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Applicants have solved the stated problem. The present invention
provides for bioconverting a fermentable carbon source to 1,3-propanediol
35 at higher yield than previously obtained and with the use of a single
microorganism. The yield obtained is greater than 35%, and preferably
greater than 40%. Glucose is used as a model substrate and
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Addi tionally, aﬂfﬁ BHP 88? 9?@%%%@@ B8ove

may al so i ncl uekprebsionafsictive NADFSdepeodentghrt@moD 3,

pSYCOL06, pSY eir corresponding
nucl eoti de seﬁ%@ésgg ﬁ[eIE)NOs 65, 66, 67, or 68.

BRI EF DESdiianRlipNT Sepropenestialeaice biaprogisgstby contacting an
DESCRL Btrgiibd e SiiiB r(ér@ﬂ ma@ﬁﬁ%!e@rbaﬁ sliB§trate such as

“in ntoncnb toqd fr
201 o1 AR T SR e ogS e orrRB g0 B 2. 1.5
ac qropeargdiolgcasele elupeoduced mgeattdctintpan 1. goli strain destribed

apler e fle £85I s ber PR BadhtF 031505

F| gure 1 shoud 1, Ilynespanphosphaie sehydicgenasepar ed as
bet ween (i)  glycerol-3-phosphatase;

25 (i)  dehydratase; and
(iv)  dehydratase reactivating activity;
with a suitable carbon substrate under suitable conditions
Additionally, any of the embodiments disclosed above may also
lnclude the constructs pSYCO101, pSYCO103, pSYCO106, pSYCO109
30 or their corresponding nucleotide sequences SEQ ID NOs:65, 66, 67, or
68.

BRIEF DESCRIPTION OF THE DRAWINGS,
SEQUENCE DESCRIPTIONS, AND BIOLOGICAL DEPOSITS
35 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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two fernmentations run essentially as described in
CGENERAL METHODS. I n one case, the strain used was
WO-MR4/0336ng pSYCOL03. In the other case, the stPEi/NS2880B31805
was FMP/ pSYCOL03.. 5 The 68 sequence descriptions and
t he sequence listing attached, hereto conply with the
rul es gdvevig hghawelledrreransdinl Grodustion ermigaredasueatween
dC I gwlgqélirhggtldﬁ?ng@@éﬁ(@%.sRémFé{lly%@tdété@ﬁ]péé i @tEMFtEJRAD NMIBTBODS.
.F.R_ 1. -1, . equi T 0
rpnias S25s 14 SR Yo i EVBos REUO G Ee dn dherpier case,
Am the stairdusedwasdMPHIYGCOH03ures - the Sequence
Rul es") be cgnsi S

d.will | i,t.h Wrld . e
Tt o wcTE pY eSS SBSuRPDN Ao Paknes listing gftached
SThesetal e08)phamithtthe rulss gorerming hetleotide agdiaremeino scist
th : I- . - bi . and
SoQ e aRgSids b i Bofenf affibayifls BsTapcrn if"
| ns¥f Geft -Fo8d)821Fh 828<fneaideeneiste fpphPrinnd AppHealianst he
OneCombiriia NeRRHAE Seysess ahtith /AEAGE Seuientt =
1" RsARsHiRsy e BROVRESS Rk arivithi Gardisteibulf MigEd
0 Intettiat Phapetty Gegani2aiorAVRRGDSEICERBST 22 (1998) e the
B . . ) ,
er e R sty IS lreptents pE ik £20 ad P IRIES 52 Bnd
par49.a(a-hise| anst Saetiaredd@aod Avmep G rttheAdmuskaliani ng
b TinsuEluiis) St Sudlishbe dady ff‘grés SOial N Ot (etfef ode for
1551 LilinRotiste Sasiei deesabs and s e Aiies sbie [ argpeacids
uaeab tefirsthini confoichisy with itten | UPAGHIYAIB 2an8&fAd deddabediis
t he

rtial. | eqtyi f td: R
t ne MRl A Keen T S PROU Ui o R 8 pigg AR Félamar
ol i YU BHSEDTS (O8)iwhicls ateshereiroincoraratect by rsRelgseP,
Lhe | chronaa e e et Rl e e o PEOA 2T,
2001 i 'Ié;gﬁ &bﬁ??—é@o@@ ¢355e88st ruct  pR6KgI K,
t Re t eHmamelDoNlmsBc:SEbr‘eaﬂigbnaclpbtgdé%pfirgerl\%ptﬁd;emreonrn]stnfct the
t he . g pronot er. . Is the
nuc?rgg\tci'g'rg'%gggﬁence of the loxP-Cat-1oxP-Trc
casset t eSEQ5DNQsI45NTe oligondleetideprigentiosedta aenfirm

Prigerstisaed dreaconfirm integration of SEQ ID NO 11
or replacenent of the chronmosomal ga/P pronoter,

8
230 2004/ BEGHBENBCH i iseaRaslialgLisieptide sequence of pLoxCatt

encoding the JoxP-Cat-loxP cassette.

SEQ ID NOs:7-8 are oligonucleotide primers used to construct
pR6KgalP, the template plasmid for trc promoter replacement of the
chromosomal 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 glk promoter.

SEQ ID NO:11 is the nucleotide sequence of the loxP-Cat-loxP-Trc
cassette.

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

[94]



SEQ I D NOs: 14-15 are oligonucleotide primers used to
confirmintegration of SEQ ID NO 11 for repl acenent of

wo b@4obsasrosonal gl k pronmoter. SEQ | D NGs: 16- RGT/HEB03/031805
ol i gonucl eot i de priners used to construct 5 the edd
di srupti | D 9 are qligonucl eotide
pri mePs %@Qdaﬁgo&) ﬁ‘fe alige e idegriraers. usgeldio|qonfirm
NOsin@@reiﬂmrt bes EGI:IIDENO tieforagplecemdnt bf tHeciashrRRbath g;wcz

h&te r(:ontrol ling gl k expression. 10 SEQ | D NGs:
O@:ﬁ artl al nucl eotide sequence for the standard

t rc pr orﬁE@rlD NOs: 1631 Riee gligdiciedtidehwrimeisgmaddbamnisttact

prltﬁgr@dﬁgﬁéﬁlgﬁ anplification of gapA. SEQID
e ollgonucleotlde primers used to

al ter theEQB §Psi18-29@emoligo tide rEreerssEed tp confirm
NOsdigrpddn @f @gdhe ol i gonucl eot i de prinmers used to

I to TTG S
e e THENDSEAER oS Bl B B PR i
pr qrroteter @NtRHDY GkNRpredicd0 are ol i gonucl eot i de
I
1Y T S S e 868 SR bl LGRSO P B
i s fheromeieeot i de sequence for the short 1.20 d
pronot ersE@JDSQs!A2- Wa?@tHéolId@)%u@%ﬂ%@@fe@ &Q3H8H6E

ort pronot er are

for
ol @BR'&WEBF.O&QQ&A nmers used for repl acenent of t he
chr onos BEQ |PaBsR4epd e thal dliyonaeleptide torilnet§ uskd to alter the

150" mﬁ%ﬁd?ﬁ%@@ﬁﬁgﬁ%@@% is the oligonucleotide,

priner w that is used for replacenent
of the cFr@MBNEEI265apArpienaligonuicotide emerhaised to Glter the

a ﬁé@@gﬂ@ﬁof?ggqltg'ﬁ@ 36-37 are oligonucleoti de
primers t he ngsA di sruption.

onst ruct SEQ
| D NOs: 3%@3%‘3@%3 is Bﬁ@élp@@tlﬁaéeeweﬂ%@ Eordaeéhpm % &
corgromwterdi srupti on of ngsA. 9 WO 2004/ 033646

20PCT/ USZ@éSéQBlﬁgs :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 Gl
promoter.

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

SEQ ID NOs:33-34 are oligonucleotide primers used for
replacement of the chromosomal gapA promoter with the short 1.20 GlI
promoter. g

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 oligonucleotide primers used to construct
the mgsA disruption.

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



SEQ I D NOs: 40-41 are oligonucleotide prinmers used for
repl acenent of the chronosonal ppc pronoter with the

wGeh@o3ibs® G pronoter. SEQ ID NO 42 is an  PCT/US2003/031805

5

10

SYCOL
20P

25

30

35

ol i gonucl eoti de pri msr used to confirm 5 repl acenent
of the ppc pronoter. D NOGs: 43-44 are
ol i gonu&E&)d@cﬁ\@wpwﬂér%re@@@nﬂéheotl%;@na@éﬁﬂﬁ@d & t he

chi&aeSBht ¥ThE-dirtfRoB6®EPHEE pYdrhbter Rgthsthershott £6 @l
pronot e SEQ I D NOs: 45-46 are oI i gonucl eoti de primers

us@&oq‘B{%onfl rm 10 repl acenent of the yciK-btuR
pr onot e SECCHDNM4RAs a4 bligdBnacleotitié grmetluset itd eopfiinmer s

us?%o{agémeh{s&m%egﬁéb%o{ I'rle chromosomal yghD pronot er

ronDter SEQ ID NG 49 is an
ol i gonu@E&QﬂDdb&D@ﬂBf%ar@s@woﬂdC@@hﬂe primers usedifeicenent

Of ré;'i]Scé!r?hEPt 8’( RS MoSEMal PCINCEtuﬁOpr%hﬁéleme] the short 1.6 GI

?onuc eotide primers used to construct
pté’%f@? 'di sruption. SEQ I D NOs:52-53 are

Olt I gonUGEDID O LA érelﬁ@gghele@ﬂﬂié ipfifers :useflm% CONfioi
are ol igonucl eotide

Brl gemggg ﬁ%%y&%%ﬁ@tpmm%e pt sH c?r di srupti on.

- SEQ | D SEGMDiNOsA 7618 greneligonotiedtide pirimeers wsed foo

COP&bIéﬂém@h%fJﬁ%‘ HMoRbsBindH g&f;b réﬁgtér%lhpﬁr% t(ﬁf? glr%k

ol i gonucl eotrde priners used'to PNt T uct
di @F%@F%’n SEQ I D NGs: 59-60 are ol igonucl eotide

prinmers SE(QCﬂDtNDQl@ﬂfs iahnaligdhacleptid® priffer alséd-to oBRKiMnk
cleot%de primers used to

coﬁ%@?ﬁ%’{”e”{ ﬂ%t?‘gl %%H PEPIIStS™on. ' 30 SEQ I D NOs: 63- 64
are ol i GidDdNDs:86-Fr areeoligonmsielbotide poinieérs msed to construct

di f SEQ I D NO 65 is the nucleotide
seé@éé Hg Pl ‘%ﬁm SYCo101  plasmid. SEQ ID NG 66 i s

t he nuclseEQ |llaé\l@§~éaeﬁ€c@ref QJigonKeleplivepriowrs vseg tasantrm
SEQidr m@f? fasaé;\};z\e nucl eoti de sequence for the

%E(g |B%S 541% are oligonucleotide primers used to construct
the ptsHicrr disruption.

SEQ ID NO:56 is an oligonucleotide primer used to confirm
disruption of ptsHicrr.

SEQ ID NOs:57-58 are oligonucleotide primers used o construct
the aldA disruption.

SEQ ID NOs:59-60 are oligonucleotide primers used to confirm
disruption of aldA.

SEQ ID NOs:61-62 are oligonucleotide primers used to construct
the aldB disruption.

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
plasmid.

SEQ ID NO:67 is the nucleotide sequence for the pSYCO106
plasmid.
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WD 2004/ 033646 PCT/ US2003/031805 SEQ ID NO 68 is the
nucl eoti de sequence for the pSYCO 09 plasmd.

WO\RPHioswe s have nade the foll ow ng bi ol ogi cal PAPPARNNE/E31805

under the 5 terns of the Budapest Treaty on the
Internatjonal Recognition of the Deposit of

M cr oor g%%@?lr%NpéﬁS isige degreqpenen forrhe @109
Depolabinid. | dentification Int'|l Depository Reference

Desi gnation Date of Deposit 10 Transfornmed E. coli

DH5a ATCC 69789 18 April 1995 containing a portion of

t he Kl ebApplidantgbawmaededbdifolipwihg biplygiealadeposits under the

SRS AU Y G5 of g e B of n

conPapPesihel Migseengepisnmst fokithe Pusase ofdnatent Bragsdiuneg a

di ol dehydratase enzyne 20 E. coli MSP33.6 ATCC 98598
25 Novyenber, 1997..gl pK nutant E. coli RIF1 Om ATCC
98597 DEPORGOEKEBITIGOR | Escher lI'E’éhﬁ&P%'FQWRJSn ATCC

PTA4216 9 Rufelen2802 25 Escher i Qusigregion: FMPatel§NhDeposit

10&%5’%&%&5’% %of]f: Lﬁqﬁﬁ;& enber Zooﬁggpgﬁéﬁpw ﬁé Rbrifdos

al ne i ndi cat ed i ona
depessitaining afportioatof theadiebd@layears and wil | be nade
av ahdrafcferid@dh shdiihldrg 30 upon the grant of a patent
disclosing it. The avalilability of a deposit does not
con%ihytj'i?tt%seaerlz}’r@%nse to practice the subject invention
in derogation of patent rights granted by governnent

1570 s RstplTied B Ui Riiilg o ALEL AP depols PTYIE

| oceosed plOBY tordainingrasparorBifvd. , 35 Manassas, VA
203405 4RY dHome”encdiify 2 Al¢C No. " is the accession
nunber toggculotureng onggébog:git with the ATCC. 11 WO
20(88Mydratase apeIMe)S2003/ 031805 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention provides for an

I MpLov cess for bioconvertin fernentabl e
20c ar ﬁgﬁ%ebedi rectly to 1, 3-6?8&?%4338% g i\QyeRber 1997

single mcroorganism The nethod is characterized by

i mp - diol yie t els
or e@‘?’gﬁ%"a}t?o?%’? KRR i Lot ALSE gngzuct S Npysrgoer 1007
strains have been engineered to

Escherichia coli: RJ8n ATCC PTA4216 9 April 2002

25

Escherichia coli: FMP’::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

35

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 Blvd.,
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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maxi m ze the nmetabolic efficiency of the pathway by
i ncorporating various deletion nutations that prevent

W 4433686 Si on of carbon to non-productive coP@DURIS3/031805

It is contenplated that transformati ons and nutati ons
can be 10 c I ned so_as to_control particul ar enzyne
activities @ﬂéﬂ;@@gﬁg&gﬂowom Ea NN HOB

pr oduct i Dime piidsest invention prdvides fdﬂ@niﬁmembrobbgs for

o Cenjethide Biac B cbB S T8 Yieciney dageiprahedio

pr dd:ﬁ!@@ iacmngie nllCtDOpg@tiamﬁedThﬂ meteachis ohadaddefized by improved

515 1Tb%rb6aﬁé‘(§|bﬁ)2el€laaﬁ I%\?evlmérﬂb??lfé\ﬂdu% ngn (jood wi th

reference to erns |n|t|ons used

in the clk® fisclosad PpedudtiondiasssrainshGavedasmeengineered to
delbRithizd lﬂﬁa hﬁ'téﬁ’ohc%%‘bﬁ&h&f% ﬁ\ﬁﬁy h Jgoorpcla\@ﬂnb'vanous

ogenase

d h er t
or G1elPion e fot o eRLNE VAP Copgoinio non productive
ubi cpmpouredss 1+ isNADterhplated thathimgfaralatiBng aNRhutations can be

105y Ribingl s o N BIREARE phoyih MBS AT e

t ergfhangenuiit of A sspiopaniediol prastuction pilbue; ibis witiin"the s8bpe

f |
: :Scﬁl‘fthgi %risﬂerg gﬁ{éﬁt)loﬁ @(? gbg%:lﬁa?ésﬁggffgﬁﬁ%?egﬁ% Wo‘?@ k&lj catalyst
E .

