5gapA::Cm as
template. Primer SEQ 1D NO:33 contains 24 bp of homology to the gapA
upstream region. Primer SEQ ID NO:34 contains homology 1o the gapA
upstream region in MG1655 1.5gapA.::Cm and contains the short 1.20 Gl
promoter. To create the 1.6gapA strain, a replacement cassette was PCR

30 ampiified with primer pair SEQ ID NO:33 and SEQ 1D NO:35 using
genomic DNA from MG1655 1.5gapA:;:Cm as template. The primer SEQ
ID NO:35 contains homology to the gapA upstream region in MG1655
1.5gapA::Cm and contains the short 1.6 G promoter. The short 1.20 GI
promoter replacement cassette and the short 1.6 G| promoter

.35 replacement cassette were used to replace the natural gapA promoter of
MG1655 as described above to give strains MG1655 1,20gapA::Cm and
MG1655 1.6gapA::Cm, respectively. MG1655 1.20gapA::Cm and
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The | evel of glyceral dehyde- 3-phosphate dehydrogenase,
GapA, 30 was decreased by replacing the ATG start
codon of the gapA gene with a GIG or TTG start codon.
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rans d(g\;rﬁrreig}jnto E. coil TOP10 (Invitrogen). The

pA- GTG and gapA-TTG constructs were PCR anplified
using primer pair SEQ I D NOTABL&® SEQ I D NO 23. The

dgg
nockout Pfegﬁﬁﬁ*'ﬁiﬁé%% i85y Pt AP 8 Bromotor
KLP23A112 waPOsHains Eansipraecwithiba iasmid REFEDO 106 h a
P1 . phage |ysate obtained fr@m;&oi cai3d-PrRpantdiol Blolar yield

COI | Genetic Sgpgk Center) %@9@ del et iggm! strai @ggllmo!)
for Wema;/%\(@@"ﬂﬁat es wit hout ldided gl u8e and 1.07
sensfMPY:Khy1.69apA/pBYCOMEEENi col 4.1Sequenci gz conf i r meglo2
t he C. g,tgj n of t 20 GIG TG

nmut awgngﬁ?#ﬁéab% 1Is(,)t(é"'r ai ns \%gsre narred%PAGTG ang1
KLPAMG: KpesgRappaSYCQRESs ur eméift of t he 28 pA 1.26
activities in the KLPAGIG and KLPATTG strains showed

that the GapA |l evels vvereEg(l( <l % of the control
strain KLP23 resect I veI V- Fq'Fs KLP231 KLPAGTG

pSYCOlOlThB dhb%h@lmbrﬁm niarﬁermam’él‘i@EQ FroRt ﬁfhlﬁﬂ:lm Km
-BNE R Al"'@n? Pd%tc?égﬁ el f‘thQ/C-‘l-engl'all’ KRISods X2 cl8A o give
P Giraine EMPKm 1. SgapA.

The kanamycin marker introduced into FMP’::Km 1.5gapA as a
consequence of making KLndh81 PTS minus (AptsHicrr) was replaced
with a removable FRT-Cm-FRT cassette by P1 transduction from MG1655
25 - AptsHlerr:Cm. A ptsHlcrr deletion in MG1655 was made with a
~ replacement cassette amplified with primer pair SEQ ID NO:54 and SEQ
ID NO:55 using pKD3 as template. The primer SEQ ID NO:54 contains
78 bp of homology to the remaining region of pfsH left in the chromosome
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vitam n B12. The results are shown in Table 4. TABLE 4
Represent ati ve shake fl asks summary of the conversion
of glucose to 1, 3-propanediol using E. coil strains
WhbRogsdsyCOL01, KLP AGTG pSYCOLO1, and PCT/US2003/431505
KLPATTE pSYCO101 d ycerol 1, 3-Propanediol Mlar Yield
Strain (g/L) (g/L) (rml/rml) KLP23 pSYCO101 5.8 10.7

0 870 %70 cQ h?aﬂn 6-35?@ D SYePkder
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repl &%@éﬁ’é‘t P N%I\gﬁ%@"@g{cf %IgQM Ff@é?%l%égé M@1655

prlmsr sin

as aOht aP@ e 'é'tsp? wﬁ@e ¢ 59%3'35@ Vigs
of mﬁpéregwrﬁdhgmmanMrMna@oeumtARMB’t Kmt {.5g4pA.
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and @arkepwas réranvddusing ﬂneﬁﬁﬁ)ﬁacoﬂﬁbmd%@l%ndmeqdemmm (\sing

gel ,mmé fded 1?%%? ﬁfﬂM m&%ﬂ\@éﬁé@%m

Eggpoﬁ%ﬁﬁénfeéﬁsg g Yo e ah 1 B9t es wi th

12.5 ng/ L chl oranpheni col EXBMRI4s8f ul i ntegration of
the cassetp b%@mﬁ?ﬁN@ﬁlerléﬂb of #@&F@DA&Ebkﬁam of

(e R AL G Y O Ao ol e

and us ed Stmlm’éw tl @apﬂnﬂa&sttramnfd‘meﬂmh thé<plasitid pSYCO106.

2:1:)r fﬂ%ﬁ)&d&qé offi Wam a v@aé@@c@ﬁmné\mn ‘M‘@a
?Qapl tWStEI‘? ¢ “ ﬁ nggl erences
NO. 3 Yh@econthu pateomaters, f6r thqfermamm eﬁr th@@lé@fuo@em@am EMP’

To C’gégéﬁ S‘?é@%g V{j\n%toc‘%n%ﬁn%'g% 529 rﬁ@Bb@q%‘fﬁﬁﬁ 9 t;g
S0 TRSCHESBYER 9 W Pa bR PEe-BRTe r Vitaro B avap asied o B
as feanmhtet ia. 163mgrtmius§E@neroN®c$ﬂhtlonrand|at§82ws bBlneH 3-
£o M0l 883 ddfolldBRcStRMon was 129 g/L and the mass yield was 40.2%.
EXAMPLE 8
ENGINEERING A METHYLGLYOXAL
SYNTHASE (mgsA) MUTANT IN E. COLI -
The mgsA deletions [for reference, see GenBank, Accession #

30  U00096] were made by replacing 0.4 kb of the coding region with the
FRT-Kan-FRT cassette of pkKD4. A replacement cassetie was PCR
amplified with the primer pair SEQ 1D NO:36 and SEQ ID NO:37 using
pKD4 as the template. The primer SEQ 1D NO:36 contains 40 bp of
homology to the 5' end of mgsA and 20 bp of homology to the template

35 DNA, pKD4. The primer SEQ ID NO:37 contains 40 bp of homology to
the 3’ end of mgsA and 20 bp of homology to pKD4. The PCR product
was gel-purified and electroporated into MG1655/pKD46 competent cells.
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upstreamregion. Prinmer SEQ I D NO 34 contai ns honol ogy
"to the gapA upstreamregion in MiL655 1..5gapA:: Cm and
contains the short 1.20 G pronoter. To create the
woSgapfeit rain, a replacenent cassette was BERy3fososises
anplified with primer pair SEQ I D NO 33 and SEQ I D
NG 35 using genom c DNA from MaGL655 1. 5gapA:: Cm as
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JJ’J%?%Q%% J:éQé to M % ﬂauéﬁa%te Emp:

2ohnabtiede Wak
2ﬂ§ HnpEaRIAR 5, The BrAmaTeeEpee S e Gmpved

aboussing theg:lL\Pereeomblruase (Miﬁ’enkd@ndl\l\mtgap,&up@)ﬁaﬁ this strain

Ry i S o e BRI

f r orplasmidiSY-CO$0G-dRive Kid' 15aagammgsemw8m@1 06 and FMP

A :Cmand FM' ::Km as
controﬁa ;?E%Ylégﬁggsﬂég%écgl@&g% ared, to .t at .otl.M2
cont rol , Thgst@insgygre %Eﬂ‘i %ﬁ %@FE‘PI %‘Pfj‘a\ gt m e
B me&ﬁnnﬂmﬁmmpgzocgﬁb, gluBd4, S50KnE/L. pgeaiiromydin, aPNF mgkm
L. 6030 87, iSRGk A€!owhn Tagled.rai ns cont ai ni ng
t he prorioter replacenents were transformed with
‘the plasm d pSYCOL06 and conpared to the parent
strain for 1, 3-propanedi ol TaBMUGti on in TM2 nedi um

‘io%ﬂﬁ\? fé%ﬂtﬁﬁ%égh&{ﬁ%ﬁ?suﬁ%d@bﬁFﬂW@%Qﬁ%@Y@O@Bfﬂ

15 TABLE 5 Repﬁ‘@s%MPa{]SQ%p EE{SEA?HSXQQ @ e o7 ©

FMP' ::Km G pronoter gapA strains trans‘lfaﬁrred vvlth

t he pI asm d pSYCOlOG A ycerol Icé’l'ofr qﬂ?/ggﬁlécﬁdﬂ Medcr vield
yield Strain L) (g/L) (m)? FMP' - - Kml pSYCOL0 .

1.8 6.8 1 07 Km 1 _6gap i !

FMVP' EMRN. BgeipddpeY PSYADL06 6. 6 @66 1.21 3M@VP' : : KmiR120

9aPALERBYGSIDA AmBsRp8YEiBs 8.3 2.4 1.26
EXAMPLE 10

20 FERMENTATION OF GLUCOSE TO 1,3-PROPANEDIOL USING

E. COLI STRAIN FMP’ 1.5gapA AmgsA /pSYCO106
Strain FMP' 1.5gapA AmgsA was transformed with the plasmid
pSYCO106. Production of 1,3-propanediol (and glycerol) was determined
in 14 L fermenters as described in General Methods with the following
25  differences in control parameters for fermenters. A single colony from a
fresh plate (LA with 50 mg/L spectinomycin) of FMP’ 1.5gapA AmgsA
/pSYCO106 was transferred o 30 mL LB with 100 mg/L spectinomycin in
a 250 mL flask to prepare the pre-culture, After incubation at 34 °C and
- 300 rpmtoan ODsgp of 1 AU, 10.8 mL of the culture was transferred to the
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EXAVPLE 7 REMOVI NG THE MARKERS FROM FMP' : : Km
1.5.9qapA:: Cn The chl oranpheni col marker was renobved
fromstrain FMP ::Km 20 1.5gapA::Cm (as described in

WoSodzagiel Methods section) to give strai @%Tﬁlyﬁmsmifms
1. 5gapA. The kanamyci n marker introduced into FMP :

1.5gapA as a consequence of maki ng KLndh81 PTS m nus
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te Yvat e e prine ont ai n AS

oo TGEIREA fyopanin 20 o) Gt 1 o Tot-Bidteaedtl gt £ rass

chr oymtdmm3ﬁ% WD 2004/ 033646 PCT/ U82003/ 031805 of

strain FI\/P : Km 1. SgapA a@ﬁAQ@L@mpf hom)l ogy to pKD3.
Q.| D f

1. 5gapA and SBRDY @TEH@&@RB SRYGEROLPYR _
wggg;; mwﬁw 98? [AREAR SRATTRNSEGAMATION

vere sel &8¢ @cqmeq_ 8? dlaé‘é’a OrPFOE}fn?%r"ﬂﬁgﬁ% ﬁ)"?:th%'cl%‘qgt
ng/ L1.6REbramaterwas oade by repthcirgeba ip etthatupsirearh pphe

cassg éc{elﬁen Ng‘%@ﬁ Mph?wﬁhﬁqi'pﬁﬁd aﬁlgﬁéméerb%
CR

8{3?885?3 &h Rreshich Hag BRI W s pripal BarSEQ R

the mak@ BEQY IO 4d wlngptﬂJ:FW":ha templategRpmer $&Q 1D

Reco Ws%b &6 LBSr&dn BJ: SEERBE RhE S0 bp
i i
the eaaogﬁ‘&?av ek@% éﬁv“e%%?%# o 51 B 04 o

usin gombmgﬂtq)upsiunbpmmuancb seytainsche ghoti 4i61G! promoter
pri ”Eé Ok lald %}lt@ 2 T%F Hﬁ%lé%{)ﬁﬂmﬁf athePPCRNfoducts

chlor eni c,

a0 YR Sel e A6 SphRorated TR B B P HBACRRRRleTESl:

HI GHR¥t@hbineRt siransRiROBANED I on EREMiE WBDSESWEI/NG E.
\%%Tt rﬁg%:)ﬁg‘.r%e lto]q Mé@ﬂ%@ﬁmﬁts&c&mmggg@?ﬁm
o - 1115 CeBBHm RSP DRIeGITP R 61 AR GRTERR IR PRC A1CL
20 f elarte[fm'eefsrenmepmedﬁemlq, AcGmsiand UM Mh\ﬁ ERTGeR-
ﬁ ant e/{ {58 ‘fa er ée{krs%{;ﬂg ﬁﬁéﬂr&ﬁ&n iREY tﬁg%ﬁfréarﬂp”pc
1. S IRHTNERF Vpamer B¢k ot D Wt AR8ER BN
50 nihe wildgm stmmgwematodz kr BER wrothet vmleihqucorr@mant
Vi t agjBinBhesWPsharstdstiit 9. 4 REPCR product. This PCR product was -
sequenced using primer SEQ [D NO:42, which indicated that the promoter
30 replacement effectively occurred. A P1 phage lysate was prepared and
used to move the mutation to strain FMP’1.5gap AmgsA. This strain was
designated FMP’1.5gap Amgs 1.6ppc::Cm. The chioramphenicol-
resistance marker was removed using the FLP recombinase (Datsenko
and Wanner, supra), and the resulting strain was electrotransformed with
35 plasmid pSYCO106 to give FMP’1.5gap Amgs 1.6ppc/pSYCO106. '
Shake flask cultures were used to assess the conversion of glucose
to 1,3-propanediol in E. coli strains FMP'1.5gap Amgs/pSYCO106 and
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fermenter in 16 ng boluses prior to inoculation and at
28 hrs. Final 1,3 25 propanediol concentration was 129
g/L and the mass yield was 40.2% EXAMPLE 9
WOSDNGERING A METHYLGLYOXAL SYNTHASE ( mgsApchMdiaiToidds
E. COLI The ngsA deletions [for reference, see

GenBank, Accessi on # 30 U00096] were nade by

repl meﬂ ks Pbp bagsvgwme TRgisgaing drowhhe LB medium
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eI ectr i nt 655/ pKD46 conpetent cells. 66
%E q@g"%'%/ 031805 Reconbi nant strains

vvere seI ected on LB plates with 12.5 ng/L of
kanamycin. The del etion of tRagigsA gene was confirnmed
by P
NO. 39 =-FHe—# , 2 '

pr oduct V\,hl | e the r&mﬂwlnant st'lra-l n gl \Am’faiGS Molar
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1. 5%@% be 8). The kananycin resistance marker
was reane using the FLP recon‘gl nase (Dat ko ang
vand & 1-2g3rAN9%%and t hi’'® strain 8% has been i gnat 5%
Fl\/P16bp5/gS}z5@Dﬂ>®ﬂgsA FMP' 1. 5gapA AngsA and its parent
re transforned with the plasm d pSYCOL06 to give

FMP' 1.5 A SY 0 d F\MP .

| 5gapn BBRBRACOm BUBE FbarEsehbo) Retty wegaepsured
t estfeaticeli-frie @xipacip abiicnl frm tbishakerilasks dagribed
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spect |
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ar o WRKRHPY hvcr%qﬂseges Powghes remeh pusss el Sarwdied for 15
13 askin EﬂumﬂﬂWpuf aRUBltrabeSAERLHSVGRE0@00mIh. FIV
1.5 %ﬁi@@@@aﬁé L8k 8s & sdurdd of pRStBins. Specific

Prop ctm?les of 'I_S/B are ¥eported in Table 8 below, The replacement of the
natural ppc promoter with the short 1.6 Gl promoter increased the Ppc
enzyme activity three-fold.

