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Fatty Acids To Hi gh-Val ue Chem cal s CROSS- REFERENCE TO RELATED

APPLI CATI GNS 2009/078973 hi s application clainms the benefit i/ tdbdkaksor
States Provisional Patent Application Serial Nunber 61/007,481, filed
on Decenber 13, Muoibialfiedv@sion 85 OIRAndf Falitg dhoids TAUEIEELV AL CROASEals bot h

of which are incorporated herein by reference in their entirety.
BACKGROUND OF THE | NVENTI ON The present disclosure generally
relates to the met ab&fR@SETREFRRENCGRTOREHATED AFERIGAEIGNS pr oduce

hi gh-val ue ¢ .08k Sii : . ing hepi. Gal .
fuels are ty||?)1|?l {:ya P@é‘i{)‘? Icl)gﬁlcl:rgsdtht??%é e%kpgft&%%{%gg& slé{%ag%a%ﬂ}%gc? %rgéfnal
i ncl udi hgmbet 6L08GAS hi filedvd Darembed 1332907, Howdebé189,429, fiked @pA0gustd 9pP008,
ener gy Al i.pcreasi oi l. and natur.al. gas .prices, and gl obal

war ni ngggtg)c%glk‘}é’)t{cg,arigﬁjﬁﬁ?t‘)@%hsergggw cretien 2 the ‘?‘EB‘it%ce chermi cal s nade
from non-renewabl e feedst BASKGRONEIDRTHEESNYENTMON) cheni cal s made

from renewab](rg f eedst 0c{<s w th epvironnent al | é friendly processes. In
the transpor # 3¢ PEsRent disclaswre gsperally relates: to ibe mgtabplicienginderiag gf sigraorganisms
t he bi ogffraaale ddvddiosicagels, i ndustri es. Al t hough et hanol can

be produced from hydrocarbons using a traditional chem cal synthesis,
usi ng m cr oot yEeNtyENany pibcMalie ehehuendd obyfuéle rare rypicdllyn puidueeds by ashemical
feedsto I .S: i \e. i i ch_ does not

nave.t e iiesis Tt hyEbARbok i BRBLRDER el oinb oty B Hieiel 38 iboncems
exanpl eof eneegynesiritpincieasneoil eml napirel ghs prieésginid flasdl SYarmingedstate) induseris

a glucose,or xylose feedstack for pacterial f ntatjon is onl )
0. 21 2SR el T BeleSE Hitedls mPl B e rrrsuable et Belst By bagiprafesses with
r educi nehefiily aladatffom lrened@biet feoditockh &vifh ABABEMEABRY FHerdlf pristbsies. ahh Ghe
anount of carbon l:(E‘i oxi de i}g 49 theoretical yield), one of the primry
gr eenholisPYHE fufhsecdor; dhisitiend | gpded fituthe Bepwih of therRipethanpb and (hipdiesel
remai nSjnaudiesd for mcroorgani sns that are capabl e of producing

hi gher yields of ethanol and other high-value chem cals froma

renewabl e cahienvgh otihanel \gan hber prpduesd Bamuhydroeibanarbsing di toadittmal chemical
r el eased. jat: %}MRY ¥ .
Enbodi ﬁsgrﬂ%hgglg’fﬁspﬁeﬁ%g%zg%ﬁgﬁ goc osUT eeajgjﬁeﬂ]eﬂr;gﬁnyy%%%ﬂog{‘ea sugar feedstock 15 an
m cr oorajwrmating approlachet Whds thif apgoaah ddee noi kavedhgprobkms thentiohbd above, there

duct . } icals,.. Th 1 CI. i i
PeaucedF HiRtEM kel Fon it GF nyim ot iigd sB38 (T RuGGRR] o fingngl from
fad reguplomseandylose femisedk e tsbbfenaéntitih 8laDAEB1 98BS reduited chemical

exanpl e t hrough tatign in ap atoC gen hat provj des overexpression
of trrﬁ e rﬁfc(t’lpa%gasgﬂ?wss {theOBgrr _c:mggequ?vaﬁents. rin addg:ion, the procgss creates a

considerable amount of carbon dioxide (0.49 theoretical yield), one of the primary greenhouse

gases implicated in global warming.

Therefore, there remains a need for microorganisms that are capable of producing higher
yields of ethanol and other high-value chemicals from a renewable carbon source with reduced
amounts of carbon dioxide released into the atmosphere.

SUMMARY OF THE INVENTION

Embodiments of the present disclosure generally provide microorganisms and methods of
using the microorganisms for the production of high value chemicals. The microorganisms
comprise reduced fadR expression or function, or increased expression of the fad regulon, and
increased expression of the atoDAEB genes, for example through mutation in an atoC gene that
provides overexpression of the microorganism’s afo operon.
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1 WD 2009/ 078973PCT/ US2008/ 013707 Enbodi ments of the present

di scl osure al so provide nethods of producing a desired product using

a m croor gaghsidg7shhe m croorgani sm may be any of the mpE@rmaghasnl Sy
provi ded accgr di to ephodi nents. of the. disclosure he . met hods .
general |l y poﬁﬁ?@_ﬁ‘eﬁ\%&%en@egnhéwlﬁﬁqrﬁ_(ﬁ]ﬁ?r P@T"H% m?t@%‘?_sf af pipdyeings desired
monogl ygetidesing dirgiciesdntes  TH hittatetnisdesay BE2sPdahi Ri@Sorg@isis provided
conbi nation_ thereof and culturing the m croor&anl smin the nedi um

under cRfFarding ks embedimants of e disdlesinn:. gditesmethods, genesallyheomprise praviding a

aci ds, g | ' i el ygeri i pi or.
conbi na’??‘(ﬁnlngl th rr’eso ,ﬁ?ﬁfagy%égigg’(fggﬁg% E%?égdg%y.cgﬁ?ﬁeg’ @‘@%ﬁ:?ﬁ@ésbﬁ%%@é?hpxds,
may be @ $highbinationdhedrefircadultgting thesnietdoagroism actht atediuns under catditions such

ganmma- yiol actone.. 1, 4- bu edi o nmet hyl acet at. cetone, . .

72 opr on L e nfiorGpiam npalhae g b SRl emoBte o e c o ristugerdes.
or 1, 2-ghosptelipilispbr. combinatiohf theref,dntoahlé G&sied ptdiRich THOMEBAN S Tuct may be a
further .g]g rises a lggl?fﬁ ex resFi n% an al cohol dehydrogenase that is_
act i ve Mel&rlug Shempica dstathanel, agetater secinalsn sgamaubaelsctens. lx-Butapediol,

by the medyQRE@R)héeresisthdael, bubtdts, buldiel, & arRite URnbRRHAE propionate, or
provi des_a mi croorgani sm conprising reduced fadR expressi on dlp

f unct i or2-PEPanedigleased expression of the fad regul on, increased

expressi on el | d uence_.encaodin
Cx oS Jh SRk MBS0, AHELELGuAthen BELENE AR5
condi t idshydrogenasethatisrcivdandienendisic combtionse aabthg hihsvalieschemixat pridutsd by

for ex e._a nenber t he..genyus Escheyithia, Lactobacillus, ..
Loct o S tnferSocHIRR s Shadol TR pr oM sl By es e gt comprising
Cl ostriredused /AR £ypressiesdr flittion, 6€kicAdaled BlREisBRNSS thet 4G regulon, increased
M croorganismis Escherichia colt |In.other, enbodinents, the

m cr ooFGRIPLR i he | 3 29ES. e R0 dWWsleifo Bl sequepsfe cgeqrding an alcohol

Sacch ard@ﬂ%@%ma@ protéin tRANS ZEEAL GG URMBES corftiRGlsI! Il Hstaif mbodiments, the

Neurospora. In_particular enbodi nents, the mcroorganismis
SacchamMyfipeEaanisey \A Backsiunpifehexamplase orember of thectsinuo Esnehiondmesbacillus,
ponbe. E, Rl | 1L.CEQOOL L SM,conpr i-Ses
educedF L] SRR, PabIDRMIERIG LIS ChiReR SRS ZiESnanes. 1n
pr onot eertain narbhodiments,bthe madrodrganisie dist Bxcherigos dolinuilatdther, erdisddbinients, the

mut at i rinsertiop nutation in, the fadR e pronoter., |In other. ..

enbodi T RETls r Bef ok FRebhl: ¢ mtRPE M0 BAGR Fastavgncen drchia
exanpl chyosacdiaraiices, | AspeheilisadBr gRerospdra) udilng pahichlanOmbbaideats, the
to, a paqint nutat,i Sn, del etion mytation, or insertion nufation iri

the fadRFTQRERANISYIS SEGAIAraspIGes CeEqtits: FIShIAPastaE: O X BBI4GabArempces pombe.

conpri ses i BEeASA derBY¥LAEHE QRe Qﬁicfo@%ﬁﬁﬂl 'E:@:QHHQ:@reﬁﬁed%@ﬁpé)g)ression, for
i ncreased expression of the fadlL, fadD, fadE, ~fadBA, an. d fadH
genes. exanple py gimptatigndatthe fadR geraspiomatesfinelidingdut nof limited tharlpoint mudtion,

oper apf 5l AEERLBh o PEAFAR AR otiOn TR B bk GeRE FRmeRES I ol SHRBIRIcH the
sane pmocrodrganismhdoneprises tiihend /adR ductionxfor esanpla byfa matibadh the @dB, gene,
ade, RdBhe I0RICANLIPRES, 28 LOGRSROEMAR SILLST STkt RutalSl i e
JadR gene. In still other embodiments, the microorganism comprises increased expression of the
fad regulon, for example increased expression of the fadL, fadD, fadE, fadBA, and fadH genes.
In certain aspects, expression of the fadL, fadD, fadE, fadBA, and fadH genes are increased to
about the same level, for example by operably linking the fadL, fadD, fadE, fadBA, and fadH
genes to the same promoter, while in other aspects expression of the fadL, fadD, fadE, fadBA,
and fadH genes are increased to different levels, for example by operably linking the fadL, fadD,
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WO 2009/ 078973PCT/ US2008/ 013707 fadE, fadBA, and fadH genes to two or
nore different pronoters. In further enbodi nents, since CoA

t hi oesterswgiz&gmt] -and change the conformation offadR g,%q.ﬂjs%;bs}ops 0
t Ee

. . . 7
derepressi.o fad genes, fadR fupction is reduced by providing
the m cfzdéfﬁéaﬁﬂ 417 Egiesite hiq OEmpreiticrepioTmpisiss (18 further embogients, Since

cert ai Ncas RRiGksters bilA (8140H QALLANH S BorFOHRbR ©F fam%&ﬁﬁgib S BSESTInOSY L fod
t he atoDAEBbrgenes, whi ch can occur in a nunber of different ways,

i ncl udi gRges. baeR ferctionnist reduged, bybproviving thee thiesgprganisn ovitlofat t¢ast atfirst CoA
oper on,th[oggtelexarrpl e by conprising a nucleic acid sequence encodi ng an
atoC prot€in conprising a constitutive nutation, or by conprising a
nucl ei ¢ aci dnsedamnaspeats)dbelintigrodigenish coapeisesninoeedsed ixpressiok el theoa@D4EB

constitutive.or inducihle promoter,. or. by conprising a first nucleic
2ol seifIEnCd BB PR P AEREL R oH R aOg i Bk nog e by nercased
const i tdkpredsloR bf itidareidpeRnPIR RIGple b3 SAFRRMgWEIERIE adl8 IsqRAE 8RSRing an
encodi n(% t he at oA gene operably |linked to a second constitutive or

i nduci HIRC pIRIRE EQIPTISING A PUHLIBY S BURPE % By cRBPNSAS Gdnvrleis psid semence
gene Op&ksdthy thé N6 beforf bty HARA! ol Yt dofStiRliv i r

and a fourt_h;ynucl eic I;aeci_dogequgnce encoogi ng %‘ﬁ{é“éa{bggﬁg‘gér‘\@eg%’gﬁgfﬁ?y°’ by
| i nked compaisingua fipst conkei¢ acidisgeuenre ienehdisighthe qrpBngeme ropetablyc inkedi to a first
enbodi . ' , Jthird, f Qur constitutive o
nduci BB gite B Hdibibte BRI, a S3hird plil oBU Sl GRE D U Pl sene
whi | e iapembhelinkeditodi sentd coistittive Sir indieibde gronidiery d, thiad duéleierdcid sequence
nduct Bes e sl dp bl Rt lo £ hiva st Biitepr Faciplggromote, 8nd  fourt
t hi ci oqGlugRi a¢id Cefimncs emcadifig Che infoPAghit SR&GHIINAMKeNO Feirth BdHsERltive or
al cohol, (ﬂg.mdro enase protein that is active under _aerobic .
condi t i"BERSIOI RTOAMET clill SeFtaiB sRReriReNtS the: Hest. eeandothirdnershfouBhsensiigutive or
nucl ei Gnagitle pRAMAAGR: ARGAMEREndMutEe of RiducBlest bwﬁ,%ﬁ&ﬁ%{e@%&g djments
protein conprising a non-acidic amno acid residue ‘at position epneta
t he anithfigsisgcondqgihirdcand fourth esastipitive ar ndysiblegmomotenaredifferentaoastiutive or
posi ti Q&&%%?JOH{O%S am no acid sequence. In certain aspects, the

m croorgani sm conmprises a nucleic acid sequence encoding an E. coil
al cohol déhymlcentpem amboginzhis theamimoorgahisg @nipysenenudat deid sajuepeséeidoding
568 of _the, amn Ccj equence. L n ot her aspects he m cr oor gani sm
conpr i Saelgmtgnﬂ]{l}g?qéq?éfegﬁ?ag DAY IR QWL B Fiy® 1€ ¢ ‘bf‘?ﬂfﬁté@s' *fh particular
cer evi ehibediatents) te rHiRROEEOEENOGRpriReO Qhdleit Raoid skGuched éneBdidBARE. 36K alRbEol
conditio In, certain enbodi nents, the m croorgani smfurther

S
conpri &@QV%%M&%&TMWH}%% idig apyinosacidresigne alcigsitiony5681af the amino
exanpl gcR %’u@ﬁdepfbroéxa%rﬁﬁe NARS cdehndr K56 Q@s‘f(ﬁlegﬁnfositirﬁ SGF RS RESIS acid

the m croorganismfurther conprises a nucleic acld sequence encodi ng

a f adEspiusned. nintqegainaseestsNABmigroorgaDsm epnpyisena fredeio acid Seqitenee ¢neaing an

pr ot ei f : L oL.8] LIS .
Neops s Ca0 el by ES RIS E prohil itin | cle el byl s B e Bhino
2009/ OagdA3mEhtd JB28hE/ BAKH) theusiesooltdbismoconiyykisEsa ascleic acid fsaqience ersoding
as a fad rotein from M/cobact eri,ym.snegmati s, or Euglena.qgracilis. ..
Theref & BadtmenPer (Gt OO e SEHTREERIOE, BP'Coriir 5 AGiG doqra firgbic
aci ds fteonditiby@nol , conprising culturing a m croorgani smconpri sing
reduced fadR expression or function, or increased expression of the
fad regul onInj ¢itadh saEPAdiBES siths BIcragRganiyTy DAltRer aYTisein deducsd c Ny RH
aci d sg BRRHIRGoRBr AR Gbr SEMpI PEABAS L MAONAIDY bRk .
active un e‘?gegerob o c%ndE t ilong’, l; na culture mefgilaum corrpé}?gir r%rl?SrGeggne
fatty dcother aspeetsgthy oweiodegsniser fughsrotenipdiess a pideip hallispjugnee encoding a fadE
g? Eghgl%}étgg tﬁaqeurseesoltm[)t+hgrr ﬁRng-oag\éeéotfagl%r.sg{l& z]; rfaed%l gr%{egry ca%cﬁeg ?orteg:ample, a
mutant fadE protein that uses NAD+ or NADP+ as a co-factor, or a fadE protein that naturally -
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In certain enbodi nents, the concentration of free fatty acids,

nonogl ycerides, diglycerides, triglycerides, phospholipids, or

conbl nat i owotbereehs 1s about 0.1%to about 10% or abopdT/@dmismigeout
5% a

o ho gI y§ ngﬂlo Ng\ yc+e!3|,5|”§§gts %ac ‘g?.lcﬁgée‘ar?l?agb Sp%feﬁ%é%ﬁ AI(JIcQSa 18- Msr%g}n%s or
conbi naEugien fb&bﬁ@f in the cuI ture medi umis maintai ned at about

0.1% to about. 10% he cultyrin f sald m croorgapni.sm

aspect s, "t neTbpiet dhedelife PTEE £ ek R B Reics o ol
nitri tec&ﬁbr‘ismg cu]turmE”'S RIS Binish SBhPESNE rbited DEON | dxBfesSio®ir NRACtN, or
produci ng et hanol, nprising culturing a m crogrgani smconprising
reducedufcaqascdeﬁw@sg@mo@f @lﬁﬁ?grréglﬂ@h m@fﬁasm*.@r(éraw ek Hrecgi; Boserteﬁeand a
fad regylgac aua%g . ng HEA; %%ﬁ%{k g& &eg %&%E&o%om @E&w@ M6} Sirbbic

aci d sequence enc g an a ehy nase protein that is
active codétionagimbhi oultion areadivom scomiprisiag cﬁ;ﬂet farty anidh, unonoglysemdess inglycerides,

free fat ceri cer.i eri.de
bhosphoPisPRG g ofk ROMHARHH GfRen emy SRy My R EP shanp
Recmr/]ery 0; B{( hxlfe}%@lh @aibolinanes; Offip! 'b&’meﬁirdmnsban?eé ¢a&ﬁc@gumn@mdes
to those ski in the a such as recov rom.t he

broth by le&cgmiqs» trigl xﬁ?ngf,w\[}a P'éﬁ’i?%r?r RbIARY eteoty f ab%@rl?é? gﬁouc@%ﬁs
I n ot hepe GHAR DA RO taBoud 8. M CHAREBANEIdE M) Bhe %@méhtr&ﬁ}‘h BE RS fatty acids,
over expressi ng an acetate ki nase enzyne and _a phosphat e

acet y| t moneglzeasides, diglyeasidey, tagpeasides, phesppolinids, ag %blmmtb?fﬁ?%gl the culture
acetyl - (& 5y RiBShAiRd a@ggellht?ﬁlw'ttggbé{ﬁ 0% %Etﬁ@k I%ﬂg%?%QdW1ck§&wlsm
m croorgani smis acetat e present disclostre therefore provi

m croor @ammspmhqath@\ﬂtgwrmdthum@mm Romapnyes g siteate ornifrieisali. on, or

i ncreased expfression . of fad r l.on

at oDAEB gene hé SRS ﬂ‘c??lé’gausrg B f)or‘g‘geg |a8?15t}6‘}dn°qr??§d%%%§teﬁ%ﬁgls 3&8811 S?({%éﬁﬁmg
a phos ph&hileroafgeﬁl‘gintd’oaﬁ:ﬁs&lrgasmmgé iR axpmsmsadﬁlemmesmreasﬂd eapression of the