. o g M%easaﬁidéreﬁeeﬂ'%%a@eoretaﬁwlat aser
" EdiermrefARrd Digdindionpr ot ei n t hat cat al yzed t he

1500 B lchndl a0 AL AL oty renco o e

phde '@Qdeﬁﬂ%\ﬁé deénijienaused in theedaimand specifications.

Phas@hedini anatislefigiydr at ase is encoded 30 by edd in
r, protein

E. colT. The ter osphocarrier p I an
"PtsH ridteferms F@@"‘FE% ¥PReeaase B PPt B) ﬁn‘énfﬂéhe@f%ryto
pt ghee itypell NAIDH .dehyérdgenase, a protein that cata e/zed the conversion

20, BRERBIATRGIOH AL DiF. 6 bialIRGREY NAB® LRl 8251 o n

30

35

en&ﬁﬂ@drqgﬁqassﬂl s, 6:99I3 NA@I—itc&hymir@ena%ESI !sya’ccfmi\ed by
"glpgoneEsRgci fic | 1A component”, and "CGrr” refer to

EC 2.7..1.69, encoded by crr in E. coli. PtsH, Ptsl,

and Crr 1CBMSIMS saerebiorespiratian epntral proteind Gl Besbaefer to a

PCBId\!ﬁﬂ Q@Qﬂl@ﬁﬂrﬁ BPoteihher H@é@ﬁob@n@%ﬁﬁﬁmb&éﬁw\ﬁbéﬁ jggar
pho 8 nsf er, as& éISt ent, "PTS systent, or
&%8 %t SR EpABEnol pyr uvat e-~ dependent sugar
u pt ake gm tenms Thleodphoghicomatengelgidrateab” andtbdgerefand a
r -
co Vtgtrelsr’lf g{]a? cafa@z%dﬁﬁ@%%bg%% or}n é‘t‘?é b F@A({ éﬁ,&%}qﬁ& {R3-keto-3
deoxy-6- phospho-gluconate + H20. Typlcal of phosphogluconate
dehydratase is EC 4.2.1.12. Phosphogluconate dehydratase is encoded
by edd in E. coli.

The terms “phosphocarrier protein HPr" and “PtsH” refer to the
phosphocarrier protein encoded by ptsH in E. coli. The terms
“phosphoenolpyruvate-protein phosphotransferase” and “Ptsl” refer to the
phosphotransferase, EC 2.7.3.9, encoded by pts/ in E. coli. The terms
“PTS system”, “glucose-specific IIA component”, and “Crr” refer to EC

2.7.1.89, encoded by crrin E. coli. PtsH, Ptsl, and Crr comprise the PTS
system.
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gl yoxal + phosphate. Typical of nethyl gl yoxal synthase
is EC 4.2.3.3. Methylglyoxal synthase is encoded by

wOoeA0B34€E. coll. The terns "al dehyde dehydr ogeCiEEE2083/031805

and "AldA" refer to a protein that catal yzed the
conver Si NAD+ + al deh

f
o TRk L P Rosp b eRD v Sienisas phospBo e Jerase
1 2sstte2ﬁ’| ‘RTI'Seéyﬁttﬁn’inWQF'SQEéfgg@’aogtﬁ rrgwepggegolgyrg?%
e S
enplef SRR bl et carai a8

‘that catal yzed the
conver stﬂe ’tﬂTmSIZ(Dle!t Ygipexal syindledsed ando Mgsbi refer to a protein

5a| CtHQPEataW@H ‘%ﬁé c gﬁfﬁﬁgﬂh)‘ﬁcﬁﬁﬁ 'é@%ﬁﬂ\@%d%g’h% dézg methyl-

IS enc

o@v@w 3 phﬁﬁpl ate G'Emga Lqéw@@i;swﬁhﬁa% 190%6n4 3.3.
rmdmiatrfy@youae syethaBe xsyéhmdéww mg&mn @ydaﬁort er” and
"Gal e" rfe to.a nthat cat t|
t r anspor 'g'ss atﬁjz??‘ya eQVBFQQEQHSF r\dﬁ é dé el s
to prbtemjhaip:lawyrzedli“@l conveesios of HpOef BIATRE T sidesitydatie NADH

e e

r ef@ﬂehbd%dﬁhﬁirégﬁn@f’r%f\ ig #napge@by aldk incbno@l.si on of
D gl UCOSﬁme'"te?FFB hweml HE QR érd@ié%@@@ Gintl “ARIB” reTé!rpcb?"

by Qe e dEﬁ%?scOFW@r%‘%'P e ety s SOYS, taidnde © NaDH
3 phelEphat equndrald:f@gmtwe 'deydroderasa'B (sefer1.2d.2p.

’%'%HY‘%‘? ﬁé'aiﬁgéﬁiﬁeigh%? 3@%%?6% B E oo o
f glycerh'tl ll‘i‘féd al%tﬂﬁ%s rﬁsﬂﬁﬁ%ﬂéﬁgﬁﬂa‘g%llb’sr%ma

1,12 Id hyd t
e s By SBtagR DR nsgol of TS PrOton om the

" phasiphesm ¢ the cwaplesﬁarlbcgwémas aapvéfem subssife f6oGalP.

SIO

e ee

200, SeFrBioratgF a0 entBdE by AR L el +

ox al oacefhectemisdglutykinaae” afd [{BikE ptfee tob pyoteirathat catalyses

' I e,
caporgn@egidrtotiydhches SATEA E@Gm‘%@ REpHaESr ABP-
>0 6f elusokingss G BLGRTEU8. Cisekinasmis woreded by eisin E.
to gjiput ative enzyme encoded by yci K which is ’

2500b( 1) al AR ¥ ICARE gt ot HEasm e AU P ASE R

ThéGa@Nhréﬁeoltxé B)mbtain thad datelpsdst therheersiel of gl esmidahyde-

f
SERRUTd SRR A1 S8R LR Bl prosphate +
cor RbitH T;Tryp@@l %QIYQ@@(dQWdérﬁ -phagkhaie giehydicgeanas és EC
I's 1.2.1.12. Glyceraldehyde 3-phosphate dehydrogenase is encoded by

30 gapAinE. coli.

35

The terms “phosphoenolpyruvate carboxylase” and “Ppc” refer to a
protein that catalyses the conversion of phosphoenolpyruvate + H,O +
COz to phosphate + oxaloacetic acid. Typical of phosphoenolpyruvate
carboxylase is EC 4.1.1.31. Phosphoenolpyruvate carboxylase is
encoded by ppc in E. coli.
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EC 2.5.1.17. Cob(l)alam n adenosyltransferase is

encoded by the gene "btuR' (GenBank M21528) in
weEes@hmsicahi a coli, "cobA" (GenBank L08890) i nPCT/US2003/031805

Sal nonel I'a typhi nurium and "cobO' (GenBank M52866) in

10 Pseudononas denitrificans. Additional definjitions:

The t er nhhesteamt Yeik3aetars o arastalive enavare epepdgiely peiK which

NG #anéﬁaﬁonéwréaupisémd biuFD thd gBhe @ﬂb@dlngf@“étf(l)éldiﬂnSEQ
D | e terns “sho hi gGI pronoter"
tﬂl}%'o\ﬁk’ Fran?%%sep?’olﬁ%{}@”c g ol

used |nterChangeany
15 and rigfestermdcSEaldmNdshosTmnstsrase” refers to an enzyme

5, "9l ré%?(?r?élblg fBPfP\%QF?ﬁs?eld&ty 8&8%%%%8Pg%9|etﬁngP to the

dé res
actreducgd c@ramo Rical oftcad( aiamvea@earmy&tfansferase is

di ry@@og(yqqet@ @(I)%@ﬁi?uhé’d&o(s Fﬁkfér@s@ts)/ér% ety the gene

phos at n Vi V.0
Btk GananelM2 N 18 e eliehiniops SPBA (RENBATE L05890)
COflﬁlGaﬁmoﬁQﬂ%ﬁtyfohﬂnuﬂllmCﬁm@f cob PN CsmBRInK Meﬁa@@)quenase,

t hester endent gl ycerol - 3- phosphate
1OdeHD L@mgﬁoa@gden"ﬁﬁfﬁ‘?—‘?dependent gl ycerol -3- phosphate
de Aditittoreal ale@initians: " FAD- dependent gl ycerol - 3 phosphat e

dehyd ot

st ot agxE $hbi 122 63 BomAr i BRFAAD NOIE The
gl yieEnoshagt 6%%%2@0@&%% oD We?%abme fegmgs ghort

NADH&GI rO¥Rsr” laﬁtie‘él@mma&?;bé’ ptdrastegXarenlsedointdrb®angeably

SNAPHL T E@d@?&éﬁ*ﬁtlgﬁﬁ%t e SL[I;EQPE‘ dehydr ogenase
VVI Il be Tee@drmisryceliigeiadsphatd UehM@ngWBBPDH
\Z/%f%l t& Eghgi)é&?pg]ﬂa@ rg%éc&ﬁ%dfse &ne %% &r‘?{eﬁglﬁ t%t c%¥alyzes the
Gpwzam/makdmemaqe)tonemhesmat(ecéairt%ktoc@mem

B

20( coFsA@giﬁ@fmd@@% 8yhe n@mweYy éﬁfarrmé%yofa?% specific

GJ'[Ié %?%23? Bfodb nlas@?th@)terms 9NAQ11|*P»de a‘néﬁéﬂ

Y%&%E? sl arSe oNAT I S TRl Carol-3-
r efpshcmphate délmrdeogenade” almdaiFé\D -Hependent rg@mepmjfihpbds;mate
r ef&érﬁ)agﬁcer g M@ B%Béégﬁ@%s%%we%%éfc%ééﬁﬂét NADBS-

terns ospha

25" sriefepd 6ﬂbﬁn®%’@£ tiapesdent glycergl-B:pjiappbaty dehydrogenases
phosgahieseise NNDH G3B mlgpphﬂt@éﬁange%fw fbpeﬁa [Ele by the

Ca R v TG teciee M@E'Z%feoqer@%ah BNALPH
wat depandeot ylyeel-3gptbsphategdainydrSgaiexspivilt e usssP
Phosphal Avfeably. SRS RAHHI RIS Syt EEHL .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 L45246). The FAD-dependent enzyme (EC 1.1.99.5) is encoded by
35 GUT2 (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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(GenBank Z47047x125), or GPP2 (GenBank U18813x11) (see
WO 9928480 and references therein, which are herein

w0 p@atpisn@t ed by reference). The term "gl ycerpCT/US2003/031805
ki nase” refers to a pol ypeptide responsible for an 10
enzyme that catal yzes the conversi on of

t t
gl ycer oﬁ_ Irf\élr’]&¥P9 lygeroPyrhvsphatgisgho spieiYceraindtPagkpPhatase”,
hl @lﬂ @ngrywrdﬂphasblaét@séoma “6SBP pnmprmaée@nbmw aby
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599§> rég?gtag dcﬁ@ﬁ %rh%ggﬁétaga% sngdeg& féﬂ‘(héﬁfh SVactdk

(GahBEak I2047 125 of EEE D itk Ua 8¥@s1aar6§e@| e

f owvmgezmmyearﬂﬁéfwénbeg hRdrefra iy 8 ﬁé‘r‘énrﬂh&&ﬂf&éﬁé@i by .
%I cero to di hydroxyacetone (E.C. 1.
gI

&0 gl yceral dehyde (E. C. 1.1.1. 72) A
poI ypepflinaeterrasplyssidbkinaket rederseinzy pelypeptidd tQSpbheible?fbr an

1o°ate‘?lgyr¥185aént} ‘Erpeﬁ\f;%'iaﬁ fé% tﬂ% c%n)(lé%rqqlbo% @gc%rol and ATP to

0X ace ne I'S SO referr

r@@ah@sme ra@du%li)as d'he ltghr-emendy pledsphate doaseATP

ma Yndeb 9@;5]58&? B? p‘#‘l@@l@ld&gﬁs(ﬁst@ute% ®&d; S%sd}%@'ﬁﬂlpyruvate)
(E oy hasd s Trareoulo.: B P A1a55:19)

| s aadcgipllégGeﬁBlaangﬂw) (Sew w@@gzmam é%@gflg@)hs e’f?iﬁ
ggﬁ)}bgé @%%@H%P L‘? Séeﬁbf?ef%rﬁgcggr m "dehydr at ase

enzyrre ' The terroliglycatchdehydmopenass eefars tcaaypolmmtude

aCtréé’rSdn%lﬁlQ %r &@Bﬁi%ﬁ@%c’él\gﬁ/ h E‘x&t%g)rzgg 1RE c?g@%&égﬁ For

nol ECU eto I ona

t helysarelde @&y@roxmemr&@a@ %d ﬁ@hg yearal meglyceraldehyde
deligas.at, a$e7 epﬁdiém@sp@ngiby/@ﬁfrcan

20, E&%Wéfza%etﬁsﬁc'baerswgf i L e o

1 2s@ tntiwabdx@qetmr&smim:awr yGlmnelsdéWdrogmmrma\yme
o BUTBRAORRACH R L0 o NKBRRIEl] 3, PASIPH A

Salcataséarsdedy, pﬁqnnr 1992235 ANADM-dBpeRdent giysarolca. | n
ea@@h?éﬁ%@enéé’@ isflehostet mxm;ﬂgl : §{%ﬁxe@§n%ndsémﬁeooooes) (see
Wﬁ §9528éff}5 aﬁcﬁ'@q%'i?élpﬁs &eregm Wi are ereu*efnperﬁqs%te§ by

vv| defevaidedt i on i n gene nonenclature 15 WO 2004/ 033646
PCT/ US2093/,03180 i | i t

compar at 1 odoi openydf 3o shay s o B dtaRpe i refgrdo any

i d@nzymeeamv@mthametajméham@nae@wrd@fs@ olyisecdl inmgle¢we to the

PRt 3@3’&8& aﬁbp@haldeﬁ?&é@FM 9{69{9{'11?3’0 CﬁB%Ythezgvesgﬁg
30(1%?931}'%%& dehydrgt §iase wn@%lnc@éﬁ&,gwﬁ%@adﬁaydrﬁtase ’

| a8, 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 freundii, Clostridium pasteurianum, Salmonella typhimurium,
35 and Klebsiella oxyfoca. 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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5 or "a" subunit of glycerol dehydratase include
dhaBl, gi dA and dhaB; genes encodi ng the nmedi um or

wO Ro4msdswai t | ncl ude dhaB2, gl dB, and dhaC, geeEES2003/031805
encodi ng the small or "y" subunit include dhaB3, gl dC,
and dhaE, Also referring to Table 1, genes encodin

