WD 2007/ 030790 PCT/ US20006/ 035200 OXYGEN- REGULATED M CROORGANI SMS CROSS

REFEREN D APPLI CATI ONS [ 0001] This applicati '

benef i tcg?’gg."@%@gvi sional Application No. 60/715, 702, geFﬂsg@@%%p(gnber 8,
2005, and International Application PCT/2006/ 032525 filed August 18, 2006,
the contents of whichH23 ALY L dratlel MIGROQRGANISMS ence.  FI ELD OF THE
| NVENTI ON [ 0002] The present invention relates to novel strains of

m croorgani sms and fernentati on processes involving these mcroorgani sns.

More specifically, SKE N@v el t etically nodified
strains of mecr oorg%{%sms lzﬁgk e rﬁ@?%i@mbm&gﬁgoducti on of

comrer cifaho R HRAUShSatiSHG R %ﬁt@ ' . nuclei i gs, am no

aci ds an[d s}?eci aﬁ)% lchemnf’(%zqegfeﬁ e%gfsggren S?oﬁﬁiv& hlc?r;thon osgogg’a es to

net hods fded gqpéqydqer 3083, and hgerodtionali Applicatiga BICT2906/03258616lleduses. BACKGROUND
[0003] M [(NeFsurV .hacteria are useqd extensively in industrial
pr ocesses%l%qgh‘gdr%’fstﬁ%o&?%? n opI%ra%’ealggm?%tgﬁ?E?re’\?g)é’é?f%@n‘@orrponent s, plasmd
DNAs, vaccine DNAs and nany specialty chem cals, including am no acids.
Bacteria used in industrial FiHldrOFSIEE ANEENT¥ONcal |y grown in |iquid medi um
suppl emented with glucose as a source of carbon. Large anmpunts of glucose
are requ? %4 Thapiesatiayetion relatescie sevel strainspf ovicbergemsthsand dertiatatiorgh  densi ti es
desi r ed ptqessaPl oL s Rl SBRidnlsthsP LYok Jon ecialty
chem calps a_SnSd for %ai ?yt er?an(;éea 5%‘ S'@ ﬁ@gﬁ%%%lglﬁui’. thég{cets% ?‘gg’%%‘é{f%gd%% %nd

assi m | &eeetiseiyapesdifiedesiraing ofmisirephiganisms andithe usd themeoffbr thep@baitiones can be so
hi gh t h@bmbderc®N §foah&! ] - biochem cal ..reactions in the
central carbon gé’mg%hg“? ??cﬁfélb%{(i:tﬁ)é@%lgg’ ggd?lﬁgclg% ABEREFS fl‘%ffp‘B(TlQ@er tain

met abol ichegicals.sEhe pr¢senthiensntion asaiebips Semethodshé prepgingsaniaest r at i ons - of

met abol hﬁ&%ogé(nikiﬁé ok ZleRYs ;one or nore " overfl ow' pathways. [0004] E, coli
tend to secrete acetate en oxygen becones scarce during high cell density
fermentations. The root cause is the need for the cell to dispose of

el ectrons to an acceptor ot her BARKGRQUNDhe proxi nate cause is

intracellul ar accumul ation of acetyl-CoA, a product of glycolysis, which
in the HI083bMi@osganisms; syichanbasteriy atsuiserbaktapyiveliian Mdustda) ploeessdsdmever ,  when
02 is | gWhfhbifre HidheHab&HEARRRL &8 oh e fpaiently, so it
bui lds up in _tehg’%ce_ CEXcess °é‘%§%§’5%§’?%@%#%Aﬁf‘é%‘fmf%bﬁé&aa?e which is
excr et eHany snegially ehymigalseincluivig WSNIB3RUIF.5Backdria\Wse PRGTIUSBRAIRBcesses are

PCT/ Usz%ﬁfaﬁf'éx%%} in liquid medium supplemented with glucose as a source of carbon. Large

amounts of glucose are required in industrial processes to grow bacteria to the high densities

—

desired for maximizing volumetric productivity, for producing specialty chemicals and for
maintenance of the bacteria. Bacteria take up and assimilate metabolites at a high rate. The
flux of metabolites can be so high that it overwhelms one or more of the biochemical
reactions in the central carbon pathways of the bacteria as the concentration of certain
metabolites rise. The bacteria dispose of the high concentrations of metabolites by utilizing
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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orggmcilaraids.to' nentv |I' dt~ktrons fromthe cell. This provi des a viable

but sl ow LA I solution for E. coli in the wild, b I i al
f er ment or @724 f) density is driven to higher |evels, %gogggebgte can

ag gurrul afgemb@cMmehwf a&ons fOGE cdlhi 'Ehlﬂhﬁblldﬁm Vialse Eﬁtadmt metalaihlcy been .
aadr esse t.c er ntation rein the ar.oon _sourc S netere
into théoe ntffm:g zﬂeﬁ'eweléi uta}ewsmqugﬁ@?fi{?%ﬁcw%e%%&ﬂn%ﬂmk&l&fﬁ on to

I evel s mfelmiség@a&e@dtwmc&umma@ltbﬁ@leeewz Despl te nmetering the carbon
sour ce, utilizatiogn eventually becones linmting at high_cell

densi t i &00¥]g ‘hhig groblegy hag faditionatly Beq‘“é‘fiﬁ’@?ﬁ"é?y fed hotch drmeniation Erda g res

het er 0ggBHISHuEHdSs ket ntd ﬁi@ Iﬁulﬂfre R?t'hg 841 grWit iD Bmitd 6l {dionQeartaBY¥Rlo Vvaries
fromplace to place 1 n pockets. Alt ough acetate excreted in a | ow 02

regi on &apls gemmengueate Wisletoe aypilhle Qel Psspitp aneteaing thegarbon goures, PBEE®BNs Wi th nore
02, thi ﬁh@ﬁoﬁ@veﬂﬁ%ﬁ’}b@cb &l 1t1n%ex0% a(‘:be?l ﬂtl?e@dln t‘ﬁ?é%ﬂﬁ&fi%{l 1?]@ f?lﬂ%nﬂpr e cells

accurml ate e acetate eve nbs even bat ch

t echnol egmironAsnttaise bosayees hetemgengotisedrelte thp lasts Oﬁwfﬁnﬁntxm, indithes lsyelcapaci ty
of t he i d ' . such as
NaOH whi' e%i fm @!die 13 Py eqﬁ&’?zeﬁgﬁd 5?9%0(%1 c%ﬂegg%%% agﬁlﬁﬁ%aﬁq% %gl??agﬁjef Tom pl ant
per sonn t'nlkpn basﬂk up &y cellsstbat arcaeRrs ¢ tepiens wrb}mmlofp)@zt, glusxhaﬂbnmsfab@aaﬂypr oduct

purificat t he sa bur nt or ream A
Per ent erien it Fismfues Pt alsSEeRRe) fo A BTN Shm Rakessh

m ni m ziwig fmlleitc}ﬁtbclmlngy aknthe signnio udid lavelpneeslmybnda\ths bufffierfnigcapity aipr ovenent
to the art. SU TH EI\FI'I | n var odi nents, the
present 316 ?’ﬂ?éfnﬁggy ?ﬁoerv%}[?‘r\lr@% % s asrﬁ@i%’ﬁ% nf"i froma
car Eon quu&@@dditﬁﬁlui e'qhmeb?fdnawﬁﬁan lhlemqﬂam pafbkﬁmlali, butear gadlinsizhganlye be a
prokaryote, such as E. coli, Shigella e Cor, acter,

Lact ocofmrleq}y of §pWasiicampradigPurikpition pg v L?i}g uﬁ%ﬁ)‘ ﬂlgg FIFENAT o kar yot e,
such aswasty §@sin. AREmYRARh réfitien MLt iRFELBAPOITHE BB IER & Mafibole;
Schlzosaccharonryces ponbe _or Pichia species, The carbon source nay be

gl ucosemiripizRGEr o metbelisn wel Fpswsent dsiegifisantigpiogeaent to the art.
N-acetyl gl ucosam ne, (3-glucosides, mannitol, cell obi ose, sorbose,

glucitol or galactitol. [gimmﬂ'flc)mrmgqpng@mm may conprise an
oxygen-regul ated pronoter operatively linked to a gene encoding a protein

of a phpEobpenatiopymbedinentshe pdesnt inpbtivppaividens ii¢cracganisy sitem  The

m cr oor ganj sm conprjse an ox ul at ed not er eratively |inked
to a ge tab?ﬂé‘bﬁ‘? 2 53 ?rbsioﬂrcf)fegtzﬁeegl}:eyo @GPHW%S%&?I?“‘%?W%E%HWE%OI i sm
nodul e. a phrRag6REsuck REE.abli gl Sakeshell®) dohmebryGEelnctRattuabed pronot er nmay

encode a fusion protein. The fusion prot e| n may conpri se_ubi qU|t| n. [0008]
These afeoIBrCeiEh bR THSTPORABFm MY alode amikaryRie fishas et g TaeiFeR Y

f urt her vgl@4BhdromP&s 8trevilBS, @hizosaccharomyces pombe or Pichia species. The carbon
source may be glucose, fructose, galactose, mannose, sucrose, maltose, N-acetylglucosamine,
B-glucosides, mannitol, cellobiose, sorbose, glucitol or galactitol.

[0007] The microorganism may comprise an oxygen-regulated promoter operatively linked
to a gene encoding a protein of a phosphoenol pyruvate-dependent phosphotransferase
system. The microorganism may comprise an oxygen-regulated promoter operatively linked
to a gene encoding a protein of the E. coli O157.H7 sucrose metabolism module. The gene
operatively linked to the oxygen-regulated promoter may encode a fusion protein. The fusion
protein may comprise ubiquitin.

[0008] These an other embodiments of the present invention are discussed in further detail

herein below,
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[ 0009] Figur ws the E. colt 0157: H7 sucrose netabql. I;BEH!

[ 0010] Fi‘8§r2e°7%)3§ﬂ§m the wild type K12 sodA pronoter. ?k’%@% |§4uzr80e 3
shows the rearranged BRIEFDBESIRIPTEENGHX AHH DRAWDWES e control |l ed by the

sodA pronoter. [0012] Figure 4 shows PCR anplification products, a) CScA,
b) cscKBpoahHignie kcshoks thed. ca/t0 KB HEawrdsé matabolpmodedde. [ 0013] Figure 5 shows

(a) MaL Ils grown.on. ium ining 1% sucrose as the sole
car bon i@@piglgﬁa{%hﬁgs %I%W%P?%ﬁ&@lﬁ " (b) MGL655 sodA pKD46
cont ai ni[o@ 1] FigureSshdkBihe peirangedtoes 2HN swcease mvtabalidns madule caldoted y the ow on M

medi um plﬁcﬁs 1 % sucrose. [0014] Figure 6 shows an alternate enbodi nent of
the i nvefitd BR™WErein only cscAis controlled by oxygen by the sodA

pronot e&mwag_umb@b ECRPEUACAh poacts; a)dsto) 1 cRKBKEhd c) QA Fi gure 7
shows PCR anplification products, a) cscKB, and b) PlacOp_cseKB- term nator
f r agmentSgaoeeminghPedetishows an al ternate enmbodi ment of the invention

wher ei N [0NBY FRSFSS dhdws G0 M 5k 86l1sRYovRxotaan nitivkleonsAsiAy DY QaRbRAs Rd a
separate operon (cscKp) ‘controls cscKB, 0017] Figure 9 shows PCR

anpl i fi caleicemonpayagctis nospplony épmaterpandfyMe3] oo s epd 6 cortaigingite cut as a
H ndl 1l Xbadgd Jlﬁﬂfﬁﬂﬂfereh{ RO binfth OME ath0 105 ONBn MmO AW Ihs G Y4 38rodd, MEL655
sodA::csc on mnimal MOPS nedia wth |% sucrose. The boxed area of the
curve i mefl¢hFizyretshiows apaltsmete enthodisnent efitee \zentign lpreingalierscdhifaer obi c

conditi i dA::csc on
m ni mal ‘E%&fe gr:g%?%yg%{\}mg?ﬁl%ga%o sﬁl\é%%%@%asgﬁ%%% Bg%%&g%ﬂcgﬁggéé%gr gy source
(gray diléttohBigpreahshoVOPSR meplification pred @i ) ¢rkiB.omd bhRdcpeadPsucr ose (bl ack

squares)tem'm?r X gntarea of the curve indicates the tinme that the culture

was grown under d&naerobic conditions. [0020] Figure 12 shows the viable
cel | coUonls] Fizared shayvs amaltemeth antpbin{eRaofghe Byenftion whivEihdBl eotlis: : csc grown on

e TR e SRR e B G RRm BN 0 S0V e
squar es)0017heighmedoas BaRainplifieatiph plodudts) d) caPeX-8,hed b) arePofa® the -cul ture
Fepl ScenBAmeRE s Pe BT FORITer o w th the sodA promoter. o

[0018] Figure 10 shows the growth curve of MG1655 sodA::csc on minimal MOPS media

with 1% sucrose. The boxed area of the curve indicates the time that the culture was grown

under anaerobic conditions.