20
TABLE 8
PPC Enzyme Specific Activily
Phosphoenolpyruvate
Strain carboxylase

specific activity {U/mg protein)
FMP'1.5gap AmgsA, pSYCO106 0.28
FMP’1.5gap Amgs 1.6ppc, 0.86
pSYCO106
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Strain (glL) (g/L) (nmol/nol) FMP 1.5gapA/ pSYCOL06 6.6
3.6 1.21 FM' 1.5gapA AngsA/ pSYCOL106 8.3 2.4 1.26
EXAMPLE 10 20 FERMENTATI ON OF GLUCCSE TO 1

WoBREGANED OL USING E. COLI STRAIN FMP' 1. 5¢3RRAem5idhs
/ pSYCOLO6 Strain FMP' 1. 5gapA AngsA was transforned

wth the plasmd pSYCOL06. Production of
1, 3-propanedi ol (and glycerol) was determined in 14 L
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i no%%&},-g%%P%t cufird! &q&%tﬂ%hg Pétﬁ 5 ahﬁ 3og 0 ram, tﬂ an

ane conce ration
e OUSAE of Al 46,855 ORthe I KA e bt e feaRER!
. N KA BlOWa0agldd toghe forkhtagii. 16 i bulegsneibrad and

& "Ly b T

orangAire mags GRIBORYUAIPL{ ppc) BY LI NEAR DNA
TRANSFO?I\/ATI ON Repl acenmRAMPLERE natural ppc

pr onot eéoKYs‘r! Eddﬁogyglﬁﬁl %egffc_f; %’ﬁtm Vi RN AR ERENAS
casset RO ER K VaEbiURLRY RAPMNA T ﬁﬁ@RMAT]ON
pr onot er Thélge :Hraﬂd WedR wRSprespht vittesl a\Mrtha bperon in E.
I

e
bp @Oﬂdrﬁaﬁbgwnﬂ@ew@& magbiy ies Aceknprssgtiepypstigam
horr{df PEK-BIOR! B replcdiéi caBsetns; I‘coﬁEiBMdFN@-@uﬁR—FRT and
con 0O

condh AbnEEpinotd) @Bﬁg%é'ﬁéﬁ%ﬁi%@ el pai SEQ
contllauNQ, 43 @ng SRR ID Nekidt vgipg PEDIREs the PI@F@ pPomeesEQ
230 WoIND QSlcoﬁtalinsfH(ﬁﬁb efbredlegy tolsstebatlydikibiuR sequence

ot o P A 1 1
contains 30 bp of homology {0 upstream yc:.'K-btu sequence, contains
the short 1.6 Gl promoter sequence and contains 20 bp of homology to
pKD13. The PCR products were gel-purified and electroporated into

- 30  MG1655/pKD46 competent cells. Recombinant strains were selected on
LB plates with 25.0 mg/L kanamygin to give MG1655 1.6yciK-btuR::Km.
Successful integration of the cassette results in an insertion between bp
27 and bp 28 upstream of the yciK ATG start codon [for reference, see
GenBank, Accession # U00096] with a FRT-CmR-FRT-short 1.6 Gl

35 promoter cassette. Integration into the upstream yciK/biuR region was
confirmed by primer pair SEQ ID NO:45 and SEQ ID NO:46. The wild-
type strain gives a 1.4 kb PCR product while the recombinant sfrain gives
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..chl oranpheni col to give MGL655 1. 6ppc::Cm Successful
integration of the cassette replaces the region 90 to
148 bp upstream of the ppc ATG start [for reference,
WoSodsaniahk, Accession # 000096] with a FRT-deRis2msss1s0s
FRT-short 1.6 G pronoter cassette. Integration into
the upstream ppc region was confirnmed by primer pair

SEQ ) aqg.\lg ge% 8l g%g@’(f%ggc?u% A Pif%a@b hikato/REs ﬁﬂebare@ and

gi ves an
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ng/ L, Vi were_incu at%€ 9
rpm @ﬁaulauomatﬁéar%éaﬁta&ﬁﬁ r%lgaﬂ%pf%na@eai gonaeptration
Tabl wag 12Befihamdthemassadeldiwast48e7%ol ar yield and a
decrease of acetate prod_gdwmp_w e observed with the

addi tion of the 6% N M&g@@k@*

FABLE 7LEH% .
1, 3-Pr opatnemcmTER EOR Rib)g B L\VNEARI DNA JRAMSHORMAVHOMNr

St

o baucen %?’ﬁfg?g“}" a!séi A HAG ol bgfiro %ﬁa@) b
Arg's RIOFIEI0Y ga ho Srprgimoteryias gadq béﬁep acing
1. 6pp&7 bﬁ&@ﬁ%ah@y@i@sed;mne linjudivgpthe yehCoene] vithea

5PPC L Rekh VohiMRy FBREHIREERT and an engineered promoter. The

PCR product was amplified with the primer pair SEQ 1D NO:47 and SEQ
ID NO:48 using pKD3 as the template. Primer SEQ ID NO:47 contains 78
~ bp of homology to upstream yghD seguence and 20 bp of homology to

template pKD3. Primer SEQ 1D NO:48 incorporates 41 bp of homology

30 (with a 1 bp deletion) to upstream yghD sequence, 40 bp of homology to
the short 1.6 Gl promoter sequence, and 19 bp of homology 1o pKD3.
The PCR products were gel-purified and electroporated into
MG1655/pKD46 competent cells. Recombinant strains were selected on
LB plates with 12.5 mg/L chloramphenicol to give MG1655 1.8yghD::Cm.

35  Successful integration of the cassette replaces the region 50-1016 bp
upstream of the yghD ATG start [for reference, see GenBank, Accession
# U00096] with a FRT-CmR-FRT-short 1.6 Gl promoter cassette.
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fromcell-free extracts obtained fromthe shake flasks
described imedi ately above. Aliquots of cells were
harvested in md-1og phase, broken by two passages

wb6048k363 French press cell, centrifuged forpca-ﬁlsgigg,,@glghs
at 14,000 rpm and uItracentrlfuged 1 hr at 50, 000

rpm The super nat ant was renoved and used as a source
of DAY ﬁsltiaﬁ intSARE hipdtanPPGAD HdictPwad chifiFmad dyrsenesicatd

or o e SE R NEtEe R @F@qe” bhghin L&%@eﬁé%éé*%e@%ﬁ
Ppc e@numomnrﬂed; A/P1 phage lysate. wazmmspaﬁé agdpeed fhmnphe
Speahé hfutdidnl iMiotstrairPNASe N BYRGR PAREY o ving thaiahtibiotic (as

P bR AER %Y%@i sy R W e

1. 6ppc, O0.86 pSYCOlOG 6W33646
PCT/ 1) S20@HG G PRTIOR YL EUSOS EFFOMEPROKEANEBIOL

GLUCCSE L%%W 0 a%thR1 va?SE%&d:dVP

1. 59apA | o€t ot
1, 3- pr op&iraiti Tiiple . GBIR 1£yagamsmmrmedwm%m6

\ggﬁ elﬂ'@&l%tmnnﬁq ,3-pr ogeyénédlf)!qw;ﬁﬂ%@"l %bﬁﬁR Q’QQND}E)SG}’ JoN09 was
ol o torght of Hedipd it Rebpt Mt he
fro rfonWIn@ diffepdnaee in tontwl parabeteng/for fepuentatiny simpleof
th/Pso r@qa:r% %i? e @B@Mtﬁ%gct RILG \é@tﬁloll%lcid)%lﬁﬁlﬁléf ed
[ ackORER THBRRSTRQ THR eg Bepiiel ety ol i B iy ofral
134 Gpendna@o@in ipra 2%0 tob- flaskss pre@ara thapre-coltgemAfier t he

<1> gllghmam@ﬁ at BAPP‘@faﬁH %@d b th A cﬁrgssmat 13AU 1¥igt@onthe

|
Lo iR e oo Bh FT . Mitadiin R Weh- G B'thS"
1, 3-fpmﬁaﬁdlamngieﬂ6am belu @h20.6 hiselapssd Eergientading timee

”HSSF;b{éleﬂ Slopané@iolldbnce iRl asl #1 20N TEWCHehaddyidld was
' Rl W TH AN ENG NEERED P ER FO:\’yCI K/ bt uR

|_4| R DNA TRANSFORMATI ON The genes yci K and bt uR

are present within a si ngEX¥AMREGH i n E.
CONSTRUCTION OF AN E. COLI STRAIN WITH A DELETION

MUTATION IN ACETATE KINASE (ack)
AND PHOSPHOTRANSACETYLASE (pfa) BY
25 LINEAR DNA TRANSFORMATION
The pta-ackA deletion [for reference, see GenBank, Accession #
U00096] was made by replacing 3.3 kb of the coding region with the FRT-
CmR-FRT cassette of pKD3. The replacement cassette was amplified
with the primer pair SEQ 1D NO:50 and SEQ 1D NO:51 using pKD3 as the
30 template. The primer SEQ ID NO:50 contains 80 bp of homology to the &
end of pta and 20 bp of homology to the template DNA, pKD3. The
primer SEQ 1D NO:51 contains 80 bp of homology to the 3’ end of ackA
and 20 bp of homology to pKD3. The PCR products were gel-purified
and electroporated into MG1655/pKD46 competent cells. Recombinant
35 strains were selected on LB plates with 12.5 mg/L of chloramphenicol to
give strain MG1655 AackA-pta::Cm. The deletion of the pfa-ackA genes
was corfirmed by PCR, using the primer pair SEQ ID NO:52 and SEQ ID
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20 coll. Replacenent of the natural yci K-btuR pronoter
wWth the synthetic short 1.6 G pronoter was nmade by

inserting a 1.3 kb cassette, upstream of yciK-btuR

- Whzoos/edbasmcenent cassette, contai ni ng FRT- CniReFERoesnd1805
an engi neered pronoter, was anplified by PCRwth the

prinmer pair SEQ |D NO 43 and SEQ I D NO 44 using pKD13
as trfiegratiorpihtat the upsiream ygHD region ra@oafimsshiasansiencngp

of tm J'rlfgﬁYSEQ) 1%@4@6@&95.&@&1???@? peIMGter R’Eﬁ:ﬂic&ﬂlehp
conPara S botirst R oTEgs Nagte et PERRSCIE Bro move
‘seqthenoutationimtabtrain Tripke t6itR. Afer @meviagritcantbisdodaz e

andgdeqhibal Ao, é’tFéu?ﬁ‘rrH@ MAIRAR 1.8yqhPKisebidingd PCR
products were gel - purl pf roporated into 30

MGL655/ pKD46 corrpet ent | nant stral ns were
sel ect ed DERMEBITAHTHD ) s PR EDIOL o

of 'the :cgg’ﬁ‘edém}‘sw e"g"ﬁ‘f’fﬁ%n DibSYeongh! o
|
and bp 28R PEE t1h§v W RSOt G RS DB 002

19 ef Erceiwhqn efe‘e3 -peepeBedic] b)AE,FUngsﬁ ShiuR 10DEOPEIS V- PHOG was
::rl?:-daér aFFnt ?ﬁgﬁ 1r§WLtferheﬁté%ta§g!aerBh&ﬁﬂcéﬂ lﬁr(%éiﬁéi%étﬁods with the
| U
L onfitbiting irerahdbnun Satha aBd e %gmgﬂi??%%cgﬁl e
NO. ggonyrfiemy ﬂr@lsh pigtedl A with 50 giollespestinomydin) @drple
IOB 8 3 ;@gtuequgﬂg Ig svcgqommmnsqséﬁeﬂht& 4 MELB vt7i€h 1) gagLLb
al ac S
18 R RARIBRRYEN 0 & 25 ek S e Ala PRI A o
t o insveatidneat @dt°&tanddGopm t9ean QROE0 ©f éfALé.ﬂlOaﬁ mL of the
FMPcilipd @dl@s HaBSferréd 6P BR ARGl ViRddin B Wak atas® W he

EXAITPIENES R - ERgRx FATD R = s Bl B Blettpey

US| Kizak! 3mpar@ump¢ncantrptl@n was (8 ¢/'bsnttrmassyield was
odripgeyl. 6bt uR was transformed with pSYCO 09.

Production of 1, 3-propa [ Triple 1.6btuR
/ pSYCOLO9 was deterpm ngdéwlo fpermenters as
3 ANNEJEOM SHRAHY WidH ARBEAETION

- di fferences in MgmmNpﬁrp@@tmEKﬁrQAsg%mnt ation. A
single col on /L
' spegtl nonyci Mﬂ&%@%&%@l&%@@g "

2fransferred to 3QLINEARBDNAITRANSFGEMATIONCt i nomycin in
a 250 mrHd AalackR deRti6R or rdfBRnbs SselbénBdhk, A&b@ersm#

0BRGNt 5 Abcls 2t o v gt o AR
f er GMR-ERT castettenofipkBXR The replthtethend casretie avasamplifiedn
8 nﬂ.tﬁméé&ﬁﬁewauosmm NOSOHRALSED IDNO:B8 ubing praiBlagthe
3& 8 p emplate. q%e primer %rE%)@ﬁ?j 86 cor%gi%g%torbp of%omology to the &’
end of pta and 20 bp of homology to the template DNA, pKD3. The
primer SEQ ID NO:51 contains 80 bp of homology to the 3’ end of ackA
and 20 bp of homology to pKD3. The PCR products were gel-purified
and electroporated into MG1655/pKD46 competent cells. Recombinant
35 strains were selected on LB plates with 12.5 mg/L of chioramphenicol to
give strain MG1655 AackA-pta::Cm. The deletion of the pfa-ackA genes
was confirmed by PCR, using the primer pair SEQ ID NO:52 and SEQ ID
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was 123 g/L and the mass yield was 45. 7% EXAMPLE 13
20 CONSTRUCTION OF E. COLI STRAIN WTH AN ENG NEERED
PROMOTER FOR vghD BY LI NEAR DNA TRANSFORMATI ON

weenbaessent of the natural yghD (al cohol PCT/US2003/031805
dehydr ogenase) pronoter with the synthetic short 1.6

G pronoter was nade by replacing 967 bp of upstream
y qhROsEs Ukheogild-iypé stiainggivdse §.6HE REh praduchwhile e

Casr%%%:ﬁl%m‘é%gtﬁéwg@g@a%rﬁ@ 1 %rléil) W@R??SM&GA eq phage

B: ?Wﬁ?temsm@ﬁ@fﬂ Bn frupase af@"%’ﬁ% Sﬁ'@l”%’%%m as

t he16etmEl A6whDPi forn sBEQ TripleNOSUITRC LAYt Aadié\-plag Cor.
ﬂO”‘PbQEMoFa%p}ﬁE%BfétgieYéiﬁgéﬁﬁpr 304 mﬁﬁ%sga;ﬁé FLP

i ncEﬁCB Kese (thsg?j(ooqn Wrﬂ?f‘%@?”%@ m lele éb

del eByghD AbckAspiat(rearmmediiplskriple{ice). The Thipleo! 6hlibl ogy

R e P ea

and el ectroporated into D46 conpetent cells.
1(Rec orMIEASUREMENIT 0F RdDSPHIEN TRANSAGIHTY

