M crobial Conversion O QOls And Fatty Acids To Hi gh-Val ue Chemcals
CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains
the benefit of United States Provisional Patent Application Serial

Nurmber 61/007,481, filed on Decenber 13, 2007, an%,g%el{(éwcﬁﬂﬁ 1fSi_I ed
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reference in their entirety. BACKGROUND OF THE | NVENTI ON The
present disclosure generally relates to the netabolic engi neering of

m croorgani sns to pr @ROSS-REFERENCETO RBLAEES APPLICATIONS ent | y, nany
hi gh-val ue chem cal.s .or fuel re typical r oduced chem cal . .
synt hesi s fr ofHfPBYGLLRS ?ﬁwe%‘?ﬁif’%ﬁlﬁé g@&é ﬁ?vd?‘P?ag%ateﬂ%Eﬁ’léﬁau%§‘?“al
However Nuatbet B€/00PABET filed @h BERMBY FE Q0T bd 4MBHAT BldOdd ARBESt 19, 2008,
natural ,gas prices, and gl obal warm ng escalate, industry is sSeeking

ways t o PPRAfathichate iAcemogatedloraein by refersnce 1B thsikantiesty.cedst ocks by harsh
processes with chemcals @ﬂéKmeBW"EﬁquWﬁbﬂst Wi th

environmental ly friendly processes. In the transportation fuel
sect or, thi sThe pregentaisclasuret ggnetaldly talasost fo thé metaboli¢ ongitrriog ofimdcroorganisms

bi odi esg, ﬂoﬁgdé%ti%—j-%‘lu che ialf\lthough et hanol can be produced from
hydr ocarbons using a §FadItt onal cheni cal synt hesi s, using

m cr oor gani s@erremlyp rmahic &ightvahrothdmjicdle ofrefatlat drenypitalty pr@iated by chemical

feedstock js. alternative, approach. Wil e this approach does not
have t h&T S L?‘fﬁﬂ?ﬂr HSANEGE PEFIENTE ol 299 {OFT] 24 ABWENES, A5 concems

exanpl eof édeegy@sirifyinbRashe bil aad natiral ghs(pMRED Bid PREAISYarRingtdshaRe] infieiPis
a glucose, or xylose feedstock for bacterial fernentationi1s only

0.51, a&eeking wa§ reelpce rhsmicals madaEpmotos-tpessiable fepdstockmby hargeprgresses with
reduci ngnefEi1y MR8 Pom | Badhld Fedstodid Gyift %ﬁp&?ﬁﬁ%%e@f%ﬁ&e%&at{h%e
e (0 I e , one o0 e

anount of carbon dioxid .49 theoretical vy primry

gr eenhotrsespgaaiion fughiseaten dhisitreng| iisadled warthe mewth of thEhsipethanod ant Heodiesel
r emai nsirﬂuf.lﬁ@é.j for m croorgani sns that are capable of producing
hi gher yields of ethanol and other high-value chem cals froma
renewabl e caAbbeughoetharml wanhbe echdnedll &obuhydrocdrbasr tking di aditleénal chemical

rel eased i,nto the atnosphere.  SUMYARY THE | NVENTI ON )
Ebod mERTEsBy hoie, APRRBATISGS Lo PO RN PE FFRepRboF B2 sugar foedstock is an
M cr oor gammAive appdactet MadR this apfiodch 848 ndt BARAHE PRIbITEs fefitidne above, there
production,. ani snms_conpri

ﬁ{fd hi val ue chem cal s. ., The m croorg ) nprise

r educed®F&H é%éﬁ%gi?s | I BETPENCE AR theqsticalasld dwpiebthasis) obsthanpl from
fad regulghitoscadtdxylove! fRARRIK FEPbRSHP RorRbnthiiéh ALRINABE198DER redifed chemical
exanpl e through nutation in an atoC gene that provides overeXxpression

of the FFRetissIgali ¥hassharioge mdieducing equivalents. In addition, the process 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 atoDAERB genes, for example through mutation in an atoC gene that
provides overexpression of the microorganism’s ato operon.
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Enbodi ments of the present disclosure also provide nethods of

produci ng a desired product using a m croorgani sm The m croorgani sm
may be any of the m croorgani sns provi ded accordi ng to enbodi nents of
t he disclosure. The methods generally conprise (gqr ovi ding a nedi um

conpri si ng f FERORERaNs gt thes progmt sliscloswei altos prayidg ysthely e producing a desired
triglycgrddadesusi baHids i: ' 4 UL LNG.:

N P e T
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but anol AnERsaPISFARTAMmt FSVGT He fE TR dsm ABoslsengien il wiglycerides,
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i s et hapfy 4 pc?;an i j ] '

conpri si ng y; g%%%gkggﬁgl%?p es(gl' %ﬁb@{r‘%’ lﬁ%@%?\‘%@lﬁ t%i’ g@g%&;@g@@ﬂirﬁﬁb nate, or
expr essil @rpropanediel.f ad regul on, increased expression of the at oDAEB '
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Paeni balifIIGROTRAERLE &hanol- Gy SpeRret digglgiire pravides 2 BHCogeBMERLOMPFIRing
cert ai nredudAdfadRNEredsida & HBEHEH, JRNinGrdhded &?Eéaﬂbﬁ i the GBY tredulortil&eased
enbodi nents, the_m croorganismis a fungus, for exanple a menber of

the gent¥TSa0BNAF dhf c@eDAbE: 1genes, SEF 20RuAeR arddy seguencas praeding| g, algphol
Neur 0S p@édrdgndde grbeil fat WTRAMNCTERIES aerbhi® PndfBAS. I3R! RMhinSembodiments, the
Saccharonyces cerevisiae, Pichia pastoris, or Schizosaccharonyces

pot nbe. microorgarigm de ptbapterivmb &diexample a memhércefdbe gemissnckavgid, destobacillus,
reduced pr i.on . . .op:in.t.he R gene

br oot e AAPRSFAE BREG pac Bloc G i, SR PCrooBial, SEAMBGs. o
mut at i oecgrtadr embedinedntsy theitraicromnganisnt e AsaldiR cfjien eolpr ohDbérer enmtbodinhaits, the
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exanpl eMSYOHERITRL S oh PREYH O SHEPRIS e MEMPEF P4 G, EWHF H6T A TibGeRg Pickia,
to, a psihrossashatondes, delspérgfilis Tubrat NéespoFa.l NSEI t pAaticulbit agrhBdiidntb,hethe
fadR gene. In still_other enbodi nents, {he nm croorgani smconprises