; \ ( 9.
t hel§egtdhg litergture, & gamparafivedihart igedivalt int baldeiel fagititate
pdgﬁe_ﬂﬂﬁbaﬁdfﬁlﬁgmd megeémsmdi, fuﬂeé@nq;n?,"[léﬁiel et al.
su i u : - \genes _encodi : .
ey 11 MGIHG, B o e (9Bep T Tnpaind M Nigpiol
2002he33844, 3871 (1ISEO0R/ RefEd0ty ta\Fable 1, §efies @Rcbdimgtthe large
6 N«o ; N
tn O skt ol Bk ne b R ol ap g
co ggnes engodinathennediuan gr $”subgnt inqlude dhaB2) ghiBcanil
LT ) dh3 @ gerfesldncotirg e sméitdr 9 stibubintiudeindBE gréc\and
EO@%.)CAPSGd@%%i%JtS q’a&% Eogeor?és[\énNcod%guchg lé?"geEOl’N‘ocerlTbunit
of diol dehydratase include pduC and pddA; genes encoding the medium
10 or “B" subunit include pduD and pddB; genes encoding the small or “y”
subunit include pduE and pddC.
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di ol dehydratases are subject to mechani sm based
sui ci de Glyeerol gad dish dehydyiejasessre subjesd e mschenism-based

subg dﬁ@é ﬁﬁc |P§£Eine15y g%cé‘llgi and lEMR Mher ebibStateBgManiR et al.,

553 999
7 SEIE Mistalyigl eVt Roees st E08 e hes S5r cleny dratare
r e&éétﬂ&@:tlbﬁga&tbﬁ’ réféi@'tb/d’fo%bqfﬁr@t tehed réépbylsmT@?thream/atmg the
e rat.ase rea V rea L Va
5, nOACASS bETSL T s didhydtiace repbRRtHG AP,
deh‘;etmmammg trecdehwidratase ectvity” too “telgenptetingribadehyfiratase
: f f
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s ulsapekteeoiratelysisied apstiatatmons camblgm catplysigof a
Ie)r(l ?:Q:‘rt])'g’lbfgié ?r:]‘tgc’cﬁgfe;‘)fhﬁﬂoﬁ'@hbﬁ{clﬁtﬂﬁﬁltlﬁ? thé ﬁqd@hemapg of
10gn T fiase 06 herinarapiame pdondipidne LSel halrdis ot the
beld@ydra‘tmsé \egdyras in bizvod Siwalpatteine havedidendtientifidcaas being
S
&hﬁ@%t“!??@igééﬁ’ee?ﬂﬁ%@ta%érﬁéﬁt‘\)@t@g%éﬁﬁi [R5 9gatst us

at .601s4ih and sefeyencasdhetsin, Wilich Bre heredh raorparatediy 2
15 A38R0e; [BarlelTEMiI TRk %@}a and Mdpaot BVd/Od:heﬁhSQM 3372

15gnd 1899} %%’dﬁqﬁﬁ%%%rét% eablars, 1o A0 1558 i to
?Eg]'aiﬂé gﬁ géh@@enedcﬂng bng df thd pkdteur?% mcga@@s)]{ﬁ’n dhdBdggadrA,
gdr ’u%g aug' cgﬁé ogte‘e%ﬁlgg(%éeﬂ@@?e @ér!ipgs %rg%ocﬁiﬁ%ﬂ{g gQCOnd of
oxitetedyrotaine' inctude DrHf, optibe go'os, ,czibll'ﬂehg ddoBenase” or
" DhaT” r'ﬁ'feeferﬁﬁ “ @e?m%esm gﬁ%ﬁe}du%?a%%@ ng| é’gﬁoia‘}feo%l

enzynme activity IS ca catal yzin
20j ntc{efwém&er@S@nObef@ wﬁferéﬂaﬁqutya%%ﬁ(émﬁpoaﬁ@ﬁ fE@n
t th SRR SetivetD aiostiis ﬁaﬁé’l@lb @@bta{yinwg trﬁe fn@é}rﬁ@nvérgld@ﬁof 3-HPA
]y or transcri naII g
tﬁﬂﬂf ip rgpgﬁgcg,lﬁgprowqo e gen)é(s) encoding Csifeh activity is found
to be physically or transcrlptlonally 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 |l 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 et 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 Lacfobacillus brevis
35 and Lactobacillus buchneri (Veiga da Dunha and Foster, Appl. Environ.
Microbiol. 58, 2005 (1992)).
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natural (i.e., wld type) setting; for exanple, the

gene is found within a dha 25 regulon as is the case
wWoaon/08saélf r om Kl ebsi el | a pneunoni ae. Ref erri npCT/U82003/031805

Tabl e 1, genes encoding a 1, 3- propanedi ol

oxi doreduct ase include dha T fromKlebsiella
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g:ﬁ%@h b &iiBs &@@J@mﬁ vé#@ﬁﬁbn@ﬁf@%‘al %Bﬁ\ﬂﬁ'@s anélehmeqmt inde

el HE 8 A ey Siakp Motiting . teataion 4B S bRndi ng
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5 an e eAGhBgfHds oipR Qg Oudr Pk SRBA: Bl ARG Hhass,
al andxorfBasdestrited hargin.2151 (1995); and Leurs et
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5 Z%E Iﬂc@ Rt orfY, dhaT, orfX, orfW dhaBI9 XEaBZ,
1 dh $0 4881z as described herein. The term

" non- s pdtief teoms dfualctioncordenizymeflinetieie refer to theecatalytic

po'%ﬂg‘g % ahzyrﬁ gﬁéllllp%ﬁ]ef gf{?fﬁg I élﬁ?’etaetog‘férjf&h{ g spe?lflc

I Cl en cat ntercaonver si

3- rqhﬂnuml reactighx dpawmefstoaddh@fp@mhfam actiyityanay aﬂélé/ to®
1 399&tﬂﬁﬁﬂeéauﬂlbrlgm ﬂ/ﬁé?éjﬂfet so8l&lon VBt gr¥dl it Substrate

are a enases Such ‘enzynes may
Oyt ﬁ?&ée@&?‘é@f)&%éo%‘g‘? %/LH@E?P i ncl udi ng but
not |i mTtr@otet-msf;b@ly astidalenda’prdtéin’ are E%ﬁ wﬁerog@n eélﬁly

?‘or”"”eiﬁﬁ)a'%'r Tl oeﬁaﬁaﬂﬁ%‘ 3" Eapase) 3r0r ¥ earbon

f u rsourmeap@bl@mbbemgerdembphzed by bo& mippbdrgemizns obihes .
%mnvéd’ﬂﬁﬁtén@!}) r?&ulaﬁ@%ﬂﬂ'bnféglﬁ&%é)gele[:%foeito%%é ifoup

alytic activit an enzyne 1 n terin

25 gﬁ&ogwsﬂea of ManosatenaridaenploasseehaTides, pRbisaeanarides, and

reweL@a"rbohteub§trat@§er$ﬁuse@ﬁe§ fdresuch an activity may
| brium wherge t.h

I
o bavict {B1E e, Dol E et BROCHEANS oo 19 be
ac coicpidrgamidmucapables of tm;!eimg:tomdgnmdmterﬁtugmergmes and of
' gx}spﬁé%ﬁﬁgdﬁosgg%neertgﬁ) aér?gb‘lﬁfedg%ﬁg Bigdapgeabl y.

erns ~'car sub on"source refer

oo

30t 0 a carTw@rier@éuﬂoc@gam@@r e foﬁlgﬁleDlN@ neetayeloggesg gepe” and
hoshefar6ibg et $ BN TEfRto gefetic 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, or a
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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present invention and particularly carbon sources
sel ected fromthe group 25 consisting of
womasdsehar i des, ol i gosacchari des, pol ysacchar¢T®es2003/031805
and one- car bon substrat es or mxtures thereof. The
ternms "host cell" or "host m croorganisni refer to a
i dRsedupad anteilP@ospMat senlichtiad sBALSIeSor The term
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"tra tion new genes
i n MRICEIrpagisms ofithe nr?&%}%\feéﬁlparewe%@r%ge 9&@?@ encoding

Theglpsaoi-3-pHogsts eln@ts@% %| t:@ro¢13t SHexpPERd se
10, tGFR A el GrBL Ryt oy R g
t rreastivationrfactor &4 and @I‘Dﬁearpn! optianallkyf1 a—propanedlol
&58@&5%‘ olég*@ fBPfHB pr%%ﬁ@ﬁér? Bt l1‘«'3 ﬂn_gghggloll frgfneélﬁtable

t. process
t t r aﬁ%lPQﬁ FaRSiEHeS Alﬁf?fﬁrr err@oqiﬁeemtés /e E. r@ildmaﬁ@rmed with

M Ghess g@ne§ Bt I@Bﬁingtef RRStionATRMATOSA host Bicbofdan®M, other

15 BB Bl B4 P Rd T 2o I'd Bisrlosepgenes and
hortbé@gnasfogtheemn-é’ﬂmcnﬂcecahahﬂmamﬂtwﬁyﬁarrtlwIrgamoanersurﬁn of
;pgscgﬁssgﬁ 'féfoﬁ)tabgﬂg) e,Xs;}J %f)f%g [e%lg@g%%?%r%&r?@di&g
gl yxégasedacty S a&lde 10 (GPP2), ¢l yceroi dehydr at ase
(dhaBl, @éﬂ@z re¥aes t@}tb?ﬁﬁ&lelcd&fid Wa@hﬁfb‘-‘rﬁ thét%@éfo?éé@s‘ é’Qpe?Iflc

actor .(qrfZ and or nd opti onal nedi o
OX|FHB{%Hd%?“al%‘é‘g(r@ﬂ‘élﬁi(o)"f'éﬁqt’ﬁ@ %W@&@@%Srﬁo‘? -cd ing) and
1 Jolvwipgridchar-coding) thai dc&ihhg?regi@li b?heﬁ@ﬂf@ﬁé tredtne” aﬁd "wild-
' Lansf or e
P U0 RO L gt enos
m cr oor ¥ iensoeneading’ anchreoding: gefer tarilye plasessdy which a
tr %j%feofHFBQ K %éﬁiébﬁlaﬁlsh{!seoﬁka?%c%ﬁ@n aﬁa Q?an%ﬂaﬂlont Pﬁoduces
gene fo h non- ec:l{tllcc aog) g Ivity
2571 ) eBiALACH SROMPRCE. i Brbihseiarbes of encoding a
s paspietificarhinoeacid seluenck, idelptes @NAlisefiuences that may involve

e P TABbAR Bitad i lee oL gl B oy PHfinpiatia. o

i novhich myolveghass ehangssoukink esaypaléarextiengr ihdre amino acids, but
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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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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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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 SSC, 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 T,
35  e.g., 40% formamide, with 5X or 6X SSC. 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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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

27



am no acid sequences exhi bit 100% honol ogy. The
honol ogy between any 20 two pol ypeptides is a direct
wo aovaodse of the total nunmber of matching am nPCT/E81003/031805
at a given position in either sequence, e.g., if half
of the total nu amino acids in either of the

t m&'@eatﬁeﬁ%@ er hg@@p@ qaden fenthe apinosed aladdre. & e
sa:c teydropleodic bmméi@%dhmyt l@@;ubstﬁ@t@@t fbydﬁgﬁggrﬁ agzmjm another
N netlic Cco

! o B4 o hYBledBRR el Suctligs BBRTE, e Aan bt EP R e,

t hesUshi asovaline;, tets:etwmmlmcxw Simibatb cbahgrquewhloheresult in
Sl)r:esll%éhjcd i%g &'dn Sr?%dft %Wﬁlyatrg@d“ﬁs‘?dﬁg fotrlé‘?\otl%?dgurbrpégs

nu@S@@ﬂl%éﬂééabalgtaralcgf&qu@ ms\ﬂé@haﬁhargedcfe@due for

TheqrRfteée sushes IE%N@HI%? %‘nﬂﬂ c@n%ét?bé@kPé&BH% ®foduce a

codighticaly sanaER brddust. Nusiadlihdegos iidussulidage
apmtesatiersof the Ntemcjneanyd CGitepnhifat podibne eddine prsgid rblecule

10t h%nl(%\ﬂatalé\oe%t b&@%éét&&% gﬁgriﬁ? éc{?l@ tf §ﬂ§1%rbc1r8 riu? hsgr%e

1'ons
secﬁ?@ﬁéelt WaYcn fpeideridesizahle te mekermutanthiaf thésanpience in

sulsitiantd ﬁhby t1ed Eﬁéét dfhﬁtefré{faﬂ bR I biBlGRE tabﬁ\ﬁppcf)f tQEe

ForPTRlelmEB0R i (e BRaRGRCRMeNECHRe 1 el ke teraiine ki
r efih ¢lod atthes @Geteahmajlonfoftrél@nﬂ@n of btbllclﬁgld@ ,acHvityun t;hb
m.ca
S RSN s ST RT e 0
PCHeEd82003% eemmsassed by this inventior apé atseddefifleddyy their ability
coqgrh Bﬁﬂlzbhﬁn é’cﬁn@érétﬂ:o%ﬁﬁ@n@ 0.1% s8¢d QOP’}Q%§ ﬁ‘fﬂ’@?

aci d be substit a co on encddi ng anot
|eé’§fm§¥@r%ﬂ%@@ﬁesleé§m@ed gtin.as glycine, or a nore

hyd Ir oph Olb1€9tdrl¢}5‘1e§ipl%33|o$ﬂ CEfeRS to il tFHhschﬁH@rh BRd ti@hslation to
ol Soleucin

20, e Bt enient gERROERS et Retehts 8t Ing e product.
anot her , Theutehmasplaaapd, { vectarcd; ahd toasgbtie amsfer tecindexter

on%hp&%PEbPﬁ%‘ ¥le%t%%nr&§M‘g;e%éﬁés wﬂﬂ:ﬁtggs not é?ﬁgﬁ e

S| ne or a I NI expec
bl SepEbmetsblism otiheraellpand ustallnindhe delraer cheisigrdouble-

m's@ﬂénﬂ@é@NA'rﬁoleéulbgr@dcﬁ%l%eﬁf@m%‘ytb%réqw%méﬂglal g

ortions of r ot

25 gsp'afaﬂn9§ COKFEETS PO INErdrEHRO aBAYRAGSE: Bhagper
pr oielsntiderseaapnces; dinear of tircuar, oh afshtgle-ber driie-abhaded

f t.ud
ARGl 198 AEUREE mdh L Wil
pr @peuﬁncg%hﬁve)beem] @lmd)pomnmjded irda@ wrigue somrwcnon
W tyHidh Ish@aﬂéﬂl’é bf‘ﬁxtr%lbbﬂn a Brcﬁﬁ&eﬁﬁbgm@ﬁt HAd DNA sequence