éé g K&‘rtvlﬁ"wfsa*mhﬁ“m@mtmm%s%@ﬁ)@ éoWﬁEDmeh
UTCESST uba_lR Ngl'r g %qe Cﬁgz %{,g Eié%_)gl aces the

regi on 50-1086 tart [for
ref er end‘&rmaﬂﬂﬁhmﬁﬂhﬂlp&tmm%nd FrigedBBURWI t h a

Zﬁg@%@ﬁ% %Q’) g»;e % e@rdf?:m?ltﬁiL feARSfbiLas ddscibbd in

1 282&%@%%\\@%&1 kiR BHS oS B Ao,
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r ePh %?@F@@évc@‘*ige%ésvﬁs\éneé‘d?w&t%ﬁwe Gl ?Aa Phage |ysat e
str alon T PISr Wr%ﬁfﬁ&pgip@bs MEFHIPHY 1%@ "ﬂn(’g B‘f%gt1|09

( asnig/\dgzetindraytinroa 250 ndt flaskdo an |Q[D%010mpnwlma’&hgh D

249N ; tobarkA s TRRMINEATL ONoREiad P F0.50
qla3 gﬁ%%;%%géa g0 rrge&tagm Hé&e‘lﬁ)@% Hﬁ%élﬁure
tlr gwaé m”ﬁd”w tda P@mtlﬁmferm@nﬂ@r .oTlis féroverdér FGCGIV%(:; awas
ot gigﬁ,ll%pl%g’ﬁg 'bellﬁk&{ i{érhﬂ @E]I e REER q_émﬁélﬂﬂpl PRl

Vet FORRSAIRAR aftie3PIRAEMBHICHY P ek ERGEaTon Wi AEIL ond

2par tiesfield wabd8o%f.er mentati on. A si ngI e colony froma
f1r gg?ug %@E}I%@?m gg{%bm[é ir ansf ]97;:!9Y(§’C516'9| Pe
i ¢ Ferenieiigh WORSATEEA0I HER FeaTR E6Bb ASPPRts RO o
prepar lﬂln’(d]ﬁ’otﬁlrewau bbiaireed. Adnaples assayed from a typical
TT/pSYCO109 fermentation showed no detectable Pta enzyme activity.
30 EXAMPLE 16
IMPROVED STABILITY OF MOLAR YIELDS IN STRAIN
TT/pSYCO109 COMPARED TO TRIPLE 1.6btuR 1.6yghD/pSYCO109
Duplicate shake flasks cultures were grown with strains Triple btuR
: 1.6 yghD, pSYCO109, and TT pSYCO109. After incubating one colony
35  for 10 hrin LB + 50 mg/L. spectinomycin, 100 mL of culture were
{ransferred in 30 mL TM2 medium with 2% glucose and with or without 50
ppm spectinomycin (day 1). In order to study the stability of the yield, a
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i ncubation at 34 C and 300 rpmto an OD550 of 1 AU,
10.8 nL of the <culture was transferred to the
fermenter. Vitamin Bl12 was added to the fernenter in
w0 siopod3es16 ng bolus at 20.6 hrs el apsed fepoROt063001805
time. Final 1,3-propanediol concentration was 113.3
g/L and the nmass yield was 20 48.8% EXAMPLE 14
CONSDRWAIT vENngFofAhe Bay COLkured Rak taWkfehted aBBE BT hN a fresh

pééhﬁéﬁﬁé&%@%@d%ﬁé 0820t Mieppe ity ppuwthout 20

NERERRASTINeNY§iRe TBtSdN%ﬁcll@Ae%*@ﬁélttiW [ Tls melar ylekhwas
see daimnBaek as AcBeanplo2 t thd@RDSGdachas! iradeioband results are

pl t
&@%@A@&T&'QP TR R abERLE ook b Fnoiicid,
anpltheretage "RP'EOH'“QHe?"BFQH@ﬁ?d'BId?*’Pd I D, NO. 50 and SEQ
I D NO 51 using pKD3 as the 30 tenplate. The primer SEQ
I D NO 50 contains 80 bp of%ogy to the 5° end of
pta and 20 bp of honol o tenpl at e DNA, pKDS.
The prinmer SEQ | D NO 5MogbYiglhi ns 80 bp of honol ogy to
the 3' end of ackwihens 20udkp oMoRpNOlegY tMiepKDdslarThe

PCR products were uri d e tr at g
into l\/[31655/ pKMGWgIgAUt@ten%elgel I@padRe{églﬁb %ge?]’u[ g'ed :

chhmélﬂmmhgapqhopl to +g| ve S't:lzcﬁl n1[‘¢§1655030\ac|o%4pt ap.yeom
?;%Y L§tion of the pta-ackA genes was confirnmed by
PCR, using the prinmer pair SEQID NO 52 and SEQID 72
\Aﬁf@@m?@gsa% PCT/ US2003/ 0%1809-22| nt €&t at i'é4 i n1-67 t he

Upaild @R .Gl regi on was copd i rapd byosequemsi ngo.asm t h
péé\f@d oEQ I D NO 49 and indicated that the pronoter
V\EE cenment effectively occurred. A Pl phage |ysate

_ PSYEPPed and used to nbiRe tIR8 nutdti od-Bnt ol.1t

strain Triple 1.6btuR After renoving the antibiotic
(as 5 described above), M\%ﬁ%pl e 1.6btuR 1. 6yghD
was obtained. = EXAVPLE 1 ATI ON_OF GLUCOSE TO
1 SHEHANEHION O QLESTRA MUTATHON

1. 6vg][1D/ pSgCOlqu AISDEHEDJDEW%RMA&S @ghD was
transformed wit

1, 3- propanedi ol ﬁlé%% B%A-IJ NER pSYCOL09 was
det er mi v ajdf QQieiorf ligr rf@fﬁf@ﬁg see GepBank Aecessianiier al

Met biodsoslivias nkae b edpisomd 0.3dibl dretie Bﬁtﬁﬁg telfglé‘rﬁwttﬁ e FRT-
PR PET Al SETIRS' 1Ay Tl B
pair EQ ID NO:57 and SEQ ID NO: 58 usmg pKD3 as the template. The
primer SEQ 1D NO:57 contains 80 bp of homology to the 5’ end of aldA
and 20 bp of homology to the template DNA, pKD3. The primer SEQ ID
NO:58 contains 80 bp of homology 1o the 3' end of aldA and 20 bp of
20 homology to pKD3. The PCR products were gel-purified and
~ electroporated into MG1655/pKD46 competent cells. Recombinant strains
were selected on LB plates with 12.5 mg/L of chloroamphenicol. The
deletion of the aldA gene was confirmed by PCR, using the primer pair
SEQ ID NO:59 and SEQ ID NO:60. The wild-type strain gives a 2.0 kb
25  PCR product while the recombinant strain gives a characteristic 1.8 kb
. PCR product. A P1 lysate of that strain was prepared and used to move

74




1. 6btuR 1. 6yghD/ pSYCO109 was transferred to 30 nL LB
~with 100 ng/L 15 spectinonycin in a 250 nL flask to
prepare the pre-culture. After incubation at 34 C and
Vo0 owpaw460 an OD550 of | AU, 10.8 nL of thepcoudzoesios1805
was transferred to the fernenter. Vitam n B1l2 was
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OB 2 et SRl 0By SR I AlEH, L e

anpltemplate. Thag pnmehsE@r Imdo GdamnteﬁEQB(D bp NOhsBokgy tSE 5'-

| B DY w—aldBle{h@ o pra®| pfiger 306 IBW@%% SfEQ
al ,0 en Q,

1 0a ARS8 %naiqaﬁ 3%% %q#c%%éﬁm% 98 pRorilasy

The PKBBi rhée qdumwemhpmfml 20 ei@xrtmporajm)indxgy to

t he MRS 1656IhKII4castiibetait elld) h@c&ﬁbuh@rﬁf&t@% vidte %E@%ﬁecﬁ&?

ot HoTEEk E%ﬁ@@@@gﬁ@'ﬁéé B Ao g e

st r aensWak penfiaied by RCRLSING e pricer wair IBERR I NQ3 and
1'_§r Eleeemwﬁoreaglmewcgﬂtyy@ sﬁéuhfejwéswg% P‘m d%ﬁwhﬂETihe
RSB rin blBe B Safretantf 13 e BB SRl T pibate
V\D W@@MMS&SM@ Usz008y tbe 1B.0ationNO tES TT'Ethrelnmolfdnm thee
ftGLWTAaﬂ:lB/@n QtrﬁnSAK:rh\l/dggﬁaﬁéﬁ%%SI%'nf aloﬁ@ @as checked by
GORBRCR MR S et SR B s by Ser b ey b
‘gas@Sun&éhaﬂhamL@aﬂW@ presentTriple 1. 6btuR 1. 6yghD t o
formstral n Tr| ple 1. GbE;@Mp@ghp AackA pta::Cm 5
f A

The i\ ,égaﬁg" C0106

supr a) tﬁiragm TMPT fl JSQBBA _was ﬂmﬁormeﬁyghmaatasm«ppach 06.
( r ePryametioh dfiRfyREFd! Ra8 d@é-F}rﬂnedTHQ4-U feRthBntbrShd &@scnbed in
i SRl B i il o
HdsPrEt RN ACETRVSISEZERtvigl oERMPVE Sga@PSYICTY G6NVETRAI N
TRl trirfsfekRdRb B0D $YCOBEA Y AMRABERYT Qpectinomycin fo prepare the
pre-culture. No vitamin B4z was added to the fermenter. A typical
fermentation resulted in the production of 202 g/L glycerol with a molar
30 vyield of 115%.

EXAMPLE 17B
PRODUCTION OF GLYCEROL WITH STRAIN TT/pSYC0109
Production of glycerol was determined in 14 L fermenters as
described in General Methods with the following differences in control
35 parameters for fermentation. A single colony of TT/pSYCO109 on a LB
"~ plate with 50 mg/L spectinomycin was transferred to 30 mL LB with 100
mg/L spectinomycin in a 250 mL flask. When an OD550 of approximately
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STRAIN TRI PLE 1. 6bt uR 1. 6vohD / PSYCOL09 Fer nent ati ons
Wi th TT/pSYCOL09 and Triple 1.6btuR 1. 6yghD/ pSYCOL09
were carried out in 14L fernmenters as described in 15
vdmofmsasasal Methods with the foll owi ng di f fermeneesosizes
control parameters for fernentation. A typica
fermentation with Triple 1.6btuR 1. 6yghD pSYCOL06 was
desct Abadsireadbedn?d.8 nl3éi tha cpltgreandst used 10 InoElilasSYCOL09

was ; : S in
2 258“%“*?'1 Gefiteles dealie) Ul A CRECHIARAE )
A sdemmentPhArRiea derEieRaipngesyieddn fhedrrodaetion Rl 0F &led
wi t hgly@rd with sofhotah gieidoafl 137P&. After 30.5 hrs of
fermentation tinme, 1.2 L of the culture was
transferred to a production fernenter. This fernmenter
received a single 16 ng bolus of vitamn B12 1 hr
after inoculation. The final concentration of

1, 3-propanediol in a typical fermentation was 114 g/L
and 25 the yield was 48% Sanples froma typical
Triple 1.6btuR 1. 6yghD/ pSYCOL09 fernentation were
anal yzed for Pta enzyne activity. A specific activity
of 0.4 Ung protein was obtained. Sanpl es assayed
froma typical TT/pSYCOL09 fernentati on showed no
detectable Pta enzyne activity. 30 EXAMPLE 16 | MPROVED
STABI LITY OF MOLAR YIELDS I N STRAIN TT/ pSYCO109 .
COVPARED TO TRI PLE 1. 6btuR 1. 6vohD/ PSYCO 09 Duplicate
shake flasks cultures were grown wth strains Triple
btuR 1.6 yqghD, pSYCO109, and TT pSYCOL09. After

i ncubating one colony 35 for 10 hr in LB + 50 ng/L
spectinonycin, 100 nL of culture were transferred in
30 nL TM2 nmediumw th 2% gl ucose and with or w thout
50 ppm spectinonycin (day 1). In order to study the
stability of the yield, a 73. WD 2004/ 033646

PCTI US2003/ 031805 100 niL volune of the day 1 cultures
was transferred after 24 hr to a fresh volunme of 30
mL TM2 nedia containing 2% gl ucose with or wthout 50
ppm specti nonmycin. This was repeated 4 tinmes. The
nolar yield was calculated as in Exanple 2 at the end
of each 24 hr period and results are 5 given below in
Tabl e 9. The ackA-pta deletion stabilizes the nolar
yield, therefore inproving 1, 3-propanedi ol

production. TABLE 9 Ml ar Yield Wth (+) or Ml ar

Mol ar Mol ar Mol ar Mol ar
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Wthout(-) Yield Yield Yield Yield Yield Strain
Spetinonycin Day | Day 2 Day 3 Day 4 Day 5 Triple

btuR, 1.6yghD, + 1.24 1.28 1.06 0.84 0.79 pSYCOL09
WwWid 20006%640109 + 1.15 1.22 1.24 1.24 1.07 Tr pelrestosswbises
1.6yghD, - 1.23 1.04 0.95 0.61 0.25 pSYCOL09 TT,
pSYCOL09 - 1.23 1.22 1.23 1. .11 EXAMPLE 17 10
STRUCTI ON OF E. COLI STRAI DELETI ON MUTATI ONS

I N A aEisvebsnmBEHNDROGENASES BY LI NEAR DNA

TRANSFORVARN AF stafrdidgiigen [for reference, see
GenBank, Acgession # U0Q096] wa de b agi

3 kb of e BeMRIes 8] %qsa;@u? Ahofaensbv SRl dke
tassette of pKpesphhiransiemee systaaspravgitingexgression of he

primer pair SEgih@ ﬁ@-@ﬂc@é@p%@hb@aﬁ@eﬁe@w@m Htehs;
astheterr%late. h ntai ns

T SEQ I D ) 57 t 80
bp of honol égya? b'ptrg%“@éhgﬁgo%q"_élﬁﬁﬂwg%e %’8006%'90th'§3
honol ogy to thgalaciepe-praiomsnpek3. The primer SEQ ID

