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one or more “overflow” pathways.

[0004] E. coli tend to secrete acetate when oxygen becomes scarce during high cell density
fermentations. The root cause is the need for the cell to dispose of electrons to an acceptor
other than O,. The proximate cause is intracellular accumulation of acetyl-CoA, a product of
glycolysis, which in the presence of O, is normally burned by the TCA cycle. However,
when O is low, the TCA cycle cannot metabolize acetyl-CoA efficiently, so it builds up in

the cell. Excess acetyl-CoA is converted to acetate which is excreted along with other
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[0020] Figure 12 shows the viable cell counts (Panel A) and media pH (Panel B) for
MG1655 sodA::csc grown on minimal MOPS media with 0.4% sucrose as the sole carbon
and energy source (gray diamonds) and MOPS media with 0.2% glucose and 0.4% sucrose
(black squares). The boxed area of the plots indicates the time that the culture was grown
under anaerobic conditions.

[0021] Figure 13 illustrates the replacement of native PTS promoters with the sod4 promoter.
[0022] Figure 14 illustrates the strategy for recombinant construction of PTS regulated by the

sodA promoter and the oligonucleotides that may be used for PCR amplification.
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product synthesis. The microorganism may be able to self-regulate metabolic flux under

varying oxygen levels and thus only consume substrate under conditions that allow efficient
product formation.
[0026] By regulating the rate of metabolism as a function of oxygen levels, there may be a

reduction in the production of acetate and other undesirable over flow metabolites. By
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[0029] Oxygen levels may regulate the metabolic flux of a carbon source in a microorganism.

The metabolism of a carbon source may be regulated at the importation of the carbon source.
For example, the expression of a protein involved in the importation of the carbon source

may be placed under the control of an oxygen-regulated promoter.
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by pBACviEEh @ tmaphospkaylaes a cmfbplmdrat@mgclﬁe EI/IjAasubm1: (in E. coli the

{
o RSB S EE D B3 PG A oo
mem®fahé ESSﬁcﬁzitedJﬁﬁ)ﬁkﬁ)r @iibuhnit @i thg ldadbbh}ﬂra&e(ﬁ)gﬁp@tl&)m mnternalize
and ;hgg;{hggiqt%ﬁqe 8?g1%z/1te sllga%. %helf oe%rz{llorlez?ctlbrrl] ccgnqrgrtsc l@éﬁg%ly{'u%ate while

transporting an exogenous sugar to an internal sugar-phosphate.

[0034] In E. coli, the genes encoding the common PTS elements, ptsH and ptsl are associated
on the chromosome with the crr gene. All three genes are transcribed from a set of promoters
found upstream of ptsH. In addition, an additional promoter or promoter pair within ptsl
produces a transcript that includes only p#sI. Expression of some of the promoters upstream

of ptsH increases under anaerobic conditions. Increased expression of these genes can result
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nmet abolismin many bacteria. Expression of one or nore
conponents of the PTS system may be under control of
\Nammnmyg&m regul at ed pronnter whi ch nmay r educkCT/bi82006/035200

d f fl
i 0 O Sl SRR 2 DAY B v

cogtﬁ’béaduka’;tbs priedeyit. (Iﬁcr@a’sycg@z[hsﬁﬁ?ﬁombf these goiies n&fyftlhe@&feﬂ&tplay arole in
parti.tionin of su trat % Hlgroduct formati

the RrpusHigfhef HEVERED et ¥ tabgli RSPV ET bef%%ﬂéﬂmlﬁ%as an

elecEInmncs¥té a0 6O TOAI S &8, iAcrBlRE I@ﬂﬁcsfsﬁ;h dY the PIB %Bihds @m’Mlﬂaﬁdbusly
the El proteln (encoded by ptsH) transfers th

incrgspsdpmupeciyeneanrigho shmbems ihsnaivene? EE5opiRed pjgnoters with
an oﬁ%g@fl 8l éﬁla@&ﬂﬁ@xﬁ&gr Y% IEEIﬁJi’[} PTS\@ﬁgﬁhuﬂtﬂ(etlh‘ Erpoxyien dependent

horyl ates a carbohydrate specific EII'A subunit
man(wrnthgs enswiing thitsonpumpbeofdhrsartion soureq iacenpdaddp thejpgesence of

C

R S T R L
the @Hrtb@hv;adnlah@ and/an@pmuon@@ npltivle qadbonsoweasanaybe capitplled. As
discRIOPR %b%gﬁe%&d%n&ﬁgy?&% 1ot 83rces gg;gexgge%ﬁé baph R
mlcmmglem trsefficigatty mﬂalmhlz@ thmermaﬂtngug arodp(hxos pﬁm\mnte[daﬂgzﬁ]ow

I nE. [i,...th S..encodi n nmon P
meishPlies oRagrubm B aERIG SRR R OB R b R R Ry
aronealtlbs @eived fréhlthd dhildmicgeid@sthang chn bridmitddindohsuamptian sEREP for
PTS Pr%pvters f ound upstream of ptsH. In addition, an
gﬁ@ A9SHET U3P®Bt er or pronoter pair within ptsl
produceg a Em@ﬂﬁ@rlpt t hat |ncludes onlyptsl

ressi on sonme of t stream
(0035 S G a5 ahah S SHPE: Ao b uie AR B QYerose oo

dlsa&?ﬁ@ﬂi&so? IgRidofRfand RA&Escd BNQTerG8 Be i@RBbIized @ucradé,mdy%ftrahsported
upt ake and_activation via any of th

|
into ﬁrr«'gellé fad rbsabiata e BRnesacchaifieraits ety glV@Sep%r@sfewfose fay then

entet %l‘}cfo@ﬁfseag ghulci %ﬂo@ﬁﬂa@é’hn@ffruéthfes@ pERpRE. My therefore
ay arole int roducti on of unwanted over-fl ow

[003ﬁbﬁatymbplt @snw@pfgeesra% insludineimasbetwins 9T Fi gt 31a gnabde tagrow on
sucrgéeeﬁowg%ras%ﬁ‘%mrﬁﬁs fRE a%@& S;Qén ?%@ Llﬁ)ws'tﬁ@ﬁ}ﬁzﬁé'aﬂgmetabollsm of
expressi on o enes sinul taneousl’y I ncreases
sucredfe@s dwpeleicarpos surasy @a'?h gepe sHistsms Raodiohnigereple mazbe gdded to a
s BEEREIPAEY PN et Lol e
cdiemmdma bfﬁnammoqrgzmm oemsylb¢ argled toethe mismeugamisioen pplasmid.
One 8§(§51§geaorf l?lgn egxgsﬁatrdr I%lhe;nqgf)g)ofgémgxg nliag/ebfa %[a%écﬁﬂfflgr tﬁg control of an
oxygeheemhita] bmotee 1ofs atvp k:ent&fﬁﬁaisdlﬂlh‘egme Bystetils eallo:\eing nptakeeand
vai l api ] ity and/or ut|I|z Fely f.multiple.carbon
metdby . B0t HET s ey s Bt Bt oBBHE™ Dot ke
[003aNT. S ChieMaNdsO6)3 65,728 a0 6/85 5914, Gafth @&rinceﬁqmeﬂ lidhgin by
capacity of the microorg ﬁnlsn1to efficien

teferseatisPiEe TEPEIA R USRI ST PHARRIFLRAIE EXSIH! fXRfﬂWa?ﬁfled

metd%ﬁsfm bt QuroBethalRIhitBle uddf adest bdMe sdidGarbinadinet.l Die Bfcoli
npounds directly derived from PEP, such as aromatics