i ncr easMHFTRYERUISIY iS;¥ACERATORECES £EMEVISHE) Birhiapgsiots. S azasaesharuxses pombe.
expressi on ofn t&ifuid abodiiéha theadficrobriéin &Mbrisesl FedRBE SadR expRESIAN, Nor

aspects, expression of the fadL, fadD, fadE, fadBA, and fadlf genes
are i ncPxEgieby @ myktion in the fadfgenegqyemoter, dncludingnbrendsJimjted i Boint mutation,

| i nki ng f . et Em t :
or oot ogeiOfe Aation 3 theck B mulaREIPM 8 GEHE HGRER: B b SRFRImaus, the
f adBA, smmodrgaiiby enaprisgsareilued dadh furctoryi fof example bpwahstatibroin the g gene,
by operab] v. 1 inkin he fadl, fadD,. 2 fadk fad and. f adH genes to.

P o Peluting PILAE tiRfed B0l polYtyahn, pRidHod Riihona Rt b BLER S50EER & the
t hi oest R dehd dintsoillasblerchdingdindnbe theonib@ormhisencoaiprisagincleasdieffrebsion of the

der epressj on of the fad genes,, fadR fungtion.js,.red d provi dj

Che’ i PRSI dHR G ot st ORHPLF B otk BUSaE adbA il ok Ehnes.
certai NyAsRAG Sspedt§Coxpldation b9 &Y AL CAAD! JudES fdBA! RS RUHEXNES 8% iAfreed to
t he at oDAEB genes, which can occur I n_a nunber of different

| ncl udi Fput Bie st levelnfar samele tyyonarbl Heline el elidiR. 1 el snd fad
ar o pr 6128 16 AR fRmERERINE, Abfer ekt ExpREuiin S WIORGE, RRORAAD (2ba,
nucl ei camiclzdHaeoesane ecezasattondfertmt latets, Gpexanplebyropbitably linkkegthe g1dd, fadD,
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3 uses NAD+ or NADP+ as a co-factor, such as a fadE protein from
Mycobact eri um snegmati s or Eugl ena groans. Therefore, the

di scl osure provides a nmethod of converting free fatty acids to

et hanol ¢ s£0RBRk SiAdaA gbMs! ) $wé ofbFRRFERN 5t BinGRPP  Th Frfitr %ﬁ)@H&iﬁﬁnfs?Qﬁ:e
expression’or function,” or increased expression of the fad regul on,

i ncr eas@eA dkipesters b tofangd ehanpecbnEm fommbion off/Rilending td dergression of the fad
sequence, encodi al.c rogenase Qtein that, i s,activ

inder | aren 2R afbaots RAReI 6 KRGS RE PGB Bl Pin F 186 iy o
aci ds, thimestgt.yceri des, triglycerides, phospholipids, or a conbination

t hereof, thereby converti said free fatty acids to ethanol I
certain’ enboli FHANSSPEHD B8 AREHPrERIEB FoPr T EoRater, PXRiErtien of the aioDALS
nonogl ygnkd, daSch ¢hnBeiah aGRmbet 6f GIfHeR AR SincIRBRE PRR hbPlidlRed @ by increased
conbi nation thereof; is about 0.1%to about 10% or about 2% to about
5% | n §¥&aFessien of theesfp cpeionnfay expmpleyreoamrising omucdiic peid sequenes engoding an
monogl ya6e i fletin Bhipihed W&nstithliled hd | PhiSeic Yei

conbi nattls)%r‘fﬁl t hlenr eol?%} 5‘iﬁ?gt he (S:tlljtf]t urgmﬁaeﬁg#’u%ﬂ)g%m%ﬁggknaggg%?cg%bdm? equence
0. 1% t engbding the%!dwriern heraelyl tinkednty of copafittitivg ©r olndggble spromioters omeby
aspects . CU e i ym.furth rises a-nitrate ifrite
salt. con%p%}ﬁ% %)trﬁg%enrﬁ%gl é ¢ osseﬂéeélgé ﬁﬁ‘g&%‘ \§/h| ethager?ﬁt?ng?%bf ﬂB‘%%’df?c?n‘USt
et hanol constitopiveé sr iglucible promigera andeesrdomgAdit SBIdC sHpéncei digoding ke didagdehe
expression.or function, or increased.expression of the fad reguyon,

i ncr easP§R pl"_ i 18 Be%cofl‘ié’o‘és?wg@rd@‘ﬁg’ ?c QFRimﬁ‘_"rnﬁéFE?i o ico"gc_"l sequence
sequencacedifi@ thedgo B gendlopeiably IHREY t DERD 36SiRNRE OF hduéiBle prémetef, aN&®a fourth
under aerobic conditions, in a culture nmedium- conprising free fatty

aci ds, Mskiyryderernase acotipgdhe ¢iad eeng gpgally|linked tana Sprh cpasiisutiver or
a conbijRALdinG phdhedt&0f 1 f; J i : C f :
can be Taccqrrplpi shed bil/1 ie?[gr?m&?ggﬁﬁit%g?’%%’ %@%ﬁ &%(g?ﬁo cgﬁ%thor
t he ar tindusifd prosnatercise theysame gangtitdtiveer instueidld mombtentwhilpyin other embodiments
di still.ation, [V rati dquid-liquid extractiof | .

ot her o 5P scR AL A s Bk e b1 FibbRE e Yt comsbtive or
over expndgihlagroamtacet at e ki nase enzyne and a phosphate

acetyl transferase enzyge or genes.overexpressjng an ADP-f.orm-n L
acetyl - CoA J ERut SO, e TP SIS TLCTREIF LA PUF G AGdSaT ok Freoding
M Cr ooraymitanflcshdl (RhAlr6genhbe pRtens @it iflhdivie AmdbCad:bNE @bATiGoMR! OMi iRcdar
m cr oor gani sm conpri si ng reduced fadR expressi on or function,