NO 58 cont e? nSaﬁQpb@g@étaB%ﬁBb%u&%ﬁé egqée’éé%@g?ﬁcgaé dA

I nd 20 bp o 20I hqﬂno oegé éo p
re gel-puriffgéla0 Pigpe-ap ctroporated into ] X
MGL655/ pKD4l caripendagulsiediendogenasistgapdrgenstengpdisg active
V\ﬁ_fe sel eﬁt ed Q!Pcérgldﬁh?de?&p!\béﬂhal%dtégmb ridse.
chi oroa [ .. The. etion.of . e
cont | 1l Diecyol §tfin ot Bt L ividreih 1 Srodistf tgiBRons
andpSEQhpenolgyrevatephicoae Piotphvdrassierase sysiaes cemprispsigne
125 BSRo educt while the reconbinant strain gives a
characterigtic 1.8 k RCR pr od . A Pl |ysat -
Chat st rai B wastssiRd coiogRuR 2 pef plhyetBR Ggiéssion
2004/ 033646 PCY asgive pBpERIEaBier prdeifut ation to the
SL_fal n T'rl]' 5P f?ﬁémﬁtbéteﬁﬁogjﬁio@éf?@@eﬁbfp@é\fénﬁﬂ'@@xpression of
chi oranpheni col__resi.stance parker was .re )
the FLP T oconBritadber R aleB P e ance gyl Bfhse:
2¢reate TT al dAandhn al dB del etion [for reference, see
GenBank, Agfes figiptéd 2nbBQIRRL crasen@Bsievnting *RbRE5IBA of
1.5 kb of tﬁe chi?gjregi on ﬁn &E@t he ERT-. C%R RT
cassette of thBPREBICCASFEBIER ﬁf“pcf,’&?@‘ette. was
anpl i fi €l Thetth colisirginioi€laipailrorSEQirer onplisiag #nse
| D Mardgfusing pKD3 as the tenplate. The prinmer SEQ
D NO 61 caontaij 8 f hanol o to the 5. -
28 4B and 28 bpd GReriiad BadiediaUn R onfs hisbeg fiffeslon
NO. 62 of active aerobic respiration control protein;
f)  an up regulated endogenous ppc gene encoding active
phosphoenolpyruvate carboxylase;
g) an up regulated endogenous btuR gene encoding active

30 cob(i)alamin adenosyliransierase; and
h) an up regulated yghD gene encoding active aicohol
dehydrogenase.
4. The E. coli strain of Claims 1, 2, or 3, further comprising one or
more of:
35 i}  adisrupted endogenous mgsA gene preventing the

expression of active methylglyoxal synthase;
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10 contains 80 bp of honology to the 3' end of al dB
and 20 bp honology to pKD3. The PCR products were
gel -purified and el ectroporated into M3L655/ pKD46

wWoRehBak cells. Reconbinant strains were sgtged664081%05
LB plates with 12.5 ng/L of chl oroanphenicol. The

del etion of the ald8 gene was confirnmed by PCR, using
the primer jpai ra @&Qpied dddogenarthclkd deh@ prévdihgthe The

wi |l d-type strai duct while the
reconbi nant st réa}f)'%Isglﬁﬁ O?a&m%har ac%ﬁ'nBE ic 1.1 kb PCR

product. A B1 |«’=y<§avﬁte \slogeRHy BER 9aNe RIgvaNting thpve
t hledrrut ation t exphssibh dbctaﬁerpﬁo@plﬁaramabaqlasﬂ
B: : Cm s rai ne
vvas checked by dhgsérﬁg %@g@ﬁkﬁ&é@\ géE@P agfthSE
I D NO 63 and s&@q@moéacm algehyda gig zdr@agma&er& and
mut ati on wag) preedisropted REbBEdUL Hd B BERSTEVER
YR VT SO VRS ettt
Product i 8n bhe §i safesirain ghiSlaias ér%l?né’d 4 Wﬁi@l’ gompnsmg one
er memig@e of:as described in 25 General Methods with the .

fol |l owi ng ffer I

ferment aci al ) PIEINL U It expression
1. 5gap/ pSYca 06 agtve rhogpledygangte ¢ehydmtageiSBA % wit h
50 ny/ L spesit i maiigraptedtemdpgemmaiseyiiAigendpreveiirigsereddion

vitam n B12 m%faﬁﬁégglﬁc%rcglmﬁlafsgr ter. A typical

fermentation resu uction of 202 g/L
1§l ycerol wiRh 2 digveled 93‘909‘?"&9%9[{# ganmy/prefrsline Expiggsion

PRODUCTI ON OF GEX€HBADY-Heperidait NlyEedrop GiydtOgenase.

Pr oduct ' ' ; o

fer mont eou /A meMLiBE Mo biiarofEeah b 1 2CpicRaduitt comaising
f ol cBRRRENGIhe ke calisieain PhClaine Mok 35+ b with asuiiablgcarbon
f er sabsiadte anderAulthbiglcendifibrenly of TT/ pSYC0109 on a LB

2] S W D i Wb BPRRCIHELn W0 LR R 0, 30

m. LB wi L Spect i nomy
Weﬁoﬁﬁ”@ﬁ%SO of approxi mately 75 .............. VO
2004/ 033646j)PCElyLSPPhOFIRAS dehydiogarsel eached, 10. 8

e o oM hEPHE MREAAT "2 SLIETLS
ferment er. (i)t dphvdiatepesrangnt ati on resulted in the
2production (v JERydPAtase gdactiestitn faktbh a nol ar yield of
1_37% 5 5.6 An E. coli strain comprising
a) adisrupted endogenous phosphoenolpyruvate-glucose
phosphotransferase system preventing expression of
active PEP-glucose phosphotransferase system proteins;
30 b) an up regulated endogenous galP gene encoding active
galactose-proton symporter;
¢) an up regulated endogenous gl gene encoding active
glucokinase;
d) adown regulaied endogenous gapA gene encoding active
35 glyceraldeshyde 3-phosphate dehydrogenase.
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------------------------ WD 2004/ 033646
PCTI US20031031505 CLAIMS What is clained is: 1. An
E. coil strain conprising: a) a disrupted endogenous .

b ssepiageol pyruvat e- gl ucose 5 phosphot ransf.@f,gﬁﬁmmlsos
system preventi ng expression of active PEP- gl ucose

phosphot r ansf er ase syste r ot ei ns an u ul at ed
endogenous eéal P Y¥HR egr%'g]ag?ﬂ?“ﬁ&r? v@e Hareye tB’!Qee%?B’F%‘-iSE?ﬁ‘
symporter; c) aﬁacqyerwgwlatﬁwandugmmwsrogém gene -
encodi ng aq} | Van u})q'egblﬁfe‘a‘%n%i@nw% Hend h@¥ing active
regul at ed endo 0 E’V % encodi ng active

gl yceral dehyde ?ﬁ‘hﬁ’@%ﬁ BVH B8se. 2. The E

6ol i strai m)of atlugpi mgﬂ]atedimldegenddsdntd‘i?geupbacbding active
endogenous  phespmaenah RIEMGENSlteRse

phosphot r ansf er as€ sgst em C rises one of
i) disruptd&d eABdRRBHESIGADSERE e@fs@%a@r«‘w@ aloohol
expression of dahydmgaerma;esphocarrl er protein; ii)

dif sr upt ed Wdog%{;ﬁuﬁtoeteiho %W@de‘}&e@éﬁﬂfnﬁ?ﬁé on

active ‘phos at e-prot e
1ghosphot r ansf e,eggrgssmgg}/g‘%gelmq lﬂ'b’%’f{iﬁy'étaa%dogenous
crrgene prgvengidigyupted eedeganous fackAgene preventing the
gl ucose- speci fégorééslﬁﬁ’@é’&ﬁ@tacet%te fiRgsds- coli strai n .

of C ains urt.her co e
or o) “h & o g Gierubad BB egRhoLs e Gene RereTind Ty
expression of exuressien abacive phosshuitieatcaiylasmnt r ol
1B codi ng adk ?Ca%r%qsa'e"f“énﬁ“gmg% piebeirddee o)
an up regul at eﬁxgﬁ 'Eﬂg%@“’ﬁtaﬁ?%é‘g% rﬁﬁ 2bt|ve
30 cob( 1) aimgni a distepted entogeresiie rifSgersnprehgnting thp

regul at ed h
de%ydrogenyq De%?(@ Sr‘i‘BPQétﬂ?Iaﬁfeh géll(n)@‘? naseB

ase
or 3, furtRr ea’fﬁsv #ﬁa QIRIoHP edﬁﬁﬁee BovakRg 5% ?xr%{ess'on
2€@i srupt ed endogeaiive phgsphoghrengiealebpdiataget he
o) adisrupied endogenous gipK gene preventing expression
of active glycerol kinase;
p) adisrupted endogenous gldA gene preventing expression
of active NADH-dependent glycerol dehydrogenase; and
25 ~q) any one of the nucleotide sequences for a pSYCO
' construct SEQ ID NOs:65, 66, 67, or 68.
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expression of active nethylglyoxal synthase; 77 WO
2004/ 033646 PCT/ US2003/ 031505 j) a disrupted
endogenous ackA gene preventing the expression of

Vs thoyessaeet at e ki nase; k) a di srupted endogeanusoesiodises
gene preventing the expression, of active

phosphot r asacet Iase 5 1) a disrupted endogenous a/dA
gene preventin ROHENCE ion of active al dehyde

dehydrogenase A; and m) a disrupted endogenous aldB

g dﬁ&éﬁﬁaéég%nhgerﬁxgre33|on of active al dehyde

<110> OMEANYCoi | strain of Claims 1, 2,

Genentor41n1feumatthma1cmmr| sing one 10 or nore of. n) a

di srupt ed endogenous edd gene preventing expression

of active phosphogl uconate dehydratase; 0) a disrupted
EPRICEESNBWRS THH PEQYLOEECADI RROBULTIION O XIn B eROPANEDIOf WEH HI@® YIELD
gl ycerol kinase; and 15 p) a disrupted endogenous gi dA

<120>

gene preventing expression
ofhyd&G 8€T dehydr ogenase.
siction of 1,3-propanedi ol

<130

<150>
<151>

<160>

<170>

S

sui t abl e car bon

eI |

of active NADH dependent
6..A nmethod for the
conprising contacting

strain of dains 1, 2, 3, 4 or 5 with a

(ii)

conpri ses:

gl ycer ol

(i) glycero
- 3- phosphat ase;
and 25 (iv) dehydratase reactivation
strain conprising a) a
di srupted endogenous phosphoenol pyruvat e- gl ucose

coi |
- 3- phosphat e
(iii)

substrate under suitable conditions.
20 7. The nethod of Caim6, wherein the E
HAgrain further
dehydr ogenase;
dehydr at ase;
fraceraito veB8sicAn3.E. col i

phosphot r ansf erase system preventi ng expressi on of

<210>
<211>
<212>
<213>

ac

<220>
<223>

Q3P

Ive

-LoXP cassette

<400= 1

- ctcggateca ctagtaacdg ccgccagtgt

gtatagtata
cattcateccg
actgccttaa
‘aagcattcty
catcagcacc
gttgtccata
gacgaaaaac
cgccacatct
gagcgatgaa
ccatatcacc

gcgggcaaga

cattatacga
cttattatca
aaaaattacg
ccgacatgga
ttgtcgeett
ttggccacgt
atattctcaa
tgcgaatata
aacgtttcag
agctcaccgt

atgtgaataa

agttatctag
cttattcagg
cccegeectg
agccatcaca
gcgtataata
ttaaatcaaa
taaacccttt
tgtgtagaaa
tttgctcatg
ctttcattge

aggccggata

gctggaatte
agttgcatgc
cgtagcacca
ccactcatcg
aacggcatga
Tttgcecatg
actggtgaaa
agggaaatag
ctgccggaaa
gaaaacggtg
catacggaat
aaacttgtgc

Page 1

gcccttggec
ctgcaggtcc
gycgtttaag
cagtactgtt
tgaacctgaa
gtgaaaacgg
ctcacccagy
gccaggettt
tcgtegtggt
taacaagggt
tccggatgag
ttatttttet

gcataactte

gaatttctgce

ggcaccaata
gtaattcatt
tcgecagegg
gggcgaagaa
gattggctga
caccgtaaca
attcactcca
gaacactatc
cattcatcag

ttacggtctt

dctive PEP-glucose phosphotransferase system proteins;
) an up regul ated endogenous galP gene encodi ng
gal act ose- proton synporter
@Ndogenous gl k gene encodi ng active

qQ@ﬂqEﬁgugghgm“pndogenous gapA gene encodi ng active

c) an up regul ated
gl ucoki nase;

d) a

partial DNA sequence of plasmid pLoxCat27 comprising the LoxP-Cat

60
120
180
240
300
360
420
480
540
600
660
720




35 gl yceral dehyde 3-phosphat e dehydrogenase. 78 WO
2004/ 033646 PCT/ US2003/ 031805 e€) a disrupted
endogenous arcA gene preventing expression of active
s sebhBedsespi ration control protein; f) an perus2003/031805
regul at ed endogenous ppc gene encodi ng active
hosphoenol pyruvat e carboxyl ase; 5 g) an up regul ated

taaaaaE?ﬁfo@ﬁﬁ%B%ﬁSCbt9§ﬁﬂﬁﬁ§ﬂ%$ EFAISERTAY Betqtreag capthyctoani A8O

aaatgc&&t@.n&&\‘tb{tr 2B ShaefAyesa Bﬁgg@&a‘ﬂ@ trcﬁgé&g@égﬁ Qaﬁﬁcwagg €N€gaq
cod |ng active al cohol ¥ rogenase. 1) a disrupted

gattttgﬁt&ow %aﬁﬁﬂccﬁéw B?tggw ﬁcgqﬁ:éactlga@gﬁt@gy o0 f
gcccggaditi g covidhy | @kyayaly S3H3tRASE cckdttdegt §EaREERC ?60

ogenous ackA gene preventing the expression o
arctca g et e R ok Ao Ly St R tApOE EHOBBESLS 1A
tatttagﬁnnegqga&gmgat|dﬁgcdghéac &gqnﬁttiSt(laggﬂhtaﬂa ba%aacttcg 1080
sru endogenous

sphot rasac

catage BRI BRS COLAERRG wohBattksd cBumiE R fearert o ITs7

al dehyde dehydrogenase A; n) a disrupted endogenous
<210> A 4B gene preventing the expression of active al dehyde
<211> d@hydrogenase B. n) a di srupted endogenous edd gene

preventing expression 20 of active phosphogl uconate
<212> BMA\ydrat ase; o) a disrupted endogenous g/ pKgene
<213> PreMapBidingefeptessi on  of active gl ycerol kinase;, p) a

di srupt ed endogenous gl dA gene preventing expression

of active NADH dependent gl ycerol dehydrogenase; and
<220> 25 ) any one of the nucl eotide sequences for a pSYCO
<0735 %onstruct SEQ I D NGs: 65, 66, 67, or 68. 79 WO

bU%r o¥3646 PCT/ US2003/ 031805 SEQUENCE LI STI NG <110>

<400> B. S. duPont de Nenours and Conpany GCenencor
cacattqri dFHEIORMMTa FYagthgdta SrAmCaPROCESSafOR JiaEcicoL OG GOL
PRODUCTI ON OF 1, 3- PROPANEDI OL WTH HI GH YIELD <13Q>
CL2180 PCT <150> 60/416192