OlSa élr7| sueeserm@hboﬂlhe mdleiinghewa én Bt hias cscB ganegEofuchi t ed
trandP¥rtS QRO th AR fi akeFicd 88des for sucrose hydrolase (invertase), which splits

the disaccharide sucrose into fructose and glucose. Gene cscK, codes for fructokinase the

first enzyme of glycolytic metabolism of fructose. The cscK gene shows high similarity to
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PTS nedi ated sugar transport. 1) Sucrose [0035]
Sucrose may al so be used as a carbon source for the
\Nmtmnmmngmnisnl Sucrose is a disaccharide of gPﬂUUSBmwmﬁmm

oo 0B RSl R SR S SR o

K—1mnﬁﬁaﬁﬁﬂahk/&%sélﬁﬂdtsﬁcroﬁlhhm@sbl eabitican®hd ¢suR gﬁ‘&@rmyt isa

repretﬁqho(ae gltag(g)té\ter%ls %}L%g%llﬁétsolgts e%@r@% 8? ﬁl%aia 2)5&?)%%@9 ?1} r%la%on to sucrose
avail iy beRR I8 e prétfdtbts thtcdrOthe fcl-8bMFaily &f refi@dsbs prateRis.
unabl & to grow on sucrose. However, sonme strains have

a glemRyshskmdthebradigns the upt ake and metabol i sm of
sucrose as the sole carbon source. Such gene systemns,

[0039 MB@bJlic IS HohFthe Bdrbor BaMrch thai el ﬁé%ula@:d%y Rkifig 6:0/eB@EUnsitive
to all ow the use of sucrose as a carbon saource. The

promgispeeperiye kieked feEPne GN9HBEOR? BTBYE 6 s Pries involved m
meta%lfsﬁp&ﬂﬂaaéafb%msoﬁﬁe Y rént A 8 chnkyestd? %rdi‘ﬁd%ér@ﬂh&%@ hetHvAedin
[asmd. One or nore of the genes added to the

the pmsmce of earaersare meoynoass Yithin dhe qip EReToR i sERTIPHE diggRutasy

I
od YRR SAS SR OB e b SRSt e v
type 8l Aeeddchrdmrondurgesisshyvmindieuse2.added to the

05 QS0 o7 B e, B2
mdudaerxpmssium : | prc&qanmm‘aﬂlaMmﬁ&abehmpf the mrbwwpm@ twhgenmnmlzmg
prodb%ll?)t ef'l Qvef E%wu ?}% gal%glfxt%sn gr o%:"etr B §rod {]% r%gpogﬁaetm]ieho%tthe promoter :

Sucrose car bon sour
may B& ﬁlCEased b} blaGihp Cytbplasnic msabolltrairaﬂemls usdar thectohteol bSths hxmen

1.n The cs B ene duct transports.su rose
sensifife propRE YElP PORREODEAC B U By rebERROEo bR be
constitufively é@ﬁe@éed onpiacdt Lﬁﬂbﬂ doﬁtrélhﬁ ddfeﬁa’llcplbﬁzbted eTmspeamseewhmh

into fructose and cose. Cene, csckK,
metapplisay is kg H%eéémflﬂéhfm ﬁiﬂg SRYEFTHEORSHLIGS Ay 91“}%%??3@& BRSTSRS e
the tlﬁ'fxoxfe'f khed dﬁl@'b mdthisdlie %ﬁd&lﬂ@ &r 5}&%@6 BipEteif invblvad inttie t OQX h

[ p~seEii,iansl;ihp 'i)e redundant to . th
metabqalwm @;Jéﬂxféa@pn EOUTEGINRY be e_z@reswév%@éwn PEOte1p gfith uRigyiing 511? s

1nve1m?)¥1 alsBSHfcoh P QEL lﬁl%l%lcatﬁﬂi SHGRRERoMY LR ASSyR& leMilitb®Sromoter
he cscR gene pro uct is a repressor that controls

oper?éwplyé@kwﬁ adptefgleEoyeras ne&norrnﬁllycmé?r qantrelof AR PRYERN sensitive
me{§£at|on to sucrose availability by binding to the
pronoters, typical of the lacl-galR famly of

r epr eSswih Iyl ei ns. b. Oxygen- Regul at ed Pronoter
[d%S%? MLJEL ic flux fromthe carbon source may be

[0046 P BHY Iﬁtn%gr%%ﬁsﬁ’l $th Y Gha PXHTRPrVRA Blotwitly Rtd A IR SHSin the presence
operative Tinked"to a gene encodi ng one or nore of the

of anmbundaneesofiageidby satrden Vieanagoyt ndiqeid ngdiung afr%ﬁm@é{m:% to
the nﬁﬁpﬁlﬁﬁ E)%gﬁéd ¥, oﬁ&%ﬁ%o%%f 9fa 01?519 MR ﬁlﬁ%t@ﬁﬁm may have a

presence gen are pronn ers
growih take inclediag, bytmo@bm[tgrhtoagndatguparaﬂmu@é‘ydioghmtég@ﬁ as compared

to the parent of the microorganism. The microorganism may be grown in medium

comprising a carbon source at a w/v of at least about 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%,
0.7%, 0.8%, 0.9%, 1%, 1.5, 2%, 2.5, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%,
8%, 8.5%, 9%, 9.5% or 10%. At such conditions, the microorganism may have a growth rate



(sodA), which encodes an enzyne that protects the cel
agai nst oxi dative damage. The wild type KI 2 sodA
\V@hmnmmyamal region is shown in Figure 2. [003B¢T/B$2006/035200

ng NSdo r t ffdogi o
s R Ak T A
95%,tlloa%, 20390W10%} Eil30d, Ilz(v%o]f25Vd1é3Q%,r1I66% 905, déS%h]ﬂO% 155%,
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2900 238 07 Ao 14T B G B Dot 0V, S 350%,

3559%, 55 RIEDS 3R, %?Bgtﬁ% IEBY,, DL, BOSY] drabO% ek }éompared toa
éxpressed or placed under control of different

Wﬂmmﬂ@mmp@g§n$he speed at which netabolismis reduced
under di m ni shing oxygen conditions may be increased
byd.i NMetahwlic fipxt he turnover rate of the nmetabolic

proteins. For exanple, a protein involved int
[004 HeFheiraibtogreapismminey hewg Boroved fetbolicimyih e@%&%&@&? pgesence

of ang alﬁﬁﬁﬁﬂceod'fqtcgfb(in ufdd. Wl’léﬁ%&h{‘m 11531 thedU@NEdnPisihle FOm 0% to

npasses nucl el c aci d constructs conprising an
the nmxygem tqleegtgdi %t aotlceptratinmal p carpen spuropethy mlqr?méean%may have a

metaggl S lgcqu‘iﬁ%, 9ot ﬁr‘ﬂtemr ﬂaln layod‘t' @%QCB alR0dGR bf @F c@Bon -
gen ‘'sensitive pronot G owth Rates [0040] The

sourmbemg@lurg@teﬂ @nhmrmmedm .Anqsnraweay hgvonmetabelicelugipg gbout

0, Q & 0, 0, b
154 2 Wl T S T LA e o & et P e R ot

90%1 0 t he nEX|nun1toIerated % concentration of a carbon
ource t m. croqr
roosf ity St b ARE R Plal e e oR ol S o8 fatay,
depeh@ @Qﬁ&ielaﬁ@@%te’ﬁ%ﬁ the rft]ilﬁ/raﬁﬂeidbloh el lpmrmrbacubni Hie flux may
m croorg sm. The ni an
cofer o e i BLTBPEIP Apeam P B et e g S O e spmpte
size. qlﬁ@ kﬂeta@oﬁc/ﬁluﬂhl%(@{gh me%%gleﬂnék%oh@ coersibnGidy 18 .déRymifeBising

9%, 1% 25 3% 4 % 5% %
mettgiglogesportn im0 Svisgog, G dmdb8 5198, B s o i
are lﬁ&ﬂﬂﬁétéc%%em by R FdFb1E OPHGRR %ﬁﬂéﬂé&ldn Fia hdanRaaWiEST its

ratefgr ri;, t1hian |l about

0% 45%
de’cfnga(g)r;@‘aogg)sn,groo/;?;g;lo,figl‘l g;%ig%n;p}aa@qy I\@Mol@g,o}g Pg%‘%? é@%lenﬁ_é'eg/g' mp.
A 2R9 0
43‘1%5%% (11%53% 0% 2l e a%‘z%oébh%gg% SR 6%389//(19123%5?1
Newdlghog, E200.%nd Sabok ., fagdgtion 175112;@21@% 012@50% a@%@gl ¥35%

o
e P Do Bs oS00 A0t S0 o1 ok "0t 325%
330%, it 3400 3450 350% 3550 360% 365% 370%