[0019] Figure 11 shows the growth curve of MG1655 sod4::csc 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 (biack squares). The boxed area of the curve indicates

the time that the culture was grown under anaerobic conditions.

[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.



[0022] Figure 14 illustrates the strategy for reconbi nant construction of
PTS regqul e sodA pronoter and the oligonucl eot y be
used for ‘gé%g%ﬁ%‘)ﬁ}i cation. -3 WO 2007/ 030790 PCT/ uszoo%kggéi@gﬁ’gﬁﬁﬁl LED
DESCRI PTI ON OF THE | NVENTI ON [ 0023] Wiile the present invention is capable
of being enbodi ed i PETAMLEDDESCRETIONOF dJatle INBENGRONel ow of sever al
enbodi ments is made with the understanding that the present disclosure is
to be c@0neBiBfhild thepreentdxventdn is fapable ohbaine enphedied i varioanfomande s not
intended ta .linm invent i wiReEd Tdae:BARAMIIERL Sredeht USt r at ed.
Headi nggesﬂlgﬁo rbgg\llolk’Vd(l(;afg‘g‘fecrf{ri e%@%&r%%lg%t:é gr{%g@on@y .anél are n%t to Erg construed to
limt t[dscionelitd beicdnsideany asvayexempifive tiomefithesinydntios tand isedt mteddad tany headi ng
may be conbined with enbodiyrents..il|ustr headi ng.

[ 0024] P vegion (- 8F pRegiicHy ﬁ%lgle‘i“ﬁ%t“ﬁ%&‘%&;rq%g@% %ﬁg*é;%%%%%i fied in this
appl i catch@Rnietdd c@Bsand @i ®Ye\ondniied mtliadt the yemiondn amrweayst at ed as

approxi mati ons as_though 1 he mni.num and xi.mum val ues W.t hi he stated
ranges WwathQdBRSOI ﬂﬂjﬁ&@&%%‘aitewlym‘?@%?iayag%%°6‘ﬁ’?@d "Ylﬁ; etnﬁ}o lmeﬁésmrlllrrllue&rr%}e&sl i ght

vari at i QRgeralp¥iferdiesiiRel ow the stated ranges can be used to achieve
subst anti al I% the sanme results val ues within, the.ran . As _used herein,

t he t er h@0244ikhg gse of 5‘1‘16“"%‘8?“8%1"‘3;? TIPS TRARES SP"@%WF‘? fhés ﬁpgﬁ%h?fh HeFcal val ue

shal | haygelshahdicatb@dthorand, 26 HiB@fdkpprofRongs thogh iR msikindneshdi n t he
pertinent” art” at issue. Also, the disclosure af rangeﬁi“l S i,n eﬂﬁgd as a
cont i nuarimemgalugsvathinthe sled eanges mare koth gtegrdst by He AT 4haHs a Xi mum

val ues regit ﬁ%h%ri‘é‘@dng aBove 30Y bdISN BRStatdAhngefbhnlIR uk&t toRehitder eby. This
i ncl udes ranges that can be fornmed that do or do not include a finite

upper amdbstntialbytbe samsupbis 95 valuee Biithingtk spngepnds usgdiberegy e drws mabppt’t -

appr eci gf g« iRy ' REEGBval@all BRE&RirHait Ald Adineign- be.
unanbi g%%‘ﬁs%@?o ertv dé#%gﬁe?hfgqgaa{lg and r?unbe?s_ presgg{laéd her_e?ﬁﬁand al |

r epr esemteaniggbiodnersnilisl inthetpeginprtastahissiendin: the disclpogmesf ranges irieterdeBodi nent
the present invention.r 1 e ] ' e flux
Fogul at &8 B BN STeLR s Eele ps oy BhaEanbORM ik haRLARANE,

W t h belrenited hwelbasaing rangssethat cad bafoypeitheratit dhid includds pogesthateaeeed. By

reduci ng. met.abol.ic fl ux. | ow ..l evel s .of varfd eusyehabol ismto
undesi r %drat}@?g%% QIek! aﬁgﬁﬁggﬁe 1ilprli’erraengg’(r:leo g"i‘%“éﬁ' g‘ﬁwrrlo% nts may be
r educed.skiib@ persotiywgifi appresigt thasumenyi such stise tangbmwel mngehostiod @nbpevel |
nmet abol i c f] ux y, he .increased. (%Nt inaculture, t e be
mi cr oenVify (H‘tq@ deWetdfﬁl%ﬁ’F |3?:tl"j1 a1 mﬁ%bséﬁesgﬂtaé getr e r@nglgzrre rregg%’lt ronments with
i nsuf fi GiBlinRKNKGEMe bRkerfdvemioant product synthesis. The nicroorgani sm may
be able to self-regulate qletaboli.cfl,ux under . . . .

[0025] In one embodiment, the present invention relates to a microorganism with metabolic

flux regulated by oxygen levels. When the microorganism is in an environment with below-

threshold levels of oxygen, metabolic flux is reduced. By reducing metabolic flux at low

levels of oxygen, overflow metabolism to undesirable metabolites produced in reduced

oxygen environments may be reduced. When oxygen.levels are increased above a threshold

level, metabolic flux may be increased. Within a culture, there may be microenvironments

with sufficient oxygen and other microenvironments with insufficient oxygen for efficient

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

4.



varyi ng oxygen |evels and thus only consune substrate under conditions that

al | ow eff 2@@}503P_Blboduct formation. [0026] By regul ati ngg&nﬁz&g@?&%

nmet abol i s unction of oxygen |evels, there may be e 1“On in the
pr oduct iaflowabitieneicmoeanint 1o sdife gulatd estabeliEme apweluctiof oeresttrapbt i tes. By -4
WO 2007/ 030790 PCT/ US2Q06/ 035200 al |l owi ng the m croorganismto

sel f - r e@Eee With FEAFCLIoNGY BIYEEEP0f i nterest may be produced with

greater _effjciency, and | ess cost. 1. M croorgani sm|[0027] The
m cr oor gan STPHE™BE derived from any parent microorganism Representative
ngIr Ient ME7P qglﬁﬁlmr@dirganahﬁn@/w deaibddetrdnm aiy paent ﬁﬁ&bdrgaﬁbnifyR@r@eﬂdtatiylee

ection. G her represen ive n Ggroor IS ar escri in S Y. Lee,
"Hi gh Dé’ﬁ’@fl‘ilplcmr&aa}s@gafre aV‘Eiagf*?efmnb‘ili‘P M&F%‘%Ypﬁ tlé’@%"ﬂﬁ‘%“@%— e (1996). The
parent  Q&HeRhEIRNTR¥roBRaisaY 8 iyRtiBed i8 SO Lead S Hy@aBénsinREPRAS BNt at | ve exanpl es
of yeast include, but are not limted to, S. cerevisiae S, ponbe and Pichia
speci es Esahesichigceht THigh AT SRl Ah(1980)s dhp Bagnt Y gRISHBYEDe as‘il}k"ﬁg de st eri a

and nmay 6.3 GISIRORKEE St hHMYict yOLGANRLY, B RRAMASER! Slcbipisp¥anpl es of
bacteria includé, but are not F,I mted to, E. coli, Shigella, Salponella,

Cor ynebdcranbe and fidhirspevies. dhaparsitiosgsnismyeat s beagudapyorhgichipt basirgani sm may
al so be g4 fﬂﬁﬂ ‘gﬁ?glg FROERHOLAL GRRARGHE MRepPdEhta® eRahREUFDHcterHONANR,

bacteri um e genetic I mat'on contained within the genone of a
M cr oor gatirs notrtayited do, deb@t, Shigelia Bawonaller Comeehoerer, Jagtpdosensiapg producti on of
t he endSir%tto%bgeltg te. Moreover, a mcroorganismwth a reduced genone nmay be
advant ageous TH T he production of many products of interest. For exanple,
a r educ 02§ Mbermicrerygdnsatmealsdie a ppdudd genome nufroprgewdsm,rsach asa rpdusedict s or

| oner I'evel s ther.eof i J t £ss . hex rifieation of a
pr oduct gS?Onﬂenlfagfeglsl?li Mug 85%? nlg%éﬁf; %g mag?llo%?%ag%?s%n P %Q%O}rnfggﬁ%ed genome
may be h€is®orgehiahalaybakltlyted ethod idegimantdlly bffistingyroguctidn oftheepr oduct of

i nterest nor ficiently. Reduce en bact eri a, ar I SCUS. in US.
Patent % 8?@88&‘5@3’?’ m%ﬂ“ﬂ%m“ﬁl nggﬁ%ﬁg‘%‘e%?n%%? %‘%b%%/(ﬁ?%?%eggsn@gge A reduced
genoge %@&ﬁlsﬁdn?of‘ifﬁa?{ﬁ plodiité eftingeresid ot ¢xamplf ardda‘tedrgmhonﬁbamypileﬁtmiﬂm pr olt ei ns
may be benefi ci or expressjng, reconbi nant oteins i.n 1he ri pl asm
Exanpl eIYHCiqn ‘%zgweé DTG FE °§8ﬁ]8ﬁ@r 18‘2% @F‘ieﬁf’ g’i”r"bf“ﬁ? ?qaﬂéq {TEFec,omg’fﬁx gr e not

l'i mi t ed putifeatiVPol2proliedd BinteldoSIA ad diided B midybiSrddniMOBAR a rddeliendddS44, MDSAS,
MDS46, MDS47, NDS48, MDS49, NDS%%%BNDSSI, MDS52, . MDSH3, MDS54, MDS55,
MVDS56, DNDIdS Fess mpotsbelicaldenepnding pmas HRdpcs d R AYFESIRYES oor gani sm may

al so be efficiently. Reduced genome bacteria are discussed in U.S. Patent No. 6,989,265, which is
incorporated herein by reference. A reduced genoine bacteria with limited production of
natural periplasmic proteins may be beneficial for expressing recombinant proteins in the
periplasm. Examples of suitable reduced genome bacteria strains include, but are not limited
to, MDS12, MDS13. MDS39, MDS40, MDS41 MDS42, MDS43, MDS44, MDS45, MDS46,
MDS47, MDS48, MDS49, MDS50, MDS51, MDS52, MDS53, MDS54, MDSS55, MDSS56,
MDS57, MDS58, MDS59 and MDS60. The reduced genome microorganism may also be

derived de novo from genes and operons from one or more microorganisms.