- . - Or -
i ncr easBPodimygSs SegRICHOTRANST semPrS P SHCleic Reldsagusace spsedingia . 6Pl elpghol
at 0DAERG&1168en ol EGARREhEX REREGHL Ao & ?&ﬁih@%??éﬁtmsﬁs%riﬁe Rhino
a phosphate acetyl transferase gene, increased expression of an
ADP- f oragidnsequersey [forCerample tahbasas eminot acid trgsidugr ateperitéans S offtheyamino acid

acetyl - ng h | Vel V. i Cl ety t I .
oot at Soqtaty GhARGEARh:, e i APkl i EhRs BbATRE ackh S BEE B g an
conpr i fezolintrohalsdutiyédroperess protein fcompriging t dysinekiesidse atgenstioarfid8 af the amino
phosphat g acetyl transferas ene, for exanple.by increased expressiqn
of an ENACPRECE L ARer 5RO e TUSTRIGETREN FaTP e B AP SERIICE prcodins
CONPr i $eSakdHarsinTes R¥Isess atdhéll daiydAfdendser fiofdn aBi&t Y4 a6k under aerobic
synt hetase activity, for exanple by increased expression of the acdA
and acd’Bn‘é‘Eﬁ% of Pyrococcus furiosus. In yet other embodinents, the
i Cr oor gani S COBR | SRBoGHHBRES ShOmBhodtBariGR KImEP botihsBE R8ed NAD
activity that functions prinmarily to produce acetate from acetyl - CoA.

| n cer tdzhydragqmeset exprassien of ety gfan esamplo agdeletiasofthe diaddd dalaydsogenase gene.

acet ot 4 sk heat, PR orn!sh, il CALEL Byl B cefudols PR,

i n ot hexotamnBat Bes NADHOCNADTIaH & 60-C0t00! ISHE a dadBipratdin aarebey IforGodmple, a
synt hetase activity that functions ‘Eri mar i | ydiao rod#%(a:@:oacet.ate from

acet yl TEEAD! TadFi PToiEin Ghat Hars NABETNADRE AcPdrigh A Rk Rsa Jit gpturally
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Thus, the present disclosure provides a nmethod of converting fatty
acids to acetate, conprising culturing a m croorgani sSmconpri sing
reduced fad]? expression or function, or increased expression of the
fad regutNADRGE BRIERI SXPEE Skt such ad H B RERINRT @R MBS obaindtiinn SeERlt or
expression of an_acetate kinase gene or a phosphate acetyltransferase
gene, i ﬁ&glé%féé"d"-’@%pr ession of an ADP-form ng acetyl - CoA synt het ase
activity, Or TRBHORS ThORiLosAR RGN a GRfhody st Oflasitg arde! fhit) Yactddab ethanol,
functions primarily to produce acetate from acetyl -g:oA, inaculture
nedi um comprisieg eyltinnge af micrgorganiss  comprisigt yieduced o/adR texprghsier ot dfaaction, or
phosphol j pi ds, . COM| i r. J I r
Party adicBiebit o Shraficobt T WghOET 8Lk IRPEROEOTEY bicDRUETkEhet B0 o
met hod eficlgc adidcieqgerme ehadding emaferhali deydrogdnasd pptedn that iDactiyaninden acrobic

conpri sing,.teduced fadR expression .or function, .or increase . .
cxpr cs s FORIUSSE 1o & SOFe JHROIT MBS JiFte v oteif mORebRE iy fgbaperide,
genes, gRephdIGHi@asLs caMPIaSs there6t thareh§ coiaitthgdaliPe: fIMecidy todthanol.

phosphat e acetyltransferase gene, increased expression of an .
ADP- f or mi ng Mt eegtrinCsmbegimants abe sercertration of s riaty anidspf mgpoglycerides,

acetyl - &Mﬁﬁsbﬁﬁﬁf%gé% %:Hbs;))ﬂolti &, of UBEhindfish MetedRié hbouk . 105 98146sut 10%,
acetate fromacetyl=CoA, 'i'n culture nmediumconprising free fatty

aci d?fb _noabyit e te dbeyt Hfiegl Incparticdey, embddighenterthel soncephiatinshof frpe dasty emids,
can be. SRnbARerdg HityedldEt By RaEL bhn AGIEL P cor R Herphe, i Shfre

t he art medium is rhaint@ineti s nbertidods te altqut 1 6% duriog dle geviriagof aitl eicroorganism.
conprises a knocked-out, sucA,.ge or sucB gen or both, .and a

knocked f‘b?ﬁﬂ’%ﬂdﬂ?ftsg g??ecuit'r““esr&ﬁ%g@gﬁ'@],’er S?mB%ie% a n%f"ée o rﬂﬁﬁ?/%alltu e cheni cal
produced by Thepmbdt aREGaRE Bilsipsovides @intaiicl of Pheducingfthapsies@nprising culturing
di scl osure provides a nm prooqqi-%a i.sm conpr.i sing reduced fadR (o of th
expr ess P FHCTGPTEATTE GOFHPIISBYE TP F‘gg’éfch"BS?ﬁ‘%%‘i Retin. phidereated cxgissipn of the

i ncr eas gty @XABESAtRMeA exbiRSsich SONER AP perle @GP a@d s&dteRbe encoding
expression or function, and reduced sdhA or sdhB expression or

f unct i oAl alcphdledehzdmeense nroteintlhat iy plive undercacardtie sonditinnsoipt culiyre medium

reduced . : ess| - of L3 00 OF I S 5dh
o oo PPN el iy RS> RUHBRY Ohideb LR O, AANER s PROLABIR B b o
conpri sesmbigshimetiesnt; Aharbly puwdicieg pthendi diecovery oficthaned canrbd aceatnplistied by

sdhA and sdhB expressjon o unctd on. .lp particul ar aspe , .
m cr oor t&ﬂ‘%‘%ﬁfcﬁﬁlﬁﬁ%ﬁ#"&o&ﬁ)h %8%6 ?fesg‘ﬂk gb&lec S%‘%parserse g?vgﬁ" gr%"%f t&%g o1 rllmt]on
or i ncr gasiedy exillaima] pivajoradnaadiuihliqadeacsefogene. The

present disclosure thus provides a net hOdgﬁf convertin fatthé aci ds

to succi nat eln etspembpdigents the MiGOYErRITR JURYE HOMArSET B8 | (YT * RIFS IR an