<210> 3
<211> 62
<212> DNA

C

<213> Artificial sSequence

<220>

"<223> Primer Arca2

<400> 3
ttccagatca ccgcagaagc gataaccttc accgtgaatg gtcatatgas tatcctoctt 60

ag _ 62

<210> 4
<211> 24
<212> DNA

<213> Artificial sequence

<220>
<223> Primer ArcA3
Page 2




<151> 2002-10-04 <160> 68 <170> Patentin version 3.1
<210> 1 <211> 1137 <212> DNA <213> Artificial
Sequence <220> <223> partial DNA sequence of plasmd
2% £ conprising the LoxP-Cat -LOXP cass@d6osnsises
<400> 1 ctcggatcca ctagtaacgg ccgccagtgt gctggaattc
<4mb'gcccttggcc gcataacttc 60 gtatagtata cattatacga
tt catgc ctgcaggtcc gaatttctgc 120
agttggg%tct%‘éé't%é%%c@%%‘é‘fgt atca cttattcagg cgtagcacca ggcgttihag
caccaata 180 actgccttaa aaaaattacg ccccgccctg
<210>'ggactcatcg cagtactgtt gtaattcatt 240 aagcattctg
<211> Cx3gacat gga agccatcaca aacggcatga tgaacctgaa tcgccagcgg
212> 300 catcagcacc ttgtcgcctt gcgtataata tttgcccatg
<ares d?@aaaacgg gggcgaagaa 360 gttgtccata ttggccacgt
<213> tAraddilcéah3eqehggt gaaa ctcacccagg gattggctga 420
gacgaaaaac atattctcaa taaacccttt agggaaatag gccaggtttt
caccgtaaca 480 cgccacatct tgcgaatata tgtgtagaaa
ctgccggaaa tcgtcgtggt attcactcca 540 gagcgatgaa

gg&&&lk&%g tttgctcatg gaaaacggtg taacaagggt gaacactatc
ccat at cacc agctcaccgt ctttcattgc catacggaat

<220>
<223>

<400> tccggatgag cattcatcag 660 gcgggcaaga atgtgaataa
Cgcaga%@c’g@@‘g‘tt Ch&&¥ttgtge ttatttttct ttacggtctt 720 Pdge
1 WD 2004/ 033646 PCTI US2003/ 031805 taaaaaggcc

dt aat at cca gct gaacggt ctggttatag gtacattgag caactgactg
489, aaatgcctca aaatgttctt tacgatgcca ttgggatata
tcaacggtgg tatatccagt 840 gatttttttc tccattttag

@Mt ccttagec tcctgaaaat ctcgataact caaaaaatac 900
gggp@g{aaggecggﬁ&ttattt cattatggtg aaagttggaa cctcttacgt
gccgatcaac 960 gtctcatttt cgccaaaagt tggcccaggg
cttcccggta tcaacaggga caccaggatt 1020 tatttattct
gcgaagtgat cttccgtcac aggtatttat tcggactcta gataacttcg
1080 _tatagtatac attatacgaa gttatgaagg gcgaattctg
CagER At LI A apkoxgatd 7comppi) 8g the Jlpx>Cag 1 Toxe Xz setmA
€213> Artificial Sequence <220>

<210>
<211>
<212>
<213>

<220>
<223>
<400>

aagcttaagg
agctggatce
tacctgtgac
ggaagccectyg
actttcacca
caggagctaa
cccaatggea
accagaccgt
agttttatcc
gtatggcaat
ttttccatga
ggcagtttct
‘tccctaaagg
ccagttttga
gcaaatatta

ccgittgtga

tgcacggecc
ataacttcgt
ggaagatcac
ggccaacttt
taatgaaata
ggaagctaaa
tcgtaaagaa
tcagctagat
ggcctttatt
gaaagacaagt
gcaaactgaa
acacatatat
gtttattgag
tttaaacgtg
tacgcaaggc

tggcttccat

acgtggcecac
ataatgtatg
ttcgcagaat
tggcgaaaat
agatcactac
atggagaaaa
catttigagg
attacggcect
cacattctig
gagctggtga
acgttttcat
tcgeaagatyg
aatatgtttt
gccaatatgg
gacaaggtgc
gtcggcagaa

tagtacttct
ctatacgaag
aaataaatcc
gagacgttga
cgggcgtatt
aaatcactgg
catttcagtc
ttttaaagac
ccegectgat
tatggoatag
cgctctggag
tggcgtgtta
tcgtctcage
acaacttctt
tgatgccgct
tgcttaatga

Page 3

cgaggtcgac
ttatctagag
tggtgtccct
tcggeacgta
ttttgagtta
atataccacc
agttgctcaa
cgtaaagaaa
gaatgctcat
tgttcaccct
tgaataccac
cggtgaaaac
caatccctag
cgeeccegtt
ggcgattcag

attacaacag

ggtatcgata
tccgaataaa
gttgataccg
agaggttcca
tcgagatttt
gttgatatat
tgtacctata
aataagcaca
ccggaattcc
tgttacaccg
gacgatttcc
ctggcctatt
gtgagtttca
ttcaccatgg
gttcatcatyg
tactgecgatyg

60
120
180
240
300
360
420
430
540
600
660
720
780
840
800
960




<223> Primer ArcAl <400> 2 cacattctta tcgttgaaga
cgagttggta acacgcaaca cgtgtaggct ggagctgctt 60 c 61
<210> 3 <211> 62 <212> DNA <213> Artificial Sequence

wolRissrRe 3> Priner ArcA2  <400> 3 ttccagat Ceors2003/031805
ccgcagaagc gataaccttc accgtgaatg gtcatatgaa tatcctcctt
60 ag 62 <210> 4 <211> 24 <212> DNA <213>
agtggc@ﬂﬂﬁiGBBQQCaFaaSEEﬁIéFﬁﬁBG g€PTR TP gUBCCPFiap R CanGiEpy Pa§R302

ctacgcobGh 200483364615 E;}{ach%%Q&?chél §9§cg§4@ %Cé%@g%\&gi@@c

acgcaacacg caac <2105 5 <211>
caactctagy tppelitagtacRATeFi@c @hogac patgcagqegercapgtgpat <Udo> 5

& I e Ah@Restals & 2
W Ty DT RN

taaagcqgggtaﬁgﬁcgggﬁ?uggﬁgéaqucFﬂgagﬂygﬁyg éFﬁ?ﬁF99§Frﬁ}9¥4ﬁ§cat 1260
atatagdgeX cggdgtk #aPaeassRhh @tcgacgtee catggccatt gaattcgtaa 1320

<2l0> 7
<211> 61
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer GalA

<400> 7
tcggtitica cagttgttac atttcttttc agtaaagtct ggatgcatat ggceggccgea 60

t _ 61

<210> B8
<211> 65
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Galp2

<400> 8
catgatgcce tccaatatgg ttatttitta ttgtgaatta gictgtiice tytgtgaaat 60

tgtta 65

<210> 9
<211> 60
-<212> DNA

<213> Artificial Sequence

<220>
<223> Primer GTkA
<400> 9

acttagtttg cccagcttgc aaaaggcatc gctgcaattg gatgcatatg gecggccgeat 60
Page 4 '




<400> 6 aagcttaagg tgcacggccc acgtggccac tagtacttct

cgaggt cgac ggtatcgata 60

agct ggat cc at aactt cgt

ataatgtatg ctatacgaag ttatctagag tccgaataaa 120
weshleh&ac ggaagat cac ttcgcagaat aaat aaat cCpdggé@iwsihs
gttgataccg 180 ggaagccctg ggccaacttt tggcgaaaat
gagacgttga tcggcacgta agaggttcca 240
t aat gaaat a agat cactac cgggcgtatt ttttgagtta tcgagatttt
caggagct aa ggaagct aaa at ggagaaaa aaat cact gg

<210> 300
<211>
<212>

<213>

i

at.ataccacc gttgatatat 360
cdttttgagg catttcagtc agttgctcaa tgtacctata 420
agpagaccgt tcagctggat attacggcct ttttaaagac cgtaaagaaa
a 480 agttttatcc ggcctttatt cacattcttg
CeY¥afYct cat ccggaattcc 540 gt at ggcaat

actttcacca

cccaat ggca tcgt aaagaa

gaaagacggt gagctggtga tatgggatag tgttcaccct tgttacaccg
ttttccatga gcaaactgaa acgttttcat cgctctggag

<220> 600

<223>

<400>
cattct

acaacttctf cgcccccgtt ttcaccatgg 8

artgtty

900
<210>

<211>

8G5RaHA
gcaaat at

t gaat accac gacgatttcc 660 ggcagtttct acacat at at
tRrgearagHi?g t ggcgtgtta cggt gaaaac ctggcctatt 720
tigcctaaagg gtttattgag aatatgtttt tcgtctcagc caatccctgg

gadbtiegct! @RagresAd! tdat 8 rtd tté‘&\é?:@%t@c £99 6o

ta

acgcaaggc gacaaggtgc tgatgccgct ggcgattcag gttcat@atg

ccgtttgtga tggcttccat gtcggcagaa tgcttaatga

RGF4 US2003/ 031805

gcagttattg gtgcccttaa acgcctggtg 1020

<212>
<213>

dfit acaacag tactgcgatg 960 Page 3 WD 2004/ 033646
agt ggcaggg cggggcgtaa tttttttaag

ctacgcctga

Athagt gat a at aagcggat gaat ggcaga aattcggacc tgcaggcat g

hP8FicrAasdpbAGa taacttcgta taatgtatge tatacgaagt

tat gcggccg ccatatgcat 1140 cctaggccta ttaatattcc

ggagt at acg tagccggcta acgttctagc atgcgaaatt 1200

<220>
<223
<400> 61

ttggatccat 1260 |
PGSRy Tt gaeeate "desert'cgt aa 1320
<212> DNA <213> Artificial

Sequen

t aaagcgct g atatcgatcg cgcgcagatc tgtcatgatg atcattgcaa
at at agggcc cggggttata attacctcag

<210> 7 <211>

ce

<220> <223>

ggatgcaprf wocggGadoad taat®Ocgtd taggghtdt earacauiot gtaratagagt t Ct tabt C

tgcatgcg'%%g&%%%agg%%tggﬁ@ttcg&%g&ctc

agcaccaggc
ctcatcgcag
ggcatgatga
gcccatggty
ggtgaaactc
gaaataggcc
"€cggaaatcg
aacggtgtaa
acggaattcc
- cttgtgctta
gttataggta
- ggatatatca
tgaaaatctc

gttggaacct

gtttaagggc
tactgttgta
acctgaatcg
aaaacggggg
acccagggat
aggttticac
tcgtggtatt
caagggtgaa
ggatgagcat
tttttcttta
cattgagcaa
acggtggtat
gataactcaa

cttacgtgec

accaataact
attcattaag
ccagcggeat
cgaagaagtt
tggctgagac
cgtaacacgce
cactccagag
cactatccca
tcatcaggcy
cggtctttaa
ctgactgaaa
atccagtgat
aaaatacgee

gatcaacgtc

gccttaaaaa
cattctgceg
cagcaccttg
gtccatattg
gaaaaacata
cacatcttgc
cgatgaaaac
tatcaccagc
ggcaagaatg
aaaggccgta
tgcctcaaaa
Ttttttctce
cggtagtgat
tcattttcge

Page 5

gé%%tgg%tt

aattacgccc
acatggaagc
tcgécttgcg
gccacgttta
Ttctcaataa
gaatatatgt
gtttcagttt
tcaccgtctt
tgaatazagg
atatccagcet
tgttctttac
attttagctt
cttatttcat

caaaagttgg

t_ 61
attcagacgt

caccctgceca
catcacaaac
tataatattt
aatcaaaact
accctttagg
gtagaaactg
gctcatggaa
tcattgeccat
ccggataaaa
gaacggtctyg
gatgccatty
ccttagetee
tatggtyaaa
cccagggett

<210>

o

180
240
300
360
420
480
540
600
660
720
780
840
900
960




<213> Artificial Sequence <220> <223> Prinmer Gal P2
<400> 8 catgatgccc tccaatatgg ttatttttta ttgtgaatta
gtctgtttcc tgtgtgaaat 60 tgtta 65 <210> 9 <211> 60

W%ﬂu% <213> Art i fi C| al Sequence <220> f@%oosﬂ)suﬂ]s
Primer GLKA <400> 9 acttagtttg cccagcttgc aaaaggcatc
gctgcaattg gatgcatatg gcggccgcat 60 Page 4 WO

CCCogtalsg43 PYSHHaC FETYUSEI0BA0EI80% aagtypOstt] Ocateacksg 67 1020

b 2gacobihgs? bde o dfed ~&tgga 3>
s A ol MR 0,

9Cttofagat ORI R GICHAT L CAOTGICHE GAAIBOACTaLegttaos7 1XD10>
ataatgitht<édbtgechdd Qrcatddedn §edda tat¥dehddaC *:ga.si_gc@gel:q%J en Egoz? 0>

<220> <223> LoxP-cat-|oxP Trc cassette ™inser
acaattapf C HACIRA AR HFCGEC cHRATIOASR tIFBdpad Ragfetararagn 1260
ggaaacdgatacgaagt tatctagagt 60 tgcatgcctg caggtccgaa 1y7p
tttctgccat tcatccgctt attatcactt attcaggcgt 120
210> agcaccaggc gtttaagggc accaataact gccttaaaaa aattacgccc
cgccctgcca 180 ctcatcgcag tactgttgta attcattaag
<211> é%ttctgccg acat ggaagc cat cacaaac 240 ggcat gatga

<21?> PRkt gaatcg ccagcggcat cagcaccttg tcgccttgecg tataatattt

<213> artificial sequence

<220>

<223> Primer GalBl

<400> 12

actitggtcg tgaacatttc ccgtgggaaa 30
<210> 13

<211> 28

<212> DNA

<213> aArtificial Sequence

<220>

<223> Primer Galcil

<400> 13

agaaagataa gcaccgagga tcccgata 28
<210> 14

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer GT1kBl
<400> 14
aacaggagtg cFaaacagtg cgccga . 26
<210> 15
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gcccat ggt g aaaacggggg cgaagaagtt gtccatattg gccacgttta
aat caaaact 360 ggtgaaactc acccagggat tggctgagac
gaaaaacata ttctcaataa accctttagg 420 gaaataggcc
Wﬂﬁiﬂfsﬁé&@c cgtaacacgc cacatcttgc gaat at at gtp HAIFRASs6s
ccggaaatcg tcgtggtatt cactccagag cgat gaaaac
gtttcagttt gctcatggaa 540 aacggtgtaa caagggtgaa
<213> 3@ctatccca tatcaccagc tcaccctctt tcattgccat 600
<212> Bgdgaattcc ggatgagcat tcatcaggcg ggcaagaatg tgaataaagg
at aaaa 660 «cttgtgctta tttttcttta cggtctttaa
<213> &'ﬁa%g@@ét%qﬁﬁt“&ﬁccagct gaacggtctg 720 gttataggta
cattgagcaa ctgactgaaa tgcctcaaaa tgttctttac gatgccattg
780 ggatatatca acggtggtat atccagtgat ttttttctcc
<220> attttagctt ccttagctcc 840 tgaaaatctc gataactcaa

<223> Pdiadalafgen cggtagtgat cttatttcat tatggtgaaa 900

200 gttggaacct cttacgtgcc gatcaacgtc tcattttcgc caaaagttgg
< 5 WD 2004/ 033646 30
craticg %??%%%%%fo%@%‘b@ cccggt at ca acagggacac caggatttat