2. Oxygen-Regulated Metabolic Flux

[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.



derived de novo from genes and operons fromone or nore m croorgani sns. 2.

xygen- Re\gblzﬂﬁﬁoqg%ﬁt abolic Flux [0029] Oxygen levels m¥ﬁéﬁ%¢0§@g§2})@e

met abol i ¢ ux of "a carbon source in a m croorgani sm I'smof a
car bon seuspEELEBytBsishedulabedscatcetny alsope tdgatatedrat ik firdi éntGedln sour ce,

For exanpl e, .the e)ﬁéressi on of a protei n@'h vol vgtg i%tthe iﬁr)’rl‘Bartati on of the
car bon Sestabelic stepyiilizme thecaghon sores OtaE MEBRelGterdhetgatten, o XY RYI at ed

pr onot efpersd?. M6 ZABFE AROLIRsRGT bUSRORH/i8352A4n ﬁwm & ih dorvession of q! OH! ! g

1,4:; ,arbon source nay also be regulated at the first intrfacellul ar
met abol ithe csthep sourpq into aybiteie fenglirolysiatavcs Phacedpderibe ool ef & ep

thereaftof;{% enQboniat Lo@tion thereof. For exanple, the expression of a
protein i %/ol ved 1 n glycolysis or in conversion of the carbon source into a
substrate fop g%,*gp[{gﬁjrge may be placed under the control of an

oxygen-regul ated pronoter. a. Carbon Source [0031 ] The carbon source may

be any &3P The AHBmRoeRPRRY Be Ay caHRR S6uréd @p OV hpFREHerowiliRhaBpl | zi ng of
the m croorganism either hatively or by introducing heterol ogous genes or

oper ons matrbotiting olcthy pirseorganisah pithep patively 0 Y infiodgcinglicteelperys 2688Pte. The

car bon Qﬁ}“’ﬁ @@q{@g c sHeLRs e,

gal act oz)g%%gsreenﬁ%%s e. gﬁ;@gﬂ%zr on Hggﬁp%gggg?gglsg%&bgﬁgc%r? sacchari de, such
as sucr oy .be@mmosacelrrbidn seduns ghisoseniraiese, saligtosa oemaenose. Therprtbed t o,

mal t ose,_ N: uc ' - gl [ ' : ' sor bose,
gl uci tolsogﬁﬁ&gaylg%% af%?@%@ﬁ%ﬁ{‘%%é‘?@?ﬁ%%{,ct aEeéOB%Iegémglg?%gﬁﬂ agiﬁ?tce vi a

t he phogiptieed &) alaptyseliNateylghrdsamyd Bighicogides sphmitplaodlobioss eorp®ES) system The
PTS syst ﬁgl%dal | ow rapi d and efficient uptake of high-quality exogenous
car bon S l t’r‘i‘é}y play a key role in the catabolic regul ation of

net abol i[sm2] BadtaiymBaekeiy fcartos Rowssvie thegho@hpocablpyfn ste:cabpigdant s of the
PTS system may be. under control an oxygen-regu) ate r t.er,. which may
reduce PREPRPEHISERSY T§$ SY§iFer T?‘P F’g&/sﬁt%ﬂ%géﬂo‘ﬁﬁ%ﬁ %F%&Fﬁn\ggpﬂﬁlﬁr on source
upt ake pahby@y k&b el Youkds aVmby FlBY b kéyrolfin (RX%yEBslicBMulAlchow nor e
efficient partitioning of substrate into product fornation throughout the

cour se @fetaboligm ntnythagiaria. [ Fxpzessiomakone prmeleGoaRP R A tRed SEYHRE M o- r el ay

system iyB yWilr 6bnttol6f 45l ox?ééﬂtﬁéﬂatécﬁ%%ﬁl@%ﬁ whith R4ysiebiuce i b ficod drdvahosphat e
group of phos hoenolagyr uvate to the Hpr protei'n (encoded by ptsl), which

in tur n floWaupdusisy aratiemativespibensaneeptapeehyag f@“laﬁdwﬁhﬁﬂvﬁﬁﬁlﬁy Ecoli the
gl ucose , %ﬁhﬁég%llg\lv LR PEBE I DattRioRiRE BEEHstB¥e TRFprEaet BERRIon WBLARuCAN then

i nt eract
the course of a fermentation.

[0033] The PTS system comprises a phospho-relay system in which the EI protein (encoded
by ptsH) transfers the phosphate group of phosphoenolpyruvate to the Hpr protein (encoded
by ptsl), which in turn phosphorylates a carbohydrate épeciﬁc EIIA subunit (in E. coli the
glucose specific EIIA protein is encoded by the crr gene), which can then interact with a
membrane associated protein or subunit of the carbohydrate transport complex to internalize
and phosphorylate the cognate sugar. The overall reaction converts PEP to pyruvate 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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menbrane associ ated protein or subunit of the carbohydrate transport

conpl ex tg.. ize and phosphoryl ate the cognate s rall
reacti on n@&e ({3%EEP to pyruvate while transporting aggggygé%)ﬁg’aés}&gugar to
an i nt eringh u@&@,wdﬂlﬂl&mﬁﬁp@@apta[(é)ﬂﬂéh]:mtanofwa ony of thé PIES g,stems fervdodi g t he

common PTS el enent s, %&S&ﬁ, d §§%060| at ed ; %} e.chro sorre W th
the err G8WAC SUEPR] 1S Pifs 5 F’(’fc’f‘? é?ﬁs? BeReyS B, thergiore Ry aprr Oters
found upgé p@Btieh oPlisidnted dvardibvi inexabolitss, debdiab bxygaﬂ bRomEDEAting ras @t onot er

pair within ptsl produces a transcrl t that nl? glg%gs onl, 15{}9 Expr essi on
of sone %?C“Pﬁéccﬁi’teh@f thed' %%)F}Ge’é‘ﬁﬁeasé‘f P@fﬁl‘?nrﬂflt ke uligneislini c

condi t i OfGeasbd¥ak 8RR BXRY; @ﬁgme 218 1&&@% ﬂ@ﬁ@ﬁtsg@@s&ﬁ&ulp&om&ermnh

2007/ 030790 PCTI US2006/ 03§ arI ghaed | eyal ;; ~ upt ake and

act i vat | @rPxygeR-1agilated prometepmay gpulats fsagaf \Wﬂéqfn&n 02&¥£§H gﬁl@ﬁéﬁd@ ar is
present.,J el 8RS gl%u%l %Pgohﬁﬁﬂﬂ?i'an of th& BEGG BERER Thled BEESHHRecAUray a role

in the produétion of unwanted over-flow metabolites, since as oxygen
becomes dxygin iBypoasolling cxpression ofthacuupenslenais afieae Fapoe FIPeystymineasi ng

expr essi f ci for
R S R e A
oxygen- rdigutsad elnbvp,rwpmkb end avtiyatiop glitabe sPTEeaY axceecbtha kaparity eftboxygen

gggg ln gg nr% Orot%?‘%&esm to e Renfly's u{a{)(ﬂge Eﬂ%re%ﬁﬁﬁé‘ﬁ%ﬁd‘&&m of tuH\%alﬁQJ &%Pgé@ urce is

resence expression of the conmon
el ement smefibodires. Gr addition, thRd ﬁroég(slbe nfscqmpounds dlre@]Mdpl'ledéer/EEP ab¢hdsty and/ or

utilization of .mu | e; carbon so es b ontrol |l ed.. ussed
above, JPYERES gﬂﬂ’eg&% ?q’dlﬂmb("facbd;?a@’gﬁy’scgﬁ}’ g gglct rRfiop ﬁ)ng%%am ty of
the m cp'ltmngﬁmdsmghmﬁéﬁdrm ently netabolize them resulting in production
of unwanted over flow netabolites. In addition, the production of
conpounds direct| ¥ der$%Eee r om PEP, such as aromatics derived fromthe
shi ki m oass] GupdtdMayalsCi usiPasl d dHitof Boudde FOOMS ti@bdrgdhisd. Fchst ra  PTS

medi at e ar,_ transport. 1) Sucrose %&’OEQ%‘"’@S cr.ose maé a.{)&o be used as a
car bon 543%? rifle,0f alyroseand fistogt n SFder g be dFUCTPSHRE PRFAIRPTSE gl ucose
and fruch@ss cehran@fuéﬁrs ﬁt@m@ﬁwrﬁ%naﬁ@éuaﬁ@&um@ SR 8RcdB YndRudissR Mg aidned i Nt o
the cell and then sp It) into the nonosaccharide units. Both gl ucose and

f r uct oseeniphglyeplsis a%‘f@ﬁe'@ﬂ’i}?ﬁ@h‘%ﬁ%?@ fristose-orpBewb®e-phosphat e and

fructosegy GEIA t 6f m{c%ﬁ%sﬁs NHIRSEhe Abst FrBAQFEI BN, 3%nablO &) H6WRE oSt
strains Of col I are unabl e tO gr ow on SUcCr ose. Fbmever sone strains
have a capreses Haveaven e silaing heveragsnesysiaRchaialoweibe bespkeswd gretabglivn 8§e as t he
sol e carfoRs SAUEESTe cgh%g s&ﬁﬁi Sﬁ%ﬁﬁ&&@% ystéths, Q%&ﬁ&@%e}éa?rn%fbe 084 bg added to

a ﬁlCFOOFg&ﬂISﬁ]tO a use Sucr 0se as carbon”source. The genes
may be avidwdrgaoism to allow the use of sucrose as a carbon source. The genes may be added to

the chromosome of the microorganism, or may be added to the microorganism on a plasmid.
One or more of the genes added to the microorganism may be placed under the control of an
oxygen-regulated promoter. It is also contemplated that gene systems allowing uptake and
metabolism of other carbon sources may also be added to the microorganism.

[0037] U.S. Patent Nos. 6,365,723 and 6,855,814, which are incorporated herein by
reference, describe a representative example of compact gene system for uptake and
metabolism of sucrose that permits the use of sucrose as the sole carbon source. The E. coli
0157:H7 sucrose metabolism module is shown in Figure 1. The cscB gene product
transports sucrose in to the cell and csc4 codes 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

-7 -



t he chronosone of the m croorgani sm or may be added to the m croorgani sm

on a pl am%wl nore of the genes added to the m %Eﬂﬂ{sg@qg}so %}'Qﬁy be

pl aced u e control of an oxygen-regul ated pronot
cont enp| ﬂiegﬂudtﬂﬁﬁas@ﬂﬂ@lmﬁ%ﬁ{te&ﬁ@nﬂhﬂt&y\ﬂhaﬁuﬁ[gbwﬁ Randli KriRt advadvers B @fli ot her

carbon l rc | so be added t e m cr.oor nls U. S. Patent
gz §n%9ﬁ E“%’S%asg ¢ S‘Wﬂsi‘:ﬁydtégése RS0 ??&ﬁ]t’?g{;eel?rﬂg'%§lls % ef erence,
descrl b@epﬁes%&ﬁﬁ@ﬁ&ﬁxfoﬁ;telx Iess%adrmeegeaés ST BRI : Igmmrmﬁmm()hwsuuﬁmke and
nmet abol i sm of sucrose t permts the usem(}ggﬁ%uﬁ%g@se as the sol e carbon
i

sour ce. ayalsbitity kydyindigg "951?3 H‘l‘?mg‘iﬁ@r wrisalp they W IOETPESORBRIFISh Fi gur e