ADP- f or cet.yl - CoA s nt het ase act xpressi on,of an

oot y! - GRCay AT SXE e, OF e G RS 198 IRy 00 SppBf grooding
acet at e a4 hRBhARhYdroEOise bibt&G8 A a@{mqﬂumcﬂm ehelifidm!- ﬂﬂﬁ @amirs Medium
COprI‘I ses | ncreased expr ession of an acetate Ki nase gene a

phosphatemprseg (fiee £aLY acklse mpogelyceries. ediglyperidepy trghceadse d’heﬁPE'PEBléi%oﬂf a
of an agg‘%gﬁ%ﬂﬁ@ ng‘ -thrBb f}}ﬂ)ﬁﬁmﬁ AdhdTE HeBovdrP 8 4thal¥? can be accomplished by

2009/ 07 8/ 013 m cr ani sm conprises increased
expr essistandad tehnigDe- keywn ngthawfyslﬂl hearty, Wedhoasereg@very, frop the dermentation

byt ococtith PFERREH. FPRRElR o Nled DR REERERG JEC L OP0CT ani sm

conpri ses expr ethst embaﬂlmtsaalﬁ mlerﬁ.‘or,gamwtfnﬁhammn-iscs/ genestdvatexpressing an
functi ons rlnarll duce cetat from acet n
L peet o Acetfie KAt sHpse, PAbs Al e E S 00 et iR Blelsing an

synt het agsp_ffning taﬁée@h@bAf Wyathests Bid rtaél h]}ght 9alRe 0 GhBicalC @ireduted IByN the
acetyl -CoA, for exanple the acs gene of E. colt, while ip other

aspect s MIERESARIEPOST FaFPSm cOhpriresal disqioruit therefprs| PEOyidesy At Pufraganism
activit Pﬁé Wik dP BRIRPEd giBYsionYor! Rnf{oRd WE $hcR&SER ERprEdsRiN GC Rk Yhd Fedhlon,
and in er aspects, the m croorgani smconprises an exogenous.

acetyl - @mﬂeasmwss;ge ofithq arpDyEBreenes; emfbmp@n@dmxmaﬂpm ot emagetate kimase gene
acetate fro S d OSTHp_S; i

met hod &F @ c %/ﬁ%%?é"feréascﬁ gs t (])ncté%g at %E)orrrlpar){lsggll ng cu rtﬂﬁ'? aQ&gl -CoA
m cr oor gﬁnhame@oumty, st expresibnad cdn hedi?- Cé)@psﬁslmtasn aotuvntyuhattﬁlmmons)pnmanly to
i ncreased expression of th d regu cr.eas xpr.ession. of th

L O DAL PEHEE SCEifi B RSeas Bpr DO STI GIOSHROG: 0 TRERRLaN e somprise
a_phosphat&s@r ekptbdsioinsf ah azera@Chifasel Feak amdesl prygpheesacetylednsffase gene, for
ADP-form ng acetyl - CoA synthetase activjty, or expr n of

SSI
acet y| - exmnplg nbhan@sesed c EXRFFSSIPNt RA(ANf gAfed-Pign PHPR- maﬁpl Other %@H%@t& the
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WO 2009/ 078973PCT/ US2008/ 013707 m croorgani sm conpri ses reduced SucA
and sucB expression or function or reduced sdhA and sdhB expression

or functi 0@02%}05@7§n ot her enbodi ments, the m croorga ' m {jﬁps
reduced sucA and s ression or_ functi.on S @?

B exIRESEAIET SHTREET AR aprersi o ot (L ST S gt g
further ;&g fGreexahfié b9 dinc@dfRdesspreasioh AT e dcdA CAndoscdB gérive r(ﬁHBﬁ@coccus
expression of an aceA and an aceB gene. The present .disgl osur

thus prduioass B yeothstenpodprvierntie ﬁ@crpwsraepa@ﬂﬁ% prestipppEan acetyl-CoA

CONr i SiRhdtate 44kl ing (it uRERAS %'ﬂ{aﬁg) &P PRIdusd B&tit@%ﬁﬁ%@t?‘ﬂ@o A. In certain
expression or function, or increased expression of the fad regul on,

i ncr easaweetpthes siiggaorganisie compBAERNg enqus drestitt Godc Avathetasec etivity that
express d

e g P 0 s EAUE et AR SBE SUREESAL 85 B o 2 col
nonogl ywhilé die othed iagiegise thiedairodrgangsny cmnpnlﬂs a phiasphetyltiods syrminet:zse activity

conbi na t her eof er.eb onver said free fatty. a

suco! nathet netiong gl Uf PrafiGe GeNe Lb GoRYEGPAeand HoPRUE dfbects, the
pr oduci ﬂ@cr&@tgﬁmﬂﬁtc@mpﬁ@éﬁmm @bg&oﬁy héwuc&m SyrietdseAL@vityi thi RQEMIns Priftrily
reduced fadR expression or function, or increased expression of the

fad regt? BSAC “@ﬁ&?@ﬁé"@&%@ﬁf"@é’ﬁ on of the at oDAEB genes, reduced SucA
or sucB expregal Qlﬂe Bfeséﬂ{rEEdl&ﬂr n?f&qldeEQUﬁ%ﬁoaq}fﬁeo%erﬁﬂgﬁrawa&eﬁb QRetate,

or function, In lture medium conprising free fatty acid
monogl yewnpriins cdhgirggc@rmuwrgmﬁng cgmprsing seduskd oAb lekpreesion or fanction, or

Cucci nat A Bl sion OFUE IS M GUE BB Fion BF BECHERIES, gency and

of ski | increasadhexpession sﬁain ae:sate kmaweganefor arp}bqﬂzafﬁcngdttmfcme gene, increased

1 i o- PYREIRIES Y Cr 0T e acery GO AhisE e nireSiapeot an acetyl-Coa

M Cr oor gaktictide fauﬁhhﬁt‘haﬁ Gitibee priMaiiy oo ke o dwet acetite, foBetetyPCoByaB a culture
gene, a knocked- out, sdhA gene r sdhB g or both, a

oth, and
gene ov’é‘Fg‘%B’r é’QE’EPH@“& age ity cacidsy e 2 ‘?ieﬁ?&‘ryﬁa'éc[}éss é‘hosé’halé?fésa or a

OVGFeXpé&ﬂﬁh&%n@h&%e%?%@ﬁ%ﬁﬁ@éﬁidq}&%@ sishdnegagase, and a gene
over expressing a | actonase. tsgh val ue chem cal produced by the

m cr oor gani shiq @esjahwﬁcigw‘yalm H@N 22 mpthodiof predyeingiagdptestomprisiggulturing -
pr ovi deénﬁ‘cr%r%ﬁrﬁ%%@ﬂlgﬁ@n QURELFS aEﬂ F&@%&é&@%jfaﬁﬁo XBifGedsod e Jression of the

function ncrease ressn regu i ncrea

expres sﬂzdrreg;ﬂoxt hm:r%ocDﬁeE:Besg@n@sf ther@dDdEB gemespAanat msmsde:xpnem ofamacetate
functi reduced sdg gt hﬁ&a ession or function |nct1r'1 2‘319111’ .
expr ess B?F of7F it PARPOT e SiTEY AR §F0% NETRTE BRI §y & DP-forming
dehydr ogeaasRA Sutetady hetfiavy §:0dptesdon bargRtyl ToASHmthetsaé dtivhy lthay dstetions

i ncreased garruna- hydr ox yric CI d dehydrogenase expressi
funct i oPfIMaHY 1P ﬁwdga%éwt%lf@sh%@ “ELpr Hs@ g m U%P?‘BPPS"F%EE%?%‘% aids,

embodi r%eh@1¥éehee§nd¢g19&rxﬂapltﬁgryeamgI ﬁ%%pﬁdlfﬁfcﬁ‘;a&%q SXYiRsoh Aher@bf, thereby
function nmore of SUCGCinic sem al dehyde deh ydr ogenase,

succi nyprodenngasktate o Reewiersef acgtatesepncherpocemplished |bg§§aedarqubéquﬁs agyen to
VO 2009407853 NGH 1452008/ 013707

In another embodiment, the microorganism further comprises a knocked-out suc4 gene or

- sucB gene, or both, and a knocked-out sdh4 gene or sdhB gene, or both. The high value
chemical produced by the microorganism is succinate. Thus, the present disclosure provides a
microorganism comprising reduced fadR expression or function, or increased expression of the

fad regulon, increased expression of the atoDAEB genes, reduced sucd or sucB expression or
function, and reduced sdiA4 or sdhB expression or function. In certain embodiments, the
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enbodi ments, the m croorgani smconprises increased expression or
function of succinic sem al dehyde dehydrogenase, succinyl - CoA: CoA

t r ansf er aswo 2asph7surgci nat e- CoA | i gase. Whi | e t he BIICES20080013707

sem al d AHPRES R D24 TN ¥x 5T diCor fuBetfo! drdfeuced sdha and
enbodi mﬁﬁ%g&gtgﬁ%}{g({?c |n|é_s(S: se?n_éaal d‘ghayge ?;h’f/ ro enarse ?s AldA :

( NAD+- | sdfideeRprassiotad fyrtdtion.-whileein other fmbodimemts, the miicrogsheismfcomprises reduced

Mycobact erj um t uher cul Qsi fr I dhl f

it ab, adsd S HapraRHs G SRrlchoR o bATRI R RAPLARR PSR oo H6Ren. Tn
Li kewi seartitdiler sspeéts,niit nGomofipAishy funthératoageisearedbeedf irBnexprassion et fuadtion or
sources, but jn certaip enbodi gent s t he succinyl - CoA: CoA transferase

i s succilIfISoAPESHOR PLALFAA0E 2 AGoH 8MSst ri di um ki uyveri,

acetyl : Succi TR¢ @rdsetAdisdigsd edSRovidan Hetod ehemeding ffaef Usidono succinate,
Trypanosoma brucei, or acetyl-CoA synthetase (AMP-form ng) fromeE.

coi | . Sremprsing culiprings 2t IMICIRAUEHNTIA BIEHANE | gauced AR IFEPFEHIR Q5 yfupstion, or
variety: I | e L ; ] 8

Fgase. Fareeted PSR E T r LR PR GRRSkSy gE TP Sl toduced
ganmma- hyatdosy butByeipresaion dordfshgtitng gad aslgcashsdfdeor saiul erpyespigningrfupdtion, in a

sources, but in.particul.ar ephodi nents,th ama- hydr utyric.acid.
dehydr oﬁ‘élﬁg% emie%lgﬁ‘- ﬁ)?‘&'lp lef/’%ugg? a ag?daecadfdrrga% @gn?%ﬂklﬁé&%ggéﬁdgﬁ%&des’
from Ar phosghglipids, bhatérabinatidWsbelcb ) eheabsl eodventlinpoiai] frabefayylacidgetoanecifiatam

Bos Taur us, no sapi ens, Rattus noryegicus, O yctolagus cunicul us, ..
or 12 Sus 5ol BT REBR ARCISRP AAGROES B Aharaur Dessecnate, CORiprising
Furt her gRRRingM| thRrdREdndiR S@niprRMeaiMuSaUfeR  eRfteRRNUSE FundtidnC oF tindiased
enbodi nents the | actonase is |l'actonase from Hono Saé)l ens or Mis

nus cu/ ugxpregsiom af i geambers ingreesedexpipseipm of SR g0 RtER pygs aedurnd prasher sucB
Candi daegﬁéﬁfo‘ﬁtdr%ﬁction, and +Aub& Mhﬁ%r@%h%%\%%@%sﬁ?@fﬁun&%, in a culture medium

m croorg Ism further CO[’TpI’I ses re _LICG . . ( ogenase expr QS_SI on
or act i vimprisifig freextatip| agidsy mimbglytaides  diglycerates.atrighyceiides, hosphelipideior a

dehydr ogenase.. gene, Ther.ef. th ent disclosur.e or ovi
a Mot nog BRPRARUAReph st YEUTHAL Sposhilf RERRERY LRARARR B REb 46T e
cul t uri by sanddrd texbnigaes kmmacophidss ofigkill adihe ad, fuat Rs eecpvarg Stoantherfermentation

function, or increased expr.essi on. of .the fad r.equl-on, . i-ncreased- - - -
oy es Bt by iR ab e Brao Vo Sl o ol Han oo o or
function, refiRehesdibodimest M wXRicemBisANfutther doRpliken kiobkédear 84 gene or

expression or function of one_or npre of sugcinic sem al dehyde i
dehydr ogieagsae. aboh, ayd 2 &packedRut s eas aswhBgens gE Opthat BenSHX CTo<gESEDS @
| ncr eas gob AAMBmAYIEhodeY BEfipard deniel d SRBVAERAGIRS S BPERRh oL butyric acid
function, and increased |dctonase expression or function, in &

cul t ur e dehwdragenesenpnd & igerp drasexpiessing adasterase.ndhe dighcelveiehemical produced by
triglycerid ol.i pi K i natio r e y :
conver  df G5ioaPRREAN Ay, Bufite Y BaRGE TP Bkt BRIgs B LIERY provides o
2009/ 07 aAd36¥ganikin2061prieihg 78duced fadR Hipeespine e Minctivs,odrdscreasedlespression of the

D 0 03 TRt R SO ST B 0k 18 PO Moo o

funct i Ofunc@bn, rB@ice@SEH 6X RIIBS&ipRstsioh of Rticliad] if@easkd Bxpresihaisastion of one
expression of the at oDAEB genes, reduced sucA or sucB expression or,
funct i oRf MOEkIRkWECIBimEMYald dehysiresearssn S‘EFIWﬁﬁeﬁf% trpnsferases @f succinate-
exXpr essicQi ffask,Unkleh Ryd2bx yBRIySic Ucid Sl RIzEn 88 Tk bR S function, and
dehydr ogenase, 'succi nyl- CoA: COA transferase, "or “succi nat e- CoA | i gase,

i ncr eas awregssddadiands epbigssien rafinglicie hylar e¢rtaim sanbodimendss| ba wfcroorganism
functi OQOmﬁti] ! ﬂ%f:egge%eg)ﬁ%r%%ﬁ&pao?epﬁéﬁéf SF {9 Hfi)l}lé? tdf? gucch'ﬂc asemia]dehyde
cul t ur e "nedi Um conpri si ree tTatty acids, nonoglycerides,

di gl ycedelg@sogehasieg|sycanyldesA :Colho sinsfeiapd, dsr  smecinatelvidi riggasonwhiler iofother
t her eby produci ng gamma- butyrol act one. Recovery of

gamma- but yr ol act one can be acconplished by standard techni ques known
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8 WD 2009/ 078973PCT/ US2008/ 013707 dehydr ogenase is 1, 3- propanedi ol
dehydrogenase from Ci trobacter freundi or Kl ebsiella pneunoniae.