é‘attctgcg aagtgatctt ccgtcacagg 1020 tatttattcg
<210~ é;ct ctagat aacttcgtat agcatacatt atacgaagtt atggatcatg
<211> 49980 gctgtgcagg tcgtaaatca ctgcataatt cgtgtcgctc
<212 glie\ggcgcact cccgttctgg 1140 ataatgtttt ttgcgccgac
"tat aacgg ttctggcaaa tattctgaaa tgagctgttg 1200
<213> Aacditdiadtseqadnceggctcg tataat gt gt ggaatt gt ga gcggat aaca
atttcacaca 1260 ggaaacagac 1270 <210> 12 <211> 30
<212> DNA <213> Artificial sequence <220> <223>
<220> Pri mer (al61 <400> 12 actttggtcg tgaacatttc
<23> 9:9?\ gpa 30 <210> 13 <211> 28 <212> DNA <213>
I'Ticl aI Sequence <220> <223> Priner GalCll <400>
<400> 1@ agtat%ggaat aa ggc%ggtgagagaa tcccgaata 28 <210> 14 <2]6&>

atgaatcege a cg cgt tcattg dacgttcglyg cgagactcgc
tctgcettatc tcgcccggat ttatcgataa getggatcc 99
<210> 17

<211> 98

«<212> DNA

<213> Artificial Seqguence

<220>
<223> Primer edd2

<400> 17
ttaaaaagty atacaggttg cgccctgttc ggcaccggac agtttticac gcaaggeget 60

gaataattca cgtcctgtcyg gatgcatatg goggecge ' 98

<210> 18
<211> 22
<212> DNA

- <213> Artificial Sequence

<220>

<223> Primer edd3
' Page 7




<212> DNA <213> Artificial Sequence <220> <223>
Primer d kBl <400> 14 aacaggagtg ccaaacagtg cgccga 26
<210> 15 Page 6 WD 2004/ 033646 PCT/ US2003/ 031805
<212> DNA <213> Artificial sequenc
@%@%%frrer G kCll1 <400> 15 ctattcggcg cag%%[tﬁ%zg%?ﬂsus
gt gaccgcct 30 <210> 16 <211> 99 <212> DNA <213>
<400> géifi ci al sequence <220> <223> Prinmer eddl <400> 16
QPaglfodgafayt gt tacg cgtaacaaat cgaatcattg aacgtteggeg
cgagactcgc 60" tctgcttatc tcgcccggat ttatcgataa
10> Hf ggatcc 99 <210> 17 <211> 98 <212> DNA <213>
Artificial sequence <220> <223> Priner edd2 <400> 17
<211> t3laaaaagt g atacaggttg cgccctgttc ggcaccggac agtttttcac
<12> dg@aggcget 60 gaataattca cgtcctgtcg gatgcatatg
gcggccgc 98 <210> 18 <211> 22 <212> DNA
<213> Artificial Sequence

taacat

<220>

<223> Primer edd4

<400> 19

actgcacact cggtacgcag a 21
<210> 20

<211> 29

<212> DNA

<213> Artificial sequence,

<220>

- <223> CN1, encoding mutated trc promoter driving glk expression

-<400> 20

ctgacaatta atcatccggc tegtataat 29
<210> 21

<211> 29

<212> DNA

<213> Artificial Sequence

<220>

<223> CN2, encoding parent trc promoter

<400> 21

ttgacaatta atcatccggce tcgtataat 29
<210> 22

<211> 25

<212> DNA

<213> Artificial Sequence

Page 8




<213> Artificial sequence <220> <223> Prinmer edd3
Page 7 WD 2004/ 033646 PCTI US2003/ 031805 <400> 18
taacatgatc ttgcgcagat tg 22 <210> 19 <211> 21 <212>
woNgsdae Artificial Sequence <220> <223> Ry a8603061%4s
<400> 19 actgcacact cggtacgcag a 21 <210> 20 <211> 29
220> <212> DNA <213> Artificial sequence; <220> <223> CNi,
encodi ng mutated trc pronoter driving glk expression

<223> <#(fer 3fpAlt gacaatta atcatccggc tcgtataat 29 <210> 21
1> 29 <212> DNA <213> Artificial Sequence <220>

;ﬁggzc SquceNdgeneedi ng parent trc pronoter <400> 21,
ttgacaatta atcatccggc tcgtataat 29 <210> 22 <211> 525

<10 512> DNA <213> Artificial Sequence Page 8 WO
04/ 033646 PCT/ US2003/ 031805
<211> 23

<212> DNA

<213> Artificial sequence

<220>

<223> Primer gapA?

<400> 23

aatgcgctaa cagcgtaaag tcgtg i 25
<210> 24

<211> 35

<212> DNA

<213> Artificial sequence

<220>

<223> Primer gapA3

<400> 24 '

gatacctact ttgatagtca catattccac cagcet 35
<210> 25

<211> 35

<212> DNA

<213> Artificial sequence

<220>

<223> Primer gapA4

 <400> 25

agctggtygga atatgtgact atcaaagtag gtatc ' 35
<210> 26

<211> 35

<212> DNA

<213> Artificial Sequence
Page 9




<220> <223> Prinmer gapAl <400> 22 atgaccatct

gaccatttgt gtcaa 25 <210> 23 <211> 25 <212> DNA
<213> Artificial sequence <220> <223> Priner gapA2

woilinsdeds aat gcgct aa cagcgtaaag tcgtg 25 <ZdFrusadosnsisos

<211> 35 <212> DNA <213> Artificial Sequence

<220>

<223> Prinmer gapA3 <400> 24 gatacctact ttgatagtca

catattccac cagct 35 <210> 25 <211> 35 <212> DNA

<213> Artificial sequence <220> <223> Priner gapA4
<220> <400> 25 agctggtgga atatgtgact atcaaagtag gtatc 35

<210> 26, <211> 35 <212> DNA <213> Artifici al
<223>

<400> PBinmer gapAS <400> 26
gatacctact ttgatagtca aataticcac caget
<210> 27

<211i> 35

<212> DNA

<213> Artificial sequence

<220>

<223> Primer gapAg

<400= 27

agctggtgga atatttgact atcaaagtag gtatc
<210> 28

<211> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> short 1.5 GI promoter

<400> 28

gccecttgact atgccacatc ctgagcaaat aattcaacca ct
<210> 29

<211> 98

<212> DNA

<213> Artificial sequence

<220>
<223> Primer gapA-R1l

<400> 29
agtcatatat tccaccaget atttgttagt gaataaaagt ggttgaatta tttgctcagg

atgtggcata gtcaagggea tatgaatatc ctccttag

<210> 30
page 10

10> Sequence
PRgS" 05 2004/ 033646 PCT/ US2003/ 031805 <220> <223>

35

35

42

60
98




gatacctact ttgatagtca aatattccac cagct 35 <210> 27
<211> 35 <212> DNA <213> Artificial Sequence <220>
<223> Prinmer gapA6 <400> 27 agctggtgga atatttgact
W efRsag gtatc 35 <210> 28 <211> 42 <21grniddivsn31805
<213> Artificial Sequence <220> <223> short 1.5 @
pronoter <400> 28 gcccttgact atgccacatc ctgagcaaat
<211> B@ttcaacca ct 42 <210> 29 <211> 98 <212> DNA <213>
«<i> Mdificial Sequence <220> <223> Priner gapA-Ri  <400>
29 agtcatatat tccaccagct atttgttagt gaataaaagt
<213>  yoifHEat tS8WMCGct cagg 60 at gt ggcat a gt caagggcea
tatgaatatc ctccttag 98 <210> 30 Page 10 WO
2004/ 033646 PCT/ US20031 031805 <211> 80 <212> DNA
<220> <213> Artificial sequence <220> <223> Priner gapA-R2
<223> PFARP gapa-get cacatta cgtgactgat tctaacaaaa cattaacacc

400> glg\ctggcaaa attttgtccg 60 tgtaggctgg agctgcttcg 80

gctcacatta cgtgactgat tctaacaaaa cattaacacc aactggcaaa attttgtceg 60
tgtaggctgy agergottcg 80
<210> 31

<211> 42

<212> DNA

<213> Artificial sSequence

<220>

<223> short 1.20 GI promoter

<A00> 31

gcccttgacg atgccacatc ctgagcaaat aattcaacca ct 42
<210> 32

<211> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> short 1.6 GI promoter

<400> 32

gcccttgaca atgccacatc ctgagcaaat aattcaacca ct 42
<210> 33

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer gapA-R3

<400> 33
Page 11




<210> 31 <211> 42 <212> DNA <213> Artificial Sequence
<220> <223> short 1.20 G pronoter <400> 31
gcccttgacg atgccacatc ctgagcaaat aattcaacca ct 42
wolbinifds <211> 42 <212> DNA <213> Arti fi ci g/ SReKse5ees
<220> <223> short 1.6 G pronoter <400> 32 42
cctt%aca at ccacatc ct gagcaaat aattcaacca ct <210>
YFPgLarag ¢ 9?12> DNA <213> Artificial Sequence 24
<220> <223> Prinmer gapA-R3 <400> 33 Page 11 WO
<210> 23904/ 033646 PCT/ US2003/ 031805 gt cgacaaac gctggt at ac
<11> Gdgca 24 <210> 34 <211> 98 <212> DNA <213> Artifici al
Sequence <220> <223> Priner gapA-R4 <400> 34
<212> Mficatatat tccaccagct atttgttagt gaataaaagt ggttgaatta

<213> tArk 96§ a0Ge4Rncat 9t ggcat ¢ gt caagggca tatgaatatc
ctccttag 98 <210> 35 <211> 98

gtcgac

<220>
<223> Primer gapA-r4

<400> 34 :
agtcatatat tccaccagct atttgttagt gaataaaagt ggttgaatta tttgctcagg 60

atgtggcatc gtcaagggca tatgaatatc ctccttag o8

<210> 35
<211> 98
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer gapA-R5

<400> 35
agtcatatat tccaccagct atttgttagt gaataaaagt ggttgaatta tttgctcagg 60

atgtggcatt gtcaagggca tatgaatatc ctccttag 98

<210> 36
<211> 60
<212> DNA

<213> Artificial Seguence

<220>

<223> Primer mgsa-1

<400> 36

gtacattatg gaactgacga ctcgcacttt acctgcgegy tgtaggctgg agetgettcg 60
<210> 37

<211> 60

<212> DNA

<213> Artificial Sequence

Page 12




<212> DNA <213> Artificial Sequence <220> <223>
Primer gapA-R5 <400> 35 agtcatatat tccaccagct
atttgttagt gaataaaagt ggttgaatta tttgctcagg 60
\ﬁ%%g&%%tﬁt gt caagggca tatgaatatc ctccttag Sfrirdd3nsies
<211> <212> DNA <213> Artificial Sequence <220>
<223> Prinmer ngsA-1 <400> 36 gtacattatg gaactgacga
ctcgcacttt acctgcgcgg tgtaggctgg agctgecttcg 60 <210>
20> 37 <211> 60 <212> DNA <213> Artificial sequence Page
12 WO 2004/ 033646 PCT/ US2003/ 031805 <220> <223>
<223> Primeermagys?A- 2 <400> 37 cttcagacgg tccgcgagat
<400> 3dacgctgata atcggggatc catatgaata tcctccttag 60 <210>
cttcagadfy €2ddcgad? axcddardDMbcoididre Aataitfdaca dicchmgtraance 60
<220> <223> Primer ngsA-3 <400> 38 cttgaattgt
<210> Bggatggcga tg 22 <210> 39 <211> 21 <212> DNA <213>

Artificial sequence
<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer mgsA-3

<400> 38
cttgaattgr tggatgdcga tg 22

<210> 39
<211> 21
<212> DNA

<213> Artificial Sequence

<220>

<223> Primer mgsA-4

<400> 39

cgtcacgtta ttggatgaga g 21
<210> 40

<211> 100

<212> DNA

<213> Artificial Sequence

<220
<223> Primer PppcF

<400> 40
‘cgatttttta acatttccat aagttacget tatttaaagc gtcgtgaatt taatgacgta 60

- aattcctget atttattcgt gtgtaggetg gagctgcettc 100

<210> 41

<211> 100 '
Page 13




<220> <223> Primer ngsA-4 <400> 39 cgtcacgtta
ttggatgaga g 21 <210> 40 <211> 100 <212> DNA <213>
Artificial Sequence <220> <223> Priner PppcF <400>
wiPaedRkidttta acatttccat aagttacgcet tatttaa@@fhmmmﬂ805
gtcgtgaatt taatgacgta 60 aattcctgct atttattcg
gt gt aggctg gagctgcttc 100 <210> 41 <211> 100 Page 13
WD 2004/ 033646 PCT/ 11S2003/ 031805 <212> DNA <213>
<212> P4 ificial Sequence <220> <223> Prinmer PppcR <400>
<213> Adritfegadtdeggmcegcgaat at gc tcgggctttg cttttcgtca
gtggttgaat tatttgctca 60 ggatgtggca ttgtcaaggg
: catatgaata tcctccttag 100 <210> 42 <211> 30 <212>
<220> DNA <213> Artificial Sequence <220> <223> Priner
<400> 42 gcggaatatt gttcgttcat attaccccag
ST ARG S P, (i PR e TR it
<400> &kquence <220>

tcgcattgge gcgaatatge tcgggetttg cttttogtca gtggttgaat tatttgetca 60
ggatgtggca ttgtcaaggg catatgaata tcctccttag 100
<210> 42

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer SeqppcR 7

<400> 42

gcggaatatt gttcgttcat attaccccag 30
<210> 43

<21i> 90

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer 3Gl44

<400> 43
ccaggctgat tgaaatgccc ttctgttica ggcataaagc cccazagtca taaagtacac 60

tggcagcgeg gtgtaggctg gagetgettc 90

<210> 44
<211> 93
<217> DNA

<213> Artificial Ssequence

<220>
<223> Primer 3G145
Page 14




<223> Primer 36144 <400> 43 ccaggctgat tgaaatgccc
ttctgtttca ggcataaagc cccaaagtca taaagtacac 60

t ggcagcgcg gtgtaggctg gagctgcttc 90 <210> 44 <211> 93
\ﬁ?gﬂgﬁ(B% <213> Artificial sequence <220> f@ﬁ@@[IOSIOSlSOS
Primer 36145 Page 14 WD 2004/ 033646 PCT/ US2003/ 031805

<400> 44 gcatggctac tcctcaacga cgttgtctgt

<400>

t t t catt gt caag

scran 5 05 81 LELI 0L RAPRLP Ao L UGN s,

cattgtpne egraliccog tdohfesivady Sequence <220> <223> Priner 93
YCl KUp <400> 45 gataataccg cgttcatcct gggcc 25 <210>

<210> 468 <211> 25 <212> DNA <213> Artificial Sequence

<11> 0> <223> Priner YCIKDn <400> 46 gcgagttcac
ticatgggcg tccat 25 <210> 47 <211> 98 <212> DNA