1. The cscB gene product transports sucrose in to the cell and cscA codes
for sucrose yd?xagegsegqlﬁ@ei’we@yr which splits the disaccharide sucrose
into fructose and ucose., Gene cscK, cades for fruct oki nase the first

enzynme &903§] Yiesbgkq f@‘xrfé{r&%lcﬁ@ﬁ? surge g Legulafby s tog OyusE SESHNE  hi gh
si m | ar iptomdiés o{ere\fpe %%Ht@é AT ngﬁfﬁéﬁgggﬁfo%%rot@ﬁ@ﬁﬁ%&ﬁﬂase y iap

mayi ?e redundant to the ene of E. coli K- . coli  K-12
cel | s maptabghism pﬂbemﬂa@esoaﬁee erepssaiativepmplas el paeIpPteTs thabare aquVéteééle gene

product t}'1 r&sendefdP 5)?%319 Ereg:m{lot&@ RithR tRe %Qﬁ&%ﬁ hﬁﬁ"s ?Eroﬁnlag d9/0as of the

0157: H7 eron in at | 0 sucrose “avail bi nding to the
pr onot e:(@dAi,y«ﬂnqhancqﬁas arhanzyme thagipRets Bwicrl a@pnsﬁ emiaélyg é?mag&eoffh@ Yid

xygen- F@‘@L%@Sg@i5ﬂ8ﬁg&ﬁfalkggﬁ%sh%5mﬁf92f' ux fromthe carbon sou-rce may

be reqgu by using oxygef sensitive ronoters operative linked to a
gene end@BOhGy osieg oposithreexpientshsingromdtes sufﬁmeﬂtlyéugh exygerdeegbonism of t he

car bon IRHeS gxcs)]zesmglg gfgﬁ&&%& ’th\éF al%walib“ﬁls@fof H{e%ﬁ%gﬁ‘\ Ecﬁlrée%le%lﬁiggﬁﬁ vat ed - in

t he presence pronote e Cyo operon and superoxide
di snut a$>mdu¢mmmb§)>yer\ﬂowahetd:wmd esother byrrgdvetst Mat repp@lb‘@mns of thepwowmloler agai nst

oxi dati ve danmm e. K1 hr i hown in

Fi gure 2" yq’ﬁé‘ffgﬁaseé}y@&cﬂﬁ cé(toB%EIflicll%eiabg%l ré’(rt:lemsseu %?rﬁﬁmcorn J(E)rﬁlg)tf% leg%ue?'f iciently
hi gh oxygsitive @xsloser/waile nondyoplagsispesaho. gqftraps‘mﬁnﬁlrm prdteihs)alayder net abol i sm
of the carhon. source n tion of ~over ow. et abolites
or ot heCOHW Bléiﬁ’éﬂrgssgmﬁé’%rcgib%ﬁg “Fg}fb‘% er?rﬁgmﬁ?oé% 7Spe?f$a “%{éq?ncr eased
by plac hﬁ%b@ﬁ;&@i%'rétﬁlﬁé&uﬂafeﬂ ah@lidngux9gai dasditilanayt bednaeRtd 1@{ mﬁéasiﬂge oxygen
sensitive pronoter, | e. non-cytopl asm ¢ Er ot ei ns e ransmenbr ane

pr ot ei ndhe Hgvesgate %H%’E"F‘iah?lic\le?tﬁméx%?ré§% &rpr?fF‘é’d’ed’ ‘iﬁa Hetrhe control of

di ff er enletddoRERbEhe calbish sSRRE thaftbe WhPrésBed A8 rbiSwith UbRfhtGe drhender
di m ni shi ng oxygen conditions may be increased by increasj ngp t he turnover

rate of iveBtioreAlRIsarquEPapTes PRAIFS 2ciiEpms YT RIMPIiSAS BR ew%rqg\ﬁlae B t he

rfg_t ab_olt Io Eée@r{]d}t ko8 & DRPrSIOLLS GerliBibt REnBHPLRRS 85htBFoflad Dk PnREREREN Wi th
upr qurtin. e
promoter.

¢. Growth Rates

[0040] The microorganism may have an improved growth rate when grown in the presence
of an abundance of a carbon source. When grown in liquid medium comprising from 0% to
the maximum tolerated % concentration of a carbon source the microorganism may have a
growth rate including, but not limited to, greater than about 25% to about 400% 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%, 1.5%,
8%, 8.5%, 9%, 9.5% or 10%. At such conditions, the microorganism may have a growth rate



igéﬁrgign al so enconpassef nuFIe:c ﬁchd constructs conprising an oxygen
operatively linke toaheterologou rmal |
under c %Boﬁ%{%san oxygen sensitive pronoter. c. W?ﬁq&g?ooggfﬁgﬁm Thg
g1f c; (r)]o(ra1 gag gﬁj&ﬁﬁ@buﬂ@?@ﬁﬁ s HORB] 4596 0Y, 65%}160"/at6é%wiﬁ9ﬁ, 7§f’/®\8ﬁ%t $6%.1987pr esence
a car sSQuL.c [ conprisin
from 0926 Q0 ‘é]ﬁ%{?i H@% g{l@r%é’d?%/so)/\ggg%’h 3%?nlllédr%’o 9%,, g%d?}agrsly‘?ourgg t he ]
&g;gor@t@?x)smswsz\ggm 1&1;/9\4/85% BI0€%, i1 9E% 200 Vg 20 04,21 0 2 15047122@4, t o,
er an ou 01 0_about 400% of the
ni cr oor §&ives30%er %S(Vm?ép%o?"gsa(h@é% ﬁ 26@?%%’ %onégﬁ% %@réj?lggs%’ng a carbon
sour ce aboed, sy, @6o%t3ob%a§iowb@s%, $038/828% 255090 38%, 300%%6845%,3%9%0. 6%
07@08%009%1/1 2% 2. 3% 3. 5% 4% 4. 5% 5% 3. 5% 6% % 7% 7.5%
854 5. 50655B60%, BGAYr3 A8 T5K S80I ioclts o, PHIO S5 SBPYERRSn 1y have a
growt h gg% ﬁ Waagiglw 030790 PCTI US2006/ 035200 gre~tLtha}t; | about;
30Af g; | ~p>rf1 5% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95%
100% 105% (}18%&&%%%1 wi20% 125% 130% 135% 140% 145% 150% 155%
1602/0 165% 17 % 180% 185% 190% 195% 200% 205% 210% 215%
220% g@ %g,g %% Yred2molic U whaBQ%un 26BYpredROY 275%
280% % 0% 5% 0% % 310% 315%. 320% 325% % 335%
340% 30584 at@Bdwre of35GIONIGHS. Wb@%ro‘glrmﬁqugdmw%m‘%@%ﬂ g%’d% 395% or
400% as GornAL e 1§10 fd PeEakal oﬂ%ﬁr&ﬁfogé&hmm%w%ﬁg@iﬁ%hﬁy'ﬁh‘&% [0041] The

mi croorgani sm nay have | nproved netabolic fl Ux rown in the presence
of an alnwtedbah@ﬁummcladmarbbbmtshmﬁeé@, fleéhOGrS%\ﬁ? abwtﬁp%mf&lerfém%m conpri si ng

from 0%f0. éﬁh&%ﬁ(ﬁ%ﬂe%&%& 8k %f%l%ﬁliw{g E'tﬁﬁﬂ'ﬁﬁf‘fl%@g n%ﬁab@ll&ﬁﬁ}pmb&ﬁur ce, the

mcrooré% ve a ne uxmc ut not limted to,
f rom abas, 5@%1%%;130%1; 304004, 46%he5Q%.r I50n 60%0@5"/@6’0%9751@ .87 to the
desired 95 goducts. A strain may have a netabolic flux of about

15% 20% §’% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% or 90% [0042]
In gener[@d4,2] fd gexeraf, fioe bidnethbdlis thronghugbh eaazﬁmnlselam drwmi\@tl@pth?vny any given

pat hway e%nd%%ﬂ t%yggatrssog r%{%ar?%ga}oga & efverseh g}g{ogs rBRAGHk nd reverse

reacti Olﬁigp N concen rati on of an
anal yt e rgfer 1 thavafetdf ORangé intdohi@naatbnod ap bialyts aszaaﬁmmoe ofrmnabmil sampfel ux through
any s ngslzg Tr{x%trgel%ﬁalolhg ﬂ%}? t?q\r/cﬁlrg Iar%p snrmé/ metabglectc%axcgrsqgndmgy ienc%’cermined using

methodologies described in U.S. Patent Nos. 6,764,817 and 6,849,396, the contents of which

are incorporated herein by reference. Further guidance on flux and methods for its

determination is provided, for example, by Newsholme, E. A. et al., Biochem. Soc. Symp.

43:183-205 (1978); Newsholme, E. A., et al., Biochem. Soc. Symp. 41:61-110 (1976); and

Newsholme, E. A., and Sart., C., Regulation in Metabolism, Chaps. 1 and 3, Wiley-

Interscience Press (1973), the contents of which are incorporated herein by reference.

e. Production

[0043] The microorganisms of the present 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



met hodol ogi es described in U S. Patent Nos. 6,764,817 and 6, 849, 396, the
contents j are incorporated herein by reference i dance
on fl ux a‘&ézwn@{(ﬁ&?g for its determnation is provided, PFEM%@E@%%@@ by
Nevvs hol mxro&bommlmwm%,«%mm%)éﬁ%, 4156,.45%y 60, 5436083 62057004,978) or Newshol e,
«§é , B| ochem Soc. Synip. 41:61-110 (1976); and Newshol nme, E
A, and Ar t C., Regulation in Metabolism Chaps. 1 and 3, W/ ey-
I nt ersci ence Pre the contents of which are incorporated herein by
ref erence. i‘i)‘if(cptlrf’g'h&'["5043] The ni croor gani sns of the present invention

ey, be bR TR NP P o

maxi mimptdauey aieidty %6 epoaenst s mnn@iboateparabmnetgoﬂfam antl hevaniale cdesgani sm may
pr oduce nd et at%ol ites or ther product ﬁ interest from about 0.001 g/L
to abouf if@G‘eEﬁyLo CRFPOR $OMTGE A1 %ﬁ’i‘ogo % aB’él © QTP IYEHO8 B ETUEET 1 ed

pr oduct $he o slekabbRte Hﬂ)éashﬂM@ve@s 1ﬁaﬁ(ﬂi@g} |bu1Cnot h&ltVﬁoZﬂQﬁf WBHIZ,90 g/L, 30
PCTI US2006/ 035200 ux: of i about . 5;@ aéldd%() i PS 30% 35% 40% 45% 50%
1

55% 60%L,688L, f@%L 684, it /Le¥be/Ls9 duction [0044] In view of

the abi [ada¥] The ﬁf&?&o&@hlshﬂﬁajﬂr%cethemﬁa aiéﬁabblaehtatﬂa@ HOEdIRY b@at Sm may
produce a varlety of “anount’s of the end netabolite, at a variety of rates,

and at \Vimited b, at lpagt ehyut G50 E(H}F&@r%ly/hbfl 0(96&'/%%1@5@(1(@ Le9 et i on. The
Strains 0fs ) . B gmg wygfi Ofsd@iﬂﬁoml%ﬁ/hr@% Y, BQB%J!LOM te at |east

tolevelsmc limted t out” 10 g/ L, 20 30 g/L, 40
g/ L, 503¢01z/L/BO3gh B/L/mo4.§0 /LAgOH 2 WL/ Yy /L/hg el 5 hgﬁlad5 ghAY. The

M CT 00T GANIGH B é%‘fléﬁlem& d é‘ﬁf%lab&l‘?ce Qita erﬁEfﬁcieHEJ &f%ﬂsgn but not
B T BB Ao P RE AR 7y

limted east” about L/hr, 1.25
g/ L/ hr , sdur&Outiizatidnrincludingg buig:lOLl'llmted 2, @@eag/albbmtﬁ%,zoﬁlﬁfﬁﬂﬂ%n 25%: 50 g/ L/ hr,