30¢ hd518 SEREASILASTH BERILICL e oGl reiaelted o
r eseguéres irtbatcells é‘ﬂftﬁr@@ﬁsnétm%&@’gréwrsttb'aSspecn‘lc vector
B oA etE A g ARG iontEinayoregn
SDgeneahayfacmtates transformation of a particular host cell. “Expression
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Lh

Typically to clone cosmids, foreign DNA is isolated 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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Genes Encoding G3PDH and G3P Phosphatase
The present invention provides genes suitable for the expression of
G3PDH and G3P phosphatase activities in a host cell.
Genes encoding G3PDH are known. For example, GPD1 has been
isolated from Saccharomyces (Wang et al., supra). Similarly, G3PDH
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30cer @@yghea@ther prokaryotic or eukaryotic and will be llmlted only by the host
cell ability to express the active enzymes for the 1,3-propanediol pathway.
Suitable host cells will be microorganisms such as Cifrobacter,
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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(Norbeck et al., J. Biol. Chem 271, 13875 (1996)).
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Particularly useful in the present invention are the vectors
pSYCO101, pSYCO103, pSYCO106, and pSYCO109. The essential
elements are derived from the dha regulon isolated from Klebsiella
pneumoniae and from Saccharomyces cerevisiae. Each contains the

35 openreading frames dhaB1, dhaB2, dhaB3, dhaX, orfX, DAR1, and GPP2
arranged in three separate operons, nucleotide sequences of which are
given in SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, and SEQ ID
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useful to drive expression of the G3PDH and G3P
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reactivation factor into the host cell may be accomplished by known
procedures such as by transformation (e.g., using calcium-permeabilized
cells, electroporation), or by transfection using a recombinant phage virus
(Sambrook et al., supra).
In the present invention cassettes were used to transform the
E. coli as fully described in the GENERAL METHODS and EXAMPLES.
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fully Cribed in the GENERAL METHODS and EXAMPLES.
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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 mutants 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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30t 0 MM&M may be up-regul ated or

down- r egnji&ingtvaly, ifm&@ Bty toRH0ed or eliinfithtdfife 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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chan
30 of steps. This series is representative of a number of pathways known to

those skilled in the art. Glucose is converted in a series of steps by
enzymes of the glycolytic pathway to dihydroxyacetone phosphate (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) followed 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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pr eGlstrigiuh speciexsdahda otisers aaal pdriorm p@tlawndawtlons E. coli, for
Eﬁpﬁ%ﬂn}&efﬁﬁoﬁgﬁwﬁ%‘fé%ﬁ’% oB RS HFARR, S NRET, Lopive
30kl etbsiceinvarsign of eyhinamids torcorgpoid andican dtodude dine sp.
Ve di 4 AR JadEr YN g RIS I TRIL % is known in the art that a coenzyme Bio
precursor, such as vitamin B45, need be provided in E. coli fermentations.
Vitamin B4, additions to E. coli fermentations may be added
continuously, at a constant rate or staged as to coincide with the
35 generation of cell mass, or may be added in single or multiple bolus
additions. Preferred ratios of vitamin B4, (mg) fed to cell mass (OD550)
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r
1 Beregb?S@&ﬂg'é‘?Cﬂys‘Udﬂ igectly; ?&m‘ﬁ/ 2‘ eAe¥iAChe provi ded
in £3f-mbdop‘h©e pRatedmayndiso b¥iiheorpordid irtddhé ressionanédia.
coi . f.er.ment n .
CorS PR el ds 0t s R 46 Tl vt Biges (e.0.
genmetiyl Unlag‘en) ¢hat lead & eohamegmént efdd@epropansidielpFoduction
nmul n I A tam
s oS GRIHR cofflfctioR Wt LA 86 GRErielieds clhee Lo
20pCTMERPORI0NS1805 are from 0.06 to 0.60. Mbst
preferr e@uutﬁé@ﬂ @J g:éfstf@rn‘ﬂh@ fBirdefitaion faezéi bbﬂv&ﬁi H 51836

{Gaaa 0o ierehd MR S
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W% i< Brgreires 9% fle sl EoRoitoR.

I nvent i dReadtions maytberptdrﬁirmd;dtdmiermr@mc or anaerobic conditions

m o whe eg%évgﬁlzg an?%gag §né)§ ab?r% c%%dﬂfﬁ\ﬁl% ﬁ)rgfe?r%\ﬁrﬁe@%ﬁ'cﬁq the

ction ce
Z%ddwaquwan@mtmfzthpdntqﬁ@@eamsm oorgani sns wll be

unneces spgy-patchfiermeRtdEBnRg inkd Phe pefbRhedith &fbbe f<=3=’édE for
grown at 35 C I%,slgﬁféfﬁrlate media. Preferred growth

nedP@mine; glicgs UeXi8S8n are common conmercial ly
pr ePatchhndlOonttlicussE@imertations: a Bertani (LB) broth,

‘E’?g? ﬁr aaﬁp]\gﬁ%sreﬁ? éc(g]c Qr% éj{/]&ﬁ)ﬂ ?%aﬁ?ﬁ*ﬁtlﬁgg bi“f@n@%’?ﬁatlon
34l sGlassicabkatchridrmartatipp ivp clased sn@tﬁm whese ﬂ@ﬁ @Qmﬁosmon of
t heihahbigUs @kt 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 pérmitted to occur adding nothing to
35 the system. Typically, however, "batch” fermentation is batch with respect
to the addition of carbon source and attempts are often made at
controlling factors such as pH and oxygen concentration. In batch
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m croorganismw || be known by soneone skilled in the
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al t gh 8l hRNss %’tr’é% Wlﬁefrﬁé@iﬁml\ﬂéiémemgw%f tHal adth8l substrate

of the medi

begi nni n% f T ernentation the a.l's inocul at ed
15 t sPRaeat@dien e & earBateh sysismsmissifficult apgds Hﬁﬁ?é‘)’t‘}% egtigated

g gr?ﬁm@bége df%ljr@@hﬁhg?eltseﬂ ﬁﬁ@amme @g;c&trs%uantabim dissolved

e Ssys I ca , wever, "batch'
f or SOGERy 2k NespaUBieLRTeRF U Glakie 0ases s a8 GPe: Bategyand
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j d
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ahhé glefigediéimentgtiom hesia snaddddedntinuoasly teteabiorsamtyr e;nd an

pha [ r | I
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o BB b o, BECt g AR B Rl g o
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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 to
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 techniques for maximizing

[9]

41



Fed- Bat ch systens are useful when catabolite

repression is apt to inhibit the netabolismof the
wa@ellm3mmel where it is desirable to have |i m tedr/uS2003/031805

amounts of substrate in the media. Measurenment of the

actual substrate 15 concentration in Fed-Batch systens
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35 Chemical Company (St. Louis, MO) unless otherwise specified.
The meaning of abbreviations is as follows: “hr’ means hour(s),
“min” means minute(s), “sec” means second(s), “d” means day(s), “mL”
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Bl ek RNy oHE P RRiTh- B

Triple Triple AaldA
AaldB

Strains:
KLP23
RJ8.n
MG 1655
Plasmids:
pAH48

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

WO 9821340 A1

pDT29 WO 2001012833 A2

pKP32 WO 2001012833 A2

pSYCO101 SEQ ID NO:65.-

pSYCO103 SEQ ID NO:66.

pSYCO106 SEQ ID NO:67.

pSYCO109 SEQ ID NO:68.

The plasmids pKD3, pKD4, pKD13 and pKD46, 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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removal of the antibiotic gene. Strains integrated with a loxP cassette are
transformed with pJW168 that encodes Cre recombinase (Palmeros et al,
supra). Strains containing a FRT cassette are transformed with pCP20
that encodes Flp recombinase (Datsenko and Wanner, supra). After
removal of the integrated marker, the recombinase plasmids are cured
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].

ENZYME ASSAYS

Assays for Glucokinase (GIk) activity:

Glucokinase (GIk) activity was assayed by following the conversion
of glucose to glucose-6-phosphate spectrophotometrically at 340 nm by
coupling the glucokinase reaction with that of glucose-6-phosphate
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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NAD+, 2 ;
ohosphat 5 Dihyérdiss nﬁ/?tm}flyqa{%ﬁwer@ma%% Y5 RRREEHRh&USIng
either glycerol or 1,2-propanediol as substrate. Typlcally, 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)) disclose 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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30 at30°C. A background rate of the reaction of enzyme and NADH was

first determined at 340 nm-for at least 3 min. The second substrate,
DHAP, was subsequently added and the absorbance change over time
was further monitored for at least 3 min. G3PDH activity was defined by
subtracting the background rate from the gross rate.
35 Assay for glycerol-3-phosphatase activity:
The assay for enzyme activity was performed by incubating the
extract with an organic phosphate substrate in a bis-Tris or MES and
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NADH-linked glycerol dehydrogenase assay:
NADH —linked glycerol dehydrogenase activity (g/dA) in cell-free
35 extracts from E. coli strains was determined after protein separation by
non-denaturing polyacrylamide gel electrophoresis. The conversion of
glycerol plus NAD* to dihydroxyacetone plus NADH was coupled with the
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5971 Series mass selective detector (El) and a HP-INNOWax column
(30 m length, 0.25 mm i.d., 0.25 micron film thickness). The retention time
35 and mass spectrum of 1,3-propanediol generated were compared to that
of authentic 1,3-propanediol (m/e: 57, 58).
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Soy broth with glucose (SBG1%) contains 10 g/L Soytone (Difco), 5 g/L
yeast extract, 10 g/L. NaCl, and 10 g/L glucose.
Fermentation Protocol (14L)
35 Shake flask cultures of all strains described (KLP23, RJ8.n, MB
1655) were grown on either 2YT medium or LB containing the appropriate
antibiotics as detailed in the examples to make the pre-culture for
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a single on f h LA plates. w,th .o/ L

Spect | ndhy dinsier [uikdemee EF Bs HiePrre Pyl ot

verdesgribed above0 T helteofperdiars pasicontrdliedd! 84n°Crarl aqutous

fl %ﬁﬁo}“ﬂl}a‘fg@-‘?g w\%gérﬁ % PWABYIsWB %o LBRttof PHSE 8'd. BAEpressure

30Ior e\l\-IaCS controlled at 0.5 barg and dO control set at 5%. Except for minor
excursions, glucose concentration was maintained between 0 g/L and 25
g/L with a 60-67% (w/w) feed. Vitamin B4, additions and any other
changes to the general procedure described here are noted in the
examples.

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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placed in 30 nL of the specified nmediumin a 250 nL

baffled flask. The cultures were incubated at 34 C
wW@r@4883846 pm shaki ng to an OD550 of approxi naP€l/ySH08031805

AU was reached and used to seed the fernenter. In

sonme cases, a seed fernmenter was used to provide a
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mL/W§s Pk amptified from£. rﬁQ/’L'\ﬂ G48§5amndrdang h cassette
extwas HigeBtal With St0ll Lttutmg ﬂj‘ummethelrﬁ.mam &f théQ;eme/ bhd a

-argflasééﬁ (:%Rdwd’ﬁjf ace erren f%é: in gq l‘)ls s%mﬂhéﬁe@?t gene in
g/ Lihe dppBeite meataamnrelagx/e)to tI@ﬁUfZg@h@OTh@ 10 g/ L),
5@?@51{ -/&%ﬁﬂ&ﬁe&%b i;@é\ﬁm pRFERt27
st e[ﬁE@ Q] bvmq%pmtmapeéead EQ@ U, ligwmer ofilbigoip
HAG3h eratd B!dﬁt émdm%n@ raeglpuﬁﬁé@ndrt 6f the-12% ka/fkag‘rﬁ@rm ahe

15am'f>555 14 8688 Yationtdhing o Alie 2BRGRRPS 2t Bue symre). The
\germo_lmm ca“ébet;cfé easePCRrarmplifigaearaf EIectropomécatnt@ KLP23

er
6, b koA LIS AN RIS PR
c onmatier xpsatensaved mnmea@weemgmtam@m(%alm@m%t ateuaynra)
% I\é@ﬁng%dbﬁ Bf &@éﬁu&lng@égﬂf&n@e%on%ﬁﬁn'ﬁgrcﬁﬁaslHRP?/?@ sH&S This

ST ve doeled e gpate et

Msowtéinled&)wmderh.qitmg&he @odirg @@d}r&ﬁlth &/ CatnddsBetie GithoUYIoXP
feed Vi tam@%ﬁ gddl tions and any ot her

cha?{ 3 t%"%ﬁtéa'g il) ocedure described here are

not @dnstrudtioa ofdkipl es. 35 l\/bI ar yield, as either

fract | On@hsdbud CRNERRY Aaf Bl .ggys%apghcgaﬂav&%ﬁ Cat-

ucose cons

ropanedi O
25V\e|/QN/P 547 o rafqnywagu lﬁ egapl%edr@w eloaad intppUni/V5-
1, a-ii@r'm;a@e \mrog do epshité (A 1C 0T Be RBRTUXPSH 1-Cat-IodP511

aes 455 (Pagraes (D AR ReoToREte
ST%MnEmnTBEalﬁmtﬁ:fd' chicreopANeRiioDesistance.
Congf Lk ihtBrdfoRU8e cassette into ndh was confirmed 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/pAH48/pKP32
Strain KLP23 was transformed with plasmids pAH48 and pDT29 or
pKP32. Production of 1,3-propanedio| (and glycerol) was determined in

wn
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5 An ndh nutation was obtained by interrupting the
coding region wth a | oxP511 cassette. The ndh gene

w@ bam/osBshier ence, see CGenBank, Accession # UOOPOBYS2003/031805
with upstream and downstream flanking regions, was
PCR anplified fromE. coli M3l655 and cloned. The ndh
cadddt fermemisrstisydatoatiediin BeealVethotsi Rgecoligrasyfor gach

t h??m%éﬁcﬁtlvewg{%ﬁ?@d u@f?]% f?ozga(?\l \hQPéFfﬁ% wed and grown in 500

nto t

t hanle 2 Tgwitle 20R my/heaghpigilineanst pé Mk |38ﬁ0ft”?9r8¥9‘9e hrlht? full
t heoRtthtg @R the sk wén‘é&?s%ﬂto%bcu@t@%blfeﬂﬁémeﬂ ghedsrmenter

SO0 IS SRRIARY Bl e e e ReROgNt BE1 il APl o

t 0 ﬂmt@’s%\rblasrdeseﬂbled irnBenged Mrthods.c@he oitamin Bhe

Lhatilegy B Badh seidyaton, w?ié&e&bgw s a variant of
c adetrentation WHRKAMZEIARME/BBT 281 ect r opor at ed i nt o

KLP23 Iﬁ‘?ﬂ'@‘?%]x%mplé G\ht'a?mﬁ Wé‘(o 025 S, OO HﬁLvd’bgied Gitarting 3 h
The chl oranphe