1C1

375% 00 3859@ 390% 395% or 400% as conpared to a
[0049?’&“1?%9:&00@&191{5919 LBAE pRRnt invention may be able to produce end metabolites

or other products of interest at higher rates. When grown in liquid medium comprising from

0% to the maximum tolerated % concentration of a carbon source, the microorganism may
produce end metabolites or other products of interest from about 0.001 g/L to about 100 g/L

of the carbon source being directed to the desired products. A strain may have a metabolic



d. Metabolic Flux [0041] The m croorgani sm my have
i nproved netabolic flux when grown in the presence of
wa@nrooalsitdance of a carbon source. When grown i PCT/U§2006/035200

o (b TSEOTRE LN oS 01 Ofod shE00Rmsh T Bo B dsotbor

on’ gourte, foor an
80%.may have a netabolic flux includi.ng, but not I | m t ed
to, fromabout 5% to about 90% of the carbon source
befi NRattiof @eéadtib® t he desired products. A strain may
have a netabolic flux of about 15% 20% 25% 30%

004@519(051664}wﬁ)the4aﬁﬁhty 50%ntr&I566 ﬂlﬁﬂ?ﬁl;me(ﬁeﬂ%%isrﬂ GB6 mibﬁ%rgaﬁﬁ% m$5%
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of effi@lbiy iof @arﬁcﬁlﬁl_sﬁﬁrc@ﬁtﬂﬁiaﬁorf Orhaatraing efahd pxefenamlemew g groduce

reactions e er fothe rate e
the epdmetabrlitett 1‘?91%”8113"% E ut oyt ﬂx?@Pw% ?3.&& 3{)1d
g/L, wge Q) §LZ6d gL IR gmt%tyxi I9o gfL Wxd 16U gugh any SI ngl e

bol 7 ¢’ conver si on %% det erm ned usi
[004 HeThecristontgpaiam dy Prodyesfing ﬁ%ﬁ@a hilg aéﬁtfatwlud@gmn%tﬂ

11m1tﬁtﬂ‘3 Q'léélgabgt%@ 50 NE/E B %VL/ﬁr 200 ymcrhl 85 g/LV}ﬁCmegLM ed

reference.” Further 97i5 dance on

175 gm0 §ibihe 185 glbthAra0rEh oA D 1 B 505 Gad, 125 BL/hr
3.50 g{/ﬁ?ﬁpi 95 g@%@%&s S5/ 4 SO%VL/HJ 4775 @L@l‘frhﬁﬂ‘S @%L/hr

Newis hol
[00463 Timhmmoo@@msm Syayprodage e elld[l@etell@?eai)t a tatp Qf q%ﬁémm |ofearben -

-1R a 1
s i BB o AL R0 G2, 0. 250 T
30% 5 %D %h4 5%, éOané@%péﬂ%;tﬁé% Aefoednd B%.r ef erence. e .
Producti on [0043] The m croorgani sns of the present

3. Prodwestbf hrteresty b e able to produce end netabolites or
er _products o i nt rest at . )
o0« G BB bR e e B s bR Bl s of
efficieBoyi imuediaovitr ataban®meafeembo@sduor. The prodaat bﬁimm@tlpwéuced
the m craqor sm ma uce bol i t.es, .or.

by th ARG EERR TR bE pReT Tt Ff A Srtiiers S ik b By ish

chen@éallsd %mbraelds;atthmms SOECRES, blﬁﬂeri@acﬁidst ach edDNg,, faing acids |groe\dh
0 0, 0,

factossg)gﬁo%a%tg%l g\@g}%ﬂr {Ea % /{ al\ég(%‘o grgylsrle 35 4 Fgoéoductéh{lqt is

natutgﬂﬁﬁr'éﬁﬁde@ B%l fHe Qﬁléﬂoofgﬁmﬁh e%@}ﬁro&m ofiftekdst May flscCle dodtnatural
| ux o

met abolism the mcr i roduce
prod%pt \ﬂw js@raruesd a5 daeati o BerpREo S sasrorids ﬁffeg]ég&%flp Igoorgamsm.
[004y]af He%ird(du@{ ofiRALRFmA W itfacHAldrBbAIaH B8 nibroBiightisth eThey
carbon source utilization. The strains of the

prodlggt eSiatprest Meewlse bsepiglpd e the Pariplasm of the microorganism. The

periplasm may be beneficial for protein production, because: (i) recombinant human protein
may be produced with the correct amino terminus, whereas those produced in the cytoplasm
may begin with an additional methionine not present in the natural protein; (ii) many proteins
may fold correctly in the periplasmic space (iii) the correct disulfide bonds may be formed in
the periplasm; (iv) the periplasmic space may contain much less and far fewer proteins than
the cytoplasm, simplifying purification (v) there may be fewer proteases than in the
cytoplasm, which may reduce protein digestion and loss; and (vi) expressed proteins may be

readily released with other periplasmic proteins by specifically disrupting the outer
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the end netabolite at least to |evels including, but
not limted to, about 10 g/L, 20 g/L, 30 g/L, 40 g/L,
w®a000g/oke796€0 g/ L, 70 g/L, 80 g/L, 90 g/L, and 1POT/y51006/035200

0045], The anls
mem%@{m k@sltaiz;galgx]{ éﬁ*gp? g%éﬂ?rﬁ& ant gyt&g%?lﬁ %)EO?elln%mq}j Broduct of
1nter£s@ﬁ1§$' alB® Bléxcibiddbydhd delliinto ‘ﬁle}ﬁed@/ L/hr, 1.00 g/L/hr,
1.25 g/L/hr, 1.50 g/L/hr, 1.75 g/L/hr 2.00 g/L/hr,

4. F%r,géﬂtg{lé,{ hr, 2.50 g/L/hr, 2.75 g/L/hr, 3.00 g/L/hr,

g/ L/h 3.50 g/ L/
o0 B St g Rt proiuefe)de%f%fph s e Saion,
whei@/te/ difire 1 QRA8hmIiR offihe Eﬁﬁélﬂ@ﬁtcs Map By a@fe@ dixbebédutnigy e the

netabolite at a rate of eff b
Fermepitiang Al BHAHRGINGARS ARt oF GO TRENFALS 4 Blior afbon Ete

cons@x@@% tg i a:lzm@olh#gc@ oxgge@ thg §ﬁ@1ns?r9 al%%@uséﬂ%?rdﬂﬁ% deadd

% 65% 3. Product of Interest
prodf@ined teteh fnnmn@@mg?a r’ﬁhs ﬁqeﬁ@g rafeof feerrhas SBRIGRITER Py

amott g? %Ct'i'natQ{]h&l-Wﬁ%u% 84 thdhnaly Hlatbﬁi/a%‘éd% ofden®ition ‘B'uﬁ@ %Yeférﬁbly the

undance o car bon source.
minipuodueunoeqiiret ér msltntapr waivelereythrdie Hestains g’éﬁ F‘l??rﬁ%i?d to

prod?cree nfe?lgeg%trr%dfﬂg{s ) contngl]mél sBf ‘%ﬂé‘iﬁ&s‘?‘a’t’? rgg&{leg gf fégmerﬁéﬂon NQhich may

em-¢ am no aci tam ns,
allove ahithancs of abigh@idiivbei ®, such as DNA fatty acids,

[OOS&L’@ m%?lggqa?&}ag%%l m tr Otrugela({] By Feﬁn%ﬂtaﬁmg B gésé%t ift ? ﬁ%?ﬁ{tig Qf natural

medingi c}d)haiﬂnyg flcaswae darbgn SOhme a‘nd:zrt destopan mﬂwgeanmgrcp tlmti mey be
eres

.. Of i
utlhzﬁfl & [t}@esaralg y g(n%/ug §l§ ftf pc&ses n% 8?"?&%{}? g noelg tié}ﬂv%?rgg)tagg Saé
apprbﬁhafteh Shofa61cQalsy prdivENactbAQ4d8the The product of interest

e intracel [ ul ar | ocat ed th
10057 g etamstesioh P B PG SIS e Ge BT R REES e
amnid@al ﬁl:lﬁ 'ﬁ% efnlohia gl £1dQQh@aNaEMbnid;AghnR@iin bads of magatie or
beneficial for protei rggr oducti on, because:

organic GEIHISHAIRS awmawnpcrhéq FIRSPIER PRISBRlR: é’an\mlé‘lﬂ'? jffate and
amnﬁ)ﬂfu ?fctstaﬁnbr{%tﬁe? hiRoBMScontBhEABsthReS SncRidaftueesb Adids! ﬁheat

cytoplasm may begin with an addi ti onal methio e
extrast, pspione, rmlas% cam &ﬁealllqwdiaéfilmhydm Y%atwye%{z‘“eﬂ °

andge%tdex&ggrect ly in the periplasnmic space (iii) the
ect disul fide bonds nay be forned in the