2.75 gl / / . o9/ L/ hr. 3.75 g/L/hr, 4.00
o/ Ll hr, o s /‘@/ﬁ%h B % ‘L}??f% S50 g?‘i‘%—}%’g and 5.00 o/ L/ hr.  [0046] The

m cr oor ga ce the end netabolite at a rate of efficiency of
car bon 3 ?19?5&%%‘ le fl on including, but not limted to, at |east about

5% Oo/q[O(IMB}Vﬂ‘he?ﬁ%ooZ@%sm 1B88Phe u?»&%oéliﬂ%ud@a/@roﬁﬁl%)f BE6st §high 1684H0f70% and

75% ct | nt.erest e ncro t o produce
T oo eiGef G PREHT Rt dta S T CHR A il phiitka © P
abundanog tifmidrooahien nsythe@ae ofl?ﬁere pf agyabddwofs 1n<mhchmg but not hditegktd, by t he
m croor %ﬁgrrluga S, @ lnoba%ldg,nv?tar%linsnclz)orfgzto?g, n?i(r:]gic [2)15188 lélx(l:c HNZA Lthjflyr]a%ids bu'[w’crﬁot limted

factors, proteins and intermediates thereof. The product of interest may be a product that is

naturally produced by the microorganism. The product of interest may also be a non-natural
product that is produced as a result of heterologous genes being added to the microorganism.
[0048] The product of interest may be intracellularly located in the microorganism. The
product of interest may also be secreted into the periplasm 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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](c:hte{n' cal's, amino aci dfs, vitam ns, cofactors, nucleic acids, such as DNA,
atty acigds, actors, proteins and internedi ate e
product o\g_f)lz?l%o?'}é%p may be a product that is naturall yi’gtrrﬁﬁl%@g{?ﬁ%wt he
tth{ oor g@m)gams ;sgbﬁgmmﬁﬂﬁ}ﬁ)mﬁe li;mﬁeabmﬁlhntwngoplamb phgeins. ridepratuctradil  pr oduct
hat is produced as a result of he ol ogous genes being added to the
mi cr oor ARCEMaY atsﬁéag’j‘crel‘?fgb%trh%&?}@f’%oﬁe ?lﬁ(ﬁaérest may be intracellularly
| ocated in the mcroorganism The product of interest nmay also be secreted
into thé pREMSEEATtof the microorganism The periplasmmay be beneficial
];)?:)dpr ot @04!9% Eﬁfﬁ%@édt@ﬂisnﬂﬁ%bﬁﬁ_ &d foiproduecdsshedmoductsinbatcipfeaheaitationstay be

uced w e correct amno term nus, where t hgs raduc in the
cyt opl agrherathgersisgfeAuividemonR! o4 i Cflbe’l’méqur‘i?é’PWﬁ)Sﬁg%él %ﬁ’l‘n‘%ﬁg&lg%?{e fi the
natural hahsh, NdthwithSRWinhOhsiifyof thiddodifed deltsab 6t taybdnsotube peri pl asmi ¢
space (ii1) the correct disulfide bonds may be formed in taé.lp ri plasm
(1v) theopampfpmiorihecavgpehiley ﬁﬁ%}@@hﬁ&!sﬁalﬁﬂ@ﬁy plagle ‘é?ggtof%?duf’é Fegr ot ei ns
than t BEoditkapha8Mkn RkBlddotl. "holtidid 88 LF 88 chbdn JolRE@uayRy abe T ever
proteases than in the cytoplasm which may reduce protein digestion and
| oss; | arhoftiup teshpt hiskeproguass tiemenxirayn isteratpdenapqniration Wk isquelze B her
periplasm c pr i ) VA | . N : I
Do07) 0308t B lab ok IR TRl B LSt Tnd AR ASaIc e
abundantpreistoddsashprodystsit edmisnoFtee “gremdsiatt mofles of frrmerfsfion@ich gy be
excreted, by the cell Jnt . iLa. 4. Fernentation [0049] The
m cr oor gﬂ%%ﬁf ami?eOtJ&gléggle{%RlB?% Eege desired products in b!atch
L er mcai gt gt)tl)in)m Srﬁe m\édﬁﬁﬂ@nﬁdﬁﬁm&!ﬁbé wsed fez urmewaticupoensssenin atsiiathetir yoatuwdur ce may
e adde t he beginning of the fernentation. . i I t he
abi | i ty_%‘%"t’%‘é"%’&‘% ?tgﬁasg%elcgrtbf’% S(fuéclelagg atclgarst)%{r% né%%\é%&%gh%u ?)Ig on to the
av ald I a?ldtmikadf@;thﬁmgﬁ@% vittieeofsts passesingihe rtasarpmetabdit pathwayGhludeadesi r ed
products in fed batck rment ations. The.feeding rate of the carbon source
may be SRYOPEHBUIIERY ¥ S’wﬁ%ﬂﬁ&cﬁf‘“ﬂ}}bﬁﬂﬁ‘es t he maxi num tol erat ed
concent rjgg419 MRttiveex@hséLsrabitabld tigogefibduirdds icaidp it are @qulimitd t6:0 nai nt ai n
maxi mal growth rate. The strains.may al so be used to . pr.oduce. desired
pr oduct SIFRENEL FCUdRg e TR & gqus appgRe; FROPUPSHIS A TR NG N ch nay
al | ow MajAL-eNARE &ulf asthmbh GHABH cHlblidl hBRokithPhodpBEE AnuldimiTiwfaeamgani sm may
be used for fernmentation processes in a synthetic é)r nat ural, nedi um
cont ai niangnegium ageiatc; epEoBAEECR6oRtERING SePsignces.dadpdipgamigp eIy B our ce t hat

may be il %%&%ﬁg&l%ﬁe&?&o@@h&pmﬁu& Edstif h9drolybate, ROFHR QPP Bydrblgsaiecessary

net abol i ¢ pat as appropriate, inorganic salts, growh factors
and t he dnidlyeast¢x®@81 | ||l ustrative exanples of suitable nitrogen sources

i ncl ude, [()Qﬂt] SBhE afito alcid%ltegeglt hﬁividually in minimal salts media may not be utilized

well by bacteria as carbon sources. Each species of bacterium differs in their ability to utilize

C

(&

each natural amino acid. Amino acids that are not utilized individually may be utilized well
in the presence of other amino acids, for instance serine may be used as a carbon source only
if glycine, leucine, isoleucine and valine are present. In rich media, such as synthetic amino
acid mixes, several amino acids may be utilized preferentially and consumed before other
amino acids. Serine, proline, glycine, aspartate, threonine, glitamate 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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ammoni a, including ammoni a gas and aqueous ammoni a; ammoni um salts of

i nor gani ic acids, such as anmmoni um chl ori de, sphat e,
anmoni umc\gﬁl fdéggﬁd anmoni um acet ate; and ot her nit roggq@%t‘g&}#}?ﬁg

subst angigspnildRiutstiitos: amhie, aditltsmediaamay esttaia tite adﬁmpﬂiab aginonwikdasses, corn
steep |i cas i.n, hydr ol y ake hydr ol ysate . and yeast

ext ract ng‘f%@@‘? itsy ﬁﬁag?fﬁ SOBTrcgsEﬁ?mf’ o (VAN [t Plcﬁ’/’}/tflﬂ 2R el " sal ts

nmedi a MiydldBkat ehckitiink] @ dot 1iMetdd t@)(rybﬁ\ﬁ&sﬁéas&nﬂls acias h@nos bydrelgsitesEach speci es
of bacteriumdiffers in their ahility h .natural..am no aci d.

Ami no ad?P¥s] Thapresgrbinygtion fipy I'P‘ilgﬂle P?Hﬁi’f\?’l IH‘EFgPﬁGQEW f%@’“ﬂ’i‘g PIERER | in the
presenceyghpipf her amno acids, for instance serine may be used as a carbon
source onIy i f glycine, Ieu0|ne i sol euci ne and valine are present. In

rich nedia, such as synthetic am. no _acid m xes, several am no acids may be
utilized preferentially and consﬁﬁ%ﬁ“@ e other am no acids. Serino,
proline, glycine, asparta thr ni ne and al ani ne may be

conpl etely renoved fYOBY &hﬁﬁ E“igp g@%ﬁ %Wesent in casam no

Towty I eBrmorBlbuA% Ry LG} aehifiL ﬁ&?ﬁa AR Troth.

If it i satesiralpbe with thesuttdst neabelisnmmodudé ofSE. aek OIE1:HY eslshows iend

t abol th be. pr ef
o1 yoi ne FiEs Ay FEREse e esratiod FORO IO MY tesgoB o8t BB Br o ) gt ai v

~j i Ine, imReidpfiRe &8 gtH A@ Ylaciay itdn Hnet\kmh &R ThoarR gawd wes oaditalibermmseled t 0
stimulate its use as a carbon sour The mdgfamBé}T’Z%OW(?g’ con |n a protein

hydr ol y<BR REOMAET-ORAFHEY, THOR WADEPIFSS; yélae prgmotey 5C| ds and
soy hydisghy g@keﬁ sholl @8 tedHAs: Ry @ﬁﬁmouldra\rsanfavmeh gﬁ)dmehwlmbﬁ adapect s,
illustrated by the followng non-limting exanples. E@PE@

Oxygen- REe fhareldvi e F@ﬁHWP%@élséﬁH‘nﬂ@ﬁ ioyBtiod theprdouepe W 4 sef Bl

cat abol i Rgaih SHAY al§<§ ﬁeﬁfb Re&f préauetd by itrdduchRIndNueRCRstabilishemdakioag t he
native sodA (gene W th the sucrose netabolismnodule of E. coli 0157: H7 as

shown i plasmiderriatodhe genemeerisscaniipkofasspartingmAfaHrh #epdd.or i gi nal
configu r[@(HSE @rﬁﬂe{gh' (?Ht i) Q)Lu/&e B¥%i gnbd¥nid ?gbc;tﬁ' ?scﬁ’%ﬁ@c&@n% APl acing it

inline CsC CSC gene was omtte because EI’ onot er - oper at or

regi on RexKb pista@igiradb)t Whe seqoence &r PA sy ég@@@ﬁ@ﬁ@@%’f TgETEke sodA
T e L e T Y
of t hef MDIN@ehewhith Eas acOHip derlap2vith i d’ ewdrofithe csaligeae and)-breidhd®en produced
by intr Oeglél 8{‘ Y c.;[cb%e gelsleu e uamg nl%trﬁ)lggome ncﬁRgd éﬂe?R%g) %gion of the cscK gene. The
sequence for P2 is: 5>-CAAAACCACATCAATTGAAACGCTGTTTTATTTTTATCGGAT
CATTGTTTCTATATTGCTGAAGGTACAG-3’ (SEQ ID NO: 2), which has 50-bp of the 3’

end sequence after the sod4 terminator region and 20-bp of the 3’ end of the cscB gene.