<212> <NA3> Artificial Sequence <220> <223> Priner yghCFRTF

<213> Artificial Sequence

<220

<223> Primer YCEKUp

<400> 45

gataataccg cgttcatcct gggcc 25
<210> 46

<211> 25

<212> DNA

<213> aArtificial sequence

<220>

<223> Primer YCIKDn

<400> 46

gcgagttcac ttcatgggcg tccat 25
- <210> 47

<211> 98

<212> DNA

<213> Artificial sequence

<220>
' <223> Primer yghCFRTF

<400> 47
ttaattccce tgcatcgece geattertge cgecatcttee cccggegtca caccgaagta 60

acgtttaaac tcacggctgt gtaggctgga getgcttc 98

<210> 48
<211> 100
<212> DNA

<213> Artificial Sequence
Page 15




<400> 47 ttaattcccc tgcatcgccc gcattcttgc cgcatcttcc
cccggcegtca caccgaagta 60 acgtttaaac tcacggctgt
gt aggctgga gctgcttc 98 <210> 48 <211> 100 <212> DNA
‘ﬁ? 0 4%| ficial Sequence Page 15 WO 2004/ %3166@003)'031805
PCTI US2003/ 031805 <220> <223> Priner cyghD .6 <400>
48 ctcccttget gggccaatat gagggcagag aacgatctgc
ctggttgaat tatttgctca 60 ggatgtggca ttgtcaaggg
catatgaata tcctccttag 100 <210> 49 <211> 46 <212>
<220> DNA <213> Artificial Sequence <220> <223> Priner
23 hBE > 49 atcgcccgca ttcttgecge atcttccccc
< é%&“@fca‘(gac gaagt 46 <210> 50 <211> 100 <212> DNA
<400> 4213> Artificial sequence <220> <223> Priner ﬂi
ctccc*cta%@sg%awgwga@gag AGELAG U TG ERE gtsaEtgtcafcag gt a& t

ggatgtdatd Gagtagygatita6aak acbitctadgcgat.gcag t aaat ggt ga 100
tgtgtaggct ggagectgett 100 <210> 51 <211> 100 <212>

<213> Artificial Sequence <220> <223> Pri ner

230>
< ack-pta 2
<211> 46

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer yghBF

<400> 49

"atcgececgea ttettgecge atcttoccoec ggegtcacac cgaagt 46
<210> 50

. «@11> 100

<212> DNA

<213> Artificial Sequence

<220
<223> Primer pta 1

<400> 50
atgtcgagta agttagtact ggttctgaac tgcggtagit cttcactgaa atttgccatc 60

. atcgatgcag taaatggtga tgtgtaggcet ggagetgett 100

<210> 51
<211> 100
<212> DNA

T <213> Artificial Sequence

<220>

<223> Primer ack-pta 2

<400> 51

ttactgetge tgtgcagact gaatcgcagt cagcgegatg gtgtagacga tatcgtcaac 60
cagtgcgcca cgggacaggt catatgaata toctcottag 100

Page 16




<400> 51 ttactgctgc tgtgcagact gaatcgcagt cagcgcgatg
gt gt agacga tatcgtcaac 60 cagtgcgcca cgggacaggt
catatgaata tcctccttag 100 Page 16 WO 2004/ 033646
wWehi4d82Q63/ 031805 <210> 52 <211> 20 <212>p@Ehs20B3M031805
Artificial Sequence <220> <223> Priner ack-U <400>
52 attcattgag tcgtcaaatt 20 <210> 53 <211> 20 <212>
DNA <213> Artificial sequence <220> <223> Primer
<210> d@k- D <400> 53 attgcggaca tagcgcaaat 20 <210> 54
<11> $Bl1> 98 <212> DNA <213> Artificial Sequence <220>
<223> Prinmer ptSHFRT1 <400> 54 atgttccagc aagaagttac
<212> @Ant accgcet ccgaacggtc tgcacacccg ccctgetgec 60

<213> g@g{]&itzghage%gg@eagct gt gtaggctgga gctgcttc 98 <210> 55
<211> 97 <212> DNA <213> Artificial Sequence <220>

Page 17 WD 20041033646 PCT/ US20031031805
<220>
<223> Primer ack-u
<400- 52
attcattgag tcgtcaaatt 20
<210> 53
<211> 20
<212> DNA

<213> Artificial sequence

<220>

<223> Primer ack-p

<400> 353

attgcggaca tagcgcaaat 20
<210= 54

<211> 98

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer ptsHFRTL

<400> 54
atgttccagc aagaagttac cattaccgct ccgaacggtc tgcacacccg ccctgetgec 60

cagtttgtaa aagaagctgt gtaggctgga getgcttc 98

<210> 55
<211> 97
<212> DNA

<213> Artificial Sequence

- <220>
Page 17




<223> Primer crrFRT11 <400> 55 ttacttcttg atgcggataa
ccggggtttc acccacggtt acgctaccgg acagtttgat 60
cagttctttg atttcgtcat atgaatatcc tccttag 97 <210> 56
wolbdins®s <212> DNA <213> Artificial Sequenseruszfid0sos
<223> Primer crrR <400> 56 cctgttttgt gctcagctca
tcagtggctt gctgaa 36 <210> 57 <211> 100 <212> DNA
f4.cial sequence <220> <223> Priner Dal dAF
<223> ﬁ%’% ér'f Stdt cagt ac ccgtt caaca tcct at gt at at cgat ggac

<400> gttt ttac ct a 60 cat gga t
Stacee g G e SO et ek SRR ARB S o,
cagttc@wafﬂﬂ@kcsﬁtr btddacitak Segrmgnce <220> <223> Priner 97

Dal dJAR <400> 58 ttaagactgt aaataaacca cctgggtctg
<210> G@gatattca tgcaagccat gtttaccatc 60 tgcgccgcca

ataccggatt catatgaata tcctccttag 100 <210> 59 Page 18
<211> \#p 2004/ 033646 PCTI US2003/ 031805 <211> 20 <212> DNA
<212> PRA3> Artificial Sequence <220>

<213> Artificial Sequence

<220>

<223> Primer crrh

<400> 56

cctgrtttgt gctcagctca tcagtggett gctgaa 36
<210? 57

<211> 100

<212> DNA

<213> artificial Sequence

<220>
<223> Primer DaldarF -

<400> 57
atgtcagtac ccgttcaaca tcctatgtat atcgatggac agtttgttac ctggcgtgga 60

gacgcatgga trtgatgtggt tgtgtagget ggagetgctt 100

<210> 58
<213i> 100
<212> DNA

<213> Artificial sequence

<220>
<223> Primer DaldAR

<400> 58
' ttaagactgt azataaacca cctgggtctg cagatattca tgcaagccat gtttaccatce 60

tgcgccgeca ataccggatt catatgaata tcctcocttag 100

<210> 59
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<211>
<212>
<213>

<220>
<223>
<400>

<223> Primer al dAF300 <400> 59 ttatcgttca cgttgatttt
20 <210> 60 <211> 20 <212> DNA <213> Artificial
Sequence <220> <223> Priner al dAR300 <400> 60
aaaaaagt g actgccgaag 20 <210> 61 <211> 100 <212>
0¥BBBIS Artificial Sequence <220> <223> PEIH203/031805
Dal dBF <400> 61 cgtctaccct tgttatacct cacaccgcaa
ggagacgat c atgaccaata atcccccttc 60 agcacagatt
aagcccggcg gtgtaggctg gagctgettc 100 <210> 62 <211>
MO <212> DNA <213> Artificial Sequence <220> <223>
RriiFeei dPadedbBErce<400> 62 Page 19 WO 2004/ 033646
PCT/ US2003/ 031805 gcat caggca at gaat accc aat gcgacca
gcttcttata tcagaacagc cccaacggtt 60 tatccgagta
gctcaccagc catatgaata tcctccttag 100 <210> 63 <211>
2. <212> <213> Artificial Sequence <220> <223>
BFimsE g

59

ttatcgttca cottgatttt 20

<210>
<211
<212>
<213>

<220>
<223>
<400>

60
20
DNA

Artificial Sequence

Primer aldAR300
60

gaaaaaagty actgccgaag - 20

<210>
<211>
<212>
<213>

<220>
<223>
<400

61
100
DNA

Artificial Sequence

pPrimer DaldBF
61

cgtctaccct tgttatacct cacaccgcaa ggagacgatc atgaccaata atcccecttc 60

agcacagatt aagcccggcg gtgtaggctg gagcotgetic 100

<210>
<2131>
<212>
<213>

<220>
<223>
<400>

62
100
DNA

Artificial Sequence

Primer DaldBR

62
' Page 19




<400> 63 atgaccaata atcccccttc ag 22 <210> 64 <211>
21 <212> DNA <213> Artificial sequence <220> <223>
Primer al dBR <400> 64 gcttcttata tcagaacagc c 21
<210> 65 <211> 13669 <212> DNA <213> Artificial
VERYUENEYS <220> <223> Plasmid psYC0101 <40 B¥003/031805
t agt aaagcc ctcgctagat tttaatgcgg atgttgcgat tacttcgcca

gcatcag@daditggagcd Qatdcgacaagaaatdagacagieiod t€ah&Rtat 60

tatce gttctcctcaat tt g%tpa g, cttattatgc 120 acgcttaaaa
o ga?‘a&%%@g%ég f‘%‘gcticttﬁ%ltttﬁﬁttt ggct gt gagc aat t alft

180 ttagtgcatc taacgcttga gttaagccgc gccgcgaagc

otfcgt cgget tgaacgaatt 240 gttagacatt atttgccgac

taccttggtg atctcgectt tcacgtagtg gacaaattct 300

t ccaact gat ctgcgcgcga ggccaagcga tcttcttctt gtccaagata

dﬁ“@ct gtcta 360 gcttcaagta tgacgggctg atactgggcc

ggeREigEPC kedieadd gCccca gtcggcagcg 420 Page 20 WO

2004/ 033646 PCT/ US2003/ 031805 acatccttcg gcgcgatttt

gccggttact gcgctgtacc aaat gcggga caacgtaagc 480

actacatttc gctcatcgcc agcccagtcg ggcggcgagt tccatagcegt
taaggttica. 540 tttagcgcct caaatagatc ctgttcagga

<223> LIl a?tc@g agagttcctc cgccgctgga 600 cctaccaagg

<400> @&3acqctatg ttctcttgct tttgtcagca agatagccag atcaatgtcg

atgaccapdp atgee§tfg@® g gcet cgaagat acctgcaaga atgtcattge 22
gctgccattc tccaaattgc 720 agttcgcgct tagctggata

<210> &dgccacgga atgatgtcgt cgtgcacaac aatggtgact 780

<11> bgtacagcge ggagaatctc gctctctcca ggggaagccg aagtttccaa
aaggtcgttg 840 atcaaagctc gccgecgttgt ttcatcaagc

<212> @Npacggtca ccgtaaccag caaatcaata 900 tcactgtgtg

<2135 %ggfqg&ch%qtg&&%tccact gcggagccgt acaaat gt ac ggccagcaac
gtcggttcga gatggcgctc gatgacgcca actacctctg

atagttgagt cgatacttcg 1020 gcgatcaccg cttccctcat

gatgtttaac tttgttttag ggcgactgcc ctgctgcgta 1080

gc
<210>
<211>
<212>
<213>

<220>

<220>
<223> Primer aldBr

<400> 64

gcttcttata tcagaacagc ¢ 21

<210>
<211>
<212>
<213>

65
13669
. DNA

Artificial sequence

<220>
<223> Plasmid pSycol01
<400> 65

tagtaaagcc ctcgctagat tttaatgegg
taacaagaaa aagccagcct ttcatgatat
acgcttaaaa ataataaaag cagacttgac
ttagtgcatc taacgctiga gttaagccge
gttagacatt atttgccgac taccttggtg
tccaactgat ctgcgcgcga ggccaagcga

gcttcaagta tgacgggetg atactgggec

atgttgcgat
atctcccaat
ctgatagttt
gccgegaage
atctcgectt
tcttcttcett

ggcaggcgct

tacttcgeca
ttgtgtaggg
ggctgtgage
ggcgtcgget
tcacgtagtg
gtccaagata

ccattgeccca

Page 20

actattgcga
cttattatgc
aattatgtgc
tgaacgaatt
gacaaattct
agcctgteta
gteggeageg

60
120
180
240
300
360
420




acatcgttgc tgctccataa catcaaacat cgacccacgg cgtaacgcgc
ttgctgcttg 1140 gatgcccgag gcatagactg taccccaaaa
aaacagt cat aacaagccat gaaaaccgcc 1200 actgcgccgt

ct gcgttcggtc aaggttctgg accagttgcg t cgcat a
V@g@ %&t acttgc attacagctt acgaaccgaa caggt ‘fﬁgﬁﬁ /031803
tccactgggt tcgtgccttc 1320 atccgtttcc acggtgtgceg

t cacccggca accttgggca gcagcgaagt cgaggcattt 1380
acatccEicgt ¢ErRIETE goeuatrdasychgtasgdretdcogyt ciecataaggcat 4;@1 ca

actacaglgz"éaécttgﬁ&gcé-ﬁﬂpccagﬁﬁt ﬁ Eéﬂag{ GLL& %gtg%gté:ag 4 gctgg,

gcacggat ¢ tgccct ggct aggagatc Secte
tttagcwﬁc@ﬁaesa@gt@ EHSHCRRABAGFOBRICT RgROtE ey eacget sagt gg{SQOC gc

- Ocaadh@Gtd Gaticebdt t cce
cotaccidy kaalhEeig Gociortddt 6800 ABNLALLH! dcaitaid o0

atcgtg gaetqtg@ggafg@e%wacawggaﬁtsv@ @gwcpe%t@gg‘ecawttmeso 720

agttcgé_t,tc@ atagBitdaat L 96885t PEBR6€ RaEh Al IARGEtgal B at Ofdoacce
ggagcttg 1740 gcaccca gcc tgcgcgagca ggggaatt aa

tetacagQP CRPARRTGLS PETGETGAIMARAsE Jag 1608 2BORRARES gt 40

atcaaaditt sy:ctgtg;&tgﬁ gtiataagacahedeed b§rat8bet E£2806a€80t t§dHCCY
aaa ctatttcttc Ca?aattgcc atgatttttt

1860
teactatil e UG CGCE o ORHSoT) S L eaG | SR ETEgHE A0 L950
gtcggtﬂdgb. @t@gcgatd gagﬁamat adtBERty btragaet @a@a&t&&%mzo
ta aca ttha ttc aatttcatgt
 scaatcycgy PRt plat ey v fphitag Jicec BE T drtdcett | aif
acatcgtgggtmammactagtchazsdamtcggtctcae@ t@taaddddQ riggedctt@t t €140

t ttt t tcgt tctgat gt at
i R e s R
-actgegacyt tteceictyctgatatgigiaaag@dty gt@@ﬂﬂﬁgttdagtdc@ggg t 1260
C caaga
coctacthd At R A A b G T B BB GRERGRFE o128t o1
atccgtigge tcgatiogacg? BB ccdact tageytagacay gGat gragaagagiaceat t 1pso
ctgtcctﬁgcattﬁ&r_tgggéga %Egé%%ﬁttc c@Et.I_a ?cgt %%9 g%g téé;tg%gcclypt tt

caaaactggt g gcag
gccttgcz%Gctmagwgzqam@@@moa@em ﬁgzt[:tmecmma&s 1500

T e
atccteggely A5ah0eraudt sageaicat (‘;‘:tGHgEF@athQ tggery@agat ct620

| atgcggageéﬁgega@a&tncg&ge&b%gtg rEShLAL 9@%&9& %Q&&ggaegggﬁésaﬂ 9

taagtgttta aatctttact tattggtttc aa
atcatcogeft PegRgeeRat I9aERERE HAPTIDOCCTt tapakRratcIagagctiEgycat?40

aae t t t /6
S APBIATE 00 ettt b e,

Ctgttctﬁ%tt gEIstRag T pratepgd tattgﬁqaethcwah@agc tcgatafctat:@t t ck860

gctgaaagdp bt tddict dadhHagts brdddetAACLQYa4REY ag{hop
caatatctc ttcactaaaa actaattcta at tttgcgct f'gagaactt g

geteccobay, HotgeREa it e tret d8Rqrg e tast St HA A0 GUBERILE tia c CHPBO

- tgtgtgadaOgedabEhtca Grtbh§1BGRE AcARRPte aatrildigt %E&ﬁ:té@@gcfdibm
cttta gCt aat acac cat aag catt ttccctact

cegerce ok b (A GURFOTA U9 gt e A GG SRR o L0081 L

cgatctgtdd aedgtgiara JOrgaaty caccaaaaac tcgraaaage tctgatgtat 2160

ctatcttttt tacaccgttt tcatctgtge atatggacag ttttcecttt gatatgtaac 2220

ggtgaacagt tgttctactt ttgtttgtta gtcttgatge ttcactgata gatacaagag 2280

Ccataagaac ctcagatcct tccgtattta gccagtatgt tctctagigt ggttcottgt 2340

ttttgcgtiga gocatgagaa cgaaccattg agatcatact tactttgcat gtcactcaaa 2400

aattttgcct caaaactggt gagctgaatt tttgcagtta aagcatcgtg tagtgttitt 2460
Page 21




gggttttcaa tcgtggggtt gagtagtgcc acacagcata aaattagctt
ggtttcatgc 3180 tccgttaagt catagcgact aatcgct agt
tcatttgctt tgaaaacaac taattcagac 3240 atacatctca
attqggtctag gtgattttaa tcactatacc aattgagatg ct aqt caa
WIHBY PS8t aat tac tagtcctttt cctttgagtt gt gobft AYRe05/031805
gtaaattctg ctagaccttt 3360 gctggaaaac ttgtaaattc

cttagt&é]_:,ﬁ:t Besdyth GufiRagdd oR86dR9 A%Gota b Ol GEGEar3420,5520
ttttgttt at attcaa%a gttat aat tata aat aa agaaagaata

attttts%f-&a gftateA8et Yy a%e%catréé@%étfctwfte%aﬁaa@m

tggaaah CACARELtdag TERGHEAC TR A [REcAaf cARBHIF! Ibeso
cgcaaacqgct tttgctcct ctacaaaaca aCCt t aaaa ccct aaaggc
taagtgg%:a ? §?