[Oosp]e&prm asinp agidvreseheingiziduglyas mieimshaliemadiy may petdheititizeth
well bPI a(ftqi]adasfc%ﬁ)oxt Solfdes. pﬁ&%‘%bé’&ﬁ‘) Bhﬁi&te‘hhﬁ cﬁﬂfér?ﬁxl tﬁ@imblllty to utilize

Url I cat1on ere nay f ewer
eacln’raﬂirzé aABW® Etchia rAhino adids tbgfctacqmoagnwed\mdmﬁmﬁy mep Hepiglized well

in thg Pssenc el n ?]tge81 éno ac1c{]a1 ﬁ()l' 1%§t§ ce% y%bh %%‘&{lag %%Qx%on source only

eas
if gljsifid, lbluaﬁﬂ'llible{m‘:mé emhmhbyars }pmsenit [ Inaichynedlas sugpes syytheieamino

scid G e g e g B LS SRRy R e e
amihdHeRis! B&in¥PstoBne, flyciligabfukia) th@Bnine, glutamate and alanine may be

completely removed from a mix of the 16 amino acids present in casamino acids, a popular

media constituent, while the others are utilized more slowly and incompletely. Similar
results are obtained in tryptone broth. If it is desirable to re-utilize amino acids accumulated

as end metabolites, then the amino acid may be preferably serine, proline, glycine, aspartate,
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[ 0049] The m croorgani sm may be used to produce
desired products in batch fernentations, where the
wendo7nsopequi red anmount of the carbon source nPgT/D82006/035200

e RSB kPP ST e i i

needb@iol sﬁmura&ntm@e SOU RGOS Mie metitnd mia i els@v@itdimdb ploteiny

of oxygen, the strains may al so be use
hydrofysts @%u@rlmaog lipnited! fy tfﬁéf"&ﬁﬁ FREATHEN ?%‘?SI aaﬁ §§y ‘*P%é‘ﬁysates
[0053 EEEH HekehitdhRnQbn il Sl OaPedty MhERatedly e faldy it limitik
t'o that which produces the maxi mumtol erated
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required to maintain maxi mal growth rate. The strains
may al so be used to presgungrdeai red products in
conti nuous or "chenostat" nodes of fernentation, which
may al | owoRgai-Reansted ShcrdsdUplaké aild Métdbolism at e.
[ 0050] The m croorgani sm may be used for fernentation
[0054T Aee&s&&ambblﬁn&)(mﬁ)eﬁmm ofYE. cvdit Krl 2 wasrpoitueed bxorﬁphucmg g

t b
nativg o €8t NER ey oRe RIS RN St At oy MR PRE o
Figutd 3 TREBRSSehgrelivhgttlion smnoﬂgaiaaamlﬁgmmmm(m Yol by

ri ate |nor ILc salts factors
inverie Aok PSR 16t T Qe R e BPe gt PG Peceuse
the p%rﬁdt&g@ﬁraﬁﬁ WG RSwAsTEIAEE by Elétpréth Gervdtl régluIEkdryE eletnérits of the
mmoni a, |nclud|ngﬁannon|a as and ﬁgueou nla

sodAag?ﬁ%nlit shpuidhemotegrthat the samiceuld alsg havebeen prg 1&% Lhuh esek,

smc@tmm&ivﬁ?bﬂﬂle 9&1leGRoduBi TERALAI P A5 BAthe fruﬁ FeR YW eoli K-12. -
fate and ammoni um acetate; and oth

The siyain eydtnliodisvabesnmepdaeaddydnfeesucing %IS%PWQ“%%OHW Hofyg ona
plastiRir 1R E]E %@ﬁm&%&%ﬁﬁol@ L agRe%e p rSﬁiBfér %ﬁc@leaﬁ sédguor,

casei n sate, soybean cake hydr ol ysat e and yeast

[0056KPaags ] (POGELP (R mesreadrwigoeciie sl odesek phtiop daariagle
22 I%B;% g@er | %ﬁlla )’é‘aﬁ-ge Bk APy RAL Cf%e&AéGég@kaﬂchbﬁGcmc

on sour ces. specl es of bacterium
AA%TG@A@CAETGTQGCWTGGQTTMTGAQ@T@AAWTEAA@@AM ~Q

ID Ng 19 Whﬁ‘%]t (“9]9 %Ve% F%Rwﬁ?ﬁ e $Qa df ﬁ1le c.szcﬁdgehg]ﬂ'id\rﬁbgﬁ%k l(t_)ﬁé 5

e presence of
end dfcthd:i&pK fger(e mcﬂsdlaglthe ribesoipdiming dite (RIB&)dfegsn of thaesoigene. The

Iy
s a0 o PRI IR LERU SR A AL bR
CAH@TdTmmmemzaAGamcaei (GEQWN@eZ)uWhlbh hasch0-bp of the 3’
refere tlall%é%pd consuned

t
end Sifonge s Pl RGBT eon e A DhpLe o rpdgh a1
angfs@t@Hatveramlgabcawaﬂ@hwc,bel LrsyFgteldy) fremol 6THHT rzemansic

DN siRGdPRr LB Laent SR A HAFREREBR o on

ATA@TdGKGﬂTGRA@A&F@AMCM@“CWWM@@Ey(SE@ 10 Ner 4) ®hidh hss
are obtained in tryptone broth. If it is desirable to

50-bp ef the ispd4mEompichiaaece e dmg tha BB (The sequence for P3 is:
5-TTAACCCAGTAGCCAGAGTG-3’ (SEQ ID NO: 3), which matches the 3’ end sequence

of the cscA gene.
[0056] In the first round of PCR to amplify csc4 or cseKB, a 50 il PCR reaction was carried
out in a tube containing 100 ng O157:H7 genomic DNA, 50 pmol of each primer, 0.2 mM
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as end netabolites, then the am no acid may be
preferably serine, proline, glycine, aspartate,ie .ili
W(I)29'07M3079(e a n d the nedi um may contai n the apPdTr/UBmINGH35200

dNTﬂEg@Bpii g,éeﬁ:ﬁd ne ded %1;@? ;lre ai¢. arrrlﬁhftcs usgle reiacgor{l wenk% %rough 1
cycle"bY(ﬂ mgth ¥SBE, zmbuﬁlbﬂgmm;ftdemtndgmMTem ¢ of aytphlines

. asam no aci ds and soy S

55°Crg i S FUERR HaA Gash A %ﬂ% 3@@&9 é"qﬂ}s thalifs, &gr

escKB Ql%pﬁ@ah@ﬂ“tﬁb&ez[b@lﬁn e tﬁﬂoﬁ\%x 0¥ el o5 BlingFaXAbRlefexdept the

?R!’ir*] Regul at ed Sucr ose Uptake and Metabolism [0054]

anﬂefﬂéng nssdure 3eahdC zi ng (SuC+) strain of E coli K-12

[005 ﬁ tHR0CHAE §6linR Yo r fe@&hﬁiﬁéﬂ% QCkr}@acﬂ@ﬁs' M?eq%@l%l&edﬁ%um dffescd
he sucrose netabolism nodul'e of E. coli OL57: as

and csdiRprodurtsFiveye méixed as Eiwlagesrie s S\l reaqtion conirigag 59 P@ﬁl of each

i L PP 20 B R 6 E ab e or

min & 968%C, 5 Epelescxsde sqecrfelemamngmt 9$°€d 3(bsﬂca>lﬁ smetlitg at 65°C; and 7.5

T A M A
72°Cnal e dindlivatle bh &) min exichsiooal 12°@l The ﬂ@aﬂtanlhmmimcwudh@eqbected

t.h CcSC since the activity of the gene product
Slze"\flgléﬂgb(&j Zr)to that of thefruK gene of E. coli K-12.