Primers 3 and 4 were designed to amplify cscd (1.4 kb) (Figure 4a) from O157:H7 genomic
DNA. The sequence for P4 is: 5°-CTGCTTACGCGGCATTAACAATCGGCCGCCCGACA
ATACTGGAGATGAATATGACGCAATCTCGATTGCA-3’ (SEQ ID NO: 4), which has
50-bp of the sodA promoter sequence including the RBS. 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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plasm d or into the genome under control of a separate pronoter, such as

sodA. [0 ] i s 1 (P1) and 2 (P2) were designed to I cscK
and cschgézgﬂédlﬂﬁgpe 2.2 Kb piece (Figure 4b). The seqlljg%g%%/ro %&‘pwas:

5' - CCCAQEAGIIRCTEDERAplymerase. For the csc4 amplification, the reaction went through 1
AACATGGA CT/ AAGT CA TTTAAGEEAA: 3' ( .D NO 1), which
nas. & SOTROINBIIERIS ¢ CHOIEHS 051 Thna SPALTI LO0A  JERE TAPBERA of 1 he 5
end of b eRCAmiea@ersidt htmbeoghéhefindl bpdoofs Olmindkweasici 4t g2{0RBS) theegi on of

5 CAAANCIARPARPARASOEERG PP PAIORFA AR sHpling s above oxept e
CATTGTTLGTATATSGETSMAGEEAGRG 3' (SEQ ID NO 2), which has 50-bp of the 3'

end sequence after the sodA term nator region and 20-bp of the 3" end of

the cscH0géhle.the prondependpiasambingeiiCRgasignean egiabmplar #50E8eiese4. 4 kb)

(Figure, 4 - H7 : i Rénd1 8f each

5 erachiates LA e AR g 01RO 50! St ac

AT ACT GCAGATICAA TV GNIBSAXTLT DRA PHGEAy BerageSHRe kaBot®, wetif thraughd Ivy¢lasf 5 50- bp of

t he sodA.pr sequence incl udi.n ) Aj 3 is:

5 T AN Ao AR e bl R % 20 s T BRI BRST B4 75
sequenc ain eftedston a€ 206, thems cyfcld 6] miimoft deeatfiingstt 961y A o eRERSiomatanpl i fy
CSCA or KB, 0 PCR r.eaction carrie ut .1 tai ning
100 ng. A% Gahniec B Samgel o Codin o mEioals?yh b SRl

2007/ 036i£96f P B5a006¢)035200 dN~- 1's:,gpl1;;2,.5 U, ;pf' fiu Isplnerase.

For the cscA anplificatjqn, the reactiaon . went ,ough 1 cycle,of 1 mn at
95C, 25[Q058] e Tggombingnt PR pencHick Wt%f’da{a'b@éf"%g Seaopge. &Vﬁ%e‘ﬁﬂi’ng at 55C
and 4 napexdsnYpr tt3’ édfseqhdiedatter iielalid Gyainttonf THS, the frcdKBepabon at 72C.
For the <cscKB anplification, the rea;:otgj on went &Jp(é%gh t he sanme cycling as
above eXeBfel Y wagplassr prdsr pavRobotthe rod A pEngier et 1°PFPIFe second round
of 1 eCORRETBLIALR ! T8EPER Bodudtt weRakifisPiuseBLElbctRbod 6 of tR1d CSCKB
products were mxed as tenplates in a reactiogn contai ni ng, 50 prol of

50 |
each  pseddsTns ownhef M. eonipimngplesiaid PRI Ghter 68k campbsio¥at i on went
throug hg@ SY&LS c%taiﬁing mé/gs&@;oseg%cﬁ%e %1@%_%0%%019&, 30sR%% iﬁ)i?ifdﬁrﬁt ghtng at 95C

30 sec anneal 1 ng at’ 65C, a : mn extension at 72C, then 25 cycles
of 1 mi hawsforaen atllsrconigining tesEcAKB 8paipm heweven sveerablg to SrCoR g s#Ms i nal ~cycl e

of 10 m n.extensiaqn a - 1 the.E¥nReni gd size of
3.7 kb Fffhénﬁjrag%ﬂ%?aflys[a&)a@%]qnﬂ%&’%%%%%%ﬂ@#tﬂﬂ&g&Bélglgg%%lsc ccgnt al n?ad 50- bp of
sodA 5' sisedliaFigare $B.CA, cscK, c¢scB, and 50 bp of the 3' end sequence after
the sodA term nator. Thus, the cscAKB operon

EXAMPLE 2

—C)

Oxygen-Regulated Sucrose Metabolism

[0059] Invertase may be the bottleneck through which sucrose metabolism must flow. As a
cytoplasmic enzyme, invertase can turn over more quickly than a membrane protein. This is
important in achieving a rapid shutdown of function. In fact, the rate of its degradation can be
speeded up if necessary by ubiquitin tags and other such modifications. By contrast, levels of
cscB 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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from 0157: H7 was pl aced under control of the sodA pronoter of MGl655, to

produce ‘&@9@72033@% csc. The PCR products were purifi e?ggﬂgz%%gjﬁisazfg%rd

el ectropo the sodA: :Tn5 nutant of MGL655, containifig
pKD46. W&ﬁﬁmm%ﬂmmam@mde@mtoampmCﬂ@ﬁﬁllﬂrhbdfrnm@hﬂﬁﬁ gewegi¢cr ose as t he

sol e ca h in Fi. d |1
cont ai m‘ﬁfjg ﬁ “rétﬁi\@se&%g%‘é‘ﬂ?s'cngﬂgﬁkﬁn er e:Hzl; ?eg&etn%é]?rg\glv%gn 'f ﬁe :ame
medi um af CM@@&GAICA@Q@GM@@CW@@EM@TBTT@T@GGAHUATITC{IJIUGTM final

concentration w0 5 LE2 O ed Sucrose
Met abol & @%@éﬁicﬁﬁiféﬂ% (Sﬁéﬂﬁtﬁo 5{3’[5%5[4 échfn?%q%ﬂ]é |0(6:1W gucr oseS
ot 6 QU o e e Tt ant T achi evi ng.

n achi eving a
r api d sﬁ@@hé\mﬂb‘ﬂc@ apdeeBin oqerplqcaé%Z KP}@lguéﬁ i’) ofhq %eguee&?g@agafﬁ on cangbe
speeded su@I'AA@P@&émGWM@M}AAEB (SIS IDND: @), RafichsHaliesa@diKBS at i ons. By

contrast, levels of cscB are is unlikely to be UICk| | at si nce the
synpor t eegidnsofghavsel eense The seaspnse frd3ds: é‘sTtﬁ"r]i T @gﬁ*%&ﬁagégc+ strain

shown i , ; , e |
gf(?ﬂzcontr 1|ng{‘ﬁﬁtﬁzy% oP1h8 Qﬂsof%eﬁc@%é&% operon for

i ndepende e sucrose syrrporter cscB using a lac pronoter.
As bef §0as1] PGE vsfa:sumngtkmna@a;mglefnesc deos 3K BrityS Orel R Rorepgtionavas carmied ey

2007/ 0307991bPCTI %%gq%)?gé 665@%%& e c}l‘Sf(éacHEHﬁEr{Uz Anfagiripg desi gned

to anpl |nfy cgck was the same prinmer
descri badd 2.5 [Extbﬁfpbelyﬂ:.eraﬂ'd)éﬁsecpg@mwem &rou:@ ljoyele of 1 min at 95°C, 25 cycles

COCAGTACLEREA TRy T g Al RS R IR G En 4 72G 0 1y 560

of 5 altb@laa‘mals@qw&ﬁaemméxt&md)m(wctAp cscA-sodA, ). Priners K5 and B3 were

desi gned _t anpl.ify both cscK an B . b Fi 7a).
o e Bl e S A SR ARS8 ) ™
whi ch i nElitdeen)bhie RBSRI site@ @eatof Fdhelns ecifepeduct hplaedueleckef or B3 i s:

5' CTATATTGCTGAA h_.ha Ob f the 3
end of CAEsEn ‘(er‘f?@%%g’i‘]m%%gg&g? 145 ﬁc@f“’?‘@a ﬁﬁ‘ﬁ%‘fs‘ 3‘?&2 gr cngB
A 50-ml eE&Rdrfﬁﬁ@ﬁlb %smsquamndegésmtand gﬂ-}ﬁmﬁbtb@'lgi@en'ﬂﬂl rmsgragﬁenm@sow?
genom ¢ rnol of each and

pol ymer é@é‘;lbfﬁdén{gé]a‘?:f’i’@ﬁ“&é?ﬂ \‘I}E‘@ﬁ‘m C%‘taé’ﬂ}stﬂ“é‘”ﬂte 1T]i1ﬁ ’i?wéf as% o0 cycl es

of 1 m nrpk, \gé‘sr{ﬁédﬁlgéggzd@hthm aﬁcﬁh@Eﬁge@fra@ﬂé‘i@fécb@ﬁed&ﬁteﬁ@@purﬁmdtléh m n
ext ensi on at hen a fi nal cycle of 10 min extension _at 72C.
This fragment contammg the Plac-cscKB-terminator was re-ligated to generate pFD7.

Plasmids pFD7 and pJW289 were co-transformed into a sodd::Tn5 mutant of MG1655 or
MDS42 (without pKD46) to enable integration. The pJW289 plasmid was cured later as
described previously. The pKD46 plasmid was introduced back to the cured host for
recombination.

[0063] The PCR product of sodd,-cscA-sod4, was then used to transform the new host to
enable recombination. The transformed 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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[0062] Four microliters of the cscKB product was cloned into a pCR-Bl unt

vect or (&g\é’g@;&gﬁg) at the EcoRl site to create pFD . g?ﬁxs?ﬁ)éﬁgs%t?”’d““

is placed control of an inducible Plac prono kb

Pl ac- cscKB-term nator fragnment WEXAMRKCE 3ed fromthe plasmd by Pvull

di gestion and gel -purified (Figure 7b). This fragnent was sub-cloned into
the Smal Cohfirel i¥SupdYVPBetabbiishin bg anOxiygen-Sensitive Paimader afidcSuseese }ipgaiei d, naned
pFD6, was then di geby &SuwobdRefredsor fonSutrose PasitiyeBacteaignent recovered after
gel purification. This fragment, containing the Plac-cscKB-termnator was
re- | i gay@4] Ohaihhé saheloftEves PleasiroicdeprgsFDLselht qratelghe lnuelef susrase ansf or ned

into a sodA:: Tn5 nut ant . of M3L655 or... i TPKBAK) abl e

i nt egr af ﬁ?elﬁ*ﬁé’nﬁﬂégﬁhlﬁpé%rﬁpgo v s?mct:l&erse%%g‘éc\grag?g%'gg's?ﬁ?tgce(f%[?rqgvi ousl y.
D6 <o s Lo vaed Lo L ranaTorm  he
new host01t56:H7éW861?ee”§‘é8m' &gisir’é)eﬁhosc‘l‘ﬂﬁgo&f)ﬁlﬂgm%rtﬁ%@(’%e ﬁ%% V\%él?e pl ated on M
medi Um GQRtRhRhdeid Bhrals 86l ASudos Hikbeftddand tpwhlyeonfollinsfuectimnt s abl e
to grow on the nmedium have a Suc+ phﬁggtg%g%g-m.még%lo 0790

PCTI US2d0ibe bryeging mvertaganipy potheneek-gnzgpe. &S RIS TR BY an

OXygen- 3ensiel wieh RsaEGh eansﬁﬁﬁvéw?}%ﬁﬂ)fumé% @nd Byctékidise hapitieRexy essor for
Sucrose Positive Bacteria [ 0064] e third e@%}i?p er,eserves t he sucrose

r epr ess efors R spd! empmay eithesbe raplased b csed 8599 Fies Wik F5A@5 2 nor mal
fashi on sfn&zl}nﬁi%%ugég positive strains such as 0157:H7. This schene is
tantanount to ttansplanting the cscA_g,ene fromthe normal posﬁj&lr%g in the
sucr ose [0)$61 Brimors 4 apd 5 ereesigneddoepplifsan @ gdPofomfNSd eramis PN Féont r ol
may be t iMEalnle 1 PO AL LY oBREE AhclBF 3058 of Baunggel  Of

sucr osea\’?ﬁﬁg’%% @%C%E%fg\r%a{nﬁlg 10%’ t(ff:ug)nt rolling ftjnc?i onE 0i s. the level of

i nver t asequendve obwiit!| Rrimeark Proks\and B3 Peee desiemdde praplify bethi asefardwc? fom t hi s

schene, which I\ts in St L bk 1) NETRAE AANE T uct oki nase
acti vi tioggpleﬂcséibs%ﬁ)bfhee,Se?‘%glpes%% %%dgﬁsgsrr‘é% elt Eferl;ﬁp ]éér epl aced by cscA or
conbi nedG-B° (SEQI DN &) hwhisic tchides thhentime prometexuggion 81 the 0odEgener Thters 4 and 5

wer e desi gned lLfy csc 1.4 .k from 0157 genom c DNA. P4 and P5
wer e desSETiBE Ofﬁ?gg%%f\’/aén ?S%f%&g?dlfe@ere'escA gene is flanked by 50-bp of 5
and 3' (6696 @URGAs Qhrris@EW.to bl cscPPS/OER2. Akb) (Biuvedap AI6GUHPER to anplify

gof %&Z%%&%W%&ﬁ%% c%gt%ingnzg' 1%0 l1<1lg3 })'1 SJQ&O%?C%I%R? g 0 {319151 o@reecx)c'ﬁS I's:

primer, 0.2 mM dNTPs and 2.5 U of Pfit polymerase. The reaction went through 1 cycle of 1
min at 95°C, 25 cycles of 1 min of denaturing at 95°C; 15 sec of annealing at 55°C; and 4
min extension at 72° C, then a final cycle of 30 min extension at 72°C.