10/ o RS REABIPIABBlS G 1ML RS pr et rfér@én%aoaf
' ntsﬁfnﬁM@ potheaspeBasiore ohglacosentp mjﬁepdopaﬁédlﬂ)l €li,8-¢D) using

tral r
éocﬁ»%a‘}faare Ko PSRRI BT R s S éfrarbﬁ%?e' g Rl of
cod1 Beropgnetiolwah 24 wWtdb (¢ ds&@t@ﬂﬁﬂﬂdﬂﬂ/@ﬂ UﬁQﬁ@CO@LH’@%d) and
to ?q:gy% n of RI8. n. A
casésy{é\é?é)wgg gﬂﬁﬂ nd an |(?Pg{§@|§guence and | oxP51 1
15-Cat- 25 | oxP511 from Kl ndh81: : Cm was PCR anplifi ed
and cloned into pUni N5- Hi STZKQEQ;E I1nV| t rogen] to -

t AH11 dh- |,.oxP511- Cat
cr o & B TR ML I G of e S os o
Reconbi hamropam@dmlsmv&bPE)susirg:Eecblf stram HﬂLcPr?évﬁmNdﬁB/@@T%

, , ZL)t %.3-PD (olL)
mar ker0 was rerrtﬁ/ed by 1l5@| ng Cre‘lﬂéi’:onbl naseo@PaI mer os O
at aI supra) -f:r eatl n%ﬁt rain & n. EXAWHE 2 1

SON OF EDI OL AND GLYCERQ PRODUCTI %
WTH 1_2 CoL §r22A| I\IS KI5323/ pAHASREDT29  3512RD
KLP23{pAHA8/ pKiB32 Strai m KLP23 W@s7t ransfongwd with 32

pI as s pAH4 nd pDT29 Pr oduct, of
g#%panedi %Pél( and gl cer ol ) determ hggﬁl n

V\D 208@/ 0336464CT/ US20/@B8/ 0318092.34 L ferfB@ ers as 62

descr%?ed in)seneral Mgthods. Rregcul tureggfpr each gg

fernmenTation vvere prepared using frozen vi aIs t hawed

and g88wn in 599 nl 2V with 200-%g/L carBédicillin 68

and 50 ng/L spectinonmycin. The full

Similar results were obtained with an identical vitamin B4, feed at
twice the concentration or bolus additions of vitamin B, 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. coli 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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contents of the flask were used to inoculate the

fermenter. The fernenter 5 was operated at 35 C and a
walgooges3epoi Nt of 10% all other control paranmetBUS2088/@31805

as described in General Methods. The vitam n Bl2

strategy for each fernentation is detail ed bel ow

Ferofegiticnseoieedi tThekied3fplabysopdwztol was 26ivg %xanpl e,

vi t@?}&oﬁé@eélgvggﬁjc%é'coﬁQLngHzaH?% tgtsﬂ/?_f ﬁf?gﬂ.‘ ng 3 h

I nocu lon, at a rat
repTéé@ﬁP@ﬂ@dﬁ@l\ﬁ’@ﬁEfﬁ“ﬁ .on summary of the conversion
of glucose to 1, 3-propanediol (1,3-PD) using E. coli
strain KLP23/ pAH48/ pDT29 i s_qi i,n Table 2.1. The
yield of 1, 3-propanedi ol @ﬁﬁﬁg&? % (g
1, 3- priRppresdntadtivg fgﬂnumﬁa‘éorm susumnaEg)of dinel impravet exongérsidh of

g/L 1,3-pro ﬁeg?% B 1 ro?}ghéai%ﬁﬁ]ggbog%g?c&listrain

Repr esent at GONVersi on
of glucose to 1, 3 propKhE&BéﬂAPd% BKP@,Q using E. coli

0.0 006 17 80 12 421@382812 50@ 18 98 90
5.7 1256 32 2422136 11 38 12. 0 30 1483W) 12.3 ¢
13.3 32 15 ‘é\é 12.5 14.3 65 159 11 17.2 687
Siml results re obt® ned wi £h an i denf cal

vitam® Bl2 feddb at twdSe the c@rﬁ:entratl 06.%2r bol us24
addi t4pns of v m n Bl2 Aacross tinme se of

t he f%z?rrent at|10én161 The hi 9ﬁest tlper obt ai neglgwas 77
g/L. 20 | nprovéd fernent’d ion wi O KLP23/ pABUB/ pKP32.67
A repggsentatiyg fer rrent1@t| on suAmary of thg7
conversi on of ucose 1, 3- pr gpanedi ol 5 PD)
usi ng‘E . coil Zain KLP 3/pAH48/% P32 is é enin 98
Tabl e42.2. Vit#g# n B12 (1@ 150 g/ 4,2500 nlL) 288 fed, 112
5startlng 3 h after inoculation, at a rate of 16 nlL/h.
After 36 h, approximately 2 L of 25 fermentation broth
was pur%ledlar nesulisevenecobiained with an iderdioat vitanain B4, feed at

addhdif i co'}g W%Pﬁ?t@l@ﬁ Pé%@%%ﬁé&?\ﬁﬁ% %%%roé%f the time

gl ucose fe ro ane
( g course pf El'ﬁaf%@ieﬁ ?t@nglthﬁaﬁ'@hééhfét@ﬁ@@)almwésﬂ 114é}/ of
112 g/ L 1, 3-propanedi ol pExAMDBLRIZAC.
10 COMPARISON OF 1,3-PROPANEDIOL AND GLYCEROL PRODUCTION
WITH E. COLI STRAINS RJ8/pAH48/pDT29 .
AND RJ8/pAH48/pKP32
RJ8/pAH48pDT29 and RJ8/pAH48/pKP32 pre-cultures were
prepared using frozen vials 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 to inoculate the fermenter. The fermenter was operated
at 35° C and a d6 set-point of 10%; all other control 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. coli strain RJ8/pAH48/pDT29 is given
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TABLE 2.2 Representative fernmentation summary of the
i nproved conversion of glucose to 1, 3-propanedi ol

W@ 2003/0848%6 usi ng E. coli strain KLP23/ pAH4A8/ pKRSRUT1008031805
(h) OD550 (AU) DO (9% d ucose (g/L) Glycerol (g/L)

1,3 0 148 12.8 0.0
12 '%AP{D a@ﬁ?gé.k-)f‘ : 1\3’@{“*7‘ 18W88 Pﬂ%‘”@e%aé by @43“%210&36‘3‘% ¥ and
2. 564hg &A@, B)and @6th,2ebpéctfiély. SEh{iRIdL6f 1,32r8p@nésiol Was

?8@%"’/&@@%@?%@ &ﬁﬁhﬂéﬁ% Bofiimegl 400 alieh BLag' o
f eeld3-groparsgdioltvires ebtapett.r at i on or bol us additions of
svitam n Bl12 across the time course of the

fernmentation. The highest titer obtained was 114 g/L.
EXAMPLE 2A 10 COVPARI SON QEAE,I-_E&R@PANEM CL AND

froZieme m) alcsowcameg aDd) (gfs)omeluwsss@ﬂ_ nLGI?oIV(IgILI) A0HPD (g/L)

15 nmg/I carbeniciTTin d 50 Spectinogyci n. The
full contents & the 1?1I|6ask vveng l6used to ivtiocul ate t h&l
fernmerfier. The & ernment®7 was oférlated at 85 C and a 04
d6 sejgpoi nt ofg 10% aldy other gantrol parg ters are
as descrl bed 1n General Met hods. RJ8/ pAH48/ pKP32 |s

i dentltal to 238/ pAHA&PPDT29 etept that %}ﬁaT i s

del etegl. The vdgtamin BB strategy 20 for eggh 15.4
fermentation i s detail bel ow. Ferrrentat%)gn W th 7
RJ8/ 8/ pDT29. A representati 9d fernent on surma‘?%/

of t h&t conver sidon of gli@cose td@.51, 3- propanddi ol 39.0
, 3- usin . coli traln PAHA8/ p 9is giv
Vg2004/ 03%3@;56 PCT/ 2003/ 0?%?0 in T%ﬁe 2A. 1. £

V| tan‘}?n B12 wed provi dd@ as bol 89 additi ons7of 2, 1650.1

and 16 ng at 2, 8, and 26 h, respectively. The yield

44 9 Lnn- Propanedi ol / g
45/0KR 3¢. g/ L

A representatlve fermentation summary of the conversion of glucose
to 1,3-propanediol (1,3-PD) using E. coli strain RJ8/pAH48/pKP32 is given
10 in Table 2A.2. Vitamin B4, was provided as bolus additions of 48 and
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. coli strain RJ8/pAH48/pKP32.
Time (h) OD550 (AU) DO (%) Glucose (g/L) Glycerol (g/L) 1,3-PD (g/L)

0 0 150 12.6 0.1 0
6 12 113 6.0 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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1, 3- propanedi ol was obtained. 5 TABLE 2A. 1 _
Representative fernentati on sunmary of the conversion

wotonglosisase to 1, 3-propanedi ol (1, 3-PD) usi ngpE&/USIN3/031805

9]
O

strain RJ8/ pAH48/ pDT2|9 Ti ?e (?-) 3(]3%50 (A)U) DO (%
L
o373 b3 psed A0 P (9 urons ks Sokemb(@E. HOFD (gL)

008 Do S 5 BT P

53 38 109. 2 .7

17,2 820 45 0'%93 201850 0 7. P01 I miiued s
fermefABati on W5% h RI8/ pAHA8/ pKR3R. A rep;zasaent ati verg
fermegtati on ry of.the co rsion o ucose

1, 3- pr%panedl 0 153 usi ngrb coli stzrgll n 52
RIS/ p&Hag/ pKP®3® | s gl véh 10 i ®.Tabl e 2A13.8 Vit ani n13
B12 wag provigegl as bohss additypns of 4§, $nd 16 t
approxj mately, 26 and 44 hr, respectlvel y he vyi el

1, 3- p?)&)panedl was 34 % (g% 3- propadédd ol / g 129
gl ucose consunmed) and a tlter of 129 g/ L

L, 3- propanagppl,,

Represent3a

d. jQn " i
conver si on of gl ucoseM@Ml % (14§)EPD)
usi ng E.giesthiR &k dlds @% 'F‘F"é 2,

PTYre
ol e L s s B
10.férfienttds 53 dé6cibed EBG%nQral %tﬁ@d@zA&héwéé fidzan vl of

TR0 BRREA2 wap e Rarprefae SO A0, LBovitopomimalhse

( g/@ybenigiierand $@mug/Lisp@ctmpiytib)io pdepardth@dré-cllt@@. OThe
57 dhutSRal Frdhserfdd & §3eedFertmdntdbald §révin for ™ h before 1 L

10 of the culture was transferred to the production fermenter. At that time,

the ODS50 had reached over 50 AU and 30 g/L glycerol had accumulated
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

25

THE arcA GLOBAL REGULATOR

An arcA deletion [for 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
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 electroporated into
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55 158 25 0.2 21.4 94 64 169 14 0.1 15.8 113 72 169
12 0.1 13.4 119 74 162 14 0.1 14.8 129

wa 2@4@sBpanedi ol and gl ycerol production w th BCT/052003/031805

5

strain RJ8.n/pAH48/ pKP32. Strain RJ8.n was

transformed with plasm ds pAH48 and pKP32. 5

Pr ddG¢650ipKbI461c@npeisphnelts. oRe¢aimbinging strainis)wevgsselected on
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wageneHas eenfamadodys BeFrusing hetriimeppaSEQ D NO:4 and SEQ
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re-culture e .culture was.tr r Q ,a .
PerresinbifaghaTaRales s thepiSitea T 6 HERPBulepefe sran
c ulHasrbeamdedigratst MG A55 datrdre :@mo du Etli lgsatbexnae ptegrared and
At t] t 0

g =g o b ineREARIRAG <R REHaRYFio Plad AR
seedfr 'de-oduc_ti on fermenters were operated at 35 C
and a deHekERMEE AGFcAL @ staln SENKILNEABY @htrol strain were

RO DRI i (A T

15

20

25

bolwsseimcabattd 10hh il EB3nbdiud2wih B0 mgfl Spedinomybie A 200 pl

o1 Rlurh e R B oyt IR L R 2P BurhEd
PEREERMOGE flask anntahoing. 1000L1 T2 Rag iy with AODEL Biuaose,
I'N 5tﬁﬁﬁﬂr gﬁb%@@lﬁggr%ﬁdtz\m Ao é12<33+5,%t Afkshiére

reference, see Accession # 096]. was nad

by iPefhated 300 somAnst 34 Re Tebdd fgs-r EB%ﬁSW4 7 T4Re Prehow
Cnith&iRhecasAehliation irpSEResAhe emdlac gisrNGf gigssel bad 1as
an‘plified.V\'ith R‘%:Sgothe primer pair SEQ ID NO 2 and SEQ
IDH(EP%”?@?%OB bs the tenpl ate. The prinmer SEQ ID
NGO 2 contains 41 bp of honology to the 5° end of arcA
and 20 bp of horol ogy to pkPRg Pr4 mer SEQ I D NO 3
contains 42 bp of honol ogy TT 3" end of arcA and

20 bp of Kiyasirelgnd 1 S-prPanedipbprdrcieddut: cakisontrol

gel -purified and el ectzspasdreCmyi@irgd WO 2004/ 033646
PCT/ US2003/ 031805 55/ pKD46 c etent cells. .
Reconbi nant str ai nsh%&%& ect edm LB pl AL%S wMalgr Yield
12. 5 ny/ LSwhinchl or anphéoiLgol . Fropaheldidli onSSGnrmhe (amal/nol)
gene was confirmed by PCR using /% primer pair SEQ

I ; -5~
0. 7 KkbhdRBRpSYEAE®1 whi | e EHE 10.7 29.2 0.87

KLndh81 AarcA 6.8 11.4 25.9 0.95
pSYCO101
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)

Construction of a loxP-CAT-loxP-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 E.coli TOP-10 (Invitrogen, Carlsbad, CA). Following
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5 reconbi nant strain gives a characteristic 1.1 kb PCR
product. The strain has been designated M3L655

w@ar0e33e@®@n A Pl | ysate was prepared and usedP€DURINE031805
the nutation into the strain KLndh8l to form KLndh81

i ndh81, Aa ' d KLndh81
corf ot ot i aPar Bt S eingla S0, Gl e aergariinn, the
p! ar@ﬁulﬂn@smdxmee ves mnifiedfarebsibjsttedito resteistion enzyme

pepsRs bt s EONA Rl ot resept hetwegadindl
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Seseq o3 '@éefr't&n%ae%%a @.&Oeterlwngaﬁocm?@amm@lcol
res 3’5"5’53”09 geme! (@Aﬂ' )Samed thyabx /P BRe&rldAe SRIDRIA WAs obtained

TSSO L Y5511, ARy ik o
1 @@'ﬁéﬁ!@hétﬂ |(@IA§6EbHufdtaddn with T4 DINA polyorerase, arahiiated to a
oAar/@aDac@iﬂ/&%P ééé‘s%t@ mplgét p s?% tof '&fé g%tg?hea'f%m

g fidl 550nm
b el B pLoCAt hges BE@aD f}k@ 5 g\gﬁafm o8 St and
25 BariH95 pLpSEealslsipflaEsANRIE IsQéTa

TR Ul I b e

GAISAERtisH- wmquormedmtﬁﬁb{agar Plat@e\Do@ala EOASEL of
155 glc}é}berﬁémﬁ%lh%‘ 50 %@f Eﬁlo?%rjpgﬁgmg@thP'léBﬁ? T/l}a?s és‘t%ﬁaeeta‘ &nd

LI near rom
pTrr %@Qﬁ“%%ﬁ%ﬂ% ieaplysis prréaraedai Two lﬁila&nmlds @omamm loxP-

fi |Oaid0)VP-fﬂgc WithBhE [P DRI A& EcassiclB Uh Mé 38fhe #HWin the
ne in

CAPPReSi Blipnatoa Teiie Kolheot binieten MRis arises
selpde€imdr and plrCradagasspptiiteds cont ai ning 50 ng/ L of
20Cak abllqb{(gﬁ Bf a #R%ro CE)SI.. | el Bl L

purt diTd SuDJ ECTET (0 1 e

Re .
to conf Ar NAcassetie qgnmlmegutba tr@rprgnmn a}ncblaesmﬂrator WIth
gebmn*é'gﬁﬂldxld-?éﬁﬂgﬁﬂg:tﬁ%%%%swggm a@mﬁ%@ ﬂ'H}h %‘W?W@

usmg the prlmerppalr gE& I% NO:7 and SEQ ID NO:8. '?he 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 Taq polymerase (Roche). The
product was subcloned into Echo pUni/His5 R6K (Invitrogen) to generate
the plasmid pR6KgalP.
Construction of a frc promoter replacement template for glk (pR6Kglk).