In certai he m croorgani sm further conprises

dehydroge%@_e eior[')]?gggssi_on or activity, such as, for ,exanﬂr’)qe'ﬁ,%ag&oll\ﬁw

del et i ofmbedigientsethe, migraoresmiser comprisgaDinciwaspd exnyessione orydhection of succinic
The presghiddhad & v h f .canyent

farty o Hadha GRlBekig S L RoR o R AR R R 8.
conpri si ng r ¥hilsethef mudénisx prasldelyde ofehdrogenagen caro be i fivan eag esdurce, in certain

expr essi f e d reqgulon, i eased, expressi on of..the D,

genes, P@gﬂggﬁLQUcéﬁoPugulé &9 ?g%é¥5h‘%?wﬁgﬁ39ﬁ%n§ H@ﬂécéﬁﬁégﬁﬁggp) or
sdhB ex Sac]?QQADmfdaperfdum)frﬂo;ngEhbcgc rcgaﬁea&oexwmmﬁumrmw?a&ggﬁ m&g§5ﬁm%0m
or nore succi ni al dehyd e rogenase, succinyl - A\ )
transf ofizeg “’Bfe”@u%@aﬁg]ﬁémbdﬁgﬁ@é@é?'/“’f‘wer W 88K Gamnderepentesye ivgeheens.
aci d dehkewd@eRSAICENPI-ESAICUA RandtoiRe! tAbe FHE! £3850y D GRYEL but in certain
dehydr ogenase expression or_function, and increased al cohol

dehydr offehediments pthes spesindrCaAifedi dransferasen is upuasingl-GediCon crmpiérasen drom
free fatiMga8iMS i g i di-glycer] |l I des

phosphol i pf ds, or ug%gg ?/é;\}giglugﬁﬁ%tﬁepgﬁ,E{r{%%?%ﬁyh{?gﬁv%ﬁ ’F)Flodnoggig dfoftruéeor
fatty afbgnasema brutpit emasdiybiCoA synthetaft éAPeforming)lfroml Bsade Simsilarly, while
provi de ek Qfr D oduai 1, 4-but anedi o} ,..conprising culturin

P o vor kRO oA Lo Ut ity RS BHRE) & aipfeiF Scutiedindindin pipidis e
i ncr easedcipapr@ssi tpasef it heudcing-Codul WiithefastC r fame k. €xpli£S S iAMditnally1e the
at oDAEB %Ianei reduced sucA or, sucB expressi on or function,

r educed®MFRYgOXY G385 edydengensse £anRe PR any Rupberod goursssy butdn partigylar
functi ogineddi8@s O the DI @anftha-Bydi6t ybufyriee Madd delakpogdelydr age Qﬁlﬁﬂro(i{ybutyrate
se

succi nyl - CoA: CoA transtferase, or succinate-CoA |igase, Increda

gamma- ey Sseperasy r(NARRH deprodonf) dtgan aksebidsasise diiliana, ONADRidénsndent alcohol
I ner eas&ﬂy@o‘é&%?%{ﬂﬁﬁﬁﬂ TRRER 2HEmE SRk mﬁuﬁﬁ?ﬁd%g%' OyerdBus ¢ nculus, or

i ncreased”al cohol dehydrogenase expression or tron,”in cu
medi um Bemgrafe. ergBlicBelzom adgrybaseir g tumafuoighs c Enitbiemordivdiilg dectomss from any

triglycgri phol .i..pi i.hation. thereaqf, er eby,

pr odusi bk n bR ISR Biboimdh RO R RGeE L ARG Trom Mo Sbens or s
acconpl meseebls Pyttt feoml algtolireehininqueefatkianyor lipast B398 &onf Caldidd aritdyrctifie '
art, including ut, not Jlimted 1o, recovery fromthe fernentation
broth by vac@uﬁ?%lc'élﬁ ﬁ“b‘}"'daﬂef@ﬁ» f‘%"qm‘ﬁﬁ"r%au%/"a é‘B'E'?DF‘éCCPP’(BH.SES red%cer,NADH
anot herdehgiogedi®a expréRpnirciciatg &6 SEnbld By @i BT ISGS: forkfP 6k 8’ NDH
SUcA gceFFE%B r sucB gene, or both, a knocked-out sdhA gene or sdhB

gene, PRNAEE §dffe over expressi ng a net hyl mal onyl - CoA nut ase,

a
gene over expriRasthig tRe Prbdel TRk - £B61d6€ GahRamoy! ?? econ@é?ﬁq%efgﬁ] gﬁids to

over expressi ng a propionyl - CoA: succi hate CoA transferase.

val ue cgramabtyiplastneededsyprising reubimtng (fanhismarganism pearpriséng Taduced fadR

et D0 S 5 A RO LI SR U

2009/ 078803 PR PEAdSRA084d01a4 @7 sucB expression or function, reduced sdhd or sdhB expression
or function, increased expression or function of one or more of succinic semialdehyde
dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase, increased
gamma-hydroxybutyric acid dehydrogenase expression or function, and increased lactonase
expression or function, in a culture medium comprising free fatty acids, monoglycerides,
triglycerides, phospholipids, or a combination thereof, thereby converting said free fatty acids to

gamma-butyrolactone.



fad regul on, increased expression of the at oDAEB genes, reduced SucA
or sucB expression or function, reduced sdhA or sdhB expression or
function, wacogaseds et hyl mal onyl - COA nut ase expr essi one@ud200%ai370MN,
i ncreased ne |_nal -L0A decar |.ase ession or functi,o and

i ncreased pr.gg%’d:ﬁ%eﬁ@gkpsu%rgiaggc{ é’p(%%st ré‘r’éﬁ‘gr é’gé)r%xuﬁ]r"gsé 5%%'3}] Bro3ttone,
funct i opompMisihg culverime thiyldiedrgaydm Gofprising Sredudedt gk nexbasysibn GeAunction, or
decar boxyl ase, and propi onyl - CoA succi nate CoA transferase can be

[T om anyAeEaRT e dRt 7 fod BTG PHSEY Chgho g P AB 57 Aluced
IS a SCRAO8NSucH HBréssioh Wr TBh@INM] rddeAddemar R B axprebstorfof GIMBHSE NBereased
and the propionyl-CoA: succi nate CoA transferase is a scpC gene.
The pr eS¥Messifins cPlospetionhaf gy iodednete mef haepcmc cﬁw@fish)ﬁlg fdghydrogenase,
aci ds tQ?o‘&g—%ilt%%?é&,t&ﬁé?@fabé,'&Qu&iﬂa%@bbﬂgigsé“i&{r tP8ithm A QESRPMXHQ acid
reduced fadR expression or function, or incr éased expression o the

f ad r egdelydrogenaseeckpegision mrelmitom, ghd tihereased DiERhage espressied ot dehatigoAin a

or sucB resskon aor_ functian ug sdhA or sdhB ression.qr .
Punct 1 otk P eall, Sompliiie i, REE AN, A0 s ly SDEFREY o Didtiperides
i ncr eas phosphblipidisyel arymblbatdn deraf,hherpbaprodecing ganmabuiyrolidagd | Rétovery of
and increase ropi onyl - CoA: succi nate CoA, transferase expressio .
Funct | oRea by YOO Caren SSRTEOIDRY By Agniars B Kaewngs tose OF sl i he
nonogl y gRY inclading thidInd € Binite@ fo, rédolvétly ied i efermapbueioR BRIt By S8cuudd distillation or
conbi nation thereof, thereby converting said free fatty acids to
pr opi onlifigid-liquid exfragtig esent di scl osure al so provides a nethod of
produci ng pr §ph @lfeF gmBS’dTH{e?é O ifckd dr st O Aidthet S50 R kb GRERLE ﬁt}c‘)}ggene
reduced fadR expression or function, or Increased expression of the
fad regat oueB i groee a8 cebtiax prd g ikoecked-ouh edbd ofINEBOY el gepad at dwils ug Agene
or sucB_expr ion or functiaqn,. ed dh ess| .
o?ar?x estin o nés?%);/’}fi& %emnap&ggfxe nﬂ@ﬁ@ﬁbggﬁas& B %8% r %?fhr%g?r?%shr}g a

functi on, crea mal ony Xpressi

i ncr eas gaimneiiydtoxgbutpsit - God delnpirdgrrdeasandexpr gasi @verekpressing | an, aldeldyde
i ncreas ropi onyl - CoA: succi nat e.CoA transferase expression or .
Funct | ofem TP EERS) Fi BRI SRS &) HGOT SEREREEgA B 146 High value chernica
nmonogl y gRiduéiSby theGhitfREgaERE ist I 4-BLidERNidld EFherdibre S Prdspntttisclésuredprovides a
conbi nati,on thereof, thereby praduci ng propi gnate. Recovery of . _ V
pr opi onEHEOREANIEE @wﬁwsire%@adﬁ%ﬁwgpa_q SEHFIPRRESNGE eKReisRysef the
of skillgd %ﬁlﬂﬁ, flcteased exprdsSiof HPURE broBEFALERY redubl sHBACH O BARpF/sion or
further” conprises a 3ene over expressi ng an acetyl - CoA )

acet yl t functiémrradused adhyb aesdiBesxorgssion oF Mupckien, increased expression or function of one
acetyl - X - C a .V, i .
oot oacdk HoB L ARERIS el B aEh B nse) Bty IR UL LGHIEERE P phac
ni croor Gani digases inaredsed eganifiiehpirexybutyridi sad odahydrogérese feapesporo\drdimcton,

m croor gani S! rd sing reduced fadR expression, or function r

nor oas DR H0SPYR SEPATRIE FRPIGUPLA RPRLT A Beriitaiehll adivpqggnase
at oDAEBege®fon bhdumanad a6 adeythinCoibadigients! tansfiebageniepeasmises ihbreased
WO 2009/ 078973PCT/ US2008/ 013707 or funct. on, i_nlgre%s?fg: vl
acet oac E¥RFFSSEFACE AuTEPR of S0 RD MEE | A SuGFinicy R BRIy g tFhy froseass fuceiny!-
acet oacehat€o A eaasaXe, bR SR chuRL ESA 1i@hseO While i bth&emBoRirkéHt, Fhémicroorganism
enbodi ments, the acetyl-CoA acetyltransferase can be either .
endogeneempases hegreased egessicacest fihctogofsuetipictsemiptdcbydes dehydrmgenase otuseinyl-
enbodi ﬁ&gte - Y rase can be endogenous or

het er OF?S%‘E%(S%?S oacge?%%ocﬂg?@a%og‘fgégge. In particular enbodi nents,

t he acetyl - Cov/hilecadeplyle delgtimpasme ifmmAirgBsduramat beatilizedpin tdrtair ersbodiments

L oAD | Ireroigp e Giotebiohs KB o Gof i Aokt RIDY K BaTatdguese

acet oac @b 2rRbarko ¥y | BYE- i, or ABQBS ko Ak fniondé UepuginesabBinyilarbyimhile any
The present disclosure thus praovides a nmethod of gorver [ fatt
aci ds t 8ouiee oblsohely Aelydeaggease UF suKable) for Hece nd gt %ﬂf@@ﬂ%ﬁl?ﬂéﬁ
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WO 2009/ 078973PCT/ US2008/ 013707 The present disclosure
therefore provides a nethod of converting fatty acids to nethyl

acetate, CcQPEBLdobeg;cul turing a m croorgani sm conprisi ngheduead.fadR
expressi.gn .or functl or increaseq expression of the'f .regu .
i ncr eas SEVAIQFERASE; En?gfr p?ﬂ%“egfoédi%ﬁgﬁ’é ¢ Hop, Qﬁé"é’ﬂaé’ée%ﬂ”dbd)/& Riebsiella

acetyl tbm&fa@.se expression or function, increased acetoacetyl-CoA
transferase expression or function, increased acetoacetate

decar boxy| ast estigireaspeeln thy micraeRRAYHT furiker coppreesarderst NARH érbydiegenase
nMONOOXY j s Sl ' i & f fat i-d

ooty e SEABH, AP AT R 81000 50 (B $ofiis o NaDH
conbi nati¢hydragheasegéne.t her eby converting said free fatty acids to

nmet hyl acet . 1h resent. di scl osure also pr.ovides. a gethod

of pr oduci ng gt ACelle B PRYRRAI £ afkiey B SenfElpg ik oies 1o
conpr i sil Acutmddior cofipeiiing Xjultagng amiefookgsnii compriding RAuEASAER expression or
Gonce. - FREHSh oB otfouts POIAORLEIIAS SR e HTERE RRESIOBPI ghe HGRAERSRnes,
I ncr eas gluaetRACS! B OPrdskidn JrMASRNE XRALESISIAN & sdiBN&lpr@&Bion or function,
i ncreased acetoacet ate decarboxyl ase expression_or function, and a
gene end\SEfised aPressionodte RSt O qu¥§a@feMore, of, seesinic semipidphyde dehydrogenase,
conpri sing:t1eeaf j cCOl i ' ' 3 Co
r1 61 y iR L EaAIGIA taitids, o SRRGaKECE Yibee, MealeChIRR pytrogybutyic acid
produci Aghydeighydse acaresson Recluetion, oficieesetly ildelyde adehydengease expression or
acconpl | by ,st r,d i to .those. of.ski.ll in the ..
e EinRgy, BhaThBRER el RS B e Bt RR SRR it 2clyi g Bgiom
encodi nepraprsaigp fidarfyitylacdsomodedlychidgs rdigigcdriues, t thiglyeerdesy phasphaiipidd)er a
acettone ta i sopjo | . . The present, di scl osyre therefore provides a

m cr oor&ﬁﬂl?'gﬂoeéﬁﬁg?agﬁ‘ﬁ&byéﬁﬂ%&b"&%@Fg%ﬁt%g‘%‘iq%ﬂ 104i"£‘ftﬁﬂ"Féf‘llpn, or
increased exphesebann ditlobiie dadbrbeiaes # etliodIfPRERAInRXN4-BE&h&T0I0 EorhPsing
at oD, 4EB genes, increased acetyl-CoA acetyltransferase expression or

f unct i ofPFIAG r & JBiEFPORZABIH COMpTising Aefyogd JhdR u@ressipn eofs fungtion, or increased

functio i C L

Finot | o8 S B B e B S PHEIT AP o8 Recibe s or s

Part i (C::I ucmeseﬁdﬁpmdifnﬁfttos, Tetdhﬁéd_s‘wdn@raﬁ%ﬁ'aﬁxemhﬁbn delﬁwtiwgeinqts@ed B‘:X@aih!ﬁ?n or
rom -1 di ym bei | er i [ r cter .brogkii

The pr eglzl‘%ttrldndiog C g‘gué’rre r{"ﬂgr 8¥ osﬁgclﬁgosl%%smeg%e% (g#e%%%hv%r ' 1@60 ‘CoA

fatty aramdferise, ios ouedpaadioA digag iiscragsed Udahinid-hgirexybutsicoiddrdehpdrogenase

conprising reduced f.adR expression, or, function, or .increased .

ox pr e STERESN O S BEEIR S Riie OSSO SHOB o Gty gpdisreased

genes, 416sHot asifdrctefist! exprhsiak 6f Rinkhic) S € caf@e SXANDS ShaPrififig Fred EdtdyOltids,

i ncreased acet Qaceidgﬂ-COA transferase expression or functjon

i ncr easBanegl¥eHdeseighiceaiden tHalprides. BhqsPRAIpIdsn obP JomiRation, thermef, dhereby

gene encadidig a ABRANLRAIY HEMRY clﬁe'i‘)lldc{%%&‘i@ﬁ ;%a?.'% %gc%(‘;}lsﬁlﬁﬁ& 85 détaiRard

conprising free fatty acids, nonoglycerides, diglyceri ,
trigl ycteehndgues kppws o dhaspiadsskilbin the gopririchulingo but hetrliuiied tohe¢comery from the

convertgn i df f LAS: I r WO

2009/ 07%5%%? l?éétg%@‘%&%?ﬁhﬂ&&‘%f@%g#%'g@%ha?téc osure al so

provi des a niatanodicodmiprdidernt] thg niicoprgamism dirthet oofaptiss Agnocketwint n@gAgzence or
m croor gani Ssm conpr, Si educed, f.adR expressi on o unction, or .
o oac BB a8 Rt LRtackE P rdhdche o SR ko gk elenf dsas Bhergroresio o
at 0 DAEBng@pipfalonylCoRanbfse Geielt ofééx iessiny lathaRfIhRIATECE XA RIe£E68/ase) and a
function, 1 ncreased acet oacetPa/I - CoA transferase expression or

funct i o2Ene| QYETRRSEUNS AcPIOROBYHERA quecitalp fpPatensttpees The higy value chemical
funct! ot : :
uncti od%{@g By Qﬁ@%ﬁ%ﬁ&ﬂ%%;ﬁ@aﬂﬁ&y %ﬁgﬁg@éepp%ﬁ{ig%,emepmbﬂe? a

cul ture nedi um-conpri si ng acl ds, oglyceri _
di gl ycemici@sganisnm gbmprsingl esstuceshfogBreapiepdiats or functiong ontricreasédoexpréseion of the
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The present disclosure therefore provides a nethod of converting
fatty acids to 1,2-propanediol, conprising culturing a mcroorgani sm
conpri si ngworeshugeds f adR expreSS| on or function, or I naraagR0s/013707

CXPT eSS A oBlioh icldlhal ST of N5 5PAFE UREE SEhEM: Bled BEnABOM R sion or

genes ased ace ace trans e expression or
I ncr eas cctogtroduet )ﬂiMJ@As&BE e*&@es%ﬁﬁ%rﬂiﬂ&@?(ﬁ&dd%ﬂSﬂ@W&?y]-CoA mutase

transferase expressi.on .or funct|o n acetate
oo b RTeS N SO g Rrgred Flel D aro A e K Re s cign os Suetipr. and
NDNOOXY HRAASA! 3A6hidnJLTHRA: amaabneoa WHayisierod dtpheye 610 98N EittioR)r aNﬁﬂélethe
encodi ng an_acet ol nobnooxygenase, ?ene encodi ng an acet ol klnase