[0067] Four microliters of the cscProK-B product was cloned into a pCR-Blunt vector
(Invitrogen) to create pFD8. The cscProK-B fragment was cut outas a Hindlll-Xbal fragment
(2.7 kb) (Figure 9b) and sub-cloned into pJW23, which contains an azt site. The new plasmid
pFD14 was then cut with Nofl, and the larger fragment recovered after gel purification. This
fragment, containing the cscProK-B-terminator was re-ligated 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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TG 3 (SEQID NG 8), which includes the entire pronoter region of the cscK
gene. Th for B3 was the sane as descri bed be PCR was
carried g\ﬁ]P ﬁ(g%gen% ify cscProK-B (2.3 kb) (Figure 9a). kgégysfgo%%%reactl on
was car [ooseaRCR R daIer son ek thengisdd00 tmgsf@iiblie gwme)new: h@rp eblepnol - of

Chr ough rEoE e b o s tiere i € oyl gl R e RS R R "o, "S5

15 sec Qfle 2B&PdMAE. BhnsiGfaantd Bble b awronehetmmmnmta Sti2+ henblyeer a fi nal
cycle of 30 min extension at 72C. ?0067] Four mcroliters of the cscProkK-B

product was cloned into a pCR-Bl Mﬁh (I'nvitrogen) to create pFD8.
The cscProK-B fragnment was cut o I4|| ndl Il Xbal fragnent (2.7 kb)

(Figure 9b) and sub- %ﬁg%%ggfﬁg fﬁ?e[‘ﬁémvg‘hoan‘lé&hﬁqﬁ%ag&&gl an art site. The new

plasm d pFD 14 was rger fragnent recovered

B e U

co- tran3iﬂn1ﬁaﬂumﬂgtmcmsmd/%oleEmﬁomncbambrg@ﬁow&m@omnomwh( Wi t hout pKD46)

to enable inte atl on Bot.h bed

pr evi oudiFguehey F@Bﬁ%o%gerfaﬂ?{ B At T eoféf g’% %Ee%%y%allt eﬁéét:i}&r:ed host. -15
VO 2007/f&ﬁ@3@9ﬁ8€£ir&$29ﬂ6hﬂ;aﬁﬁwNu{r@l TndBchrboh I @RGIHD thénrtask-Wiair~Tdf | ~3scA
were then used to, transf rmth Pove ew hosts to enable reconbination.
The t r adSFGriHiEhle ifqreal Qrﬂlaéffgﬁe °R¥di um cont ai ning | % sucrose as a
sol e car WOLX%Ufe% reﬁé@ﬂ@ﬁwpiﬁaﬂgx&wﬂbdwvd(ﬁﬂ@rs&wm@n niihignah®RSmétve a Suc+
phenot ype MPLE4 Oxy gen Re Iat ed Go%@ qur 0se tabe(r)(I)bllsm [ 0069]
Aer obi ¢ va@JenersEase gt BiGsHe earde I?/E‘%E%?ug‘t? gle ol grpwihnder apdeloii-e 1 was
exam nedoMifid kiR Bfs Rers @b ®nga B0 aﬁtﬁiacﬁﬁeesfugmsﬁqwceﬁraangmmm tor| ng
growth throug out an aer obi c-anaer obj c-aer obi ¢ c cI e. _The cycl

i niti-at ®§MsyL6 §\F¢tdz,4hF%?g)ntgll}gosef@?sr%ﬁﬁoéerlsFerl%fﬁﬁe]éﬁ“f“dlaa od bychangss yrhap

Ni troge £anbo (Q)'@'Efénq rt A1 Ractet §dklphffected Qlliea%rcfbludram e

i nt erva@]‘o"fb@(ga gl Qu ; fofer %e}ﬁ:t I<'§1yltgllsons [005;‘0] Fi I:]bgre 10 represents a

t ypi cal agamhtmst@iu&fvféh@fuhllﬁ’e strain on minimal MOPS nmedia with 1% sucrose
as the S PN Emilat A8 1rtEtmeRfatiSlsO¥ a8t ianaer obi ¢
conditi Jﬁ%lh Oltr1 Blgﬁe ceﬁ,tg Weroe nloa | onger a(lable1 tso ceataabol i ze sucrose.

I n cont rrmsimal M@&medloéomma%%@dmswéhmlegme@ ard ey SQUET YYOne
relativel nechana oo digbe®. 4k Weass transport
and gl y(? ’I¥X7 |1sltnéFe nof?}4168 %Fb%?e??é?@gﬁg@%bzﬁ g&;g?§d|1c or anaerobic status
of the auhbatben and energy source. The strain did not grow on sucrose under anaerobic

conditions, but continued to catabolize glucose whether oxygen was present or not. In
addition to the growth plots shown in Figure s 10 and 11 are confirmed by the observation
that the overall viable cell counts did not change throughout the anaerobic phase in the
sucrose only culture, while they continued to increase when exogenous glucose was present
(shown in Figure 12A). This indicates that there is no biochemical restriction on glycolysis
and that glucose produced from sucrose (by the action of the csc gene products) 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

~-16 -



[0071] Figure 11 depicts the results of two simlar air lift fernentations,
one carri m ni mal MOPS nedi a containing 0.4% e sole
car bon a‘ggeﬁ@t{ﬁ?ﬂsource and one carried out in the sar?’r’g%}r’%@g(ﬁ)gﬁ%zw

suppl emphtedurisgitie @a@%@mtme stthe fanmeriationisoge pare®@bipasgudetime! ghigosg car bon

and ener e. st d n aerobi c
condi ti bs%owﬂﬁ? g%lgﬁtte 1%1%88“‘?%“ ? %&agggt?%%cgfo%gogg&%bqﬁﬁ o?ﬂlgg[dugﬁ was present
or not. gidwlng’:widsut:to@éltot;ﬁoduheawamiﬁdimpg thbsotglsmﬁthe amaéiobjig lshaftsncﬁ@tﬂmhﬁt 11 are
confir rre obser Vﬁtl on, @ veral | .viable cell counts did not
change H}ed’ﬁﬁﬂg OFHRR %bm%‘iue H’S @t}’%atfsﬁleceogu}éyrgs%e only culture, while
they continued to increase when exogenous gl ucose was present (shown in
Figure 12A). This indicates that EXWMBLES no bi ochem cal restriction on
glycolysis and that glucose produced from sucrose (by the action of the
csc gene pr odOaitsgl of BWB Carbalyydoate Sgsteie bpbh OxyganbénsitiveiPrometeur red. Lack of
grow h on sucrose under anaerobic conditions is therefore due to |ack of
t r anscr (Q7BbRepldcetriant of $hte ngtiveeRTS promotetsevithdheendd riepeipide HiusEainpr onot er .

[ 0072] t, e growt h on
sucr osebl%%(rg\cel?ab&)s vella3 derl-'édQ ggﬁéﬁgp&m%oggqe@g&t% %pgﬁfﬂétr}? Eet cg%%vt&h%% ng both
sucrose tlmnﬂocgllcumotsfetwp mqﬂm&e@C&proﬂmtgﬂlaamgmmqlwfsewn@P homwlegons wéhadiuppor t s
the notipn that .litt se 7/ 030790
PCTI USZﬁ%@?’G%@rgeﬁf £ (e ne%‘hl’as el aoc Og%é)g?o#re ﬁ%pt{) %gcgiﬁlg?c’ﬁ ﬁ@ %‘g(?rrent ation
si nce ame&rpabdwtsasﬁiempp@ite ermSoThgﬁnsmfslm 1n31ak]i’@ﬂvpr0tlmctgmnbd@8t4é Hases g’é anount s

of acetate an e he C sucrose to
pr oduc e SEH§Rg Hloifﬁf)‘llsntﬁ ﬂ%efr'il’ e’&‘g%% % g?rh gﬁ%nelule{? C{lﬁraﬁ%fh? In |cat es that
:EI)(:[A}\/L E Eﬁgnsg%tmglrggﬁ@g?n@mum ;braiabei ? Wil a@;’:ngﬁ-ccﬁhg linker tdyeermb aepm?d@]; oxygen.
Y, itiv
Pr onot elhom‘[’]@éf?m]t PéeﬁP%ﬂcgqt%H’io Bq‘t)(‘feﬁ@tbﬁgg%/l@@) g‘?@;%&@ﬁ%‘?ﬁ T\’M%eﬁ?rt *le sodA
pronot eplak$id AAGSET @t Behglaprinfet GisTgRsted & @Ngh llv‘hth ﬁﬂ@@eqieﬁder%dgc@mg’tﬂg ruct is
produced in three steps. heflrst step inv t he production of two
Sﬁpal‘ at é‘g’?ﬁ%?ﬁ%ﬁﬁé?@a%%%@; éﬁﬁ&%{%ﬁfg honol ogous tobt hgidlr
chromosapc A REG8 NS her@$he¥BWér A BqeA® RomEIaERRESthEQ” @ld ow
fusion of the t és%? rodg’gtseat t he rogptosg?te end(s) The fir t of the

initial omRK@n@&wcmercasﬂwecwsh%@e&oué he dgendr it er%%ﬁo €to the 3

end of %&%n&: IR IQQH?PCRQ&CEM Id@stlﬁlaﬁahl@lﬁémﬁrih&&huﬁfé@g’yLicaaﬁd'c%&ftﬁr ase gene
(CAT) pfus it'3 pronoter as well as a non-cod |ng$ i nker se%géa_nce to provide

honol ogyaat@agﬂaecti&@@ﬂGCP@Tffﬁﬁ@lﬂﬁG%%%Tm dEQ IPNOCAT: Wske i s
anpl i 1 gd II)\;ermaséDJegée%:g}s%%%g cgsﬁﬂg E@fué}ge ﬁorHBI'og@Lfs wAgshokahfcb@s Aigo 1 with

t he sequence
product and the upper case sequence is homologous to the 5°-end of the CAT promoter

region. A 50-ul PCR reaction is carried out in a tube containing 1 ng pACYC184 DNA, 50
pmol of each primer, 0.2 mM dNTPs and 2.5 U of Pfis polymerase. The reaction went
through 1 cycle of 1 min at 95°C, 30 cycles of 1 min of denaturing at 95°C; 15 sec of
annealing at 55°C; and 2 min extension at 72° C, then a final cycle of 10 min extension at
72°C.