[005 8] e FédotibihaGORTE T prdllscds memeb Gﬁﬂhp pf sxdd e ekgiynce, cscd, cscK

i nt roduci ng t he sucrose sm nod
escB.gnd 5 b of the 3 g@’r‘i‘éﬁ%“eﬂ?&Pé‘F’ ﬂ&ﬁﬂw&t g@ﬁ%?%ﬂécﬂfﬁ Specsn
from @’1‘9‘7@17%% p?dé@churﬂ%r SREH of| &&Q@@J B #3kob bEME 1653, o pll’()duc%
ot h cscK_and cscB ?

esi gned to anplif
MGlgﬁwdé -cp¢. 2%@% @reéu%w‘@fapén%aé and ¥ TatslrslRRazatiag ot By
(PR A . 4 1655 cells cannot grow on
sodd %43 mr%t&?'\GCACTCTdGCT@%% %%%%ALT@&ATTTAAMA?S :
M9 n@E@ ¢aptaidng 1% sucipsecs theselesarbon pryresy s shayn i Kigue je he
transﬁ)?rqi:{?éellg @&tﬁﬁ@ggg%pce ?le RRvQk:, HBR aBie 6 Qﬁimpcfn thg' @ame
cscK gene 1 nc ri bosome binding site (R
medmmglfte:nz diys ah¥9°C &cme gmce Fhenpgalind e g/ wl fild C@@eﬂﬁatlon) as
h g@@@% CATCAATTGAAACGCTGTTTTATTTTTATCGGAT
5 °Wéﬁﬁ ATATTGCTGAAGGTACAG S' (SEQ ID NO 2), which
has 50-bp of the 3' end sequence after the sodA
term nator regi on and BEAMPI 2t he 3' end of the cscB
gene. Prinmers 3 and 4 were designed to anplify cscA
(1.4 kb) (Fi géihegaaReguiaged EnavseMe@beolim c DNA. The
sequence for P4 i S: )
[0059) InverEsemraCo Syl whichewgrpsgaetabolism must flow. As a

TR A RIS (B A

1mportamtlm| @hhmjutgraeramglutm @é@m@m &n fagt, tp3atp f its degradation can be

speec?ed fed up 1 1 %@%ﬁ%ﬁ%@é@ other5eenl dbd¥iatids. B’Wz‘oﬁ@as’c levels of

cseB are is unlikely to be quickly regulated since the symporter is a membrane protein. Asa

result, we produced the Suc’ strain shown in Figure 6. The construct provides a separate
operon for independently controlling the sucrose symporter cscB using a lac promoter. As

before, the fructokinase gene (cscK) may be superfluous.
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of the cscA gene. [0056] In the first round of PCR to
anplify cscA or cscKB, a 50 nl PCR reacti on was
wa@aswiosetoout in a tube containing 100 ng OL57: PT/US2006/035200

o B B sl BRI TR B R g

DNAL Reweds@hefamt phiiner ddscieCin BEnpyec]. eBheabqubngenfooPs is:

Curi ; - :
5. cRRIALEE BIGAR ST PER O AT s
CCCWG-’I@g&@NGAGtTGEﬁ@SEﬁthth &).CltéRhaagli gfehe:iaﬂ'gﬁi{ed biy 56-bp to-f
reacti on wen rou e sane c n s abqve exce
5’ and R seqnensst g4 @ﬁﬁ%?%fﬁf@@aggﬁ’g%&g[ @83% W4T S?Sr%“"&( o
ampl§t§ SR sEROMUCLs B in'dB6 g\fé’@é (2R RERBulega): t THRREqueddd fBEKIAS:
nol ar anount of cscA and cscKB ﬁ?[]Odth s were. m X%dgﬁss
5-GTAAPTEAGATRAATEBAMCGGRE ] GFEENS! Bk HYcB&nThiE? g
regioﬁ%g heRbd R Bine. @h@seﬁﬁén@@%?@?» ?sn g’—@FﬁTNﬁ?WTH@A@@G

reactton went "t hrough cycle o mn at 95C, 5
T-3 (SR B3 No¥. 7R0vhichichas 20-biepicthe? | 9 ohthe 9818, 2e89) sec of
g e )| . A rb
006335y GRS LB B oK FOR B0 o
in a teld @mginng K0 NgX0IG7 aaubnzic DNAa IS0 pyel ef egth drimeri h2 mM dNTPs

s L9185 TSR0 LA E g 50 25 s

of 1 mecadbhavarittg TR i H shealf snrealnigait AF; B bpindxtasidnat/2® C,

S ence, cA cscK ¢B, and 50 bp of the 3' end
thenﬁgia%jé’ﬁ‘glgogf(?lé’fﬂ?xgeé151§%at;ﬁt<grrri nator. Thus, the cscAKB
[006 D] u hidrolieis Of thé .ckdK Byasduot wasadoned dles a pORBlait vedtott he

.sod r ter of MGEL65 t r oduce 655, sodA..csc.
(i np R Pethl e s R ABUGAd Rreg  Bpoet tnabiife
contBl SCniARRIbE {’@Bp@?oﬁe&&l‘é@ﬂﬁkb Pg%émﬁtmﬁﬁtoﬁ/ﬂgrﬁﬁwas

“cont ai ni ng pl.asni 6. cells nat. gr ow on
excity BB P EOA DR HiT BLEEUioE 8t Sl avaisd Eisveg by Lhis Hent Was

sub-GHEGRo (RS S LIipTWEB Giklieh atainkRE alt kidd) STHRMER Glaeiid, Bamed
contai ni ng the cscAKB operon, however, wer apre to .
PFD i thsn digeated with Ned cand thedpiger fragmegizecoypred gties gelpyriigation.

- G iRME Pldelds i A QRinif Whs Hiakd GORE&RE HRDTON)
Thlsg‘rggléﬁ’g%%nua%m%mﬁflealcsa EXAMPLE 2 e o ot o
Plasigids pBa'e ankn ]RSO vears $eatomsiormegliatorapsedd kpyy mydant gEMG1655 or

t oGt SRS W 1akdr @Y.
B e LA R
descrordgkéwouslya The pKB#H plasraidpyas irdioducett ek tp shej quprdrhogtder i n
aghieving a rapid shutdown of function. In fact, the
recorPa’tn%t?oélf its degradation can be speeded up if necessary
[006 DY TheRERIptoluct bAgRAanatdevévh was theh used dé franstrindlsnevdpst to

enabfeorggorm%%tla‘tioll.eﬂlee ltr%ns%rmed cells were plated on M9 medium containing 1%

sucrose as a sole carbon source. Transformants able to grow on the medium have a Suc+

phenotype.
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cscB are is unlikely to be quickly regulated since the
synporter is a nenbrane protein. As a result, we
w@er@doswdo t he Suc+ strain shown in Figure 6. TP€T/US2006/035200

construct provides a s peron for independentl
- control li ng the sucros’gﬁmfer cscB using a | ac d
for th fru
Conﬁ)éo?gggléqrﬁ glg en— Jﬁ%%? f %nélscg\xk%ﬁﬂgyake
kb) froml@f‘s ﬂ\&“cr?’ge s RS Y e primer

B 1@@%&@%&%@%

SRS e SPTE: Red sE Be ol R 2D %?gfgn B
015AB3 6 8d sbd Lol Thiy meob ofcmtfolandy heShzd&nosm effeivpirece

regul(gtmgyppgq (Figure 7a) The sa g}uefnxg%@(f%e KS i Sirol%fg%ctlon
s thd 1BGd1 YERSeriBE t}BEB%ttfeﬁéBk%ﬁzﬁnJ Thd\&cR g&k 1@6ﬁﬁnat3'chﬁom this

sequence f of B3 is: 5 -CTATATTGCT
schetngchighepydts I%OHS%W‘@HI&‘H@@“%S‘BEPS%? %ﬁ%‘nﬁsw&“&eﬁ %’Phe
befofésﬁ‘lgsrgﬁigéne {nggéi%l']er Mol iy 2kdd @doRbined B s8hd vittyeses 85°A

or cscKB. A 50-m P reaction was carried out in a
showniih gyt ai ni ng 100 n g 0157 genonic DNA, 50 pnol o f
[0065@?&111&5 LU 5 YFE e%eée]%MdQMrEﬁlfﬁ BQA%l 2 ki?j i?ém B 57 genomlc DNA. P4

f ase. tion went throu cycl 1 mn
and Bt w@B Gpscibedl in Jﬁmrelsle of Thusthewcsed gens ﬁsafl?%ﬂ(%by %R'bl%@ agd;3’

sequenctesn(())f sha ?E%H 15}91( d5$§w81% %lﬁlem&nﬂfﬁ Bsth Q&I@ndzchQn

m n-ext ensi on at
one 151@@62’-]2 KFBOllJl?he mqmendelfblel?rgKﬁ)fs P heAGAGKE TEWTﬁh@ATTTTG