fadR expifss ikHas® endyhi hih® R, phBSpHaRCARBREHRIIE RAKTAN 0P lreddiveRftpressing an
regul on, increased exErres& on of the at oDAEB genes, reduced sSucA or

sucB expmsfiroingoraceiyh€oforsynthadse eantk dhe shigh ynlue dpksniicyr @sadused oby the
. functioq,;.l cul tur di u Sﬁrgﬁr'i e j : ;
nonogl y%el(r;ljlo{)}‘ggn lgl'(lji E;%Jyaggﬂrg?desﬁf I gegf:edﬁgl giél% E)eg%&rﬁo faﬁ'?%g ao[rmc(:{oorganlsm
conbi nacemprisime resluted 1R etpyessionvar fuhetipns af mcme@i erprespioncofothet/gd regulon,
succi nat e, The present ~di-$Cl osu I r QVi {
produci Hbcr%aa%dc?%?sg?n85%%‘%{3%%% eﬁ%’ﬂ 'énl?dnig%c%%n;'ﬂ ce%}oergsggrh?g%?%%?nag? glsnﬁsneggcne

r educed of adfhosptiite asitPiframnferhsen gériep Mycremsed axpresimdo xp AR farming atdigl-CoA
fad regul on, increased expressi.on of the at aDAEB genes rtﬁd ced sucA.l ;
Dy 0 yto

or sucBSURIREEAFtID,PT PXESIOf 0L 2n ALetyl R GV 1S FHOGHORS BT

or funchifafee ia@eté’tgcﬁ'bﬂ'luﬁc,%(?‘mﬁum O BRfakrd ietBodliRatsf ahd Ynid®bfanism comprises
nonogl yCeri des, diglycerides, triglycerides, phospholipids, or a

conbi natncorasechexpession: e pw mgetpteokinasengens (andi h phesphpisciseiyiljangferase gene, for
i : | : t ' k
SHOSL N ERap, BP RGEATR LAREidl) of LB plae BPADALICTIn RNN elrboliiR, the
4
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- broth by ion exchange; crystallizatioaptecipitation, or

liquid-liquid extraction._ _ I n anot her enbodi nent, the

m croorgani sm further conprises a knocked-out sucA gene or sucB gene,
or both,. kno - Qut. h :

over oxpridEginiR oGk ath A i GEA BRRReTEn 30 B AT Corfifing Ayl Co R Rthcase
over ex paaityn doraexpapie-blyy emrsed uexprassionm aifdthel elrgdr ageacdie geren dofaPrreneccus
overexpressisn x| ga tonaEe. The tFi %g val ye r(r:]r}:epn‘i Cisié ol %‘és‘{&?gf%’%aéeﬁ-cm
m croor~6‘5’iﬂg'§m %G MR EH ?‘{’?18?3’0 BRETOqean ﬁregelr'l’f1 i SRIBTUT 8 i

pr ovi desynthetaser € viga tha NheQiops ipsintgily edpaddcd acdftexfoneuset9hRCOA. In certain
function, or increased expression of the fad reqgulop, incfeased , .

expr essPBRCET then MIGOBARISM EXRRIISES ARy ERIPSERRUA ‘Ef%tyé“ éX‘H["é‘gsﬁ aetivity that
funct i ofnchi@AUSRHRYNA REduRe RBtS% BT RE ALAP-OFA | fPCkhfple theGEE f-E. coli,
expression or function of one or nore of  succinic sem al dehyde .
dehydr oflHade other esnentyl theonicmmnganisan sorapasse a Bptasy aesthfiofcaimthgtasgastivity
i ncreas - ; tyrhe. ac r ressi

Funct | ot Sedptofs BEREHY W olee Elchue IUERETIERR, SRS RIAE: Hopocts, the
enbodi nmedregrghiiam ronypdeesganExegenospedatd oA smtledse dciwifyr thaisfuactions primarily
functiop of .two ar gr??re OL?' Z‘U‘CA‘SI ni ¢ sem al dehyde dehydrogenase,

succi ny 0-168%0&3%6?? T} 355 %’ ©%r succi nate- CoA |igase, while in other
enbodi ment s, ThiBe the Bfeeeitodsilcst<C prvides @Smethod &FSRAvEXiRE FaBy QBidOrto acetate,

function of  succinic sem al dehyde dehydr.ogenase cci nyl - CoA: CoA .
t r ansf eFARRIISING, QuiTing; & Fpicracpgenysiy ser@prising feda“Wﬁ I’@I’% I’?él")éﬁﬁé‘t“i Af dunction, or

sem al dpbydeqdeipesRacspar Lan by fEréased EGRon b HeChioPAER , and
enbodi nment s, tﬁ)teysucci ni c s@gi r<ae?§he)hyde deh g&ggenase is AldA Senes, an

( NAD+- | ingteaspd xpresgien oRaDaceiate kigenmggneror grahesphatsl geetybizanaferase gane, increased

Mycobac 1 t r QS W_ filﬁﬁg_ - Sapi d )

Ar abi do%@?%sg{sha#?gnﬁ## gr ?%'I%é om 8 0 é@?e@? Pﬁl%t‘}g%g?rgg?%ngaﬁ a&iH1-Coa
Li kewi sgynthetase sudiynttat Gursti@usAptimanilyf tor preduce aacelate frommacatyl-Qloidetiy aofulture
sour ces ut in certaip enbodi nents the,suceinyl.- CoA. CoA transf.erase. .
o st hosRrEag, BrETREERR RbRELRERR el ARy phoRBFaE S o
acet yl : Gmisthativhehéeofthercbn sbevettiigy shiddbee Thityt scidstoapaas. f oet us or

Tt ypanosoma hrucei, qr .acetyl - CoA synthet as -formng) fromE. . | .
cor TS5 i e Eresght Plcipiie Y BoNSLE esmon o etV SHERFr R Pagp ltring
vari et ya fficr8brigh@isf %bmgﬁbihg esducdVulR lek pre iR Shndtioh/\§ ifdtessked 8t fedsA of the
|'i gase i s succinyl-CoA synthetase fromE. coll. Additionally, the

ganma- hgdresuen iigreased expiessionpd thrye ald £8 eanespand ingiepsed yexprgptien olpgn acetate