Y

gene enBsthyhgalapyliCoA @%tsepaﬁ@atneﬂlon -Copnerephardasse AY PEpEys oAawacmate
a gene epaodhigerdILbHLs qtort aagosgat@t % RE ant@ﬁ@aﬁmdty tife ?rié'tﬁﬂtﬁ@lonyl CoA
medi um conpri si ng free atty a m)nog yceri di gl ycerid

trigl ycmutaﬁesw @tsoﬁeptmr:,prttcbs medtylraalomﬁtﬁmﬂatdeonbom:tseots atsh?BBeggne and the
convertj n ; g f.,ree %%gé ¢ % ropanediol . The present
di scl osPJO 01’13 ﬂ Sufﬁl?) é faﬁ%ﬁaogfp E8fici ng 1, 2- propanedi ol ,

conpri si ng cUht présag cﬂsctnsufeoxhngpmvm aafpthod bﬂgort\edmgeﬁttj; adids to propionate,

expression or functio or increased ex ress gr%’ghe f ad r(égﬁjuon,

i ncr eas EMRAGIRE &Y goP IR BEVIRESCHERYES T ‘é dHY “ABEPPL netion, or
acet yl t rRASEQY 8§ResSioRTIRE A RbuloHNmkieRibd dxpriaas 8f tRCALDAEB! MWned Gbduced
transferase expression or function, increased acetoacetate

decar bosfra@esusR " @sestion %@ﬂcﬂﬁ&t fedwced 2HAA Pr GARR CEPISSINT Y BcRmL tipgreased
mnooxya%nﬁﬁg%lgtt%gl@oﬁenﬁmsacog Sﬁ?gssﬁmgl afxcetatcng& hygfcfégﬂaasg-’eﬂ%ﬁmﬁoﬂﬁr@ma

encodi n nmonooxygenase; a gene encodi ng an acet nase;

gene engwdrhqwgylasﬁ Exmeszwprqxpfan@@noandlimtﬂawpvraplenﬂ#g:ﬁswméoAar@S&rase
gene en ley C I P h ' cul tur .
Ted um Saernad HRE0R Iy b cANRERRANG, MURRRIALCAE A ol dtlifuiycerides
trigl ycéugbdesdesptr@xmlandsspplﬂsphcdtpnch onarbembination théreofe diereblylvenediting said free
pr oduci nag 1,2d- pr olgane i ol. Recovery of 1,2-propanediol can be

acconpl FSKEG By BPRICHEAFd t echni ques known to those of skill in the

art, includimge phsentn@ibclbdure tahd ﬁ&r@wdéﬁﬁomethyd fofQitbduteng’ propRmbRY lceﬁtpnsmg
br ot h by vacuumdijstillation or, |iquid |Iﬁlﬁvl d extracti or;;la_l I.n a

f ur t her CEBHE; frgRicroorEmISHR cﬁoﬂ’@F‘@‘&El eefvgedr (4B BB s¥s Cé‘@?re‘)f increased
over ex péyﬁa’i@dsfbﬂ of '?heaﬁgtré@utcﬁoﬁtc%ﬁ‘édYobefe@ﬁ& S @18 Bro LM FIE RSO (BIREP SRS cB
a 3-hydroxybutyryl - dehydrogenase, a gene overexpressing a

cr ot onagressiog aprgefnect@ne ottdpgeda Mmy ropl -s@bR daprpeiioyepmsBinctivry  increased
m cr oor t 0 ggne s XP g )
acetyl - %g%'ace aceotLK r}@}i\&t [rgi Sg’lrogls e&gr ﬁgi gal?yr g%geﬁgéget g{aégle’% a?lgn%o%?A
tr ansf edmglzoxglaséamﬁnessmndaﬂfhectimnghmd/mbteasmﬂhanptoajrl-@mdmaﬂtdﬂm&ttmnsferase

m croorgani smis M te. "E E eseﬁnt di SCl-qur€ @5 e are I‘OVI d
a mi cr oBPYEMBnPTc P H 2 SlUEC (I LER CIBFELE; 5 ¥ B8 ﬂ“°%¥°e“ €5,
I ncr easgiglye¥idess striglycariiddshephogsholipidsll @0, ai bembiasRG: Etmédf’ﬁ stherebpf piddacing
at oDAEB genes, increased acet I-Co acet yt%ﬁ gsfer pre on or
funct i oPFoPiaRgiee Receresy f PB*&?? ACEYRP 3 Vafge lﬂpeileptm tg those
functi ogg kN gaggd crotonase expr ession or functi on a gene encodi ng
butyryl - CoA dehydrogenase, and increased acetyl - CoA: acet oacet yl - CoA
transferase bransthey embedimsat, 3he axierperemysn Hambes Comasaesa ganeayemApEsssing an
functi of,...q1 n

encodi ryebiGR, AERrERAGMCN0 sBURREeH ARSI AW ROR RBABHR transferese
conpr i s&xl 4 poreaxsedpredsing/ D m@emms @e@mwm gt valve chemtcal produced by
acetyl - %A acet oacet vyl - fA Sfer@iﬂﬁcﬁ g %’ ?e acet. ace CoA.

t r ansf et SR EXPEEELP IR BFOFUnct 1R e°°§H§? e BV 3878 Bickoorghnism
3- hydr oxgthpHisyig kedbodl feRyskpegsion e, fukitioh0on ikreassddedprdsyion | dEhe fad regulon,

dehydr ogenase can be utilized, in particula ments th
3- hydr oibgsasegh sapPressian @€ e sRd AN Ss 14%%?5?6[ aﬁ%@g‘x pGetylgapsierase expression




The di sclosure thus provides a nethod of converting fatty acids to
butyrate, conprising culturing a m crooigani smconprising reduced

fadR expreggi9fhdke75 Unction, or increased expression Ofp%zﬁ%lﬂm
regul on, increased expression of the atPDAEB genes, increase

p ! X
acet yl - @bAUBEHONy |1pGTeAET Ao5OBCANHr &S SiSTeEAse { SHRESSH IO Of fcHaRe@nd increased

3- hydr oxyhsctial d&eaidodPBNIEQHERRRCCRBERDS| B cOkaih WRBbHRbntd, kS %é’e’iﬁcboA
crotonase expression or function, a gene encodi ng butyryl - CoA

dehydr ogestidtransferase dan beeitbercendeganpis aolreterelogenscasetyl-Cod Acetyliransisrage aand in
or buty - r r ression t

gene-eneas ARRUATER e ARl AR ARGeiB ARHE bt 4 Bereftodbus
ki nase, atatoagelyl+CbAr eansbadsam moppticdamembodimenitsat thy asetyd€pA acetyltransferase is

nonogl ygerd, des, -di gl ride triglycerides, phospholipids r

Cons natyh WL aift o el o riodrtia e ipioPPEE e pp Ry hCop ranstorase
but ér at & AtoAD frdeEpIcas et CHATS |ff}%ur@oﬁ}i§mnzpbéét&bi@ﬂic§mﬁﬁh@%e Qdcetoacetate
produci ng hutyrate, conprising culturing a m croorgani smconprising
reducedg?‘égtﬁxé{@ﬂ‘r’ésdschw%pl‘*‘ﬂ'ﬁé't"f’éﬁ‘?qufcﬁﬁr eased expression of the

fad regul on, ThGr&aReMHsQIRES WRlsOftoPlded BEmAhGPAERARAGER fdtgpﬁéi@ss?cg acetone,
acetyl - CoA acetyl transferase expression or fanction, incrélsed _

3- hydr ORibpHiSHRg) [culBtingda iy igrasgeanisse cemprigagitednced fkdih sxprsssion we rfoestion, or

crot ona i i ; | _
Gehydr oSt 3restDn 8F i a8 bfllon, IndiEEs SHFESINK M SRR dpes Increased
or but yact¥-Guetagetyktaasfera@o Axpressiaf @r abectmopriesedsed avetofiaetydiGodn transfeense

sene < eI, PIEGRISH S0 AL 520,00, 0080, TSRS Bhon,
Conb At Lo Lhetaol '“M?ﬁ'é’*riﬂﬁﬁeﬁ Bfﬁ?@ﬁgﬁ"bg?"%?‘gwﬁgﬁ oot b e e
can be BRASBAYIRdnEA eRminationtheretletinisPy 6Oy eRMGWRAIdIT e HbsIsidsto argtene. | n
the art, incrhdlipigentbdiscSire! 4158 tREVIEQR, 2! BEMYET o pro@RihSCacetone, comprising
fermentation broth by ion exchange, crystallization, or ) )
pr eci pi f4iurigg. a microorganisgt ﬁa{trw&ng,reétrr@; mggféogmﬁpe rerf fanctier, or increased
conpris v, S - ey, 3
gene ove gssggggf%fg%{%hﬁﬁ%ﬁyﬁ&%%gse %rf"seggn%é?%g%%%‘ﬁ?@‘ﬁ CoA
dehydr ogpstydisansfenasd dxprestion lor ahaiong insrdassdl adetmatetyIsCok dunsfedhse $xpression or
but anol ¢, Tng, RLESEDL. ol Gl ASHIE IS RIQYLISS. 7 GLOGLIAN SMture medi
HEaE e et BpRlat sxpigsstonor Thicliof g cliture medum

conprising re expressi on
expr esstaniprizing Ree ffaty neigs| monoglparides aiglpoapides strighiyceides,h ph@bREMRR, or a

genes, incr.eased, acetyl - COA acetyltransferase expression or functjon,

i ncr easE nﬂg?&ﬁb?{%%_%’lw RS CI%%@Q/ Brsorehoeiens oo Biswpﬁ{shed by
dehydr ogenRRE teeHHEQSURWN0 thEC Al inl B FASEIuSALIRNASEIRNRE 86 SHeVery
or function, a gene, encodi ng butyryl-CoA dehydrogenase, a gene

. yl.- CoA dehydr ( :
encodi nGoBRe feaperirinndrotdihy dregan distllation or Hawdrisluirxiracting. but anol
dehydr ogena : %tﬂm r ' .
enbodi nent S?ﬁgéﬁ@l%@%@%ﬂ%ﬁﬁsm cor?gr I seééi ggggsgﬁg%g n%dgggﬁ%)hgdlfp gﬁgfemne into
dehydr oofberaghemigdts. | Eof exapuitierthe mbiooraanise, may durthec compyjema gene encoding an
conprisg

a_gen n i condar. hal, dehydr nase.
oottt cufohe diioRenile I 3ELARAGLK B BRISLORERY SEAICNERR. K, e pppsent
g ostri igbeﬁﬁoanﬁoOglﬂSydl inticirworganidm lkempriting akdwbed yAHR gspassion SorB@ihctiommor
ostridi um agcetobutyljcu [n certain aspec¢ts, the .
O or ke e of T sesmlane e BT ORI B HHILES depre insresmed
or act i adefy¥-Cofa0ac@ylaaiNreraky effte@idrnO0r Finclioh, Pcréhs®P atdi@tefA-Colre thidpEtase
dehydr ogenase gene. The present disclosure thus provides a

met hod SPressiAn &F funshom.dpergasad pertoacetats dearibpxyless ppprestangotclunetinn Aerl a gene
M Croor gandin aﬁ%@ﬁhéh@gocﬁg@#&gg 12 A o BB SRt Othe falIGhd %no&{yge%ase is
e f a of "t he

i ncreased expression of the regulon, i ncreased expression
at oDAEBAgeAdmm Gaodopémspd Staiet K -5CoA acet yl transf erase expression or
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over expressi ng a 3-hydroxy- 3-net hyl gl utaryl - CoOA reductase. The high

val ue chemyoaboguredsiced by the m croorgani smis neval oreiTRUS2008/013707
Therefore. 1 hfe ISR ticdlsard Mothste BANiddsORbthEd BE YA fatty acids to methy!
m croor gani smconprising reduce f expression or functi oK, or

i ncr eas ecktaxz proagsising witutiiga iricropeguismrconiprising ashded fagRasprassion br funstion,

at oDAEB genes, I ncreased t yl.-,CoA acetyltr ferase SSi r
functi oﬁ',g HCTGIsS eé‘ﬁﬁegﬂf”ilugoafg&'ﬁy%ﬁo%@ fép g rlr%ct“f?f/‘?adg}%x r§%§/ n gﬁﬁgyan‘flﬁggg, genes,
and a g@itfeadit QdetDCOAhychtiinsBera®t By predsitinany | fufictidny dderedsad eacetoacetyl-CoA
Al t hough any source of 3-hydroxy- 3- m@t hél gl utaryl - CoAl\ synt hase or functi
3- hydr o%? QF%?WS&P&%MCEI%A“%W ASLRACERIF dFeaREXYlpsFergpresyion or function,
parti cubad aegdaednBRiihS ah NReBnd ibhodNyeénastBinhy balkut ahetinrk WD nipYidingase fatty
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t hal i anasidanmonegly@rifys rdighycgident iglyserides phosphplipidsuen aseombingtjom, thgreof,
HV& fr i.Sd EM@—&QA reductase from

Lact Obagﬁ{&g&%@gﬁ@gﬁﬁggfaﬁyfggégor@é@ t"di scl osure therefore

provi des a ni#hbedseft dissinsere alsugproaidey aandthisl efoproduwcingomathe| actaiprdogipmging
cul turing,.a.mcroorgani smconprising teduced, fadR expr LQn_or .
functi oﬁl,%ngfngi ﬁc‘?iécé‘goé'ﬁarg%r n&wgo?edtuﬁ%f i‘ﬁ’% r 5gur Sc?ho,n Pﬁ?ﬁ%‘g‘s"é’u or increased
expr essiegftefion dfehfaadPéfulor) iecased Exprasivn df treaiafh 4 KB Aenes, increased acetyl-CoA
acetyltransferase expression or function,

di .
3- hy dr o RS SRR H$ey PIRFEEIPN. Ao AneNa: H%‘E’%‘{SG%%‘aggﬂrég‘éfﬁg%&%%%fmse expression or

3- hydr oxyrcBorEhbk@H %E&Bé(deﬁ%b‘décﬁ%ﬁyﬁ%gxgr&si@n%|fﬁrwﬁ€n,nﬁﬂli & 8tne encoding an
conprising free fatty acids, nonoglycerides, diglycerides, }
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converti I : ; i

i sl os 2R, Wi@Gark rBGHRpkS SR BRBRkn (herent, MG DpERERRe mehyl
conpr i skegateuReenviengefanethy ragetpigann bencomplistesid by standahd dealiniguesknown to those
expr essi gg]gﬁr. %}unlgtti on, or increased expression of the fad regul on,

i ncreas8 xb’} $&fon of the at oDAEB genes, increased acetyl - CoA

acet yl t r ansf eviesatiesipstas siicooganibmrfottha@tpmariganegean enchidig a secondary alcohol

3- hydr oxy- 3- net hyl gl ut aryl - CoA synt hase, and a encodi

3- hydr oRSSFREERFG B Gie SoTHersion o litaseIhge to SRPaPRBN: LhePrreegt thplosure therefore
conpr i spRgidekes mrbdorgatdntl conipeising| sedtteddpEiR eip#byioar bfl€Enction, or increased
triglycerides, phos&hol i pids, or a conbjnation thereof, thereby

pr oduci AgPTREIeN Withemd regien drsreased erppession af BecipPHEP genssniprieatrdaogyl-CoA
st andar qCﬁ%@frﬂﬁHf&H@édﬂ?&%pt& FuhOS6h, Qherdsbd lacdiGhckYR CBA! transferase lprésion or
further enbodinent, the mcroorganismfurther conprises a gene _
over expfgstipmginareasedeacgiodedtyta eledethgrlrlergesrpressionmd fyoetion, ané adreny enveding

regul at yti s ] | am ha- T

i gn varcendRd ARLRY WEGAIR *) B SERARR UbORRAEIEE. iRy THohol
The pr edemidrageaadeds Bach fidwo Clgandaiiadsijerinmaki vo Adly &oirsTheemogprdesabmgter brockii.
reduced fad Xpressj o r function, or.|ncreased,expressi,on qf, the

fad regul on?rﬁﬁc?rg%@isdﬁ%%ﬂ’ées El}e ‘??&Eﬁ pf%édeﬁt%ﬁﬁ%@o%eﬁgg?mﬁeﬁ&gegasﬁé’d acids to
acet al d%};d%aﬂ@hwmpﬁﬁﬂ@w@mg QSHmicsbr@dnidn! ﬁﬁfri[pﬁﬁing aedu@enedRr lekprddon or
2009/ 078973PCT/ US2008/ 013707 %rt)c%ojlj gg the regulatory and ﬁgt al )bt i C
subuni t @M‘Obt%a%?f’_éﬂ FEPrEsen At gasE OPpingiEaied i eRPIERBIHP R fo DAL genes,
m Cr 00T GANI,SIA GROMI-LERS addlylGRAPERR0 URpRésiddC bE BhAIRY Sinsesicd! H@tbadayl-Coa
dehydrogenase. In”particular enbodinents, the acet al dehyde ) .
dehydr odfensferasq expréssion 2 fimcgjendnereaned Eoeteasetate decarbpyylaseraxprissien os function,
the reg (o] jt 1 I, j ] .

and 1 o dp ey PRl s Qeof e ARERAT AF ARBHLE T ¥ Wit Inddilin Rl e
gene. fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof,

thereby converting said free fatty acids to isopropanol.
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The present disclosure thus provides a method of converting fatty
acids to ethanol am ne, conprising culturing a mcroorgani sm

conpri si NGy @@gﬂggg3fadR expression or function, or inGg/qas86hss 13m7
expression o

ul on, incr, ased n .of .t he at oDAE
e o ol presial eIty Blsa Mo ey & e 57 Predirifl iiprorthel, <gmprising
and gengginafigodi ﬂg:usa}?arﬁ@ﬂt&omp@rsmgafudu@e@t Aoyt egpréggfonnit Fudtion, or increased

et hanol am ne_ammoni a- | yase culture nEdIUHICOﬁPrISIn free fatt

aci ds, foneHigAfthe/ed, r%lllm yacasasefbexpraspipg pf el AEB BHESIRTFISET aeetylgeoA
a conbi Q@ét&lﬁgnstfé}%eegtprestsﬁﬁ:gb%m&%v?ﬁéréagai §@ét&£cétgﬁeolt\at}ir¥fe?&h c&pF&swn or
et hanolam™nhe. 1n certain e iments, the culture nmediumiturt

conpri séslcaomamm@&edfacatnmmtadecarboxylaw]exmmmamr fithgdinpend @ gene tehmdmg a
provide t hg et ol am ne, rising.culturi a_ .
i or oor SR c af et iltiher' PodR ARe R Crrpli ¥ (B Pacias,
i ncreas ﬁﬁbneg]pcaﬁies odlglyf:eridw, friztlycesdps| phospholipidnsed emplviﬁaﬁinothembf t thereby
at oDAEB nes, .i ncrea acet al dehyde dehydr,ogenas n or

Funot | oRFbOHfidE JRAEPARTlc RSP L PR o) LR FoSARLATGR PY STt Feniques
et hanol RABDWE tATHIBNbBSKIlY &S the drt) irbhilingd, Mﬁﬁnd’fﬂﬂmwﬁl t6 OfEBéVeRy Emf the Ferhhtayion
aci ds, nnnoglycerldes di gl ycerides, trig,lycerides; phospholipids, -

or a coh®th W%ﬁmﬁﬁﬁﬁﬂbﬁon9h@¥@%§qwﬂ66h IAB et hanol ami ne. I n certain
enbodi ment s, Atlt@&aﬁwﬂrurtﬁe rFﬁ‘Ql—dbP&JnM hﬁ&h&‘)%ﬁlﬁpf‘é %&‘.&r @cMing an acetol
ammoni a. Recovery of” et hanol amhe can be acco shed by standard

t echni qmesowxysamase and eitber ofgepk endoding 2 igkycarol dehydrogenamusr ganige encoding an
pr esent c Gr i