30 A DNA cassette containing the trc promoter and /ac operator with
an upstream loxP-CAT-loxP 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  to each 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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odyct was s ho pUni/ Hi

(I nolt o gh)a 16 @5?@&5 CRTHER kAIp NO:1Z and SEQ
Con#d N@:tBqamglifyng the mtedratign sité qnclualngan;rst:(déhpaﬂa)
kg i TEolof, %@a@@(}ﬁﬁ Reipiobneh BG PatkrTib iy lare 95
3@ler '@ 401 Veniof 55°Cdot 1 nainr 42 ARCNIPO2 ain, 30 cycles using Taq
polymerase or rTth polymerase. KlLpts::galP-trc, plated on MacConkey
(lactose’) agar'+ 1% glucose, exhibits a light red colony phenotype. The
chloramphenicol marker was removed as described by Palmeros et 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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donor (Flores at al., Nature Biotechnol ogy 14, 620-623
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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 ID 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 ID NO:17 contains 78 bp of
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performed using the same primers. In each case, the galP gene and
promoter region remained unchanged from the parent strain while the glk
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 ID NO:20 in the — 35 to —10 region of frc
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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 ID NO:23. The PCR product was cloned
35  directly from the PCR reaction into pCR-BluntlI-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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25 the plasmid pSYCO101 and tested for 1,3-propanediol production in TM2
medium containing 40 g/L glucose, 50 mg/L spectinomycin, and 1 mg/L
vitamin B12. The results are shown in Table 4.

TABLE 4
Representative shake flasks summary of the conversion of glucose to
1,3-propanediol using E. coli strains KLP 23/pSYCO101,
KLP AGTG/pSYCO0101, and KLPATTG/pSYCO101
Glycerol 1,3-Propanediol Molar Yield

Strain (g/L) (g/L) (mol/mol)
KLP23 pSYCO101 5.8 10.7 0.87
KLPAGTG pSYCO101 0.7 1.3 0.11
KLPATTG pSYCO101 0.2 0.4 0.04
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upstream region. Primer SEQ ID NO:34 contains homology to 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 cassetie was PCR

30  amplified with primer pair SEQ ID NO:33 and SEQ ID 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 Gl promoter. The short 1.20 Gl
promoter replacement cassette and the short 1.6 Gl 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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1.5 d promoter (SEQ ID NO 28) was made by repl acing

225 bp of 5 upstream gapA sequence [for reference, see
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G gNowPineradiSBQ | D NO:. 32). To create thel.20 gapA
strain, a replacenent cassette was PCR anplified with

15pri mer pair SEQ ID NO 33 25 and SEQ I D NG 34 using
genom ¢ DNA from MGL655 1. 5gpLEGM as tenpl ate.
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i
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fECFMPAmw thscb?es genom ghDNA firgom g/gQ%?G.sNO - 1.07

: \: as te e priner j
coﬁ%\zpnxgrﬂ Q%/pg%lﬁﬁ)%apA upéﬁfeam regi gr?? in 0.92
MGIREB’::Kim 3gageA/G8Y &0 GBont ai ns6ithe short 3.66 G 1.21

pr el pro er repl ment
cagﬂg t'g%ﬁgﬁ? ﬁggé}ig)gké@1é%(3 prg'trérstoter 35 ?ﬁe%I acenment 1.26

cassette were used to replace the natural gapA
pronoter of MGL655 as desgyampdpapove to give strains
MG1655 : ' BgapA: ; Om

respect i LNELE 4/ 37 = . =Cm.
2004/ 03 3BvEcHICTENS20Ed| 03dRebwabFdhioved famaphaliORVIRErKm

20 oo TEITGE Aot H B GRRQePIBIRG adluasit Ve,
gi \séraing BMIPs::Km 1.5gapA.

The kanamycin marker introduced into FMP’::Km 1.5gapA as a
consequence of making KLndh81 PTS minus (AptsHlcrr) was replaced
with a removable FRT-Cm-FRT cassette by P1 transduction from MG1655

25  AptsHicrr::Cm. A ptsHicrr 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 ptsH left in the chromosome
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cass L sENIPS 4 .5gap
Apt sHI cr $trainGrviPA1 I@g&bhc\ﬂéﬁﬁhﬁéfoﬁﬂed wabﬁh@ﬁﬁagmﬁj pSEe0106.

Bl SRR GRS RS il L

20 enfermeaterdlas dusicribed SEQenBrail éthods mithi the folkBvibg differences

crr D€ 6ohel TRl 58 e BRI Alyesf igedr 6t PP
st r 45gapipSYCRADE vayai}ban%ﬂ@eti@ BRO onL FB! %gyith 80 prark
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t he_remai ni;n f
fermenter lan m Ib%rl]usoes prlorto inoculation and at 28 hrs. Final 1,3-

25 propanediol concentration was 129 g/L and the mass yield was 40.2%.
EXAMPLE 9
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 pKD4. A replacement cassette was PCR
amplified with the primer pair SEQ ID NO:36 and SEQ ID NO:37 using
pKD4 as the template. The primer SEQ ID 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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in strain FMP ::Km 1. 5gapA and 20 bp of honology to

pKD3. The PCR products were gel-purified and
web@ansmpor at ed i nt o MGL655/ pKD46 5 conpet ent BET/US2003/031805
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chl oranpheni col 12.5 ng/L. PCR analysis confirned the

i nt%@ﬁhﬁan@étr@hg weresshicted oL@ gldtexwithhd Skneyl. of

ﬂ?Ct 0se). %F?é’egﬁo |(§jﬁﬁ é%%gégx/égpé ler%%[i b %R using

WaSthemrmpm'r;mjr SEfD tD1EIC1388 madléﬁiQtlDdﬁ@diﬂ:e’dhe Mtlld—type strain
on %Y]eg@113 hen 05 g@g&gﬁ’é ﬂﬁ‘?‘ec%?ﬁtﬂhé‘ﬁ't é{f%ﬁﬁg%g%ct ed

1 0ra sis. confirme

SSuch‘@ggtﬁtarlsﬁmEélgkthC&]pmdus:h eﬂ%@ﬁ@"ﬁ Bas pgen designated

chi M%@B@%g@% kPR BBEe WS nrg%mpma@bmsmésgomtamelal in MG1655, a
reco nas an sSe e I N SN )
NG BB Phagafysate wastRiop Siesiatd B3 o %Hwngf‘%r%ﬁah?% gjto FMP

mar k8gapAHExampld 8). nhe kapamyvmsedistargreanackef MRis rentoved

O P BB BB L R8s s

1(}:|\/H'lasib5@apASIgB¥’@(d1E)MP’ $t5oapA AEsAL. 5gapA was
tr gns: gr aned:Moi? gﬁhﬁnﬁgﬂ%ﬁodlw @%%re 'ﬂ’faﬂ@f&rh’ie@lﬂmﬁ the
o pBrre BSYC QU Sud TS @ horeh AerhaS Q0 A Fe

f EI ﬁ?@bpﬂ/pﬁ\f@@ﬂeapmpebn/éme control paraneters for

t t h f

" gan! paroSa o e Bl BF F eabidbanByidifoduiction,n, e
150 mgdium spatainingdcg/h glmqaeeﬁamgmﬁoqmtleommaad mg/L

Vi t\%{ﬂrﬂln%‘ Wi r%@qﬁéiafé)slt\&ﬁn il $apRIger in 16 ng

bol uses “or to inoculation and at 28 hrs. Final 1,3
25 pr opaned| ol concentration was 129 g/L and the nass
yield was 40.2% EXAMPLE 9TEREGHENEERI NG A

I\/ETHY GELYOXA S I\/UT

oA GARCNatT SRk TavRah MedooReuasl o8
# 30 000096] MEMli?adeﬁgapArﬁmlgaA/pﬁ;YOMOBlstMna he
coding region with the FRT-Kan-FRT cassej e of pKD4.

A replacement cassette was PCR anplified vvlth t he
primer pair SEQ ID NG 36 and $Hgseml NI mPansdiey Meigr vield

as the ten‘pl atgtfaﬁl{he pr| mer SEQg)ID NO 36 (gaAnt ai ns (Mbl/mol)
of —honotogy_to the 5—end MgSA an éu bp or

horrEMRﬂ QQ@PP‘?@YQQHIOQte 35 DN& pKD4 Tﬁge pri mer

I D NF3T. sg@pvxamgsmsamoﬂoeom B8gy to thé 3 end1cﬂ6

ngsA and 20 bp of honol ogy to pKD4. The PCR product

was gel -purified and el ectroporated into MG1L655/ pKD46
conpetent cells. 66 WO 20@XAEBEES1®CT/ US2003/ 031805

2 gcgnﬁ'FEzFWENTWTI@)N W 6LBEIESESD 93 PROPANEDIWLIDSING
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 to 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 rpm to an ODsso of 1 AU, 10.8 mL of the culture was transferred to the
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kanamyci n. The del etion of the ngsA gene was confirned

by PCR, using the priner pair SEQ ID NO 38 and SEQ I D
woen30336dhe Wil d-type strain gives a 1.3 kb PEBRI/US2003/031805
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| e rain
o) LB BLpiomatis WERUTICE PXPSTISdna oR eGP Bregt PRE
%02%% F cb 38 phe AopAinG FEOLOMB-FRRardd BnZhgiteerheL E
METRATR Pt e o el Wi R el ?a"“ﬁ@%
15FNPN014®g:ap/SE@g@A\k@s41tmsm@p as ihe termmatep| RIRPHSEQ
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eterm ne f t
et SompBN Jademplaie PRD JPTIBRT SESIP NG A aniaia pg bp of
Conhémbldwml’[ﬁis@rlé&nf pic edqueites centamssihegitoricd, Bc@b/promoter

Fivpbedasige At Ry alhearot Bl el i 855, TRERERBoflots
20.B wietdrgébpunifigd aspelectroponatedinta MG1 @Wpt{mﬁl met@nt cells.
pre d
ooRREamEl el e Spidy b hp' 15 ps Rn2. 5 iy gren
wasclnlpsampbemléql to@ivenM G658 QQB&/@BB@GCCGSS ul integration of
PCT. fﬁéséé%%ﬁ@%é Ries ites FRYIGIEDO td a8ty ipstieim Whthe ppc ATG

i e %'sbé“%r%h@{eeﬂ%r ¢ Resiesiipct UoR0GET Wi 2 FRT-CmR-
250l ERG"Ssrmrt ar6 Gb promoter cassette. Integration into the upstream ppc
region was confirmed by primer pair SEQ ID NO:40 and SEQ ID NO:41.
The wild-type strain gives a 0.2 kb PCR product while the recombinant
strain gives a characteristic 1.2 kb PCR product. This PCR product was
sequenced using primer SEQ ID 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/pSYCO108.
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

e
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1, 3-propanedi ol concentration was 130 g/L and the
worawg/0yiceé d was 47.5% A run with glucose 5 naPel/as10e81031805

in excess (0-20 g/L) gave 141 g/L 1, 3-propanedi ol and

a mass yield of 43.6% EXAVPLE 11 CONSTRUCTI ON CF AN

E. FIOPI1.57&ANMI4! T.6bpdip EMGONEEREDhe BREMST BRVOR LB medium

TRARER R LY e SR (!, Qe ubda S hieeiheltd
pr dﬁﬁﬁed-)thDrQ&(}mLsQﬂfﬂ%Eﬂ@nmef flaakseccmtaqmrmb@ gk W
mdﬁeemrﬁ ezrd Qco%% @@ Lt SRR y%ﬁ‘f“aﬁ@‘? mYAIVEANAER B.,.

sefte con engi ne
5pr ¢ bt His wsr@eﬁiw@a@é Q”h%‘ﬂ r314. e %PWS?HE%VG results
pr | drergivesn In TESk 7D BSthNG hereane iniRe MdIAGidlH arsd adecrease

asthe |l ate, Priner SE 380
bp Bratiiie iR Ferer el e kiR 38 fbbst
honnUtajrpntto the pplerttestrakD3. Priner SEQ | D NO 41
contains 39 bp of honology to upstream ppc seguence,
contains the short 1.6 G prormter sequence and
contains 20 bp of honol ogy tolARDR.7 The PCR products
20 weHakaet afikl for ichvaRsio beClidiertaties Aropanediol (1,3-PD)
MGL6557 pKD46 conpetent celTs. Re1;gnb| nan}\ stt[al ns Mol
were sel ected on LBYYGRBS with 12°5 ny/ L/ \CC1@ olar
chl or am@tei col t o piodacédBEl65Frbpépgdiot Cm pBodweskf ul Yield
ilntegration of thec(ﬁ_ette ﬁz&ﬁ’tll jthe regipn 90 to
sedMRMnBaak, Accessi o824 000096]2.#@th a FRT- &R 25  1.25
FRTAn%@g syYcB16d8 pronoter cassette. Integration into
t he stéeam ppc region was confirmed by priner pai r
SEcb'M )1 REERAMGSd SEQ I NO 41.  FAe wild-typ&¥étrain
gi wwpp@/p{syz:ck’mePCR product while the reconbi nant
10stra| n gives a characteristic 1.2 kb PCR product. This
PCR product was sequenced using prinmer SEQ ID NO 42,
whi ch i nlahcaﬂwnblmfruwdhe cprimxytase (Bpc) aplivilyevasmeasured
ef f | t ed
dﬁ&f}s f%‘eé’%ﬁﬁ*éétf%bta%{’& BAAR dnai@!as W'%ag%&ﬁrg@da

lon to straln

Angmmedmedy abpwe-nAligieots @8 splimwes) hawsleos@aﬁlddﬁgsohase
1. 6hken @y\thf&as@B 8§ EHrBlgh Iacr%nch ;ﬁés&l &l @eﬁﬁﬁ d RS 5