TG-? (gﬁ@ th[\fBO %%, rwé‘gcf(ﬁgncgg%gtﬂ}evﬁ "i}e%gongdt&\é%éﬁ u C%‘s@{( g(sa&e e

sequpdod EaBumdiale dahe a@dm:nbﬂd bofoke. an | nduc:| bI e Plac

noter. The 2.7- /ac-c
rooshHECR v cmed e itk pali B4 MBReR R AL PR |
reactgcﬁl! wadhirikd 6@% ik Finfhe rc@ntzlmng 1000 I7agRBAlc DA, 30Uma bb et
into the Smal site of ‘/pJV\23 which cont ai ns

primgs, @ mMd TRe andh?-aShafd ) polReassFBAS f%‘é’nt"f?é‘ﬁth&f“é@ ge of 1

rain Y dSktf‘ Nat| brclesa(ﬁq ﬁlﬁ%f 'dél{aﬁﬁﬁlg bt %g@ﬂmseé scamedag apfres argel
puriticatlon ragnent, Cont al ni n%gt he

min @itersionst KB-G, éheﬁmft%’c cyglesf PR N GHANSAN i/ Jener at e pFD?.
[006?LﬁWgﬂ£1@%f ﬁi%@s&?l}!)@ %%rm%ﬁw&s%ﬁnwﬁ% Q{J(‘jﬁﬁklhrﬂtv@ct&

mut ant or NMDS42 hout pKD46) t
(Invitrogewau bl ceeampm ahe ewPrd!%hB ﬁpgtm WaﬁPIHQH‘i 28 a«légdléﬁi’l@é fragment
e S
N s e
pFDI @Qﬁﬁt]leﬁl' dne wﬂﬁWoﬂ[ adlitbe lagger &cgmmt reevAred a8 e gehpurifisation. This
fragmen% contamlng e cs'sf BraR- b—r’geerml?nea or wag fe- ﬂga%d to produce pFD15. Plasmids

pFD15 and pTW289 were co-transformed into a sod4::Tn5 mutant of MG1655 or MDS42

(without pKD46) to enable integration. Both plasmids were later cured as described
previously. Plasmid pKD46 was then introduced back into the cured host.
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enabl e reconbi nati on. The transforned cells were
plated on M9 nmedi um containing 1% sucrose a s a sole
w@asososn7sour ce. Transf or rrants able t o grow onPtheEs2006/035200

TOO6@G@W§’ hav&g@&%gé%vg{;e Ot ) EﬁéﬁM%ﬂLitg.ﬂ% gév%egvn%cgés to ena le

recorsMBAtRAETARtaakBrmidd callsSues 9&&dRﬁM93deiﬁmfcomta18mg reE®crose as a

Positive Bacteria [Q 64 The thir a seryves
sole pRESEFHAET D BUSNC CEERY Db HEHTERE) MU R SPEVRRGPe
sucrose in the cell in a normal fashion for sucrose

positive strains such BXAMB/E #/. This schene is
tantanmount to transplanting the cscA gene fromthe
nor mal posdiyigenRiepulhfed GrostloeESuepese Metdiolih57: H7 i nto
t he sodA operon. This nethod of control may be the
[0069@&5&0@6 flgehdenegrowthr afghe MG1 0% wddtat strdweeligmplenew ool

d I
cnf iSRSl Mo pERRkER el
throﬁﬂ@;tﬁﬁ aermle-aﬁa%ﬁi&mmbld oyckl iThe nyiﬂfedasfmld;lmed hy switahingrtes
ich resu t
form RO A 5T PEIIORE BB B e Ba R B 28
aﬁer@isﬁll%[e 1h@rhV&Eﬂlsaaﬁfgab%fﬂBﬁd§n&ﬁomnbl ned in series wt h
as shown in 0
1007 30 PR PP I et Of B sErib i capar B mifEh®
with li)MA}uclP de ANBL R dAEOR aﬂ&&fe’igykb@drcb nﬂ@d&dﬁﬂf @ro‘wth Thdes andetobic .
CcScC 5]gene is flanked by 50-bp of 5 and se ces

condgions fdisatepthe qellsavers %ﬂd@n%ﬁsablséo %éﬁb@h?&e*g?faﬁe&n P@%%ﬁp? Py

fM@%sB oK 0f 868 plud sRscht REGVEIZurthifiped bY bRang e hewie
© for ProKb is: g AR gIBTT'IqATOAC‘T'A%\uOATTTTG %G ggzﬁ S
15T

spac¢ gasz\mce&)lucoma@wortreeﬂ glyelysinre aptsolely aifesisdPeihed

anaeg,fblct coéeggc?ﬁﬁ}@ The sequence for B3 was the sane as
ore. [0066] PCR was carried out to

[007 h}ﬂﬁxgurﬁz)l 1 dsmas girguitofIwk similarpiglift derpaptationssue frrriptput in

mini %g@ldPe Mmedfat oﬁ)%&fﬂgggﬂp gl'icirbs@ faggltggﬁg cﬁr‘}?ﬁ{e a‘;?lidréh%gy Q&chk’il;ﬂr% gne
. carnah@hth the bhmff m@fia stmp]eywmeéweﬁ:h OWeglrl@a@tm aiditigarie 04 SCI L

1 I
o0 2 eI i ol FAT50a R AT o ycles Indbr oo |
condi¥ions,®xt emsied tatatabdlifs gltdmmwheth&rrma}'geOWB pregent @Onatd b

addlgéagtg?%g@wfgl,p&o&%sgpw&grgg 1g?lr8ﬁ;g§ are CmLJ i m§d ﬁ%%hte@gsce ation

that the BVerhll GigBI8 kell @ufits dat it p}ﬁlage thfdmghm diéranaércﬁncf p}agmmnhe
was cut_ out

T ST IR T
(shoﬁﬂ nﬁF 1§ur% i 1QR¥1 Tili€indRNe @ﬂh@i&mrél 1sﬂ5 Blcthymisal tréseriction bn g]ybdsiysw

: e |larger fr
and ‘*b@,@glmqo&ea@rp@me frﬁqu§ucrose (gyt e actlon ‘%%Ve%fvf geng];}o {wt% could

support anaerobic growth if it occurred. Lack of growth on sucrose under anaerobic

conditions is therefore due to lack of transcription of the csc genes from the oxygen-
dependent sodA4 promoter.