Ecpr csstAPIcHR EprE - BPRaBLTHRhATE, SRR, B B JHYRE Bl
i ncr easgbbsphgtasesfor tre whvérbion af dis/ddBioge m@st,z-;a-nphneahel oThwspthe mrésehhdisclosure

f ol | owi (1) nucl ei ¢ aci d sequence,encodi an al cohpl . .
dehyr oBSn AL B BFoPRATST TR P8 ERTEN T SEME RO, PEigy of Sjereased
i ncr eas etbressPnaFIhednd gudoh, meaaeédeexbtdaaaxeoﬂmeatomm? dnes, eRGeded acetyl-CoA
expressi on of gﬁphosphate acetyltransferaseegﬁgggb i ncr eased

expr essPSHIGINSEFSKTIEPIESHIAR (1Y TRatop ineiased, ag tifapsieqpse expression or
expr eSS, iAdeAeE b¥dtodeeiteSIRhdBk AR éiﬁl;éséﬁbﬁ }Sr filRfiod, Wng éé?t@ encoding an
primarily to produce acetate from acetyl - rediced sUCA

expr essfestel gnotogrrganase; andzg genedenseding @c@)f@xtﬂr r@gpngafe, fog AcgeNe epeqdiyg an
reduced n,

Funct | of e PRk EREAE Bine HORKAEHR acclc? Elﬁ%%d”%%&gﬁ@n?é" LR PbRbafEiol

sem al dehd@hd@h@t{hyd@gme ar(d] ) genecrading ®)glycesdl grhogphafeuplidspbatasf  In
i ncreased ex sion or, funct

|
o sucol BRI gRo R o Y705 Bele etk D 1506 posSBenase

i ncreasafl |agmaehy‘ﬂrlog<ytglygetolcdea9dxdgdﬂbgdm@ﬂma&mlenmmyg@asd)ﬁnd glycerol
function

i ncreased | act onase .expr.essji on or f nct i
i ncr eas@’ﬂlyéT waeﬁa@hﬁay GRPLFFSs &% b5 é‘§§¥"6‘n B PactiFe & Oéﬁeyﬂs) the acetol
i ncr easﬁl@n@é)@%@ﬁse Q§hﬁgréﬁ%8ﬁﬁlﬂmﬁ5]ﬂr P50 OBoRknel By fdrh Qb ]Jr)d the glycerol
i ncreased | mal onyl - CoA nut ase expression or function; (18)

i ncr easé@yﬁ@gﬁwm @ww from £. gede ansadifionsl embegimants, the rmﬁmpt&mtsmowmpnses a
(19) in e i

Funet ] ofe g iRk AP L G DL R e Do AT AR B30 ot e an
functi oh: l,:{-ﬁﬂ)pamadmldaﬁwdpla:@ﬂolwﬂmgm%@omd raa astfee eawdingxp rgtperalrl-phosphate
functigﬂi %%%%elncreased acet oacet at e decar boxyl ase expressi on or
functi of, a ‘gene encodi ng an acetone nonooxygenase; (24) a gene
encodi ng secvhglissest a&bmhuréemydfagemsﬂes (a2 Mettodg @ ecoateriifig NBttAnacids to

acet ol ppnooxygenase; gene encodi n cer eh genase;
(27) a 8??@0@148585 ﬁe,marﬂmas:e ifing;amicgor @33“ agfaéﬁé*geﬁ@&a?%% dexpression or

L-1, 2- pfuael%e@r fcreaded- dAPRINSRL hE EIMLEAGR NAG ased a;ﬁﬁres@mg%meedwm};meaes
glyceroll-phosphate phosphat ase; (30) |ncreased 3- hydr oxybut yryl -

dehydr oigersased 8sgbyleGarh cavetyliransivease orkprsson o dunsignd lr@ms%agéoacetyl CoA
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Figure 1 shows the pathway for the conversion of acetyl-CoA into
et hanol by the AdhE protein. AdhE is tightly regulated to work only
under anaewobu®oesnsgli tions. A nutant AdhE protein, denateafusadisiEiizohas

escaped &angf%raéég,wr@s&fo%rmte%' incRdcH a@é}bé’cefé@@écaﬁ%ﬁ?ﬁ%‘?@?&ﬁbﬁ loP Bnction,

Thi s enzyne carries out ps at one tine, wt
consu rrptand a gehe enepd MADIH qwtol 9$¥g@)ase @ohe eene dncodingt thglyesrol dehydrogenase,

Figure 2 _shows t ath for the beta-oxid

Ml ti pl or gtgglb nacpgmg A%y P(\é\g%/l é'aorboyx%%enﬁsgha ene Oevn\g(gdm an %cetoqtktlryasg% rggge encoding

' “d' cat ed lby,Zgﬁbpage@iﬂr-Mﬁspﬁﬁ@ dgﬁpum%lengseeqnﬂ maglmabs\%ddurgaa Eléelabgl 1<phasphate
’ ar oduced throu t he oxl dat1 on cle en 4

the ol dbARbatase, dpg FulfUse nediign é&@WF‘“&JFSCn‘%{ é@ﬁlldésm\ﬂmﬁés%/ﬁ" iglyEenides,

product 'tHQ[g&%‘nd'é? %HG:ip'Bgldﬁgy'o‘{@ Rbtnation thereof; tBEIY ny B ‘E‘Y% s&xh%ﬁfe%@ 8fids to

a FadE protein with fi'ed co-factor specCificity in
bet a- oxilgpiopanediolf atty acids. Miltiple steps are indicated by broken

Speci T oi ty ARenpeshy itcib Ry FRIRG Moukity £ APRALEe PRSHuchiz 2k Bbpancdiol,
and Fi gu:ompﬁang hootatige apandrmgammep@nmnsfngrwéubeldyfadﬂee)lﬂr@ssanobrAﬁmntlon or
proteins (

Acd ug 4B
5 shows 5 WC%P qr}ﬁge & ’olﬁcrgés%(sl |‘°hsz]i tP 8m°}D’ﬁI§/ gﬁ'}:es @Hregsed
Mul ti pl Qc&?BGSAaﬁdétylthiisfbadsedeﬂpyesbbﬁ kmmﬁMmcﬁml acesdaepisl-aoR transferase
indicatedb .solid arrows. Step 1 is ctal ze t he, enzy
> oxogl FREERISN Heltyehcg Briraase Sstpaedp doplshhen Prasion r Hasian ks sene
succi nateﬁcocﬁl@gmﬂ E«%ﬁﬂﬁéxﬁmx genase A aléen%bamg aSg| PtV Eeh yl REertaBE or a gene
producti on of gamma- buty ?,actone from succinate. Step 1 is cata %

by the enegdiae 3y @cstol moge@mm@hya@ea@ §oepdingetin dectolekipase azgqlelfew@cﬂmg an
1.2. 1. 24). esk -

Lt anst o sb2 TrRnedibPl GRAGHIE bRk s PAUTE SSHE Ehllin L3 iR fol-L-phosphate
( ADP-f o mhwpglpatag, (Dl abodtute Hedide e;pmpnslsg deeedbipy adidsympheglpeeridas diglycerides,
succi nat,g sem e de ydro h

ey EREAR BRI s SR uaush dBeo pbe S FEAG R 11 Fropancdiol.
1.1. 1. 6 Recowgofst, e@r@ansdlcladﬁalbyaea)nWﬁhdddsye;mﬂm tbmtqgnakmov(rr&oﬁhose of skill
3.1.1.25) 7S at hwa rodycti o

1, 4- but dﬂéb‘? ar f*?cg B’ fe‘"roéfz‘a’a fali"yﬁl@d By ﬂé"“eﬁﬁ\?‘hé’y vacuum

succi ni qlﬁmaﬁ@{&q{qmﬁh@lﬁ@yﬂg@geﬂase (E.C 1.2.1.16 or 1.2.1.24), Step
2 is catalyzed by the enzyne succinyl - CoA: CoA transferase Step 3 is

catal yzed by It pdudhes gmboditneat. iy micragreanis Sthepepmprises ggne Evegexvressmg an

6.2.1. 5>acet§f GQAécét ItG ALY & d%ehx owa%xﬁegsaﬁged §H9&Jo%?yr§1e@bﬁl diﬁpafegenase,
dehydr ogenase I's catal yzed by the enzyhe ry-hydroxybuty
16(¥<i>

acid delzpue @g@’nmreSS(IE € orotonase, dop geng encoging, a SuepyleCos @v@pgm bylhe
t he enz d 0] el 0 a
(B TR oy Mhgocl N e bl (VRE S MO LAV BAEARES1 Con
al cohol toekfydso geadatyra-aCetodcetatd (A2 )ransferase, oFbgﬂn; m& thdnthv@ ‘aalue chemical
pat hway fo roducti on of pr I.on rom suc
Cat al y 5 daged by B PO ReRTR Ha BHPRR oAbyt Sty ehorf Ardvides »
by the emigdoRafRnMOMBHsRRYled (el /BER aXprensivhas dundctiofl, &t idPredsedSexpression of the
catal yzed by the enzyne propionyl| - CoA: succi nat e- CoA traqsferase
Jfad regulon, increased expression of the atoDAEB genes, increased acetyl-CoA acetyltransferase
expression or function, increased 3-hydroxybutyryl-CoA dehydrogenase expression or function,
increased crotonase expression or function, a gene encoding butyryl-CoA dehydrogenase, and
increased acetyl-CoA:acetoacetyl-CoA transferase or butyrate-acetoacetate CoA transferase
expression or function, or a gene encoding phosphotransbutyrylase and a gene encoding butyrate

kinase. In certain embodiments, the microorganism comprises increased
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Figure 9 shows a pathway for the production of acetone fromfatty
acids. Miultiple steps are indicated by broken arrows, single steps

are i ndi caggdeRVrs9s i d arrows St ep 1l is catalyzed by o ? ;6%7%7

tyl - CoA |t f 1.1 t
the enz lﬁﬁﬂ HeteagylsCoh Fy AT eRppe @Sﬁbwgﬁlaﬁetf%@t Goiktrasstgrady Gepggstion or
2.8.3. Bﬁmcﬁé'ﬂj ShaR §1X' s%uﬁ@t@fi yﬁym‘o@butﬂﬂ C%'}ZMEEE'd?d‘g@h@@C@b%@se fand butyryl-

decar boxyl ase ure 10 shows a pat hway

. t he
pr oduct £ef @hyémpmégam bg wkrede dn dwétwuareﬁsn@ilr&er&mﬂaﬁ szé/érq;vbvwl -CoA
enzyme g &fé’ﬁ%%@é'%e % cl-ﬂnplfrogp 'Ei{é} B0 gbgti)ﬂ:%un} the Ter &g)lase 1]§ from F('fl%'t;'ﬁmm

pat hway e ro

11 shows for the pro ction o - pr opanedi ol
acet on eace&bapzh]:m'nsandahab ytyeyttCos dehpdregenpseis Bed tiom Gbﬁm@wlgmw@u@

1.14.14.1), e at al h ero genase .
(b6 1T 1 1 B Bisdlante it BaaR bRl of REVERd O ks ARG RRRine
2. E 1. ﬁ&)ltugﬁ%ezg rﬂichﬁ)rg”aﬁlsﬂi )cgmgn‘éing tSIB@ud%ﬂZﬂHR éxpiesﬁo@r(ﬁpﬁmﬁdtbrqlorl increased
- phosphat edehydr.oge and Ste i s cat e t he enzyne

gl ycer ofXPressiop of g}?dn ‘? éegﬂl%‘s PEasES expression OfgL ’t"&’%ﬁlg %ﬂﬁﬁﬁm"?‘%ﬁ%ﬂ MRRRY-CoA
i ncl udi RQryMARIRALE cBirBRon 8" filaBord! ﬁ@#éﬁi;dd()@ Ry by AL oA’ QB dbEshase

acids. Mil'tiple steps are indicated by broken arrows, single steps
are i noepagssign gy funstiony ingreased crofnase oxaressiomPTHaSH don @ Een agodips BatyRd-EoA

oval . | Y, t f

(.G Qg qrbehmsGindl faRiel bl ROSRALIRRAFICHN FRAARE of hORRE 1CHGRE e
dehydr o@eehatsiesf(easc;rxmcsslon cBE@u,lct@neqzr Bgers anavdihy ph@pbo}trmhhltmkaymnd a gene
crotonag &1 CEH’ lnaS%) Ste cataIr‘)(zesdn é_ %

butyryl y‘g? n(fs’e T '?:?%‘5“’230 I§{é (‘f”a? syze%{lol%ycf"ﬁ%es
enzyme tagﬁ/bykideﬁ}aﬁgamaﬁm,qﬂioyﬂahdi@ﬂsl srancintbigaion (tlEerEbf theR@bP cohverting said free
2.8.3. t)rst gg) g’tls catal yzed by the enzyne phosphotransbutyryl ase,

and St et 3185 AW Ped by the enzyme butyrate kinase. Fi gure

13 shows a pﬂi&weﬁtoaw&mﬁu@w@ungﬁ&sq b QK Pro@uthigabhityrats,i Bsmprising
Mil tiple steps are indicated b roken arrows, single steps are

i ndi cat @YUH)S o MHFrogFaBiRg! cgpeasmg irgducsd frgis e@pwmme)reﬁwyw or increased
acetyl - sﬁﬁﬁtoy e gﬁz'g&ftgﬁfoﬁsﬁc&% ﬁ:exgregsu;]rr the %@%E’% éeﬁesc ?e%al‘gtﬁzgze -CoA

t he enzy ydr o ehy rogenase
i s cat aﬂoyw@mnbﬁprasheemwm or ofuocticne inBredsed4 321y!!rct35bqty@l€pA4 debydrogenase

20001 b 7093Hek PABEAY GrabY! fpiobile SO HNENRs, Ltne caspiipg o
t hte len;degfpcéﬂbgégagalear:]lﬁ H%geaggté hydyle(gﬂagfoz(cgtgggoh Rar&fe’ia‘é} ,or Sflgnﬁi-egeﬁ&ade&te
ot o fhp s DR ion o T HioheyA BB i phosphoraningy oty Py pgne
st eps ae"neodlﬂgllb@xa,trad Masbrﬁkgftuﬂﬁﬂéofﬁédmxﬁl R Rishigefee zfert@ acmia %Brﬁ»@lﬁmdes

solid arrows, Ste is catalyzel t he enzyne ace
acet yl t4‘&W§?®e§§§gkYEe@es@@5131'1011}“ds’ﬁr@pc%“b‘%a‘@atthqfﬁeé‘e@y Prrduging hptyrate.
3- hydr Wcoe’cr?%tf Iﬁﬁi)&{té‘ Ea wd a&@tﬁpﬁéﬁ@& m@%ﬁmﬁgd Qechgrqﬁes?kn]o@n to Me S SRI3n the

Is catalyzed b he enzyme 3-hydroxy-3-nethyl glutaryl-CoA reductase
(E.C. 1lart}. tmclgél‘)ng, but not Himiigd eto,] Secomerwstrem phe aront brethpbp dan t éxghange,

of ethap f acids. Miultiple steps are indicated by
brokenaca rtﬁg\/\{rrksiﬂ%n &3{&0@ atélxg are indicated by solid arrows. Step | is

cat al yzed byAltdmeatively nﬂqeﬁcmtcakﬂmysﬂe flethgdr ocgaplme @E.g€ne loderdxptéing a
?gd C_St jfu@%ﬂdﬂy%%%ﬁ‘ﬁ%gb Lol gﬁrf]a?eé%gre%rre]%?r?gl g gh ladnHDJ%g%nla eaosresecondary
alcohol dehydrogenase, and the high value chemical that is produced is butanol. The present
disclosure thus provides a microorganism comprising reduced fzdR expression or function, or
increased expression of the fad regulon, increased expression of the atoDAEB genes, increased

acetyl-CoA acetyltransferase expression or function, increased 3-hydroxybutyryi-CoA
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It is to be understood that both the foregoi ng general description

and the follow ng detail ed description are exenplary and expl anatory
only, and woeowatsayestrictive of the invention, as cl airEdus2besoiivns
appl i catyj u Lhe S i u e ab of & d

o0 or " hfrodclifs 5rdrioh I Bdbh dack e ERnABCo RSB o ARG, p.ene
unl ess spadiny owityl-Cotaddydoigenasei s @end-andodmgniutealdehydeudehydfogemase, and a

term"includi ng. s.wel |, as,other forns uch, as ;"i,ncl ydes" and .
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por t i on§lestridiweuresiobyyiimedanch the butaneb| fdwdiogenase nisl Bihn drompuClastridium
i m teda&gobm;cﬁp’t s, patent applications, articles, books, and

treati ses, are hereby expressly incorporated herein by reference in
their entirelnycdrain aspgctputhp esierootganishefughentoniphiats wdecedrNADHedahfydtdgenase

manner EPIESER A ASAY S dof AR PHATFER G5k PEEPROT A HRDH déhydrogenase
appl i calgk), this application controls. Enbodi nents of the

present disclosure provide m croorgani sns that are capabl e of,
efficient pr&BRPGsER disclesugn thus ProVidR A1 Thed 08 opugiibe Taty S¢ids to butenal,

M Cr 00r gaihd hiRdrireX 8 MR cPoorBNsr? RompHiSia} GEdcE® FuliR &xPFel8bn or function, or
consi sting of bacteria, yeast, and al gae, either as wld.type .