13 el at S 5P Apd ciEAGeRdep ﬁqiﬁéﬁgpm
eI eatpema’mmswalsrremomed ranaajsdda@sm dop BTG dins. ngec:lﬁc

VP2 Gy RRRR TS oo BRI CEHAR s (RIBIS THARIGEAJHIES e

mere USEd Vo agSees The conver Sion
1, guep Apsdrromater wath thel shast 1 & Ggpmvpmtfr gagased the Ppc

Ow@ﬁyg@@@ﬁt nggea@,la/\o 2004/ 033646 PCT/ US2003/ 031805
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TABLE 8
PPC Enzyme Specific Activity
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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contai ning 50 ng/L spectinonycin for 10 hrs, were used
to inoculated (200 L) into 250 nlL-baffled Erl enneyer
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flasks were incubated at 300 rpm and 34 C.
Representative results are given in Table 7. Both an
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acti vi

2004/ BB%A@TEETFQBZWM&)SLINE@MEMEAMNSFORMATION
The genes yciK and btuR are present within a single operon in E.
20  coli. Replacement of the natural yciK-btuR promoter with the synthetic
short 1.6 Gl promoter was made by inserting a 1.3 kb cassette, upstream
of yciK-btuR. The replacement cassette, containing FRT-CmR-FRT and
an engineered promoter, was amplified by PCR with the primer pair SEQ
~ ID NO:43 and SEQ ID NO:44 using pKD13 as the template. Primer SEQ
25 ID NO:43 contains 70 bp of homology to upstream yciK-bfuR sequence
and 20 bp of homology to template pKD13. Primer SEQ ID NO:44
contains 30 bp of homology to upstream yciK-bfuR 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 kanamycin 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/bfuR 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 strain gives
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FERVENTATI ON OF GLUCCSE TO 1, 3- PROPANEDI OL USI NG E.
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?eé’?rgréé‘fbrrétd% S0tAL LEPwith G?Uﬂm ofi. sppickinbinyBin ifkee250 mi flask to
ene cass e, ont al
cnoprearemepanarbrs. W7 ifybelPaat g Bid o Fin Bn
1sor i mﬁ)ﬁa@amfm SHQ101E0mh@f4Be a:uﬂu@ﬁ@ass Dangeneditsithe femarger.
as {/ham r?EP @5§3d5’§a ?@{hééﬁa%%gtérgq g%oﬁpgas it 140 D

of tm@ﬁula@gg 82§ Efﬁpﬁad@tﬁﬁmré ﬁﬂaﬁtlrﬂ\# p%%en aCﬂ@OMempat'Oﬂ

con,ak P33 Rihdthe M8y Bk Was 4BSt%eam yci K- bt uR
sequence, cont ai ns the s pronnter sequence

and contains 20 bp of ho KD13. The PCR
2@r oductGONSTRUETIQNIOR Ee @ Qi@ TeRAN VWibbir AN NG ERED

ME1655/ pINGGmRERN o 8 E AL INEAR AIAGHARSE BRIATOR
g| ve Nmesalareemtmfmmmtumth@ dehydroegpaselon

on dbEﬁné%?%ttﬁers ﬁt‘h'ettlé s'hBrtaP(S 'Gl bh'io@éhb@é WeRkR hPrepating

upst rea for
or 8hE b UnseaTEHER qu&%&g»gxc 16 ottty Sane fig =
25 RTcqsfRitfeorghiollg FRY-CGmRFRIT anvtaererchsssrtt @romoter. The
con PRSI B8 S AR MK Ba SRCP B N0 ¥P%and sEQ
NO. #B NTOKeé usinglpKD3@s ttwertamplqj:ev&nmerlSEQH@ 7 contains 78
ool Gl PO ARRIpLsakencs st g Kipooqy o
PCRigymBatR bKDA. FITRARSEQ! 3 BuARdioapp et QR Tiomaloay
30  (with a 1 bp deletion) to upstream yqhD sequence, 40 bp of homology to
the short 1.6 Gl promoter sequence, and 19 bp of 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 chloramphenicol to give MG1655 1.6yghD::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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used to nove the nutation to a derivative of strain
FMP' | .5gap Angs 1.6ppc naned Triple. After renoving

W0 b@4@sdoirdi otic, strain Triple 1.6btuR was obPEi/NsL03/631805
EXAVMPLE 12A FERMENTATI ON OF GLUCCSE TO 1, 3- PROPANEDI OL
USING E. COLI STRAIN Triple 1.6btuR /pSYCOL09 Strain
Tr Ilrﬁlbgralmﬁhhtdﬂhm&)streaﬁsj/@mmdglmwasom by sequencing

Pr oduct i on(l\%gbd@ ﬁpoaggggqﬁa,%te@yth%{r% e& q@é}r Eéﬁéacement

deaﬁﬁecbmly oncGeedr Al PMVphage dysate washsepaiedatichgsed to move
di kherang nin‘i’? Q8 PhpIB Y SETRRE A ReridtA TP otic(as

n rom a res LAwth 50
5sp@<%§¢ﬂl@¢@/@bﬂ\}e)oﬁtrq‘ﬂl e 1. %BHBFQ P @Qﬁé@g%
transferred to 30 nL LB wxAMROB 18N L specti nonycin in

 om i B B RO s el

i ncubat i
10. 8 nlL WSINGE. @(DILILEERAH@ Tripeen$ BbtuR d .6vahDieSYCO 109

fer MeNt &Lirain \ﬂ’lﬁ)l L. PEFF@I‘I}'@?}DWSQ tﬂaﬂsfd?ggfde\hlﬁ?Bée/g}(ﬂbg

8 boluses

1038 Frrpéucurbm@ﬂ 3-Bopanedinkhly EErlpl@oh@bhﬁ 46YERD/RRECPIP9 was
9/ l430¢nihBE iME S ﬁéhﬁ%ﬁtéf@%s%s@%e@mhgralﬁé’tﬂods with the

PRORISHERG BT BRES BV N GLRA PRI P BRRITALRY A single

Re otsrgnfiedvn 20fresth platailua alithysth Big/lalspetiinomycin) of Triple
G PP LRYaMRMROg00 Mas rha R 8D i T8 40D mor.
15qupesbq®mwe in ﬁcZﬁmmhgﬂaSke’COMﬁpla@ethé nmtwltar@S After
Casiﬁ&iﬂa%oﬁ_?%téﬂ T BHd %Bg 5 CB5@Hf £Ad),"EES ekl of the

pronot er . was, a |f|e
pr i GREHrgWap t@@fqrt@  the sme@,@{g 4@W@§.aﬁ§’eﬂ+€9§he
as fehgehter asthgldnsmy bSE@ ét@@@h@e@p&bdlf@ﬁn&&atlb@ time.

o R e 5 LS TERLEPES P i ves

20i nct8.%r.ates 41 bp of homology 30 (with a 1 bp

deletion) to upstream th%emu@@qgf 40 bp of honol ogy
to the short 1. I&: and 19 bp_of
honol orQON(STMﬁTION BORER 6 TcRA\ A l

and el ect r opor apAYTATION lN@@éﬁfAﬂED@mAsmgé@nt cel | .
th

Recombi nant strarn
12.5 ng/ L chl8rarphets D'Cm
2535 Successful i nt EtNE]ARdDNAfTRANSEéB%MMéONepI aces t he

o

ref erence, cCcessl| on

FRTUQme&}ma%m@de by, replacing 3dteef hesensting regian with the FRT-
2004 /3 PRAO:HACE YA QRPN 3ERO Peplacement cassette was amplified

with the primer pair SEQ ID 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 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 chloramphenicol 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

72



Integration into the upstream yghD regi on was
confirmed by sequencing with primer SEQ ID NO 49 and
w0 p@io3deeel t hat the pronoter replacenent ef f eRCT/VU81093/031805
occurred. A P1 phage |ysate was prepared and used to
nove the nmutation into strain Triple 1.6btuR After
r eN@BBg Theewitdityipli sitdic gives b3 dadrP Cheproalbiotwhile ghe ai n

FeRRne Ao Bt iR e R- R AR g MR gk AR phage
COLysaSEI'WAB Nraparpteant esrdiR passigrmysioniostrain Frpa
Tr i F'{ 16?39(?159 go ﬁ%ﬁh@réﬂﬁsl‘ r @m%fbmmrﬁobthmxam%m

10 Pro uct - pr opaned| Tri

51. @stmbﬁw%%slsfaeﬁ%mﬁrk%w reroye ﬁ? é'?l?@%@ﬁ—
S???écbr’ﬁﬁi‘ﬁa's@ (@G’@@htﬂb avMatWedlaemisuprad)tte giveoTtplei hBbtuR
ro
Si rghnLLoreiy PR ShramPReuib o) e (f E TFE ‘W@%@ﬁ oA
S peicﬁqu’gnd r'l)T gifaiffs were elel:trﬁb‘anﬁf%m@? gwithy pls 05 Yie2109.
transferred to 30 mL LB weyRpEIE 5/ L 15 specti norTyC| n

in a 250 nL flask to e-culture. Afte
10i ncuMEASHREMENT OB BHGEE NCELYEA (zyME

10. 8 AETRATYNR STRAINTRIPEE IRIMEV;%YGQ)M (L‘UXMPARED TO

fermenter. Vi 'IaFENN ?Il&l%’ﬁgﬁl &c{c&n,l Loqjﬂ%s?m :{I |02

a single 16 rybetus erapsed—
tinme. H#ermienilatiﬁmpr\mﬂaﬂi@tbsj{(C@d)ﬁﬁandr'lértpl@ﬁ .oigR113. 3

coﬁs%ﬁ%éfp%\l@%&wéw %@dé@&f‘ 4%3%:@3%%@-53 déscribed in

15|\/U1tm’|®me|ra] Merpasavith msfellcp\g@')dlf;ﬁ@g@nces in control parameters
RIS e
i r
sed!-BEHHBYRRY %'&@ ér‘ijeﬁcr‘@?fg ’.’ta'%ﬁ {n:% by e
repl aCl_I_f)fSJ pAs- Bltjltkhecb;f Tﬂth‘e’O‘,ﬂ)m@ wag growmirt EOtntﬂeLBFW‘th 100
cassette. a
A TBIN SECTRPT e enL B BRPORRR o EPek i
201 D A R seed fegmeKBS pispaied aB.’)d@@lﬂbledtVéaS nesulgtersith SIS
! ? P og(ﬂ}%tqgﬂtﬁl'{sAﬁgr ?@ 5q{rslﬂﬁ‘?eﬂ1|'r@%fat‘i&1 in'ih% 9.2 LQ)Whé)Eulture
a an
SIS R A BURLOLL SR A L S0 S
t hesn% leema b oe b wﬂzﬁﬂmaﬂghmﬁéftémmmwoﬁ oTh&HBBal The

i r“%@é%“%&% EwpBRte! e s BpARTIASEN4 oL and

255t rthiendeldevas 48%ected on LB plates with 12.5 ng/L of

chl or aMPRERLRAld o gpea ?m@ Tl PoydADifs vEaogm

The de confir

Pcﬁermgnt@onmersrana@fzesa‘pr P@@R@N@C@‘Qtyanﬁ SBE%? e @C¥'\f'§y of
0.4 U/mg protein was obtained. Samples assayed from a typical
TT/pSYCO109 fermentation showed no detectable Pta enzyme activity.

30 EXAMPLE 16
IMPROVED STABILITY OF MOLAR YIELDS IN STRAIN
TT/pSYC0109 COMPARED TO TRIPLE 1.6btuR 1.6yghD/pSYCO109
Duplicate shake flasks cultures were grown with strains Triple btuR
1.6 thD, pSYCO109, and TT pSYCO109. After incubating one colony
35 for 10 hrin LB + 50 mg/L spectinomycin, 100 mL of culture were
transferred 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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WO 2004/ 033646 PCT/ US2003/ 031805 NO 53. The wild-type
strain gives a 3.8 kb PCR product while the

WO e@afBdon@nt strain gives a characteristic 1. 6PRDURIOBR3/031805
product. A Pl phage |ysate was prepared and used to
pass the nutation to strain Triple 1.6btuR 1.6yghD to

f or MG iilavdlurtie ¢fl the Ha§bt olftuke S WaRBradtifedbfics 2Mhr tPa fresh

Lo W Ry Bt e e N i sk o g SWHFing: Wihout 50
suppp spectnemydini pltes faBbepsated. Sigled. Adekolar yield was
(r e&@ﬁ%gte-g‘vdéﬂ]t?giérﬂk% % LY r?e edd'§ gé%l?b@ h% g@%g%nd rgsults are

Iec rans

5p| a@lﬁeo bol@mﬁ@blemm acl;té pi@ defetisorstsiizesdhe molar yield,

HABRANACTRYASorbBEABNASEGACT VI TY | N STRAI N
TRI PLE TRI PLE/ pS 9 g%]\/PAR D TO STRAIN TRI PLE

1. 6btuR 1. 6vahD /r SYCOL09 Fernentations with
TT/pSYCOLO9 and Triple 1.6tABED 6yghD pSYCOLO9 were
carried out in 14L ferrrep't Tsl ors _as described in 15 the
General Methods with the fol oW ng differences in
control paraneter inthf(o)rorfeerm atNiabam. ;Mdjaypi dmlar  Molar

fermentation with 1. UR ko 8Y9 %[P
descrl bed in Exa VthLm.’a(Z Aﬁge cﬁ turtel):i%ol _ SYC%Q

arr@@@tum%w@k to an+OD550 0b4 appf o maqt@ti Y 18420 Al#e
§%%%J erment er prepared as descri bed was inocul at ed

iR 8 mL of that culture. After 30.5 hrs of

&L pgYa@tooon tine, 1+2 L of1.the cuda ur e.2anas 1.24 1.07

t-lrr %ﬁﬂ{éﬂ |50 a producti on1 E;r nmenger . mT%H Elfé)%rfrrﬁptoe)’s

|ved single 16 ng bolls of Vita
aTStYépW%ocul ation. The final concentration of

F3ppvepmpedi ol in a_typicalofernept ation was 514 glik
and 25 the yield was 48% Sanples froma typical

Triple 1.6btuR 1. 6yghD/ pSYCOL09 fernentation were
anal yzed for Pt a enzyrre aEXAMPyE W speC| fic act ivity