[0072] In addition, the pH profiles (Figure 12B) demonstrate that growth on sucrose
generates very little acid, whereas the culture containing both sucrose and glucose produces a

large amount of acid. This also supports the notion that little or no sucrose catabolism takes
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fragnment, containing the cscProK-B-te tmMmsAot was
re-ligated to produce pFD15. Plasm ds pFD15 and pJW289
woweeog/08194 r ansf orned into a sodA:: Tn5 nut ant oPCMEEBHE035200
I
placq 3o ie otebb e 08 b SR B o Bk o P oose
1s knBv@sngeterpiéRife macuntstof Acdtait umicfum@db b’HrcknabdttD ofthe c1dtmreed

LI L e R T T R
little BEEY plOR 030 BtadhiliblRgviliia the celDmehebsancs of exygar. b on source.
Transformants able to grow on the nmedi um have a Suc+

phenot ype. EXAMPLE 4 5 ulated Grow h of
Sucrose thabolisn1[08§%?sﬁgﬁg i c dependent growth of

D3 BOEA TP Sl B o ESR TR Ssch RS PRI o

e car nergy source and
[007%][% ga%ﬁq&g 0P th%tE]ve gag&ﬁ&ws wadl the sodA gromoter is illustrated in
I 'C- anaer obi c- aer ic cycl was
Figuienil3 amt kld Ty desiied cmshgctum0¢t@¢dmrthre¢ Stf:l?So rhba first step @volves

ure of
T e
chrombdonlal fatgefsent omerdnd} dsoved.as El@&ﬁﬁ])n siqgence taldlorefosions efths tvep
PCR% @llugtg%ﬁ tﬁ% ga\lff}t%lgléefje%lﬁ% e"lél'nmc gst oﬁ 'éhse’él(g)l aélri’ccg{r] r%&kﬁ@élu&\égo § bases of
sequéietl héBoloddis td e R’ aid of ek gﬁmdﬁhe congdeto blnloramphemcol acetyl—

onditio cates the cells were er able to.
transfERA GBI A T AL GaEromttocs Tl 8¢ Dot Py Dee, prébide
homcﬁ@@ﬁees tl@esdgcdgﬂ ngrl]zulﬁe&m (ﬂb&bﬁbm@@e Tihe OAdl geiné lsedtrgplhﬁed from
unchan y. changes_in a sSi nce u
plasmlﬂ@ﬁ%g?w Xrige g pyas 4f §‘ﬁ§at%if % Qligp 19 ﬁbffl?/ Seélf‘?%ség&%&%%
ccga@c&ﬁc&?gragﬁ'a a@bcadti3RhPPACGEtatsEcrTddE cul ture. [0071]
ur e Icts the results of two sinmjlar air

ACTEATRISH Y AEF D NOT 2, Wi e o 5h 6o%F Redip o o ip by end
of cySR M Pinb upi: Qasé%q%ls’&@ ESindlodolito IR B-Ha0PAB CAab TR

source and one carried out 1n the sane nedi a
seconsl iglizlo dmhigt RCR veiaetipngs depiggrted QLigo 3 with thedequense ¥ n2qgaagetaatitt
aagtc%g%%c%ﬁl%(ﬁkcc@CR@T’??@C@@S‘G@Q@FAQ&[A’PRQC?GLB g@l@Q $ib N rI O}j kwdhere
Fow on sucrose under anaerobic conditions,
the lmtcaseueqjlen@ is the abwtodieg sgnwg@eomamonéwﬂb WWHM§R
e t 2
proaf¥ SEPAL nffer B seduin B oh i s oW e Rl SroBURYT
regiohN &l 50k lIEPCR/ e étion 13/¢aahﬁde)ul:ml a tulgonontagingy Unglp)iC‘éﬁ b8“ﬂdéNA 50

TN T A

thro m@ga@ ¥5 1 it HOSEC, B Sy flEssFe Ihin 08 Benaturing afd590s 5 224 .
his indicates that there is _no

anneglgngrat 530 R HAITRISIOY 8§ ©° S theR A g‘f‘algﬂy bié 8@6 PiEieEgn ot
790cf rom sucrose (by the action of the esc gene products)

coul d
[0074] The second of the initial PCR products includes a short non-coding sequence to

O~

provide homology to the first PCR product, the intact oxygen-dependent sodd4 promoter and
45 bases of sequence homologous to the 5° end of the ptsH gene. The sodA promoter region
is amplified from E. coli chromosomal DNA using a primer designated as Oligo 2 with the
sequence 5°-tgttitggacttaaaattcaggtcatggatAATGCGTCGACTCCTGCAAAACCATACCC
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support anaerobic growth if it occurred. Lack of
grow h on sucrose under anaerobic conditions is
wo b@veBwope due to |ack of transcription of theP€FUTS2006/035200

T (RS RNEY BB e B crerewpee g P S SR St ot o

homd1bdus §1tR WMeFirQPCRIFTO QR Carfiahetpeecsy fiqyence istHomotgbak to the 5°-
whereas the cul ture contagg%ﬁﬁpboth

ucrose and ..
side %ﬁtwgé pﬁt@(&gg@gm}ﬂoﬁ the Geco sqpRe. a’@\e égco?ﬁ Ioﬁgoacrfglas PCR
reactoH RP@kLoRatbDO1EPA Wah teRBduehdel 4 1@ ototociiac G FRAE Qgtaatptaactictty
cat abol’i smt akespj ae uri -t h]gschpnaer M hase of the
ctagom AT TS CEHE BA BRABEGBT S K00 P INGYi 18 tisrlogerfetss o
s SIPHDIGE,ROBL0L L O O 004 B oms

on )
the 35side ofthe saddprerdetere Thipolige eHeciively replachethe sart sedogrof sadd with

o oGERI T o LR ohld L1 O OBl g
coliNEXPOSBILIN &, S0qiial of caoh pfii&, C2midd iaPatmel 5§ St Futhp Bl The

Oxygen- Sensi tive onot er. 73] Repl acepent, of {heo~.
reac NP e ol AL DR CE RACLOIA Pl B e Gne b38ecs 15
sec of hindslidpadl 66PC; BndFi Bt @Sendidn arl° T4 thell héinalegile ©f5 min extension

construct is produced in three steps. The first step
at 72fGw ol ves t he production of two separate PCR products

[007$]BHel FUR frothitisBiRadREMEBE Sre ROBVEEDNE afodelp@isrtand purified on

_ Chronpsonmal targets at one end, a [l.as a comon
QlagRpEiRe M Y BHOT B SiseRPS FoH Bt PR P prisHR g Doy st
round P@% X Stshfe (ﬁgrgﬁed IREatfolvedto BfankddBpriddtd &:aénsBeFA 50-u1 PCR -

products i ncludes 45 bases of sequence honol ogous to
reacttoinevag ‘carsind owfin & hbe couKnige fag of prsh povifiidefiest round PCR product,

0.2 oSN REBIRAENS %°4f|@g§31§£érssaen §he ;&gﬁn%?g&hﬁoﬁgg E cgéwm tinSat

pronoter as we non- codi n er s ence tO_
95°Ch t @uyctts ofid mih ofdenttoritgws 95%%; dA deRERnmrabugait5S S{Cand dinbed

oS 0 AL BTl e SR ERPLETH Oy e e

reactioRf e e réactiong a@tcogtinutd)for an additional 25 cycles, followed by a final cycle

of 5 R 3T ST BN OUR Ak GPBC R B e ginee

colurSg BhEiRG R fonfed A NIGUEISSor MD$42ecoBtainéripopKID4 6oty sKabdamiteptation.

upper case  sequence i s honologous to the 3'- f t.he
Stablefegubare i amrampgwa FeLplTscopey i pRBfs Plaomid
curedRSdeddb@preou @ 3 With the sequence 5'-
acaaacctgaatttt

aagt ccagt acct aCGACGCACI T T TAAATACCTG 3' ( SEQ
| DNO. 10), where the Icgm%??equence is the

= codi h i t d PCR
oo O SRR B e
5'-.end of t ' -
bt e Mg B SR8 PR o R

regulpREVEchBsterDNAces Bhepniplthedf T Sesystampldymibr sugdr. cAnsupdine Padeand

anaer20b15c cgm%]’;ionq lAlt‘PlglllgﬂTg%c%geedr oIhI?a? car &%Eirla%rs] A s%l be taken up via non-

PTS systems rates of assimilation are greatly reduced since the PTS system represents the

highest velocity sugar uptake strategy in E. coli. An additional benefit of bringing expression

of the ptsH and ptsI genes, which play a common role in all PTS systems in E. coli, under the
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through 1 cycle of 1 mn at 950C, 30 cycles of 1 mn
of denaturing at 95C, 15 sec of annealing at 550C;, and
W@ 20070334 ensi on at 72 C, then a final cycle oPCL/OSI006/035200

coniiE R fi e byt A FO R Rl B L,

cons@ﬁlﬂibhd&llhﬂm:duggy Bypditdeearfalogg witP@R sperostuobdel déveribadtimedrlier

en- nt sodA ronn er
examg A JarEh ooy yesot horuens a0 Cort e REP gl glosely mateh
the aa_ﬂﬁblﬁg'dﬁoﬁfgéﬁﬁi @fenﬁﬁf@ll dIH&trbnSaoaémbn thérelsy thinfimizing pfmﬂluctlon of
chr onbsonal P{ nE 9e3|gnﬁﬁﬁg as digo 2
over ﬂp\y me{.aﬁ@htg%m@ﬁ E]égmeered cel or a broad range o sugars.