SOour cesy,: (| i i i OEY b i el
dehydr olgg%aés%én?s&% %@%@5 ggg‘g?&? ﬁ%ﬁ%g r 66enase ? K&%%ﬁﬁd%%é\aqg)n??d&mg
f r om Aradstylt€jogi synthietase activityNADRIpred g pre ntiamacebll-Cootynthetegel adiyémdlsa fiinctions

Bos Taurus, ..HQmo _sapi en ttus egi cus,.. Ot vct ol agus.cunkculus, .
o sue wR7 0 BroP s RBIAS e b i BB H O aci,
Fur t her mofigglyostitiéss diglgievidas ariglyosrideayplasplitidsanr hecontbanhtioh ntherest, ahdreby
enbodi nents .the | actgnase is.|actonase fromk sapi ens or, Mus

iScu/ (OO AGeH B ROFDBR LRI o PreACHOTENReY 7 SOHd it bpgwn o
Candi daghbéH dfakntik@he art. In particul ar enbodi ments, the

m croorgani smfurther conprises reduced NADH dehydr ogenase expression
or acti vity,Infagpthesembadiment, he mierpengagipm furthes cogprises 1aikaﬂcl~@fl-°pﬁww or

dehydr o B2 08N Both, and a KRk & Mt CoanitNEenB 'R SORB hECLOBMEE PRONHCTalue

a net ho converting atty acids to na- but yrol act one, conprising
cul t ur i ¢hgmacalipoadocedgln thermisoropganssim iy suecinate.d Thus) Rhe pissent disolosge provides a

f ' [ d. j f the fad | i d.
expr esSPITO R SRR P EREL AR duplenon B0 G inerBRrEBEGRiop of the
functi ofd reguor; aficreaibd epressiiiBofthp raeaaA B goiies] todatdd0sicA] diGuERSRpression or

expressjon, or fynction of one or nore of succinic sem al dehyde .
dehydr BFiiat and Jé@lf%&s- POTOSAE, PRSI rsHoR OB Ferted e ofimsakse the
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Wi | e al dehyde dehydrogenase from any source can be utilized, in
certain enbodi nents the al dehyde dehydrogenase is Al dH or YdcWfrom
E. coli, am nobutyral dehyde dehydrogenase from Art hrobacter sp.
TMP-1,  @ficrliavgBnibth Qdnipsieer@ansdss.ae rand isner axprEistonl @rfupctiontur| redwny sdk4 and
source of al coho] dehydr,oger]géﬁ isflﬁsm é&gl e foEl use, in .grgrti cul ar duced
enbodi mEFESCRPRRESIGN O RBICHGT, WhiteH) QHishEMAAEMeR!S1 NS IR ERIE SPMmPTISes reduc
dehydr ogenast 8 r@x?l‘ers 56D BF ictibh, A rEduced sé LRSI fIHBEXPRAYIBR B denction. In
In certain aspects the mcroorganismfurther conprises reduced NADH
dehydr opatigaler asppetastbe aricropreanismfurther eompsisesredpesd ieRagRprassion or function or
deletio . ] dehydr ogenase gene.
The preglé:ﬁ{asﬁil%ng%glg?gpéi%%fag?é%r@%v es a nethod of converting
fatty aci ds The pretedtudisohestiethus qoonidéssd npthol efucdnmerting fatty ecidg dnisedeinate,
conprising reduced fadR expression or f.unction, ,0f ,increased -
expr oo PUTPITNE CIIE p OB SIpEHnE, feiibed Tt SRPRISH, o egiion. or
genes, RedeR0e A 0AI0fIHE BiieguRasinoftassd dxpratib®bf thecdto DAEBSEHNAs, aeduced
sdhB expression or function, inpcreased expression or function of one,
or nor eSéH %ﬁ‘(ﬁgni"’i?rﬁsé’r‘ﬁleﬂro@ﬂi}ﬂ’_é" JRsmetdeor e TiRIESSieR AT dgpetion, in a
transf epgiafe RALASHC CoRPHSingCfed | Gy eacids,n%&Weﬂ&%&ﬁg%‘%&gxb%@l%&ides,
al dehyde

acid dehg‘;:l;aogt_ar]ase expression or function, increase _ .
dehydr oghkesabelipiss pea sombingtionfthereef, thereby senverincesaidlicedpiboaids to succinate.
dehydr ogenas i functiL QR r [} risi :
free fatty aipg??és(r%%ﬁgg ;cljglgf i%%s?}ogfﬂgﬁsy%él?ﬁt(ﬁjde&swtp ??dél%%ge%qc @g}% > ‘Shnising
phosphokulpirihg, a anicapargaviion adoimpmisingeredoded fdd@ expresswnver fumgiosaiod ificreased

fatty acids to 1,4-butanedi ol . The sent. di.scl osure al so

by ov] deexmresmistRbac PSP Hstreretemrrrsiin B B SR Sl doSiaRy B oy sy
mi cr oor g Es%fﬁnC(ﬁrlpﬁétﬁin?Qnd’ M}J@eﬁdsd dh AR sEKB leRGiBSsi0N %rr fuhétiont 108 culture n‘r;]edium
i ncreased expression of the fad regul on, jncreased. expressjon of the

at oDAEBCHBRREANE g 26Y aglf@Anwmlde"@ §epélg{gfg?r&ﬁ?,owglx;ﬁﬁéqsorP,hOSPhOLPIdS’ or a
reducedSHbnAidH thedbB tﬁesaff,eﬁﬁu@@ngasucfcma&t | Rovdr OF 8RR tcEdR RSicofpRihed
function of one or nore of succini¢c sem al dehyde dehydr ogenase,

succi nyby sigpdard rechpignestknogado thyse fisldll imthe atpuchiag recavery s dermentation
gama- h (BVARS (s 053 han; y tion, - - -
ot oas SR PRI oHEh g b N DR S B i gRa Rt |

i ncreased al botmothed ebodivgets dwanigsqorgasisimofurther dompeisésarknorkedsows siedigane or
medi um conpri sin ree,;fatt ci ds rides [Wo] ri .
ri ol yosrercksns suhast p SroRkeBSheSnadRBe By deRR 3y pBhTh B A fRpressing o
pr oduci Bg:cibidl shuiabdehodeo dehydesgenasey aofend , oletenpendal al gatana-hedroxybutyric acid
acconpl i shed by standard techni ques known to ose.of .skill .in th