st r ai ns inonasseshexpseseigh 98 terefardregiion, indreased expremsiogaidhe stom ginestingrgased
net hods g e i ral : o] | S | -
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spp., Ldehydougenass syppessioBani fungtiors pincreated esrptoaasel exmessiop. or Kinshion.eh | gene

spp., Citrabacter A 122 . WD 2009/ 078973PCT/.T1S2008/ 01370

I ost r MG RTrEER A A Grmesnss g el R aREE I ddivdrosgaasp, and o
Schi zos geshaicodiyg betajsl deRydrafichasy draecandbtyaiddobondehydoggraste, 418 ckinmamedium
the art. The high value chem cals include -but, are. pot Jimted.to .

o1 hanol CompPEYES e ALt it mgRHIEE T ety Y S shetiah it AHSEPGRpids, or a
acet one comBAREAPHRRbE, tHRHbY Bh fartiltiaiNBée faliP¥alORAUBsnORT OPi ONat e,

et hanol am ne, or 1, 2-propanedi ol . ~ According to enbodi nrents of

t he di scl osufke preseninfliselosirg furtherspravides g methed of preducing htayoly copgrising
nonogl y e ifes ' e Smprising! %868dadger SR8l bPiftioR! or i ed
conbi nat%?‘gdr@%t%e@gg#&%fﬁgtrﬁe p iisnart1 y gar_bo%asog’gge or feeclvstlgc’k.Or 'Ilﬂ%reas
free faekpyresivingd theyod oegware inadessed etipydssion pf e gtoR4E R Egnearineteased acetyl-CoA
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Bour cos sty fnsrdie RRLHRY A RAGE il D MR RAYCHRT UiHBrogenase
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protein, does not or substantiall es nqot performits usual ..
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del et i ORehydisgetiteio? ReconB&GTA1édNB) déhydFighitse,0R -2 Atruftehidionh deiisihg free fatty
m croorgani sns that |ack one or nore indicated knocked-out genes are

al so coAdisememglyreridere dislyeqridstt Eisheerdrs, PhesPholinids, f¥na (coymbingtign thereof,

m croor gan Sl TRLoRrs 8 BEtahall GRRGckSMAIHEN BYsthR Rbhni
t he ind%@?&%ﬁe S) 5 Such kﬂoéﬁ outts can al so bealzsondi i(t)nal or e

i nduci bkagwiti thgse efcdkill inuthe art dncluling, het notldiveiied toorecenste figm thrifermentation

the art o .conte . kD LRSS ] a gene, or one
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WO 2009/ 078973PCT/ US2008/ 013707 "Met hods in Pl ant Ml ecul ar Bi ol ogy
and Bi ot echnol ogy" (dick and Thonpson, eds., CRC Press, Boca Raton,

FL, 1993);wangienid-f- Keary, "Ml ecul ar Genetlcs of Eschgiiwdb@otd
(The cuilford Pr%g?és New Yor k, . NY, hﬁ elrosob'}

wi |l knovpthse aRst P 908 OVEIEXRIBINEsh 3t]}1¥§ C%é’t:"i ’@F‘thylgBFa%f]SS%e‘e CtiﬁFotF@}%h‘gh

as descrhlpe @haﬁfcﬁl Produced By m?evm%&%lshﬂﬁtrﬁa%n%c qmlef&s Qﬂe Pﬁés&ﬂt bReosure
genetically nodi fying the host organismin such a way t

pr oduc egdditiarallyr piadided 9 Brcrodrztism mompéliswgt taneed fadR qxarqsglm or function, or
organi s mCK%E tfi\,()g)qgsgiroﬁao?'tﬂgfagr egﬁ J?éa[&gd %@ﬁe&%%%ff th€ oBD e?ﬁe?fmérgfsed

protein ations in-or ave t or gani sm produce
no copi eeetylfCeMe agayitransferagr expodseion way functbmder tgmeusecaiing dehakroxy-3-
i nsertio

pronot e the tat | et I i nt

Pttt ORI EE Dyt Sl se P Seodnby i Sty oy DA RB coA reductase
E)ecr eas Ml?p@gh aboy i sdrurﬁeg bflEBSx@ﬂﬂjxfw%m&hylthiryl -gbAa @h&gﬁi noﬂay-hgfi@gy-s-
e acconpl.i net s kno |nt art C ods may incl ude

Che mut DETIIEIEEOg Con ruBietst ron dil Biliast Bt DRUCHET (HNCRERERSS BF $AFEy-3-
of ) thenf Iutﬁ%ﬁ@o@oé%t}ia& UOCEANS Abf %M&nﬂjesrgé;%&d?@ &' Mval from
abol i shi n%M e activity of I ven grotel n by contacting the protein

wi t h spdetiidepsishinliinag prd éhe hédroxy-diathylglataryliGoA seduetass ssalMG1 or HMG2
i nteracg, @M& A5 9539%9,160@?%9 OnaoA &Pﬁ%&g'ﬁ% E&&Fé&%{?ﬂ? ﬁm,for

I nst ance nﬁnoc onal i 'es agal ns e protein.
Such anti bodiTes pregenbehsnhisanendtd:rdfgrer povides 4 nmetiod aff | amvetiog ofatly sagds to
sui tabl e | ghoratory ani nal.s.. . The hi ghl reduced, na of )
car bon SESHEE FARRTTIE CHining AR mictodTeanisin PMPETNG ciliped Jedh, Frevession or
si gni f i fimotiondy aitkcagabexphesibe optheditie@lon dhcremny etfresionalfsnd ateD3 FBiganes,
ferment ati on., Tabl (;;;E{)rovi des anal ysis.of redqgx bal ance for the
conver siFpasd f&?et‘ﬁ dsacf’tli'ﬁ?f's Fito CEPFSHAls s %hn A%nof, §iEh encoding

cal cul agigamxiarmeag %Wt?l -Coh Gyathasd, @hfl 30 RN GG dinE13thy, drb@m%hfaryl-
ol C

(C16), and octadecan C18)  acids shown (all satur at ed
2009/ m@%a@%szm&lqummabwmm iclatty arighi laﬁ%qalxﬂsn(lqst yiglyceddes,

Synt hesjfkrig& bh&@ﬁ&lﬂl&&o B E A@mgﬁlgtlogiﬁeré@f H‘[e?éb?cézogﬁé}ﬁﬁé émd@‘é@ fatty acids to

mevalonate,

The present disclosure additionally provides a method of producing mevalonate,
comprising culturing a microorganism comprising, reduced fadR expression or function, or
increased expression of the fad regulon, increased expression of the atoDAEB genes, increased
acetyl-CoA acetyltransferase expression or function, a gene encoding
3-hydroxy-3-methylglutaryl-CoA synthase, and a gene encoding 3-hydroxy-3-methylglutaryl-
CoA reductase, in a culture medium comprising free fatty acids, monoglycerides, diglycerides,
triglycerides, phospholipids, or a combination thereof, thereby producing mevalonate. Recovery
of mevalonate can be accomplished by standard techniques known to those of skill in the art.

In a further embodiment, the microorganism further comiprises a gene overexpressing an
acetaldehyde dehydrogenase, and genes encoding the regulatory and catalytic subunits of
ethanolamine ammonia-tyase. The high value chemical produced by the microorganism is
ethanolamine, The present disclosure thus provides a microorganism comprising reduced fadR
expression or function, or increased expression of the fad regulon, increased expression of the
atoDAEB genes, increased acetaldehyde dehydrogenase expression or function, and genes

17



Cl2- 18H24- 36020882- 104/ 18) 16. 4-26. 6 412-18CHL 900 9/402(4. 3)
f(8.2-13.311) FAs to ethanol: carbon-constrained scenario (no
ener gy/ r edgy 6@ngtarai nt . 100% carbon yielde C 2-Cl0 sataieszem/okxo7

-*et hanql C12. 1 .8H (83 124104/ - - .6) - - D1 .
et hanol SreHPE Y ERAREE A GRPN RS of bR gl i ih Yeran
yi el d) * efibadindents; ahe dniefootgdnlisan alompriGis? @1 2URdOR (6 8ir/ RoteroldRBE le¢talgrhyde

+ 213 0)0 4 t ted .FA 4 eth 14112902¢ 80/ 1

1) 4207 3 CoRppLsTase. TP ReRBn i Pkt T oAl AT RS (S the mhpF gene

CCRC16143202( 924/ §) 48t 8BadikoRts B rémlatbryX06RAOb et GHlankGh asmicnialyas is

FA 4 ethanol + COOCLO113602(10488) 4267 3COHE0( o) + 3/ 3CLB(0)0 (O FAS
(&%

to et hais ewR gensmd the eaaltic subpert afhapplasyng epaepiadyase &sihs Py 94%

carbon yi el dfpe present disclosure thus provides a method of converting fatty acids to ethanolamine,
comprising culturing a microorganism comprising, reduced fadR expression or function, or
increased expression of the fad regulon, increased expression of the atoDAEB genes, increased
acetaldehyde dehydrogenase expression or function, and genes encoding the regulatory and
catalytic subunits of ethanolamine ammonia-lyase, in a culture medium comprising free fatty
acids, monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof,
thereby converting said free fatty acids to ethanolamine. In certain embodiments, the culture
medium further comprises a source of ammonia.

The present disclosure further provides a method of producing ethanolamine, comprising
culturing a miéroorganism comprising reduced fadR expression or function, or increased
expression of the fad regulon, increased expression of the atoDAEB genes, increased
acetaldehyde dehydrogenase expression or function, and genes encoding the regulatory and
catalytic subunits of ethanolamine ammonia-lyase, in a culture medium comprising free fatty
acids, monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof,
thereby producing ethanolamine. In certain embodiments, the culture medium further comprises
a source of ammonia. Recovery of ethanolamine can be accomplished by standard techniques
known to those of skill in the art.

Thus, the present disclosure provides a microorganism comprising reduced fadR
expression or function, or increased expression of the fad regulon, increased expression of the
atoDAEB genes, and one or more of the following: (1) a nucleic acid sequence encoding an
alcohol dehydrogenase protein that is active under aerobic conditions; (2) increased expression
of an acetate kinase gene; (3) increased expression of a phosphate acetyltransferase gene;
(4) increased expression of an ADP-forming acetyl-CoA synthetase activity; (5) expression of an
acetyl-CoA synthetase activity that functions primarily to produce acetate from acetyl-CoA;
(6) reduced sucA expression or function; (7) reduced sucB expression or function; (8) reduced
sdhA expression or function ; (9) reduced sdhB expression or function; (10) increased expression
or function of succinic semialdehyde dehydrogenase; (11) increased expression or function of
succinyl-CoA:CoA transferase; (12) increased expression or function of succinate-CoA ligase;
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Cl 8 saturated FA -*ethanol + CO2 C12H2402(08/12)411/2C21160(6) +
C2(0) 2 (111) Cl14 saturated FA 9 ethanol + CO2 C, 4112902(80// 4)4

13/ 2C2116 0 0) 2 (111) C16 saturated FA 4 et hangl /ITsz 07
C151132020‘é,§)/2 E’éé(é 60( 6) + ) .2 (11-1) Cl16 saturat @g%p
et hanol ¢ x;o;cg Lﬁm @@genpswwmn or function; (14) 1ncreased
lactonase expression or function; (15) increased aldehyde dehydrogenase expression or function;
(16) increased alcohol dehydrogenase expression or function; (17) increased
methylmalonyl-CoA mutase expression or function; (18) increased methylmalonyl-CoA
decarboxylase expression or function; (19) increased propionyl-CoA:succinate CoA transferase
expression or function; (20) increased acetyl-CoA acetyltransferase expression or function;
(21) increased acetoacetyl-CoA transferase expression or function; (22) increased acetoacetate
decarboxylase expression or function; (23} a gene encoding an acetone monooxygenase; (24) a
gene encoding secondary alcohol dehydrogenase; (25) a gene encoding an acetol
monocoxygenase; (26) a gene encoding a glycerol dehydrogenase; {27) a gene encoding an acetol
kinase; (28) a gene encoding an L-1,2-propanediol-i-phosphate dehydrogenase; (29) a gene
encoding a glycerol-1-phosphate phosphatase; (30) increased 3-hydroxybutyryl-CoA
dehydrogenase expression or function; (31) increased crotonase expression or function; (32) a
gene encoding butyryl-CoA dehydrogenase; (33) increased acetyl-CoA:acetoacetyl-CoA
transferase expression or function; (34) increased butyrate-acetoacetate CoA transferase
expression or function; (35) a gene encoding phosphotransbutyrylase; (36) a gene encoding
butyrate kinase; (37) a gene encoding butyraldehyde dehydrogenase; (38) a gene encoding
butanol dehydrogenase; (39) a gene encoding 3-hydroxy-3-methylglutaryl-CoA synthase; (40) a
- gene encoding 3-hydroxy-3-methylglutaryl-CoA reductase; (41) increased acetaldehyde
dehydrogenase expression or function; (42) a gene encoding the regulatory subunit of
ethanolamine ammonia-lyase; (43) a gene encoding the catalytic subunit of ethanolamine
ammonia-lyase; (44) reduced NADH dehydrogenase expression or activity; (45) a nucleic acid
sequence encoding a fadE protein that uses NAD+ or NADP+ as a co-factor; (46) reduced icIR
expression or function; (47) increased expression of an aced gene; or (48) increased expression
of an aceB gene.
BRIEF DESCRIPTION OF THE DRAWINGS
So that the manner in which the above recited features of the present disclosure can be
understood in detail, a more particular description of the disclosure, briefly summarized above,
may be had by reference to embodiments, some of which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.
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Figure 3 shows the role of a FadE protein with modified co-factor specificity in the beta-
oxidation of fatty acids. Multiple steps are indicated by broken arrows, single steps are indicated
by solid arrows. FadE cofactor specificity changed to use NAD+/NADH or NADP+/NADPH.

Figure 4A and Figure 4B show the pathway steps performed by the Pta and AckA
proteins (Figure 4A) and AcdA/AcdB proteins (Figure 4B).

Figure 5 shows a pathway for the production of succinate from fatty acids. Multiple steps
are indicated by broken arrows, single steps are indicated by solid arrows. Step 1 is catalyzed by
the enzyme 2-oxoglutarate dehydrogenase, and Step 2 is catalyzed by the enzyme succinate
‘dehydrogenase. ' ' - —

Figure 6 shows a pathway for the production of gamma-butyrolactone from succinate.
Step 1 is catalyzed by the enzyme succinic semialdehyde dehydrogenase (E.C. 1.2.1.16 or
1.2.1.24), Step 2 is catalyzed by the enzyme succinyl-CoA:CoA transferase, Step 3 is catalyzed
by the enzyme succinate-CoA ligase (ADP-forming; E.C. 6.2.1.5), Step 4 is catalyzed by the
enzyme succinate semialdehyde dehydrogenase, Step 5 is catalyzed by the enzyme
v-hydroxybutyric acid dehydrogenase (E.C. 1.1.1.2 or 1.1.1.61), and Step 6 is catalyzed by the
enzyme lactonase (E.C. 3.1.1.25). . ‘

Figure 7 shows a pathway for the production of 1,4-butanediol from succinate. Step 1 is
catalyzed by the enzyme succinic semialdehyde dehydrogenase (E.C. 1.2.1.16 or 1.2.1.24), Step
2 is catalyzed by the enzyme succinyl-CoA:CoA transferase, Step 3 is catalyzed by the enzyme
succinate-CoA ligase (ADP-forming; E.C. 6.2.1.5), Step 4 is catalyzed by the enzyme succinate
semialdehyde dehydrogenase, Step 5 is catalyzed by the enzyme y-hydroxybutyric acid
dehydrogenase (E.C. 1.1.1.2 or 1.1.1.61), Step 6 is catalyzed by the enzyme aldehyde
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Optionally, the m croorganismmay be further nodified by reduction or
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C. No. Exemplary Enzyne(s) Succinic Qe.m%ghyd.r_aganase_.él_d.&_
E. coli (NADtlinked) (Entrez CMNféetsajafgrs fropdidtani c NP 415933) Sad

(GabD, Ynel), E. coli (NADtdependent > nel D: 947440, GCenBa
NP 416043)Ccahtked FMpeatyaed eri um %ﬁ‘d%r"é%ﬁ@%?ﬂ trez Cenel D 923?%%9&6

GenBank NP_334651) Al dH5A1, Homp sapiens (BAPH&ZiQaler@®)/ 015, @HERHR
NP_733936 or NP_001071) Ssadhl , Arabidopsis thaliana (Entrez
CGenel D: 84428 FAs @ariBeaticatiipn-Gor 8@ &2 scipatikine Agravioert constraint: { Whiecheben ded®
(Entrez Cenel D: 1136121, GenBankNP_356407)

C12-Cis saturated FA ethanol Ci2.18H24.3602(68/1 2-104/18)26-9C,H,0(6) -4 (-2H)

FAs to ethanol: carbon- and redox-constrained scenario (94-96% carbon yield)*

Cypsaturated FA <ethanol + CO, CuH240,(68/12)> 17/3CHO(6) + 2/3C0,(0) 0 (0H)
Cy4 saturated FA - ethanol + CO, C1eH2502(80/14)>20/3C,HsO(6) + 2/3C0,(0) 0(0H)
C\¢ saturated FA = ethanol + CO; Cy6H3204(92/16)>23/3C;HO (6) + 2/3C0(0) 0 (0H)
C,5 saturated FA = ethanol + CO, C15H360:(104/18)>26/3C,H,0(6) + 2/3C0,(0) 0 (0H)

FAs to ethanol: carbon-, redox-, and energy-constrained scenario (92-94% carbon yield)’

Cizsaturated FA ->ethanol + CO, Ci12H2:0,(68/1.2)2 11/2C,HgO(8) + CO(0) 2(1H)
C,4 saturated FA 2 ethanol + CO, C_.4H2302(80/14)-) 13/2C,H;0(6} + COy0) 2
C,s saturated FA <> ethanol + CO, Ci6H320:(92/16}-215/2C;H,0(6) + COx(0) 2(1H)
Cis saturated FA > ethapol +CO; CisH350:(104/18)>17/2C;HgO6) + CO(0) 2 (1H)
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Succi nyl - CoA: CoA transferase Succi nyl - CoA: CoA transferase,
Clostridiumkluyveri (Entrez Genel D: 5392695, GenBank YP 001396395)
Acet yl : Suceipnrassm7§oA-t ransfei ase, Tritri chom)nas foet USPCT/U52008/013707

Acetyl : Supg] %%%[ﬁ[?@d‘ﬁt Qﬁl&% Cof FAMPRRRG0 aﬂ’g‘)’% ?

synt het ’FA mo J{tgseaz f ace y -

lé1821(9)|3|) aien?é %}2 g p?E‘ éS is
415257 g%%" phQLylg ‘?‘b og b Ama
dehydrz)gté"r’? o4 %@é ¥ 'Fe"%&metfﬁ Fds é‘eﬁsﬁb‘ﬁr egme &pfthat
dehydroggwa%esftwaﬁ? OgeqHAe BEnt r ez Genel D: 281360, GenBank
NP_777247%athyey stoichigmetry ppgoppts [ esrhddancehetmseikrenpians gpdarpducts.