5'-tgttttggacttaaaattcaggt cat ggat AATGCGTCGACTCCTGCAAAA
CCATACCC3i"iifSBIQ it(c) the | ower case sequence is
t he non-codi ng sequence honol ogous with the first PCR
product and the upper case sequence is honol ogous to
the 5 - side of the sodA pronoter region of the E
coli chronposone. The second oligo of this PCR reaction
is designated digo 4 with the sequence
5' - gggt gt gcagaccgt t cggagcggt aat ggt aacttcttg
ct ggaaCATATTCATCTCCAGTATTGICGGG 3' (SEQ ID NO 12),
the | ower case sequence is honologous to the 5 -end of
ptsH and t he upper case sequence i s honol ogous to the
3'-side of the sodA pronoter. This oligo effectively
repl aces the start codon of sodA with the start codon
-of ptsH A 50- ml PCR reaction is carried out in a
tube containing 100 ng E. CO M31655 DNA, 50 pnol of
each prinmer, 0.2 mM dNTPs and 2.5 U of Turbo Pfu. The
reaction went through 1 cycle of 2 min at 950C, 30
cycles of 1 min of denaturing at 950C, 15 sec of
annealing at 550C, and 1 mn extension at 72 C, then a
final cycle of 5 min extension at 72C. [0075] The PCR
products of each reaction are recovered from agarose
gels and purified on Q agen purification colums prior
to a second round of PCR In this reaction the two
first round PCR products are denatured and all owed to
re-anneal prior to extension. A 50-m PCR reaction was
carried out in a tube containing 5 ng of each
purified, first round PCR product, 0.2 nM dNTPs and
2.5 U of Pfu polynmerase. The reaction goes through 1
cycle of 2 mn at 95C, 10 cycles of 1 mn of
denaturing at 95C, 15 sec of annealing at 55C;, and 1
mn extension at 72 C. After the first 5 cycles 50
prmoles of Aigo 1 and Aigo 4 are added to the
reactions and the reactions are continued for an
addi tional 25 cycles, followed by a final cycle of 5
mn extension at 720C. The second round PCR product is
purified using a Q agen colum and transformed into
M3 655 or MDS42 contai ning pKD46 to enabl e
i ntegration.
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Stabl e integrants are isolated as chl oranpheni col

resi stant colonies. The pKD46 plasmd is cured as
walemansired previously. EXAMPLE 6 Oxygen- Regul aP@€miUS2006/035200

Growt h of Sugar Metabolism [0076] Transcriptional

regul ation of the PTS caqhgidrate transport system

from oxygen regul ated pronoters reduces the role the

e {?xoxﬁg&d%k@%{ﬁgu\gﬁﬁ%igago1ﬁ PR3 WaRtd QFboHREREe égaste@by c

ucose or other carbohydrates

oxygemlevas.i | | be taken up via non- PTS systens rates of
assimlation are.greatl.y r I LS S¥Sam
"oy st Enngif gh SRy S e Doty Kol ES

i 1B.E. Qb imicrédvrgamdkehi 61 odeiml2 volemeih ite pofkatypterigbatagted from the

R R IR R e e e e

Strepkdifbes.q i1 fi a i xyg iii i t d,pronoter allows a
single point of re gtllq:jnt.i on to.cgntr.ol consunpti g{nogte
214 prahe ey o iy | AR PR EERET SRR
noglel  d@s afidrbsifadishn 6@Jldiner wtdaHeeskarghoistalyeasi. E. col i
strains_on other i sugars can be constrgiégle

. > d re

clsel yhAHIEROrEHESTR YRGB YRS BF Y65 Ciied _§°¥q21}erﬁr%‘5’|
consBHELS O PerARSARIALS, pdYeeby Ni ni mi zi ng production of

over flow netabolites by the QR/%I neered cell for %ﬁm

brbad T gucreremien of sl WhoaEe Farban puaseds pedeetndatom the
grouf%édaisﬂrfg{ ob&, frhdidse! SR Re, GRMAER, SOES talie@yl at ed by

oxygen 1evels. 2. The m croorgani smof claim1 wherein
N-acttiyigluvbentes ahicesiddssmannitob kellopivse sorBosegiucitol and galactitol.

m croor.gani.sm of .cl ai q. ' . Ny
e oot daeia Pt B LR Gh e Bl BR R it an
oxygSittegalated préiadtcropedhtively ey tebgmt encoding e tpoweio ofis pasphoenol

Strepto te 4. The m croorganismof claim1l
pyruwli%-ﬁ eﬂé%ﬁémﬁl?%gpﬁlgfeé%f PN s a eukaryote. 5. The

M & 0OrTha MiiGBdPiniGh af ¢haith Whkdrein thetrhieroetgkaisy@bmpriiss an

yeast, 6. The m crQo ismof claim5 rei
ony el 1ot PEF e DB RN Lt BTG SR el o S sucrose
metab8lis@Vinsdid®e and S. ponbe. 7. The microorgani smof claim

1 wherein the carbon_source is selected fromthe group
cotfsi st griggporgitp ekeclaim § wheseia fheggav%waieé,arﬂh%%%&“

comptisleQREprofER JrARGHhodPhB&RI YY1l aé ageAidentihosphofhibfase SRsem
manni tol, cell obi ose, sorbose, glucitol and
and Wpiguil@t-i tol . 8. The microorgani smof claim1 wherein

thg m cpg Qx{i&@&%eﬁ{ﬁrﬁ B SEHh3bin MeYERRercB M4 laFh6h protein
pronoter opera |ve%% l'inked to a %ene encodi ng. a
(¥

compisitzgheprofementfieds 5h/d O 61-H7 sucrose m abolism module and ubiquitin.

12. A method for regulating metabolic flux in a microorganism comprising

culturing the microorganism of claim 1 under suitable nutrient conditions and oxygen
concentrations to produce a desired metabolic flux.

13. A method for reducing the production of overflow metabolites in
microorganism the method comprising culturing the microorganism of claim 1 under nutrient
conditions and under oxygen concentrations below, above, or at a threshold level of oxygen
thereby altering the flow of carbon through one or more metabolic pathway that produces

said overflow metabolites.
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pyruvat e- dependent phosphot ransferase system 9. The
m croorgani smof claim1 wherein the m croorgani sm
W@ eomnBEes an oxygen-regul ated pronoter oper at PEEUF2006/035200

linked to. encodi ng an_FE. ld.. 7. sucr os
ot abork ARG o R e eEen Sl TRl it gt
capabib ef figtilatifiemerehidic €lng oflesarbonfsosico thrq@rghioas or MasRictbHg

the pratei.n of the phasphoengl ruvat.e- dependent .
pathghit o it PR ol Qb SO UBPLTRC e brORo i gberatvely
linkedit6 i BEEQRFLES Bt ndt ndfufMl uidie BRI thnidiptigRNeon@orarded olygen

fusion ?rotein conprising the protein of the E. col
SenSIPYSRIOMPIEycr ose et abol i sm nmodul e and ubiquitin., 12. A

nmet hod for regulating netabolic flux in a

m croorgani sm conprising culturing the m croorgani sm

of claim1l under suitable nutrient conditions and

oxygen concentrations to produce a desired netabolic
flux. 13. A method for reducing the production of
overflow nmetabolites in m croorgani smthe nethod
conprising culturing the mcroorganismof claim1l
under nutrient conditions and under oxygen
concentrations bel ow, above, or at a threshold I|evel

of oxygen thereby altering the flow of carbon through

one or nore netabolic pathway that produces said

overflow netabolites. A i mconprising an oxygen
sensitive pronoter said pronoters capabl e of

regul ating netabolic flux of a carbon source through

one or nore netabolic pathways of said m croorgani sm

and wherein said oxygen sensitive pronoter is
operatively linked to a heterol ogous gene not
natural |y under the transcriptional control of said
oxygen sensitive pronoter.
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