L e GroRs et A BT FHABPRE fdeguwtsy. R0 B ies Al ficed by
broth byhevagiditdtghhihi |is agira®utyrblastost, | | qiied pR¥ért 2@fstlosure thus plovides a
anot her enbodi ment, the mcroorgani smfurther conprises a knocked- out
SUCA gefHCOPIEaniEs QEMEISINgTedisph Jadk RITERSRIEN 06 denctig/Qr dadieased cxprRssion of the
gene, op, pQ On,aing%g&doé‘(?h’%ﬁgﬁ I%? stﬂélqgtoﬁA%t éﬁﬁk%‘g&&mﬂ st o MBS Eprdsion or

gene overexpressing a ne mal onyl - CoA decar boxyl ase, and aefgen_e
over expffiessomgeduced o@hbox sdhBoaxpsassion o funclon ingreased exmessionTirdungtigh of one
val ue chem cal . pr ced. t ) nj [ e g
or esent Sars ot et G Blebidg e -5 Ras bl R CBARRO R Geradd By susginate
f adR ex@oasBgase iacrehstd glahmma-hyairoxybatyeiaseid dohylegenass eofredsivm 8r function, and

increased lactonase expression or function. In certain embodiments, the microorganism

comprises increased expression or function of two or more of succinic semialdehyde

dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase, while in other



fad regul on, increased expression of the at oDAEB genes, reduced SucA
or sucB expression or function, reduced sdhA or sdhB expression or
function, increased nethyl mal onyl - CoOA nut ase expression or function,

i ncreas | - carboxyl ase _expressi on or function, and .
i ncreasé bg@%'%?ﬂégl}*‘é-)%‘ﬁ?"%u@&‘%ﬁ’at%smeﬂgﬁ PPSTaTEr SRS, 855#‘6‘??0& of succinic
f unct i osemiMhichpletdeydrepinaberat@myl-CoAACHAl tragerad ity dueBih s oA Wse.

decar boxyl aseg,,.and propi onyl -, - succi nate CoA transferase can be )
from any sou§'7ché,fﬁEl= &’ﬁ Sé‘é&f”é?i %%%éﬂ’ldﬁéﬁ% TPERRatR £HY PRHTGBm Y GOAIHu iTh Sertain
is a scpfbedifents! h@eMBLbNHiTRlseRMd: ARAMIBNASASE 141dA SR AFHRed

and the pr{ob?i onyl - CoA: succ]i ngte Cgﬁﬁ?r ans?%rgegbé is a scpC gene. ) or

The pr eSehtN4Prdepgdent) dinm LpeadisiGrbd] &omelbienbackrivwrtvbarcilogs,iAldHFAL from
aci ds t grphORl ARt Sead AP R NGNSt MEARD, B KukS g%ﬁgxggoggc]:tgt%w ][tbr?%r‘a.'&ens.
reduced fadR expr ession or functron, or 1hcreased expression o e

fad reghikewise; ther wgciopl-SaprCGeds ransferhset ¢ia Tat HGOAEBvarste ©f sowdes; dat S cdtain

or suchB . i.op or t 4 O, neduc sdhA or sd ressi on or

functi oﬁlﬁé?cﬁ@r%@gs@ r?%{;ﬁﬂl{‘}ﬁn% pg(nj?/ﬁ g@ﬁgdﬁﬁf’%sla @%WEEP%?]@% ?‘6‘??2 TPS5 from

i ncr eas€tbsmeditry| Winpoany | adsoyk Jbeciasth 0Ky AASRarRfpise S Ko DitritAbIedria®N foeARd or

i ncreased propionyl - CoA: succipnat e A transferase expression or )

TR I eet B PR St LATPLBa08 BB S Sty whi

nonogl yghersuetitate-Godl Bacs theise frirh a8 YEL VAP of &h@%ﬂhﬂiuﬁ’&%ﬂﬁzceﬁﬁi?%peds the
0

conmbi nati on thereof, thereby converting said free fatty acids t
pr opi onsiteginate-CoA THgasgy ds e gicctiybEods uvBthalesy Hemvikieoli. netAvditianlly, the

pr oduci g@n@a.gpa@aﬂ;ﬁyﬁ&maéﬁh@%eﬁéé EAH b o agg g@%’&%@&ﬂ%"%ﬁﬁ %ﬁﬂg@%m

reduced fadR expression or fun on, oOr iIncre expression o
fad regemenlimenier dhe e dzamma-byadoxybutyrict hacidt clehEBogmngs, iv edundebxyhatfrate

or sucB i g ian... reduced, sdhA or ,sdh sion or
Pt cOASBIBRRLe IWNDRIRIEAt FR 2B RnRomE HatPae SNEDTHSaRsat icohol
i ncr eas@ﬂlydmgh}dserﬁdomﬁbs Codrusleionb capibass RaRXPhOSEdiaS, Oydioiagis QnicudRPor
i ncreas c;;éro(}g o%l -C‘@A: syccj nate CoA %’J_ansf ragqe expressi.on or

functi ol % ¥ PR OIHé%" CEEBHBY (EErfG e o SUTthgrmpres hile lactonase from any
nonog! yswerdedas be dscd| CeFthin@snbollinhdhHEE Tac R 8se iPROORARI R BSmoQhp@ns or Mus

conbi nati on thereo(_fé(,zret hereby producing propionate. Recovery of"

pr opi orEtss s A Y TR dgprhoslsedmdymelaeifiera prlinase B fomsCandiddgronterciivrose

of skill in mhgadithlar embodiierdd)OtRehiGohastidEN IR0 R
further conpri ges a gene over_qipressilngagnIacef"vﬁh-%p@%xmpﬁg& rélfices 'NADH
acet y| tdehydpaenise expiesyEmeor pghyity foresramply kyndeletion of all or a portion of the NADH
acetyl - £04; yl - CoA transferase, and a gene overexpressi ng an
acet oacet ﬁ@&ﬁ%gﬁg@tgkyl ase. The high value chem cal produced by the