Rattus nore®dicusy“ryct ol agus cuniculus, or Sus scrofa Blel3, A

tumef aci g, 4dRid GiedRBh Berd d3bH k, wReaBRled\R RERERkistwherd (RIILH, ef al,
1. 2. 1. 16-4{pR8& 8 ineering Principles,” 2™ Bd., pp. 60-73, Springer, New York, NY, 2003).

d . . - ZVFa’r - 2V V,EiK;
Degree of reduction balance (Ak) is estimated as crimecens  owrjprtacs . where 7 and ¢ are

the stoichiometric coefficient and the number of carbon atoms for each compound, respectively.
“ Net redox units, H, are expressed per mole of fatty acid (H = NAD(P)H = FADH, = “H;”).

" Cell mass formula is the average of reported for different microorganisms (Nielsen, et al.,
2003, supra). Conversion of FAs into cell mass neglects carbon losses as 1-C metabolites, In
consequence, the degree of reduction balance in this case represents the minimum amount of
redox units generated
£ Thls scenario assumes conversion of all AcCoA generated from FA oxidation into ethanol.

* This scenario considers oxidation of 1/3 of an AcCoA molecule to CO, via TCA cycle, per
each molecule of FA metabolized, which would provide the reducing equivalents required to
operate the ethanol pathways.

! This scenario considers oxidation of 1/2 of an AcCoA molecule to CO; via TCA cycle, per
each molecule of FA metabolized, which coupled to oxidative phosphorylation would provide
the ATP and reducing equivalents required to operate the B-oxidation and ethanol pathways,
respectively.

;l"he degree of reduction per carbon of a 12 to 18 carbon FA ranges from 5.67 to 5.78
(Table 1), as compared to a degree of reduction of 4 for glucose (C¢H206: k¥ = 4) or xylose
(CsHi0Os: © = 4). The advantage of this higher degree of reduction is best illustrated by
considering the production of a reduced compound, such as ethanol (Table 1). Ethanol is
synthesized in E. coli from acetyl-CoA in a two-step process catalyzed by the
acetaldehyde/alcohol dehydrogenase enzyme, a pathway that consumes two reducing equivalents
(Figure 1). The generation of one molecule of acetyl-CoA from a two-carbon fragment of a FA
in each cycle through the B-oxidation pathway generates two reducing equivalents. Therefore,
ethanol could be produced at a carbon yield approaching 100% because the two reducing
equivalents generated in the synthesis of acetyl-CoA would be consumed in the production of
ethanol (Table 1: carbon-constrained scenario); however, as the number of cycles through the B-
oxidation pathway is always one less than the number of acetyl-CoA groups formed, each mole
of FA generates (N/2)-1 moles of reducing equivalents (where N = the number of carbons in a

saturated FA molecule). Energy and degree of reduction balances for the conversion of 12- to
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m croorgani sni s al e operon; (3) a knocked-out sucA gene or sucB gene,

or bot hiThe #5e of glurgekarrdene asarpmyakasiop pubsirpte ey the pwduggion ofgthanol results in a
2009/ 07 D ot K ouer LIAG:,Q .
§%§g{f§§ﬁg§§é %ﬁi@%ggéng?g;( ?l%ogiggqmﬁts We" EBdE Syibld to a_theoretical

succinic sema a gene over expressing
gamma- hyxRyr of Wi Vcom e icdrbdn thasls; onm rfas glucgsg)Coll e oveCeiy? é®st AGOan0).

Genydr o gSABAE ARG B ol ibalE REPLSUTERRRY BB & B3R basis, =
dehydr ogen s thet etricasad ¢ ttise Sazdstockatamdtfclsihemioils nsaketdl @rhwdpht basis, the
ooncs SRy e DL i S e SABRBAT o e it
assi gnegf eth@fol Hon® YEgdrH @FALON FhutlasBoteEiCcorftrage th- R prddiBi&XHF &R From
or heterol ogous expression of a succinate sem al dehyde dehydrogenase

capabl e2¥Fossoffrein agpronieately | cnedalftef thaatvaese (ke wewhddeisyeaversmhice cargon
the trapgkeieMifel QAvabion Wit At eththo? Hokd RHCyiSRNLMLCRYMe as a significant co-

product.
Table 2
Maximum theoretical yield for =~ Maximum theoretical yield for
EtOH (weight basis) EtOH (carbon basis)
Sugars 0.51 0.67
Fatty Acids 1.32+0.05 (2.6-fold higher) 0.93 (1.4-fold higher)

(C12-C18 saturated FA)

These calculations ;re based on the assumption that a fraction of each FA molecule is
metabolized through the citric acid cycle to provide for the energy and reducing equivalents
required to produce ethanol from FAs (Table 1. carbon-, redox-, and energy-constrained
scenarios). Therefore, carbon, redox, and energy constraints are accounted for. ‘

Embodiments of the disclosure provide microorganisms capable of converting fatty acids
into high-value chemicals and methods for the aerobic B-oxidation of fatty acids that result in the
production of high-value chemicals, such as ethanol or succinate. Typically, the B-oxidation of
fatty acids by prior microorganisms under aerobic conditions generates energy and carbon that is
converted into more cell mass rather than high-value chemicals, and the production of high-value
chemicals by prior microorganisms typically is attempted by fermentation of other carbon
sources under anaerobic conditions. The genetic modifications set forth in the present disclosure
allow the acetyl-CoA produced from fatty acids to be converted into high value chemicals, such
as ethanol or succinate, under aerobic conditions. As defined herein, aerobic conditions include

aerobic/respiratory conditions as well as microaerobic/microrespiratory conditions. In other
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GenBank YP_O
fatty acid biosynthesis, and acetate metabolism. More specifically, fadR encodes a dual

DNA-binding transcriptional regulator protein for fatty acid metabolism. The protein belongs to
the GntR family of transcriptional regulators. The protein controls (e.g., represses) the
expression of several genes involved in fatty acid transport and B-oxidation, including fadBA
{Ecocyc Gene ID EG10279 and EG10278, respectively), fadD (Ecocyc Gene 1D EG11530), fadL
(Ecocyc Gene ID EG10280), and fadE (Ecocyc Gene ID G6105). The protein also activates the
transcription of at least three genes required for unsaturated fatty acid biosynthesis: fabA, fabB,
and icfR {Ecocyc Gene ID EG10273, EG10274, and EG10491, respectively).

Microorganisms having a functional fadR gene, such as wild-type E. coli, will
preferentially activate and digest long-chain fatty acids first. Once all of the long-chain fatty
acids have been digested, E. coli will proceed to processing the medium-chain fatty acids. Loss
of the fadR gene function allows the E. coli to degrade both long chain fatty acids, i.e., fatty
acids having 12 or more carbons in the fatty acid chain, as well as medium chain fatty acids, i.e.,
fatty acids having 6-11 carbons in the fatty acid chain, at the same time, eliminating the problem
of partial degradation of the available fatty acid pool and increasing the conversion yield of fatty
acids to acetyl-CoA. As a result, a knock-out of fadR increases the pool of fatty acids for the
fatty acid p-oxidation pathway depicted in Figure 2,

Once the chain length of a fatty acid in the B-oxidation pathway falls to about six carbons
or less, the B-oxidation pathway is no longer sufficient to efficiently degrade the fatty acid.
Instead, the degradation is carried out by a separate enzymatic system encoded by the ato
operon. Overexpression of the afo operon produces afo gene products that are required for the
efficient conversion of the last 4 carbon fragments (4 carbon acyl-CoA) in the fatty acid chain
into two molecules of acetyl-CoA without the generation of reducing equivalents. Certain
embodiments of the disclosure comprise a mutation in the atoC gene that results in high
constitutive expression of the ato operon to ensure efficient degradation of short chain fatty
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B-oxidation is available for use in the synthesis of ethanol. Figure 1 provides the biochemical
steps for converting acetyl-CoA to ethanol. ‘ ‘

Optionaily, the microorganism may further comprise a fadE gene encoding a protein that
is capable of using NAD+ or NADP+ as its co-factor. As shown in Figure 3, the fadE enzyme
(E.C. 1.3.99.3) is involved in the conversion of acyl (c=x)-CoA to AZ-enoyl-CoA step in the
cyclical B-oxidation of a fatty acid. The fadE gene may be an endogenous gene that has been
mutated to alter its co-factor specificity from FAD to NAD+ or NADP+. Alternatively, the fadE
gene may be a heterologous, overexpressed gene from an organism where the fadE gene product
naturally uses NAD+ or NADP+, such as Mycobacterium smegmatis (Entrez GenelD:4535406,
GenBank Accession Number YP_890239) or Euglena gracilis. In a further embodiment, a
means distinct from fadE is used to transfer reducing power from the FADH; pool to the
NAD(P)H pool. The generation of NADH by a fadE gene according to embodiments of the
disclosure, rather than the generation of FADH; is desirable as the NADH reducing equivalents
could be used in further processing of the acetyl-CoA produced by B-oxidation. The use of an
altered FadE protein is particularly advantageous for the synthesis of molecules such as ethanol

or butanol, where the NAD(P)H pool may be limiting in the absence of a FadE protein with
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acetyltransferase (E.C. 2.3.1.8) activities in concert to enhance the production of acetate.

Optionally, the microorganism may comprise one of either a pta gene that overexpresses
phosphate acetyltransferase or an ack4 gene that overexpresses acetate kinase, that individually,
serves to optimize acetate production from fatty acids. Figure 4(A) provides a pathway for
converting acetyl-CoA, derived from fatty acids, into acetate via AckA/Pta.

Alternatively, the microorganism comprises (1) a knocked-out fadR gene; (2) a mutation
in an atoC gene that provides overexpression of the microorganism’s afo operon; and (3)
heterologous genes overexpressing the acd4 and acdB genes of Pyrococcus furiosus (GenBank
Accession Nos. AE010255 and AE010276). Together, these genes encode an ADP-forming
acetyl-CoA synthetase activity (E.C. 6.2.1.13) that catalyzes the conversion of acetyl-CoA and
phosphate to acetate and CoA-SH. Such a microorganism may, optionally, include a knocked-
out gene encoding an endogenous acetyl-CoA synthetase activity that functions primarily to
catalyze the reverse reaction. An example of an endogenous gene that preferentially catalyzes
the reverse reaction is the acs gene (Ecocyc Gene ID EG11448) of Escherichia coli.
Alternatively, the microorganism may comprise a mutant acetyl-CoA synthetase activity that
favors the flow of acetyl-CoA to acetate. An exemplary use of such a microorganism is for the
production of high levels of acetate from fatty acids. Figure 4(B) provides an alternate pathway
for converting acetyl-CoA, derived from fatty acids, into acetate.

Microorganisms for converting fatty acids to succinate. In an altermate embodiment,

microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2} a
mutation in an afoC gene that provides overexpression of the microorganism’s afo operon; (3) a
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As an alternative to a succinic semialdehyde dehydrogenase that converts succinate to
succinic semizaldehyde, succinate may first be converted to succinyl-CoA by expression of genes
encoding succinyl-CoA:CoA transferase (no E.C. number assigned), or by succinate-CoA ligase
(E.C. 62.1.5). Overexpression or heterologous expression of a succinate semialdehyde
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Al ternatively, the heterol ogous gene encoding the acetate CoA |i gase
or butyrate-acetate CoA transferase, or both genes, may be repl aced
by genes ewoadisngsphosphot ransbutyryl ase and butyrat e KOTAsR2008/013707

Phosphot a t L.é € ri.ned,i I et

at( Condei Pk btel RRIECRSEANENE oG 302 EBRE" L itlabal Bob B e
r ef er entansfdimeationad sodcinate totshessec gepmieklehyaiek sequential ly to convert

but yryl - CoA to .butyryl phosphate and the 0 but) e. Figure 12 shows
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5 and 6 thiy MADIBdeartigendsy aCividESuch @muithieonSkeils chdtrd thet NPNANEY genbadibEvia
6 E. C._ No, Exenplary Enzyne(s) 3-{%%/d_rox buOryl - CoA dehydr ogenase
Hbd, C. Bxxddabientiy avalanlq fostysen daheynthesis 1fggemmsanigiolactoge. highma§ shows a

1.1. 1. 3§athway for the conversion of succinate into gamma-butyrolactone and Table 3 provides

exemplary enzymes for the steps in the pathway.

Table 3
E. C. No. Exemplary Enzyme(s)
' Succinic semialdehyde deliydrogenase
1.2.1.24 or 1.2.1.16 AldA, E. coli (NAD"linked) (Entrez Genell:945672, GenBank NP_415933)

Sad (GabD, Ynel), E. cofi (NAD"-dependent) (Entrez Genell):947440,
GenBank NP_416042)

Gabd!, Mycobacterium tuberculosis (Entrez GenelD:923143, GenBank
NP_334651)

AldH5A1, Homo sapiens (Entrez GenelD:7915, GenBank NP_733936 or
NP_001071)

Ssadhi, Arabidopsis thaliana (Entrez GenelD:844282, GenBank NP_178062)
AttK, Agrobacterium tumefaciens (Entrez GenelD: 1136121, GenBank
NP_356407) ‘

Succinyl-CoA:CoA transferase
Unassigned Succinyl-CoA:CoA transferase, Closiridium kluyveri (Entrez GenelD:5392695,
' GenBank YP_001396395)
Acetyl:Succinate CoA-transferase, Tritrichomonas foetus
Acetyl:Succinate CoA-transferase, Trypanosoma brucei
6211 " Acetyl-CoA synthetase (AMP-forming), £. coli (Entrez GenelD:948572,
GenBank NP_418493)

Succinate: CoA ligase (ADP-forming)
6.2,1.5 i Succinyl-CoA synthetase, E. coli (Entrez GenelD:945212 and 945314, GenBank
NP_415256 and NP_415257)

: Gamma-hydroxybutyric acid dehydrogenase
I.1.1.61 or1.1.1.2 4-hydroxybutyrate dehydrogenase, NADPH-dependent, 4. thaliana
NADPH-dependent alcohol dehydrogenase from Bos taurus (Entrez
GenelD:281360, GenBank NP_777247), H. sapiens (Entrez GenelD:10901,
GenBank NP_066284), Rattus norvegicus, Oryctolagus cuniculus, or Sus scrofa
BleB, A. tumefaciens (Entrez Genell):1136911, GenBank NP_396070)

Lactonase
3.1.1.25 AUM, 4. tumefaciens (also found in H. sapiens, Mus musculus)
Lipase B48, Candida Aniarctica

Microorganisms for converting fatty acids to [.4-butanediol. In an alternate embodiment,

microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a
mutation in an afoC gene that provides overexpression of the microorganism’s ato operon; (3) a

knocked-out sucA gene or sucB gene, or both; (4) a knocked-out sdhA gene or sdhB gene, or
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Crenonese ( 3- hydr oxybut pyl - CoA dehydr at ase) 4.2.1.55Cr ot onase, C.
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m Cr oor gamifsatisy obictinafe A6 EuddRRtl gehggdw dé.eduction or elimnation of

t he NADH dehédr,or@ﬁnase activity. Such a nutatign would ensure that
al | NADH gentEPuemyyihg ID‘“&?F%F&%%WaVé’eafvﬁh?rdm@ﬁ%Py geduction ppelimination of

synt hesjg mohtaeagmlogmﬁgawtﬁu@ saapmu?anga%weris% tﬁﬂ%llw&ré?ﬁr§n9&teafv1a

fatty acids into tanol and Tables 5, 6, provide exe
enzynesBoaidatipreissvailrblg for upreinghe mmlyasus o\f\m4-butanedlol Figure 7 shows a pathway for

2009 07837 %E&I&H?%Pgﬁfc%?é o 1880Enddibt and TbRs FHIY FoVidERMFIES) enzymes

for the steps in the pathway.

Table 4
E. C. No. Exemplary Enzyme(s)
Aldehyde dehydrogenase
Unassigned AldH (NAD(P)H-dependent dehydrogenase/gamma-glutamyl-gamma-

amincbutyraldehyde dehydrogenase), E. coli (Entrez GenelID:947003,
GenBank NP_415816)

Gamma-aminobutyraldehyde dehydrogenase (YdeW), E, coli (Enirez™ ~
GenelD:945876, GenBank NP_415961)

TMP-{ aminobutyraldehyde dehydrogenase, Arthrobacter sp.