STABI LI TY OF ND-ABINEER%NN#QKH@F'@)RM 09
COVPARED. TO, TRI PLE 1760 Dupl i cate
shake flABRLOA Grshypes[f%@f@r@?wew PnEanlg A@ewlpm#e
bt uB000%6 M@ma@é*@@é@ﬁa d. ST%'%Q’&I‘@(B&%Q fﬁdl@rﬁ with the FRT-
nc or r
19 e PR e iB st kng " ThPearselibres arsbificAdrTeie primer
30 pair SFR R M6V \6ndhSE® lg’] N@o@&ualng pD3 asrthevtarhplate. The
i
o a%r’ﬂ’ﬁ@"r iﬂ@?ﬂj ﬁ@‘%‘? ﬁ%g(é#ﬁ’é’ 86)bp dfhdhdBGy 1@t} B%hd Bfalda
p of homology 6 the- template DNA, pKD3. The primer SEQ ID
NO.58 contains 80 bp of homology to 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
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73. WD 2004/ 033646 PCT/ US2003/031805 100 nmL vol unme of
the day | cultures was transferred after 24 hr to a

wo e@sis3ewe®l une of 30 nL TM2 nedia contai ni ng 2P€TUNNOYE31805
vvith or without 50 ppm spectinonycin. This was

| cul d
| B8 idetion \Gfe seRl A troulafe 57 Reldperiroarain e

(r]I elsnhildrarrml'@nﬁ:qu refsﬁﬁtaheé evarker wad |r@n8ved' hgln@Cﬂﬁé M

s Eb0 PR8I Deb kol Al Parilny o CrRBIEET 8 o o

Yi el d WAlha(dB) deietlwm[far reﬁetm‘lcel\/sﬂeaﬁelwmk Rotession #
52{)3%9 W HBaBQ b‘ﬁﬁb%fﬂg;i 8148 cﬁ*tﬂﬁﬁggkr@reﬁ drPYvﬂh the FRT-

bt fENRtE Jg}@@se e of the pKBg. 1’\ t%)l%pesnerai %seﬁsm@vphﬂed

TT,witiHePiferpdir SEQ I NG:624nt SEQUMINO:62 'u@in$ T;lﬁ}(ll)':'s?as the

ps%%fe%}e 1 b S5 B e Sl Mpphy o e -

ST RuAT6 M Bl nl. 2Cop lof HORAIdGWIbTHKDEL EFint SEDAD K852

to! g&%@%ﬁ%ﬁﬁ WW%@W gel e%gon or d%er e% bg hosm %logy to

Gerftidak, The FeaRinspducts 066 96]-Puriiechane elagtioppratet ijo
1 w@bsgs/m@@&h Bien®gbm) R’eé&nbﬁ%nfgﬂ:aln%%meﬁf%ed on

o B ol e el et s
as gene waspbafirmedThg PR, iusiig BEQHR:NG:IE BEDID ADS33hd
520 SEQETAR. 4o Byl B8 Rl o
NOFSQOI@ et ﬁ‘@’a@(glwps afchataﬂtﬁar@gz t.0 kbHRCR preduciofA Rl1dysate
anqyaOp i apdq gﬂd @9@9"&9 ?\;eoth@ HBtatidh So %Tﬁré?@ﬁﬂosform the

ectroporated Into

[
NG 53?45’%%@'\ @Hﬁﬁbt%ﬁh QFRIPYEnKBL S (AR FloBe s hecked by
: werg@nsme@mmmn th8 prinfdrainGEQ ID2ND:694hdFEQ ID NO:64 to

hl. .Th del et f th | dA

200 o PR aRsat 00 e RESHY | er patr - SEQI D NG 59
and SEQ I D NO 60. The wi IE)%MBEESIt?Mai n gives a 2.0 kb

25 B%[BU@W@N qf‘é%éﬁ CHATR " 8L45BsYCo106

t hat st rgrain KA o éw/éweéﬁaﬁn%@m%w%\me plasmid pSYCO106.

Production of glycerol was determined in 14 L fermenters as described in
25  General Methods with the following differences in control parameters for

fermentation. A thawed frozen vial of FMP’ 1,5gap/pSYCO106 was

transferred to 500 mL SBG1% with 50 mg/L spectinomycin to prepare the

pre-culture. No vitamin B4, 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/pSYCO0O109
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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WD 2004/ 033646 PCT/ US2003/ 031805 the nutation to the
strain TT to formthe TT AaldA::Cm strain. The

w@ kdoatozgspheni col resistance marker was renovedPUEUSZYP03/031805
the FLP reconbi nase (Datsenko and Wanner, supra) to
create TT aldA. An aldB deletion [for reference, see
CenBankwaseceassdyr 08 LSR8 GLItwaswaB S Yo ireplute Bg

1.5 ' ' it 0. RT- -

cas SeeBterPtERERl e E, G Nkt G50t B o the
anpfarmesder. @ typicahterpentationgasultestn the pialuction SH02 @L
NO gl%cél%l DahPA RSy idiAf 1899l ate. The primer SEQ 1D
NO. contalns 80 bp of honology to the 5 - end of

2l dB and 20 bp of honol ogy to pKD3. Primer SEQ ID

NO 62 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

MGL655/ pKD46 conpetent cells. Reconbi nant strains were
selected on LB plates with 12.5 ng/L of

chl or oanpheni col. The del etion of the aldB gene was
confirmed by PCR, using the primer pair SEQ I D NO 63
and 15 SEQ ID NO 64. The wild-type strain gives a 1.5
kb PCR product while the reconbinant strain gives a
characteristic 1.1 kb PCR product. A P1 |ysate was
prepared and used to nove the nmutation to the TT
strain to formthe TT AaldB::Cmstrain. A

chl or anpheni col -resi stant cl one was checked by
genomc PCRwth the priner pair SEQ ID NGO 63 and SEQ
ID NO64 to 20 insure that the nutati on was present.
EXAMPLE 17A PRODUCTI ON OF GLYCEROL W TH STRAI N FMP

1. 5gap/ pSYCOL06 Strain FMP' 1. 5gapA was transforned
wth the plasm d pSYCOL06. Production of glycerol was
determned in 14 L fernmenters as described in 25
General Methods with the follow ng differences in
control paraneters for fernentation. A thawed frozen
vial of FMP' 1.5gap/pSYCOL06 was transferred to 500
nm. SBGL %with 50 ng/L spectinonycin to prepare the
pre-culture. No vitam n Bl12 was added to the
fermenter. A typical fernmentation resulted in the
production of 202 g/L glycerol wth a nolar 30 yield
of 115% EXAMPLE 17B PRODUCTI ON OF GLYCEROL W TH
STRAIN TT/ pSYCO109 Production of glycerol was
determned in 14 L fernenters as described in Genera
Met hods with the following differences in control 35
paranmeters for fernentation. A single colony of

TT/ pSYCOL09 on a LB plate with 50 ng/L spectinonycin
was transferred to 30 nL LB with 100 ng/L
spectinonycin in a 250 nL flask. Wen an OD550 of
approxi mately
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75 WD 2004/ 033646 PCT/ US2003/031805 | Au was reached,
10.8 nL of the culture was used to i nocul ate a

wo eoonmsdeas prepared as described. No vitam n BRCT/MER03/031805

5

added to the fernmenter. A typical fernmentation
resulted in the production@@@ﬁ g/L glycerol with a
nmolar yield of 137% 5 76 / 033646 :
PCWhisRie@Bicetidds5 CLAIMS What is clained is: 1. An

E. coli sstnaj [ di srupt ed endogenous
phosphoe1no y?u@og{ggfd"ﬁﬁg%g } phosphot r ansf er ase

syst em pr e@g¢nt BrlisteR mlqger@us rhospheerppyylvateoglticose

phosphot r ansf epaggoRAFRIBBSE s9LRRI pRiveRlingRxbRBEIOH 6
endogenous gal

ncodi ng Acti v act ose-
symporter; c) ﬁﬁg Sﬁgﬂﬂﬁ?%pgﬁwﬁg%\%%r@?ﬂ syels ro?ems
encodi ng a@t)l van u];ﬂ-e@hlﬁi@éi iendsgenaulgalP gertoamcoding active

regul at ed endog qqegﬂrg){%rgeneygﬁgpdl ng active

glyceraldehyde denase. 2. The E.
coli straimw) of a@ILm regujatethendogendies dikganst entoding active

1p€ndogenous ?ﬁf&BRﬁ&%p%G‘V‘at e- gl ucose

15

20

25

30

35

phosphot r ansf efase system conpri ses one 15 or
of : i) di sEpt adevHErgIRIgs %ﬁ@ge@@%%gapé\ﬂﬁﬂeiwodmg active

Sxm eSfi on 31‘ gBebial@e MRS BIphosphaterddhyaireienasel )
|srup oge ptsl ~gene prevent ng.,.eXpr. e

act% er”moeg qu(esz kQ\%&l %?rgfr}]{hegdl LP t&F gnc%]genous
phqﬁmisphoamrslbwuaa’ez—glu@ﬁsapdosp)hc)trahssﬁerape sy steml ogepoiass one
Crro96G% &-eventing expression of active

gl EJ5 8" specific Il A conponent. 3. The E. colj strain
of Claims 1 or disrupted pRACGEIAMS RISHPARPISVeNtiRg eXxpression

25 €) a di st upbedosnspReHiEaridrbrGRAG. Pr eventi ng
expr essi on . ctl aerobi c respjration co ¢
pr ot ei n; )an g‘?ﬂj?ﬁ@ o‘gg)n%%e [&VSQBHS expression 0

encodi ng act i Vectny@bbemmmmllmyuwetmotmn pbhryplasteansigrase;
an up regul at egngndogenous bt uR gene encodi ng active

iy disrupted endogenous crr gene preventing expression of
active glucose-specific HA component.
3. The E. coli strain of Claims 1 or 2, further comprising one or
more of :
e) adisrupted endogenous arcA gene preventing expression
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
cob(l)alamin adenosyltransferase; and '
h) an up regulated yghD gene encoding active alcohol
dehydrogenase.
4. The E. coli strain of Claims 1, 2, or 3, further comprising one or
more of:
i)  adisrupted endogenous mgsA gene preventing the
expression of active methylglyoxal synthase;
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30 cob(l)al am n adenosyl transferase; and h) an up

regul at ed yghD gene encodi ng active al coho
waleldswgenase. 4. The E. coli strain of d ai nBC/USR)3/031805

or 3, further conprising one or nore of: 35i) a

di srupt ed endogenous ngsA gene preventing the

expr essi on jpf a£dkmqﬁeﬂbh¢bgémmxabc$@gena$&a§%mn@ﬁhe
&ypte

2004/ 033646 PCE 03/ BBI8Y; %g%t%@ Q.H%réssi S of
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i;ene preverl ingéy HigEIPteq FREegeRRHSRIAGSN AP IAVEB DG the
dehydr ogenase /éxpﬁé@‘aiorrrbf act@Ueseildf@hmbt @@Mﬂﬁ?g@ﬁésd@b\,d&qd
gene preventing the expression o i ve al dehyde

dehydr ogendtl i A5TRRE eRIOugHOUS /PR geng ravaniiad the o,

3, or 4, furthexpeesgion of agiversldeliyiieodempiregenasenB. a

di srupte : rievwent | j :

of moti ve ;E“’é’osgﬁ% SR SRS OF 2 2o e B3R sing one
1ndeg@RERIST &K gene preventing expression of active

gl ycerol kimasei didRsptd® ePtogefbisd H@d gEne g@f@ﬂﬁ@%@r&%ion
gene preventi nggex ression crf active I\dIA dependent
gl ycerol dehydrB@EH%s ENogphagieanale dehydigtase;
bi opr oduct i@n df disruipted epdogehals gipKgers prgventing expression
contacting the k. [ [ f.. ims 1, 2, 3, 4 or
S with a suitab é?‘cgg‘% ggﬁg@l@sﬁ%ﬁaﬁaunder sui tabl e _
1%ondi ti ons.P)20 dismpiedentogersusyidirase pieyesiing exeression
EI- gglr IoI sgr alhg th%ﬁg@'\‘é*hmg??pgﬁgég‘ élyéciariol dehydrogenase.
gly - 3- Se, . ..
1Y cer o163 ABnaic4bS Herodiakin o horbpaapgiobeompising
dehgwittatthgetheed ctdlivsitain of Ctmlg?e r1, 2, 8, 4 A Sawitle @l duitsibleatdrbon
co . ogenous
phggél{)%g'leaﬁ% ﬁ%/?'ﬁ%@taﬁ%?%%g@%'phosphot ransferase system
20pr event i fhg ﬁa@m@ﬁmdmf Claimdy; whegeiRERe gf. oodisérain further
phosppligeyast erase system proteins;
(i) glycerol-3-phosphate dehydrogenase;
(ii) glycerol-3-phosphatase;
(i) dehydratase; and
25 (iv) dehydratase reactivation factor.
8. 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;
c) an up regulated endogenous glk gene encoding active
glucokinase;
d) adown regulated endogenous gapA gene encoding active
35 glyceraldehyde 3-phosphate dehydrogenase.
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30 b) an up regul ated endogenous gal P gene encodi ng
active gal actose-proton synporter; c) an up regul ated
werdagaisaas glk gene encodi ng active gl ucoki neSEUSZTI)3/831805

down regulated endogenous gapA gene encodi ng active

35 gl yceral at e deh dr.ogenase.
2004/ 033646 P ‘%J%%J@%‘?Sg‘? g P¥8”’“”9 expression
endogenous ar cAf geties eembmtesnpga’earpcesﬁokmotmm active

aerobic reg ' r ey i éijgﬁét(eelenﬁb Er%gkﬁ&g@ﬁelé‘?tcodmg active

regul at ed e dogen nco
phosphoenol pyr W@ﬁ@h@emcpjawwa@ecareomla% up regul ated

sendogenous gyt UEng.ﬂf‘?e Q'éﬁﬂo@éﬁb&@bt@@éhé ahadliAg active
adenosyltransfergag% 8% re ated yghD gene

encodi ng acti v&° Agiin a %’I‘t‘%}’ B%b?ﬁ%@é" €.i) a disrupted
endogenous mgséngmtmglﬂ@beaWh@gé@enddﬁ:ﬁggbﬁ@ﬁl@ﬁh@lf

active nethyi g ?‘gﬁ g%\r(‘réggase; J) a disrupted

endogenous acka«g nting the expression of

active acetiat e akdinapted endagenausupyed gangquerentingthe
odene preventin

10 phosphot rasacet%y %glﬁ@f@?ﬁ/qu &Lgfrt}fcfkg\’g}[ln gaséenous
al dA gene pﬁ)r 'ﬁﬂ’g’t@ gnd @Q‘Eﬂ%@s@ gene prevpsting the

al dehyde dehydmgmé@actwb @edatemmw endogenous
al dB gene Eéevenél the gﬂgr ession of active alg hyde

dehydr ogen PQ ‘tréod‘seﬁéaoa%’ﬁ%eée"ee&%fna
preventing expree(pmasmn gladivegitospbotrasageigigbeiconat e

dehydr atasgj o) asmoptéa*ewé%&%%ﬂ;@}r% @6‘@% p) a

prevent i ng ‘expr essi na
di srupt ed endoGXRERESIQ @f@%}é’ﬁe’ﬂ”ﬁﬁ’

of active N§PH=EB @d‘bn@b%{@rﬂf@' a/det@é#eogeveﬁmq thed

25 q) any one of the.nuc es for a YCO
construct SEQ PHPIRSSIYE %‘g @?d eG%e ydfege p8$

n) adisrupted endogenous edd gene preventing expression
20 of active phosphogluconate dehydratase;
o) adisrupted 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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