m cr oor gani shhereforac dho rmareseiiih disploswre nprodidse a0 snetledt b reeheeréng riany defisato

m croor anias_ Kelo] céi %i n re%uced hadR expressi on,or function, %‘F

i ncr easéaméxgl]% &SN of 8d P TGOS oSQRRILH S Fediced h&dR
at oDAERxgens€isn o figichias ant iacreisyd ekprlssasedtytht N fdaflon s McR%HIIESGHR on OF the
fineti on,D‘iéEéreased acet oacet yl - CoA transferase expression or

funct i gHOPAR BFRfESy BdueRs #Ed 0k APESHER aF BIKYITa selugsthidbdsar g/ B expression
functi Q- nBGE! indledsedMBAHESRAL 8r hitRioRCEE Bhe R ARKELY! LBRR SLASRIchyde
can be either endogenous ‘or heterol ogous acetyl-CoA

acet y| tdehydpeengse, wsenynColitoA ettansfement sort heucginetesebt Vliga@yA increased
transf erase,. (o] e s, aget nacet vl - CoA

t r ansf &f ase. ﬁ’fdﬂ"’gg? ﬁ?@u?‘gg%eéﬁ%dgég%g%t é’?ﬂrg%eﬁa%refuﬁcﬁ Aarpél increased lactonase
acet yl texpresfien asefungtioly, dB 4 rcolmre. medibin  comprising fize fattp mcldsp sidnodiyoerides,
acet obyt.yl i cu he .acet.oacet yl -CoA transferase is AtoAD fromE. cqn
or O 1 AR SR PR AR o BT SR TN AP 2 e datty Geds to
decar bgxinaskuti®laé@ef rom G ostri di um acet obutyl i cum The
present disclosure thus provides a nmethod of converting fatty acids

to acetone, conprising culturing a m croorgani smconprising reduced
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The present disclosure therefore provides a nethod of converting

fatty acids to nethyl acetate, conprising culturing a m croorgani sm
conprising reduced fadR expression or function, or increased

expressi on 0offhé Reesktd dis8B8UrO Milsd PFIVRRS €4l nfefiyde 66 ipRitiueingt Aenb-BbFHactone,
genes, increased acetyl-CoA acetyltransferase expression or function,

i nCr eas eRMPRBRS SEEHHNE TOPICIQUISANE} £eWPEKIPE dgdyceth /#R feypressign or function, or

| ncr eas ﬁx‘éfﬁ%gg S &kidh %fqﬁ%‘)go lbﬂ§ﬁcx%é%de&§}eg§?r%fﬁ{én&gbag'{? 385, deduced

gene enco acet one ygehase, I n ulture nme

conpr i skug ¢ seBf edptegsian iod Sunatonorglyesdrsddd or sdhf)leypressiatesr, function, increased
triglycerides, phospholipids, or a c i ngation.thereaof.. t herep

conver ¢ PSR ainiepl |t aiands of o FREF T SRR crchfanter O8] Sydroacnase,
di scl ossuceingl-SOAIC@N trdesterasayet bndimte-QoAdigase) ihepmbdily panrashgdexybutyric acid
conprising .culturing a.m croprgani smconprising reduced fadR ..
oxpr oS AU CEIESRESRSPEREIOB o) HEes 380 dRBFsed (5Prare CFRessiaR pbgunciam in o
i ncr easggln@X PBHEMORoMPrisiRe RO PAER LR/RE mold3hlceRed cﬂél?ée‘x‘ﬂde@,oﬁfiglyceﬁdes,
acetyltransferase expression or function, increased acetoacetyl-CoA

t r ansf epheseheligitss 95 p spmbinatiomibereah therehyt eradusinsgastrosbutyenlactone. Recovery of
decar bog%hﬁxﬁﬁauﬁ%%&é&é b%racwg@_ fsh@{by 9tk RehfqRA SR HIsAEELAN the
nmonooxygenase, ‘in a culture mediumconprising free fatty acirds,
nonogl yewrindedingdiu ingtlémitetb, racovagly Jioor thddermeptatisp husthi by slacuuny distillation or
conbi nat.i on .1 he f..thereby producing nethyl acetate. Recovery of

met hyl g@%@&ﬂ@“@%ﬁa'gmécconplished by standard techni ques known to

t hose of skild a firthehemBsdiment, the midkdoeganir foethyr conkpeises £ koerkgdioutsmcd gene

further co i ses a gene encoding.,a,seco ry al cohal., dehydr ogenase
for 1 neok GO r Ehen Obfboth et gt KHGPKE ORGSO AEI o B FFaGo S & gene
di scl osgi@eldiekRE0r £ BliRitii€le SerdialdeBy @O BeHYIFIFeREREPT 4 Sighe I QdereRstedsatiR a

expression or function, or _increased expression of the fad,regul on,

i ncr eas SRMBAPYERXYBHYE i delodrEsnifencdnd | csREs oyeTaRRIEYInECHR  aldehyde
acetyl taagai ARE, SR §35809BreRprelsHilCid Abohol BAHyRATBAASAC ThO Afh! Wilud BRmical
transferase expression or function,” increased acetoacetate D
decar borsodaed texibe awisioorganisny igred-buanedigld Therére, tha prgem glispdasureoproyides a

al cohol _de ' i t o
2 ool RS9 R0 Bk PR ON L R Ron, R Sr G0 Uknon of e
f r om Thgnegulasy mbmatcdrexpressikn iof the ato DAEBegqmes seinteddiigd| @swcs expression or

t herefore provides,a t hog of converti.ng.fatty acj-ds to. isopropanol,,
compr | STGLER EHEPHEET 15 0 EaPgERIR L B e GBS Lacton Of ane
expr esshPmofd of $H6inicRmifldctyas demriRshefdRl SxcsingRCOA Qdre trimsflera g ot sutcinate-
i ncreased expression of the af oDAEB genes,, . in r(grased acet yl - CoA "
acet yl t Fafsfigrsgs dncrsased sappa-Rydrexybutirignacid erCié Q8ask KPSy |or cRction,

t ransf eyRag QA& Q_Eh}‘afoéeﬂik%te&?ﬂ%ssi&f‘gf RASRA, atPinerRaRA®hol dehydrogenase
decar boxyl ase expressi on or function, and a gene encodi ng a secondary