[0074] The second of the initial PCR products includes a short non-coding sequence to
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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ﬁégaggtcttcactgagaaagaattgcaacagtaaTTACECCCCGCCCTGCC ACTCATCG 3" (SEQ ID
i , r ower case sequence i s honol ogous to ' f cyskK
and the 3&§§&”&§§@55equence i s honol ogous to the 3'-end$§&“gﬁ%%@%¥0§ene.
The seqandsmEh H N1 EhiareRERoweaatd Lnudnse Hdis mnabdidg @qugee3 with the
sequencg?S'- acag

t . s
aagt cca %@8?%@@&%%%%%?%@9 SPAUPEE ?ﬁlmouiﬁ)ﬂ,le Where the

| over  C g8 oSBEMRRCRomS et 1R BioR 8Nthe BUédMrhEdaseme e THOFOIAgNgs ofdhisPCRhe second
PCR product and_the %p_per case sequeng,e i S honnlé)tgous to thgga 5 -end of the

CAT pr ofRgetéan is Aesignaied Olise § vithereeAwraes 1 chpelelscasicrs i aeasgeettaiselpp
contal n%&g?aﬁmwyﬁ'ﬂ(%A@Mﬂé@CG@@k’ SEQEBRANOPI2) MBS lowlr casé™M dNTPs and

2.5 Uo0 pol ymerase. The reaction went through 1 cycle of 1 mn at

95;:, 30 sespenceds kgfmalogpustoghe HeandtofipisHgndthegnesr cass sapienesris hoplesols 0y at 55C;
and 2 mign 8 | i oFfeBelyGY ' &D§ien at

72¢. [ 0004y B AP LE R lprdholey TIIEMNGD oo THINES B SRR FHd Sub eIt

non- codilrgtsegdenciyud A 30-gf POB révotivd isgyricdouttiea fube sontPaRe pPbRLEL , t he

i ntact ox - ndent sodA pranoter, a n honol.ogous
to the 8°’¥1‘g§36%’$’9§ﬁe§£?‘§‘?%—1 038% .Pﬂ?ﬁ&%szo‘a@dd&ﬁlﬁe %?-%ﬁé%’f%ﬁﬁg?f? T ed from
E. coil rebfisnwatfrbugdNAytisiony nfn frasrEr30dedegefdtmin cde@hirgg aPI5MEL 1P t he

10 2007 3RS PO BRET RO O8] S852 000t RO REM NGB P A P | Guer

casg seqmsz;gehi s the non-codi ng sequence honol ogous with the first PCR

product and the upper, case sequence is homl ogous to the 5' - _.sjde of the

sodA pr SHEPEIG RigR grpdpets ?%C@%awpiare€ﬁ9°8ﬁﬁ Grom aggse %eist,%‘r‘}c]’u{}ﬁ? 8 of this

PICR r e@{iflgeﬁ) Buﬂiﬁcaq§1§ EaRA8Hiokd Rcdhdwbind df PERS €hltheyesstion the two first

5' - gggt gt gcagacegt t cggagcggt aat ggt aacttcttg . )

ct ggaaCAMmAd PCRT aredenaredas! alowedteyeraneabpriarty extepsion. Syadril P58

sequence, i : " equence i s
?eact??rgw%%)%g%g%ﬁt 1}13 tﬁﬁ-é%oﬁtﬁlgﬁ{ségi cf%f ofRbHHuRed, Elf_ﬁ& rSlRRPCRGRASSICE €]

honol ogous "-side of t pronoter. Is oligo effectively
r epl ace®.2tthiel &N Eitstand @ddhobl/i polimensse. Hhetreastien gaes theoutbrl @elgrEHmimat50- pd” PCR

ol of DakenOSHHER 19 of BbiBE 57 5 B BPhoh ot Soc: ARAMED22 on
went t hiegtagdionlat G9C e Adkr tBe fitsh 5 agcl@5C,pnBlesof Oligs 1 afid Qligd harohddbdriathar i ng at
050 10 i S FRIRE RS SoriSE IR b T SLRTS, Bl flerlf Sl 2 e
ar e recoy ¢ nfiflefte3ionag A1°CS Ahg tcdndrvtnd BCR i ctanpurfied geing pQidgen cat i on

col ums c lru}n(r)lrané (t)ralilasfosrren%g Pn o} I(/I%H%gS grf MBgABZ cc;n?ailgirr}é SKf)E@ Fot eina e Enqggrz;[tfé\)g. first

Stable integrants are isolated as chloramphenicol resistant colonies. The pKD46 plasmid is

cured as described previously.

EXAMPLE 6
Oxygen-Regulated Growth of Sugar Metabolism

[0076] Transcriptional regulation of the PTS carbohydrate transport system from oxygen
regulated promoters reduces the role the PTS system plays in sugar consumption under
anaerobic conditions. Although glucose or other carbohydrates can still 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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round PCR products are denatured and allowed to re-anneal prior to

extensio - CR reaction was carried out in a tu WA 5 ng
of each 3@?&9@2@&” irst round PCR product, 0.2 andNTP?ggﬁﬁgégég%ﬂgf Pfit
pol yer astgol dippoxpcnin muikigiresmotar dlogha singlg ppiat ef regulation tacont@5C, 10 cycl es

f 1 ninof d j t 95C.. 1 , ' . and_1._ni
ext ens Byrsupbpocl BPainn B i oSy o dP s RReBl SR FSed LG o1 o
4 are aggehidsOgrbth of Beadlt dtafis ofdthei dugars emiteiconsratueé tconteictnseyl nfawh an

additional 25 cycles, followed a final, cycl of. 5.mn extension at 72C.
The sec %&V‘f‘llﬁ‘hﬁ%’ ‘Ffedgéy%ﬁ“c?ﬂ ﬁé?m‘i“?{%ﬁﬁhi"? ia%cﬁptﬁg%ﬁrﬁ E%\m@né’bzé’}g pr%cgllcﬁ%gfla nd

t r ansf op 4% diolth QatWiEES P tHelenMRB4d &N RdraibiéadganpKlof BTS sugarsabl e i ntegrati on.
Stable integrants are Isolated as chl oranpheni col resistant colonies. The
pKD46 plasmd is cured as described previously. EXAMPLE 6

Oxygen- Regul ated Growt h of Sugar Metabolism [0076] Transcriptional
regul ati on of the PTS carbohydrate transport system from oxygen regul ated
pronoters reduces the role the PTS system plays in sugar consunption under
anaer obi ¢ conditions. Although glucose or other carbohydrates can still be
taken up via non- PTS systens rates of assimlation are greatly reduced
since the PTS systemrepresents the highest velocity sugar uptake strategy

in E. coli. An additional benefit of bringing expression of the ptsH and
ptsl genes, which play a conmon role in all PTS systens in E. coli, under
the -18 WD 2007/030790 PCT/ US2006/ 035200 coPt m- rcr~l | t ~ g ~P

kgj gd1lPronoter allows a single point of regulation to control
consunptionof all PTS sugars. By direct analogy with the sucrose nodel
described in earlier exanples, gromh of E. coli strains on other sugars
can be constrained to nore closely match the availability of oxygen as a
termnal electron acceptor thereby m nim zing production of over flow
nmet abolites by the engineered cell for a broad range of PTS sugars. -19
CLAIM5 1. A mcroorganismw th netabolic flux froma carbon source

regul ated by oxygen | evels, wherein the m croorgani smconprises an
oxygen-regul ated pronoter operatively linked to a gene encodi ng one or
nore proteins involved in the uptake or netabolismof said carbon source,
wherein netabolic flux fromthe carbon source in the mcroorganismis
decreased in response to a reduction in oxygen |evels. 2. The

m croorganismof claiml1l wherein the mcroorganismis a prokaryote.

-19 -



3. The m croorganismof claim2 wherein the prokaryote is selected fromthe
group consisting of E. coli, Shigella, Salnonella, Corynebacter,

Lact ococcus and Streptonycetes. 4. The mcroorganismof claim| wherein the
m croorganismis a eukaryote. 5. The m croorgani smof claim4 wherein the
eukaryote is a yeast. 6. The m croorganismof claim5 wherein the yeast is
selected fromthe group consistingCefAIMS cerevisiae and S. ponbe. 7. The

m croorgani smof claim1 wherein the carbon source is selected fromthe
group consisting of glucose, fructose, galactose, nmannose, sucrose,

mal tose, N-acgetyl gl UeQsARIRG, wits 8k inde G 9% or bose,
glucitol and galactlto? %h %he n?é?%%??gn?gﬁ1o?£b+§#ﬁ? &%Lere? §¥%§

m cr oor galvelswbermprthesmisrogrganisR pereprisescagu ok zeea-degulatedpramotas pperativelydinked|th nked t o
a gene eng BGod t @WE

phosphotra%g%ergsggggg?gﬁvﬂ%? @Qﬂggﬁgggh #?%%y%ﬁbaﬁgﬁﬁsggﬁﬂé?é?%ce

m cr oor gawhesein osiapelicdlux fram thexsaghya nOW@gmthamoqsmm i decpgasadan fesponse th p nked to
a gene engqdi:ng; q&zgnkg ;i 0 157.H7 sucrose netabolismnodule. 10. The
nlcroorganlsnloP { wherei n the gene encodes a fusion protein

conpri sing the2.pr ot“éhenmmoonghesnpbf@éthdevhoﬁelnpbﬂmmwpeadspesrﬂmﬂ@ryote _
phosphot r ansf e5.ase fshefBhfilom BPLGH 4 Whereih dne n% HES SRR SR o2 M O
wherein the gene encodes a tusion protein r|5|ng t e protein of the E.
coli 0 15Gnpigtingof Fowé, ﬁmeawalwlmawwm Lrbroqencm and Stroptontycefes hod f or
regul ating met Aol I clhithoolefifn B G A1IRRISH HRRILALAS 2 GKbAIET NO. L e

m croorgani smof claim fer . Sui l'e nutrient con tlons nd oxygen
concentrations3to pT@dme@Oma@%SPﬁfé@nﬁmhawoﬂth@ewme ISPI:‘/eaSA met hod for

reduci ng the pgoduChope 9Jorga\4§ﬁlf SOYtPS Ahdd BRI s SRS TRISEL

met hod conprisin turin e mcroorganismof’ clarm1 er nutt

condi t i ongonaisféng ﬁd@ﬂwﬁwyg@hge@n%@ntratlons bel ow, above, or at a threshold
| evel of oxygen the’ﬁﬁebﬁluc?do%?%ﬁlkrﬂg)ftcﬁgn Of\J«h%g Phhe %ﬁfogﬁ&u}é&npg@&mﬁ%ﬂhew e

nmet abol i ¢ pat hway that produces sail vertlow metabolites -
group consisting of glucose, fructose, galactose, mannose, sucrose, maltose,

N-acetylglucosamine, B-glucosides, mannitol, cellobiose, sorbose, glucitol and galactitol.

8. The microorganism of claim 1 wherein the microorganism comprises an
oxygen-regulated promoter operatively linked to a gene encoding a protein of a phosphoenol
pyruvate-dependent phosphotransferase system.

9. The microorganism of claim 1 wherein the microorganism comprises an
oxygen-regulated promoter operatively linked to a gene encoding an E. coli O157.H7 sucrose
metabolism module.

10. The microorganism of claim 8 wherein the gene encodes a fusion protein
comprising the protein of the phosphoenol pyruvate-dependent phosphotransferase system and
ubiquitin.

11. The microorganism of claim 9 wherein the gene encodes a fusion protein
comprising the protein of the E. coli O157.H7 sucrose metabolism 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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