Aminobutyraldehyde dehydrogenase (KauB), Pseudomonas acruginosa

Alcohol dehydrogenase
1.1.1.202 1,3-propanediol dehydrogenase, Citrobacter freundi or Klebsiella
preumoniae (Entrez GenelD:6937135, GenBank YP_002236499)

Microorganisms for converting fatty acids to propionate. In an alternate embodiment,

microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a
mutation in an afoC gene that provides overexpression of the microorganism’s ato operon; (3) a
knocked-out sucA gene or sucB gene, or both; (4) a knocked-out sdhd gene or sdhB gene, or
both; (5) overexpression of a gene encoding a methylmalonyl-CoA mutase (scpA4, Ecocyc Gene
ID EGI11444; Entrez GenelD:945576); (6) overexpression of a gene encoding a
methylmalonyl-CoA decarboxylase (scpB, Ecocyc Gene ID G7516; Entrez GenelD:947408); and
(7) overexpression of a gene encoding a propionyl-CoA:succinate CoA transferase activity

(sepC, Ecocyc Gene 1D G7517; Entrez GenelD:947402). The overexpressed genes may either
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But yr al dehyde dehydrogenase 1.2.1.57Bydh, C. acetobutylicum Butanol
dehydr ogenase Unassi gnedBdh, C. acetobutylicum (Entrez Genel D: 1119481
and 111948%p menBserk NP_349892 and NP_349891) Nb @I OS2 €3N 3 B MS
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m croorganl s according to the present disclosure conprise (1) a
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acetyl transferase; éé,) a thet erol %ous ene, encogi ng a . )

3- hydr o HINIUAR HPGEIRS | -4:85&"5’& PKefeEpressing qighe REReEAYFYSuefe Parne: (3)
encodi NGvareBprBdit X 3 MRkdIVoghust aeid - &ROdIgduat aééﬁ)(l-fwua@etﬂl&aﬁsh@%e or
a pathway for the conversion of fatty acids to neval onate and Tabl es

5 and 8 OpeIE¥RTEsia @dfpitaropdegengie gen reneqtking tagp scatyl-Gafe asatyivaagiorapgh(® a
8 E C 3= vl -

oyt has B oA R the bl B S oncdty A LY RPN §ff endogenous
GenBank ghiit @hGEBIAY aMadetoagetyl-Cod i namafefdSet ned (Benehde®REdes8 getereBerding an

NP—8493%%etgz{ceuf)e-&gc%r%]é%dase. Figure 9 shows a pathway for the conversion of acetyl-CoA into

acetone and Table 5 shows exemplary enzymes for the steps in the pathway.

Table 5
E. C. No. Exemplary Enzyme(s}
Acetyl-CoA acetyltransferase
6.2.1.1 AtoB, E, coli (Entrez GenelD:946727, GenBank NP_416728)
Thiolase, Clostridium acetobutylicum (Entrez GenelD: 1119056, GenBank
NP_349476)

Acetyl-Cod:acetoacetyl-CoA transferase
2.8.3-,2.83.8 CtfAB, C: acetobutylicum (Entrez GeneID:1116168 and 1116169, GenBank
NP_149326 and NP_149327)
AtoAD, E. coli (Entrez GenelD:946719 and 947525, GenBank NP_416726
and NP_416725) :

Acetoacetate decarboxylase
4.1.14 Ade, C._acetobutylicum (Entrez GenelD: 1116170, GenBank NP_149328)

Microorganisms for converting fatty acids to methyl acetate. In an alternate embodiment,
microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a

mutation in an afoC gene that provides overexpression of the microorganism’s ato operon; (3)
overexpression of a heterologous gene encoding an acetyl-CoA acetyltransferase or
overexpression of an endogenous gene encoding an acetyl-CoA acetyltransferase; (4) a
heterologous gene encoding an acetoacetyl-CoA transferase or overexpression of an endogenous
gene encoding an acetoacetyl-CoA transferase; (5) a heterologous gene encoding an acetoacetate
decarboxylase; and (6) a heterologous gene encoding an acetone monooxygenase, AcmA, from
Gordonia sp. strain TY-5 (GenBank Acecssion Number AB252677 or BAF43791).

Microorganisms for converting fatty acids to isopropanol. In an alternate embodiment,

microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a
mutation in an atoC gene that provides overexpression of the microorganism’s ato operon; (3)

34



2.3.3.10 3- hydr oxy- 3- net hyt gl ut at yl - CoA reductase 1.1.1. 88HVGL
(Entrez Cenel D: 854900, GenBank NP_013636) or HMX (Entrez
Genel D 851@3]2009@3@$§ank NP_013555), S. cerevisiae HVG Geh

Lactobaci |l | us reuter 5 cﬁ CGenel D: 5188737, GenBan PO ﬁﬁ f'l.g
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atoC geh"éerf’FP&P“fi)EWleﬂé‘éd"Eﬁ/@P Belredtsi6r Hrng Fféserﬁrcﬂvswerﬁﬁﬁl%fh?fsmaﬁnéogﬂnous

oper on; g4:3) 5 & ARG AGENSS,
acet al dehydege%cgﬁégfo%?ggg Q{)%?Tagifgﬁ% @5)% pF Qag(g,}t%ar\%‘t ﬁE& § an acetoacetate

dehydr odeosatboaylaseyfard, (©o# |heteFelogaus gmqeencpﬂmlal se@minrarzalcohol dehydrogenase
Genel D 0 a a d

dehydr o%ﬁagzh{@ é%%%,‘ﬁ%@ gﬁy% %ﬂ(@f fegen rBgenco ﬁ‘gf"tﬁ keﬁrmeﬁggl S%dh from
and cat é'llqsmdzum ﬁayﬂmrtcku add &dln ool Bermenraemvbodre: bryalse Kigur€.104h@vsla ﬁz)thway
eut B ang g%-tf Ecoci/'g %‘aec | .D. C;‘60006 and EG0007; Entrez

Genel D: 84 N8B 268 P SRR Sbi al strain nay require an
external souMiGodYeadlii® fod _Edhvatimp Metat Qcids 01l fllXC@Bbanediol. In an alternate

embodiment, microorganisms according to the present disclosure comprise (1) a knocked-out

fadR géne; (2) a mutation in an atoC gene that provides overexpression of the microorganism’s
ato operon; (3) overexpression of a heterologous gene encoding an acetyl-CoA acetyltransferase
or overexpression of an endogenous gene encoding an acetyl-CoA acetyltransferase; (4) a
heterologous gene encoding an acetoacetyl-CoA transferase or overexpression of an endogenous
gene encoding an acetoacetyl-CoA transferase; (5) a heterologous gene encoding an acetoacetate
decarboxylase; (6) a heterologous gene encoding an acetol monooxygenase; and (6)
overexpression of a homologous gene or heterologous gene encoding a glycerol dehydrogenase
(E.C. 1.1.1.6). An example of an acetol monooxygenase is the ethanol-inducible P-450 [sozyme

* 3a of rabbit as described in Koop and Casazza (J. Biol. Chem. 260:13607-13612, 1985), which is
herein incorporated by reference. The acetol monooxygenase (E.C. 1.14.14.1) catalyzes the
conversion of acetone to acetol (dihydroxyacetone). An example of a glycerol dehydrogenase is
the GIdA enzyme of E. coli (Ecocyc Gene ID EG11904; Entrez GenelD:948440; GenBank
Accession Number NP_418380).

Alternatively, the gene encoding the glycerol dehydrogenase activity may be replaced
with heterologous genes encoding an acetol kinase, an L-1,2-propanediol-1-phosphate
dehydrogenase, and a glycerol-1-phosphate phosphatase. Figure 11 shows two alternate
pathways for the conversion of acetone to 1,2-propanediol.

Microorganisins for converting_fatty acids to butyrate. In an alternate embodiment,
microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a
mutation in an af/oC gene that provides overexpression of the microorganism’s afe operon;
(3) overexpression of a heterologous gene encoding an acetyl-CoA acetyltransferase or
overexpression of an endogenous gene encoding an acetyl-CoA acetyltransferase; (4) a
heterologous gene encoding a 3-hydroxybutyryl-CoA dehydrogenase; (5) a heterologous gene
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shows a pathway for the conversion of fatty acids to ethanol am ne.
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3-h ydroxy—.?-methylglutatyI-CoA synthase
23.3.10 Ergl3, Saccharomyces cerevisiae (Entrez GenelD:854913, GenBank
- : NP_013580) -
Mval, 4. thaliana (Entrez GenelD:826788, GenBank NP_849361 or
NP_192919)

3-hydroxy-3-methylglutaryl-CoA reductase
1.1.1.88 HMG! (Entrez GenelD:854900, GenBank NP_013636) or HMG?2 (Entrez
GenelD:851171, GenBank NP_013555), S. cerevisiae
HMG-CoA reductase, Lactobacilius reuteri (Entrez GenelD:5188737,
GenBank YP_001270813)

Microorganisms for converting fatty acids to ethanolamine. In an alternate embodiment,
microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a

mutation in an afoC gene that provides overexpression of the microorganism’s ato operon; (3)
overexpression of a gene encoding an endogenous acetaldehyde dehydrogenase, for example
mhpF (acetaldehyde dehydrogenase 2 of E. coli, Ecocyc Gene ID M014; Entrez GenelD:945008)
or a heterologous gene encoding an acetaldehyde dehydrogenase (E.C. 1.2.1.10); and (4) genes
encoding the regulatory and catalytic subunits of ethanolamine ammonia-lyase (E.C. 4.3.1.7),
eutB and eutC (Ecocyc Gene ID EG50006 and EG50007; Entrez GenelD:946924 and 946925).

Such a microbial strain may require an external source of ammonia to accumulate significant
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e) a gene encoding 3-hydroxy-3-nethyl glutaryl-CoA reductase. 2.The

m croorgani smof claim1l, wherein said 3-hydroxy-3-nmethylglutaryl-CoA

synt hase |iwokb@k3sss om Saccharomyces cerevisiae or MalpdWusms/o13707

Ar abi d‘%ﬁ%ﬁ ids "4t dugBlamine! hq:ic%a'rs N9 OhERs iaspatafayclorithe tonvehstorebf fai atids to

3- hydr oxy- 3-met hyl gl utaryl - CoA reductase is HM3 or HV62 from

Sacpharabhaznybanneserevi si ae or HMG CoA reductase from Lactobacill us

rezitert 4. t C Jaq ' ieatso irabl

conpri si ng %ﬁfoﬁb&iﬂf@r 00 'ggﬂiagﬁbgghﬁcgﬁog? r?g?oa) r{esaf}?g? 11) géilgsr ¢l

g;(p_r es sﬂe@libegcrr dlinrindte dire, acoomulation 2f adwenipd seprasiclss Honexpmpley #ymagy of the
I ncrease xpression of, the ato o6 d Aereased

- CoA ac’doyf F?’E?fg‘f"g?tﬁ’s‘é nwpt?eegeé‘,le%sﬁryg%@ ? ‘li.ll%g?) ?%H?l?%?)té gl%éigne e%@%ﬁ%yn%ce?te o

- hy dr oxyha3w MRt hxlighiAettRe plodGadnsyfliddesieed crohical. Acetate production may be reduced

or eliminated by, for example, a knock-out of poxB, the ackA-pta operon, or the ack4 or pta gene

individually or together. Ethanol may be reduced or eliminated, for example, by the deletion of

the adhE gene.

Methods for converting fatty acids to desired chemicals. Embodiments of the disclosure

also include methods of producing a desired product using a microorganism.  The
microorganisms that may be used include, but are not limited to, Escherichia coli, Lactobacillus
spp., Lactococcus spp., Bacillus spp., Paenibacillus spp., Klebsiella spp., Citrobacter spp.,
Clostridium spp., Saccharomyces spp., Pichia spp., Zymomonas mobilis, Schizosaccharomyces
pombe, and other suitable microorganisms. The desired product may be a high value chemical,
such as ethanol, succinate, y-butyrolactone, 1,4-butanediol, acetone, isopropanol, methyl acetate,
1,2-propanediol, butanol, butyrate, propionate, or ethanolamine. The microorganism may have
any of the genetic modifications described above, or any combination of the various genetic
modifications described in any of disclosed embodiments. i

The methods generally comprise providing a medium comprising free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof and
culturing the microorganism in the medium under conditions such that the microorganism
converts the free fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or
combination thereof into the desired product.

The free fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or
combination thereof may be provided at 0.1% (i.e., g/l) to about 10% (i.e., 100 g/1), such as
between about from about 2% and about 5% (20 g/l and 50 g/1, respectively). However, greater
amounts may be used. The fatty acids, monoglycerides, diglycerides, triglycerides,
phospholipids or combinations thereof, may be provided in a single dose, an initial dose that is
supplemented periodically, or in an initial dose that is supplemented continuously. For example,
fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or combinations thereof,
may be provided at 0.1% (i.e., | g/1) to about 5% (i.e., 50 g/1), such as 20 g/1, as an initial dose,

and then supplemented at a rate sufficient to keep the total concentration of the fatty acids,
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e) a gene encodi ng 3-hydroxy-3-nmet hyl gl utaryl - CoOA reductase, in a
culture nmedium conprising free fatty acids, nonoglycerides,

dlhgl yceri d\gﬁzoggng},yce(rjl ](cjes ]E)hosphol | pids, or a conbi rﬁg
t hereby conye | ree att.w aci t '%9 fco

Al RS ST I A T
Conpri Sgsnehe fatty acidk) m@ﬁg%&dndﬁﬂﬂlgmﬁéasltﬁgywhdbunm c«m‘lbmatnons thereof are
I ncreased expressjion_of the fad r gul on; )cb chle ib £
expr essfogfumped Phéheam‘i’!@ar@%‘ﬂ%s uchy soncpptratigus fay be e 'ycfgiemme y one o

acetyl tg@pﬁtﬁégﬁe expression or function; d) a gene encoding 3

- hydroxy-3-net hyl glutaryl -Co A synthase; and e) a gene encodi ng )
3- hydr oxy- 3- 'ﬁlmmy(%gmmgy 9]30@9&1{1%%1{@5@' supplementary nutrients provided either as a

minimal salts solution as exemplified by M-9 culture medium, or a complex medium as
exemplified by Luria-Bertani broth, as described in “Molecular Cloning: a Laboratory Manual™
(Maniatis, et al., eds., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1982).
Other culture media may also be suitable. In addition, the culture medium may be supplemented
with additional nutritional requirements to account for nutritional auxotrophies of the cultured
microorganism, which may be readily determined by one of skill in the art.

The microorganisms are cultured in the medium containing the free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof in the
presence of sufficient electron acceptors to allow the process of B-oxidation to proceed. The
electron acceptors may be provided, for example, by oxygen through acration of the culture
medium, by shaking, sparging with room air or oxygen, or other appropriate methods.
Alternatively, the electron acceptors may be provided by nitrate or nitrite salts, or their
equivalents, added directly to the culture medium.

The microorganisms are cultured in thé medium containing the free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids or a combination thereof at an
appropriate temperature that is specific to each microorganism. By way of example, most E. colf
strains grow best in the range of 35°C to 39°C. Some Bacillus species grow optimally in the
range of 40°C to 45°C, and eve'n as high as 55°C. Saccharomyces cerevisiae grows well at 28°C
to 32°C.

The high value chemicals can be isolated from the culture medium using a variety of
methods that are well-known to those of skill in the art of industrial fermentation. Methods of
isolating the high value chemicals include, but are not limited to, distillation, pervaporation,
liquid-liquid extraction, ion exchange, crystallization, precipitation, or vacuum distillation.

While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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in a culture nmediumconprising free fatty aci ds, nonogl yceri des,

di gl ycerides, triglycerides, phospholipids, or a conbination thereof,
t hereby produci ng neval onate. 6. The m croorgani smof claim1,
wherein the mcroorganismis E. coli. 7. The method of claim 4,
wherein the mcroorganismis E. coil. The nmethod of claimb5, wherein

the m cr oofapiitaf: 0l !

1. A mi'croérgéni'sﬂi comprising:
a) reduced fadR expression or function, or increased expression of the fad regulon;
b) increased expression of the atoDAER genes;
c) increased acetyl -CoA acetyltransferase expression-or function;

d) a gene encoding 3-hydroxy-3-methylglutaryl-CoA. synthase; and
e) a gene encoding 3-hydroxy-3-methylglutaryl-CoA reductase.

2. The microorganism of claim 1, wherein said 3-hydroxy-3-methylglutaryi-CoA
synthase is Ergl3 from Saccharomyces cerevisiae or Mval from Arabidopsis

thaliana.

3 The microorganism of claim 1, wherein said 3-hydroxy-3-methylglutaryl-CoA
reductase is HMGI or HMG2 from Saccharomyces cerevisize or HMG-CoA

reductase from Lactobacillus reuteri.

4, A method of converting fatty acids to mevalonate, comprising culturing a

microorganism comprising:

a) reduced fadR expression or function, or increased expression of the fad regulon;
b) increased expression of the atoDAEB genes;
c) increased acetyl -CoA acetyltransferase expression or function;

d) a gene encoding 3 -hydroxy-3-methylglutaryl-CoA synthase; and

e} a gene encoding 3-hydroxy-3-methylglutaryl-CoA reductase,

in a culture medium comprising free fatty acids, monoglycerides, diglycerides,
triglycerides, phospholipids, or a combination thereof, thereby converting said free

fatty acids to mevalonate.

5. A method of producing mevalonate, comprising culturing 2 microorganism
comprising;

a) reduced fadR expression or function, or increased expression of the fad
regulon;

b) increased expression of the ato DAEB genes;
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c) increased acetyl -CoA acetyltransferase expression or function;

d) a gene encoding 3 -hydroxy-3-methylglutaryl-Co A synthase; and

&) a gene encoding 3-hydroxy-3-methylglutaryl-CoA reductase,

in a culture medium comprising free fatty acids, monoglycerides, diglycerides,

triglycerides, phospholipids, or 2 combination thereof, thereby producing mevalonate.

6. The microorganism of claim 1, wherein the microorganism is E. coli.
7. The method of claim 4, wherein the microorganism is E. coli.
f The method of claim 5, wherein the microorganism is E. coli.
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