PALEELAGE FEPIEEC MRSt O sEa Tt Gaergaat 4700
tggtagtiat Ctittifllcat trtasgagaat tt%@ﬁﬂ:ca@ QIsReLIt0 cadh et 9t 6760

et cgt ttcagtt t tctggc 3720
R T S R e T N

tatttgggaaauaha;acrﬂ Ea&tgcaicaajaaemm &aama@mtma@@gg Ct bgso
f L letat 9, ctat 3840 tggtgctatc
aaaagafaét g?%g?ﬁqﬁt% ttg‘f"’{cggba% %F ety @t tttE?"&aHag’g% tagt EJacc
gcatag@80(cccadiguay) gatCttcaaaqaccrgtgaacc:aggggmttdtagmetcgg@t agooo
tatcatc cttacc
gt A BRTEP Lttt BHPRLER SRR Son0
atgttca:tgactccggﬁﬂggta: tttggttgamaggt@aaggtzg atg:tctgttgtctu;ttttgga: cagpgt at

oo BRRSE R ARONGEL ) BSRESE SO RS B

Togttangh (@ Eacgacic aatagctaat st crt gy camnaatmat taeancgeact am@caa
‘ atacat&@Q Q\tt?gttgﬁfbc ﬁggfaQt{tIaE C&Qg%ggccgggégyggﬂg ggtctc Ct%gzg ag%oo

. gaat gat gaa caagagccaa 4 caccc
| tgataafg@% dgeEGEET T SEfaaRut wtogdresUc ggqaaggaaa«aaamtne 203360
‘gctggaBa€ aeh8age:d 9%&59&&9 Ce cOGHLA I OLL ctE gt &Qgég%tg?% cgeggagy

caacacgctg cttatccagc gg cga ¢ gtc
TTLTitgiEe &@%‘E@é@gtaa%ﬁtﬁﬁﬁééttagwa@agwam aapgrpagtay c c1480

: aaaagaaﬁ&@&@@&ﬂ@@ccgﬁﬁﬁg%aﬁe thQ@@aQ@@caﬁéﬁ:aﬁgéc‘E %g%t&c ag4Gg99a
4500 caatctctgt acggtctgca gctaaccaac caacagcgaa
R ke a s @E}%@@“@ﬁﬁ étag@eacapagrétz@amczgmm@@ 363660

ttaagtab&al. /cbé\t%ggé’a{g()@t]cég&aaa tcgSlo85@A Ot dReldgt t 4R aQ@at 3660

taatt tcg gcgttagcgg cggtacggtc 4620
caggcacgﬁpg ggb‘@&?%tcag“tfg F9TEY CAEEAGH T eI et i§a AU EETLIIT t cH@Bat t

agtgaat@égﬁ@ﬁfdaﬁﬁ@c4ﬁ§:@ca@6§i aﬁ@ﬁﬁgfggaﬁﬁcﬁégg AGgebaledt atfgo
aacga ggaccgt cat

: cataata&ac 8%1 G agéggﬁ%%gqggég g:tg A @i‘-’(,tt btfttatgchg ﬁp%a% cg¥dtacc

tggtgetd808gackt 00900V Ccagal GREEGIE CLegaEi@8 Tagaihaaag 9@00
ccataaccta t gacggag

fc ccctgccaga 4860
acrecugh AL St HOE D EdEE R Hg (o h gAsEA69 (7950
tatcatcaye aggth:ga):gcgggiggggtﬁ:@f ngﬁtﬁaﬂﬂﬁa@tﬁb@ CaasgRcaatl a@pgct C
actc 4 agct gccggc .ggacgcgccg ct ctacc
cgaccaggy CERRIGatta TRpacoRte sUtae otk doracatian SearateRa
cgcgagat@tc:) tacteragugeaget g gcwaﬂmt mtt@aﬁdtdamftcwg aﬂaaact
tg tat ctatacc c acc at aaaggcag
gcgagcc@t]c O c(::g%% tcggggtcaa% CErpagcang a&% gggﬁ@‘é\aa@@%tcapoo '
atcaaccggot tTgtuyyy argectaagy g tomogakCgalggaas g adaitcd? 2 4260
caagttcaga caatcaccct ggccgecgec cagcaaatgg cggoggcggt ggaaaaaaaa 4320

-gccactgaga tcaacgtggc ggtggtgttt tccgtagtig accgcggagy caacacgctg 4380
cttatccagc ggatggacga ggccttcgte tccagetgeg atatttccct gaataaagcc 4440
tggagcgect gcagcctgaa gcaaggtacc catgaaatta cgtcageggt ccagccagga 4500

Caatctctgt acggtctgca gctaaccaac caacagcgaa ttattatitt tggcggegge 4560
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cccagctggg cgtctgctac gccacgaccc gcgacgccgg gctgcgggaa
agcctgcacc 5280 atattcagca gacgctgttc gtgctggggg
ct gaact ggc cagcgat gcg cggggcctga 5340 cccgcectgag
ccagacgat ¢ ggcgaagagg agatcaccgc cctggagcgg cttatcgacc
VQ04/038¢4at at ggc cgagagcgge ccgtt aaaac agt t RGEERE03/031805
cccggggagg aatctcgect 5460 ctgcccagcect gcacgtggceg
cgcacccagt cccgtcggct cgaacgcctg ctgacggcca 5520
ctgccangg?wgt@mgg @aamgm?g%tiycimeﬁl C%@tﬁa@¢':’9'g<'ﬂ1€®;ﬂa@gg‘%@g Caggcgc
C cfc.ca cgcga at cgaagaga
uscagfid ERARToP 1ERhegtit ARkt g ttetad - agtaad  adeeo
gcyadgagiydadiattryoag cyeagtigaticagt@og ggcrdrbidet ithbEgagh aggemat C

7Q0, t at tt
s 0L GBS 60 0 SEICREAOCEARAEE o
ATYCCIgHIG RAFERAGAY CHIYE LAY COTRL guRgod lugangoaaticgonaseadB8 204860
ccata t C caaccgc tttc a
B T g R LI AR I S iy
COCCCClyial WA YT @ PPIYEIFY CATECAYCIT IGRIGOAR agycameot Cagoso
ctac 4 t g, at t
agctg %g%gé@a@gecgck%ua&%% %gég?g&c%%gg 9993¢e3 5@%22%‘% 99

acagcccctt tgacccggtc tc aa aag
gLacgCioge (UF FRAFEc Y PYFASEYE ¢ TEBBITCC T o Leut barat (Uagegrggeic C aBLoo

gaatgtdiky Gacaadacd EGRCEMRBL tathdfHBAC gﬂcg&&%gc&é% aggal 2 05 6
acgttgagcg cacagagcag gcaat gcgcc tggaggc 1 ggaagtggcc
g“gcat&ag z?ﬁgacggﬁﬁ‘tﬁi%f@gcaf@@ FOREFLAEIL GrasAERIAy (Pagetggbaat C5220

cccagctigh@ egtdigatact aaaescat %c@&%@@@gﬁt‘?@cgg%ég agggtgﬁg CO&gq

t gat ggcg cagat gaacg tggt ggagat gat gat g ctgcagaaga
atattcag%%acq%ga%fg%%e 9989 FABTLELIC BRURERIAYCIgRISALR C R340
cccgcctgagifcct'igaawcg@ct@ﬁgﬁﬁﬂ gg@t;i'.t@@tt:gct 8&36aichg Qt@é}ﬁbgégci g gﬁoo

ccgaggccg ggat ccgcgg cttctcagaa caggagacca
acaatat ORI CU AT A IHRGER HecA0RRge Coeigecot GUegt o
ctgcccagept ?m@cg&b&@cccgﬁﬂ @Q?thcflﬁﬁ%cgz%g:té&g?@&t ?CStSZO
aaga ggccaccgag ctggagctgg gcat gcgt gg
. tggaccy gg%? geare %c%gt %&aqﬁgé%g gcwgga:gcwfaﬁﬁcg% Ghes8agaafedyt at
ccetgttB00atoPeqrya 28 cMRoRD 44 A336KA RCTLIgOR34NIIR5 5640
cgat gatacq ccgt ggt caa aggcgitcct cgcctcggec
raveasa G e R ol e asermscngadod
tgtgctgw?gmachg'at age gk gat ggqgtgiﬂh:t?tgctﬁaf? cg?ggﬂ&@agts%o
cicgaatcgc gctgcatctt cattactaaa ggcgccggced
regsacog e e R Godli G g g aer Coioareggc o620
tcctgagepaceiygeyenc ?ngmagta:ag gtmﬁ&f@cg ocatdaggay t@t%&;ﬁ@%%%%@%

a cgacct ¢ gaagt ggc
ttcacct%gg%%gg%ag @gg%%%%{at ém%%% agg ta%ﬁjagcgg'%ﬁg 51%83195 acc§®ycge
geeccgte ctirgarcged 896U togyatgutguga ggasmncaa atdgctadgyt t @boo

c aca 7020 acatgttcgc
acagccectt 99fatas R QQPIQQ%’Q&% Qagqgi g?% %tgagctga%ct PLegdactog; o %p%q: agc

cggctcgaac ttcgatgcgg a
acggcaaarg r99gpc§ae @twa@g: tyacenet gyeajoyggt caggit@ac C gazo
C cgcqggg
acottoadty A SO E Srobddther YR ANRRR0C P55 0 B0
togatattca (AL ERIGE9Y gaadigafgcttugeaasce ttacqccysasymycagEceaaspyayat g
aagcggtces Heegtabey Z@&an&%%g@%&%&t g;tggﬁga%g&%g&g%gga%tggga%%o

agat gat gaa gcgcaacat ¢ accggc
tgcgtgeccg ccggacccece tccaaccagt geccacgtcac caatctcaaa gataatccgg 6360

tgcagattgc cgctgacgcc gocgaggecyg ggatcegegg cttctcagaa caggagacca 6420

tggtcggtat cgegegetac gegecgttta acgecctgge getgttggte ggttcgcagt 6480

gcggecgeee cggegtgttg acgcagtgct cggtggaaga ggccaccgay ctggagctgg 6540

gcatgcgtgg cttaaccagc tacgccgaga cggtgtoggt ctacggcacc gaagcggtat 6600
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atattgtcgg cgcgctgagc cgcagcggct ttgaggatat cgccagcaat
attctcaata 7380 tgctgcgcca gcgggtcacc ggcgattacc
tgcagacctc ggccattctc gatcggcagt 7440 tcgaggtggt
gagt gcggt ¢ aacgacat ca at gactat ca ggggccgggc accggctatc
WhEEa03ghdat ct ct gc cgaacgct gg gcggagat ca aaaak@¥Ee03/031805
gggcgtggtt cagcccgaca 7560 ccattgaata aggcggt att
traccofg e GG F SREARE A FRLIC RO L &tfcggsgéﬂ &:c£82%6560
t gaaaacccg cgagggcggg gtagcttc atga cg cgccga gaa
9c999t g RAGAFACHAT B8O CCHGt TYPRICEIE gaeuctanfat ggraaTas ag6720
agagca@fre afargéickad @t At @Iy G EELREO95 & L4A0 ﬁg@égﬁgg c a?7
agctgatt gccggggt gg aagaagaggg gcttcga cC ggt ggt gc
ttcagg@f%@cﬂ%%?&ﬂ%ﬂ IR%E g1 R E N6 Ty DREAE £t a0 UG EEiE DY g g B840

gcattcddd€ APEEARGes YRt oaRt (B8 tatC 99&%%@%&?{@9{ at gano
a gc 7920

ca tcga%g ‘ggaccacggt cat ccat cag cgcg
chcca"ccg ) 8 SCRCHFEPRFHUFEd CRECISIRIERecqEgatget gbgct g
agatgci@ged Q[Q@&aﬁ:@@aa 9B rOge 2GJhdGBadL @@é‘t}@ taddeR@ed at ghoo
acatat Cg g%g chtcaccttcg ccggtgccg %ﬁg t ggt'gaacga
IS gE oo e A = L s oY ta@@egégetgéaemmsat ca

gtgacct@gad @gtﬁﬁg@gﬁgmg@gxatc@bmkggac 99 IB80CE htRPEGEHE CaLiqo
actta taa 8160 acc atga cgaga

t
g“agaagﬁé %@‘?ﬂf‘%&%‘ Ot GRAGFA L EE G 8%&8%%58 &FQE‘EE@ 8207200
ccgacgagg ggtapeadccatomtgatg cgeiqgcqycargaftadtdcgaceggat atisaccc

acgtggtggggg%;acgg%; Sé%qg %%Ct%gatgg%gggéﬁagg %%%g%cacggq%gggqj;t t320
atattgtgee gacpragruct gragaget S thguguttgopgag@aaaitt teaa g C PEg0ggc
tgctgcggéap g@ig:%t &ttg% % SP%% C e%g?%%%ggg %g‘ij’ggm at 440

C gc t cccgtt
tcgaggtg@n: uw@gmtccmgwgagtﬁcggagcmcm’gg geaggratis? 07500
g aa t at agc
I S R T
ccattdagis goacaatat tgedgtarant goatcatcggaaacliedo teoyraanc acis20

I S R TR e s Akt

gCotcggetsg gm‘g@&?‘c RAgarsraggy gropcatiyaageigoayatg cgggago@at at7egcecg
cgatcct IS 6% ¢ 8@7:@89%999% Qgézﬂ C&Qg&é:@étg QQ§¥C? CaCkoo
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