al cohol expsespipnoge faration; nIm cerfpinyeabedinenify E19nPYFrapragNis ceOTpRIisey increased
aci ds, ceri ' ceri g ceri: WoYl ;
oy CEPSAEL Efon ASMESF WS o B 03P RO St
i sopr op&oalCoA Pransferase, ol hecimates@oi ligasec wbde meoth¢rsmbodimeénts sheamisedrganism

of producing isopropanol, conprdsin | turing a. mcroorgani y
conpr i sFAGPTEY 4T S?‘gﬁﬁr@?ﬁ’rﬂg‘% B8 ° fsﬁﬁ%?lfzégl','“a&%h?/#c e&%@rg&%@se, succinyl
expr essiCon :OHA tiasférack, ambitkcOiRateiTvX Bgsed expression of the at oDAEB
genes, increased acetyl-CoA acetyltransferase expression or funciion,

i ncreased ac@f%@égﬁ?’ﬁ%&?’ﬁ%ﬁ%@%f@ﬁba@kﬁuﬁﬂ Re &‘ﬁ?@n& peStRIn aitbodihents
I ncreasggl dﬁ@ﬁ&@@ﬁ@ﬁﬁ?o%e%@ & RSB &V RLE ESEAN afnobtfal dchide adHydfogenase

gene encodi ng a secondary al cohol dehydrogenase, in a culture medium
conpr i sfmm #rtbrobgier §p.30VIRd, ondauBl fere rfserdomogpsypgraginpfe s Similarly, while any

trigl ycggdrgeegf apgggapp&yﬁgj g‘?/aeSF ;15 gp\ité?o‘?éf%ﬁaéé W pfahﬁhggfmbfohﬁﬁ@i’sv the alcohol

produci g I'sopropano I sopropah can acconpl i shed by




transferase expression or function, increased acetoacetate

decar boxyl ase expression or function, and a gene encodi ng an acet ol
nonooxygenase and a gene encodi ng a gl ycerol dehydrogenase, or a gene
encodi n §1Ql ;MUY ASART Cdehdd [ L JKi page,;
gene engg i ﬂ(gg%ansgLisl, Q-gﬁpanedi oell-@ l%gg%ésBﬁ%ﬂe%@%&%ﬁéﬁ%&gg;&aﬁgﬁmgﬂa
gene engodinvgicg- gl ycerol -1 - phosphat e phosphatase, in a culture nedi um
conprising free fatt ci . . Ldes, diglyceri

Cr1 ol yoer el Sestl hibeS % i TBORRNE RIS RopfpfonlBilced SR, dgpyerogenase
conver t exygessivindof aabrifyatsish agi fds dxample? apdadgneslti all .or a portibAeod HRSHADH
di scl os redf urther provides a nethod of producing 1, 2-propanediol,
conpri s! £y EQﬂef‘?fFigﬁ‘Se'a m croor gani sm conpri sing reduced fadR

expressi on ofrhé WiedehOiscRisureN HefFSRdpRYRIEE S5 Iidh@f of h@nkéting elHY Ofbids to
i ncreased expression of the atoDAEB genes, increased acetyl-CoA ]
acet yl t Adristanediob oRprisHs (UGS RURICEIoBERNISITH eoTaprising rducedaedR axprsyion or
transfe BorS %P { : i i

decar bouT 225 ey R kel lkeshiUR Gl i ad G R AR e a R B aR It the raDapD genes,
nmonooxy tpdnesslesi@r dorasug@nexpesssiotli arfuactiphy cednodd didy or siiEnageession @ fiyecteon,

encodi n C I noo nase; a gene._en ing_an_a ol, kipnase: a
gene en glg I neg g#?fs-s'{lg,az&p ?%r%g%lg d) ?oof-e 1&- p &5 8 ﬁ %ﬁ%ﬂ & ﬁ?’&f'ag‘g%‘x%% 5 Fﬂ%qi%geé}ase’
gene enswdingiCaAgloA etndferhse, phosqirateeCah digpdeaimsdsed ganang bl drokgbutyric acid

medi um rising free fatt ci.ds, .monogl.ycerides, .di.glycerides, .
ri gl ycarPRESSMSRoSHRERIoR: @b, EFaR CBREFIA! POFMERe BB RSF cBpréssion or
produci Afhcllers-4AE OlRaieestl OdlcoloE @eNRIrygeBhse lexprdakion @R eflhélonC & ab&ilture medium
acconpl i shed by standard technlques known to those of skill in the

art, inEPTRATRE fsaifath @cidsnmoseslyssrides ciglupsrides, oiieberidess Raerphielinids, or a
broth b?!orHlﬁﬁéHHﬁ‘tﬂéré&t% {ﬁieef’éb QBnRrtig Qi flsd ﬁ?}ﬁhﬁd%tﬂﬁﬁﬁth@aiol. In a

further enbodi nent, croorgani smfurther conprises a gene

over expr essi Rg pigsent displos@e Alsecproyides amsthodaaf producipgnied-buteneliplh esmpmgng

a 3-hyd hut yryl - V. S g ver expressi ng a .

cr ot oneetoHH A atero Pl IR BRERE B SRR SRERGRPRCEn Rudfod g increased
m cr oor eggmession wh theffud rdpatonc tepasedex pregaoreo ftie a@DptFBsgn ey réluced sucd or sucB
acet yl - CoA: acet ogcet yl - trapsferase or a .butyrate-acetoacetate CoA
£ anst ePHEESION O JHRon, FRAUPHG A AP SSPERSAE ChITSH oM JBUEEY cApEssion or
ni cr oor §@BlidN dfs ohelt ¢ ahére SN EsupEiRRE BEMMRIdREYARS WeBydrbRh 80T R1cHRPNCELT oA
a m croorgani smconprising reduced fadR expression or function, or

i ncr easERSEE#Pe 98 YRCIBHe(rd Tigase dperesad sammahudserybuiyriesasid chydropenase
at 0DAEB:gpa&®n of 'ﬂﬁg;ﬁ@éﬁﬂcr@&% YidefR R '&X%én’é Fs&8f o RINCHSS 'Rl iftreased

function, increased 3-hydroxybutyryl-Cc ehydrogenase expression or
f unct i o#lcoliohdelwmlseggnesesppreasion ex finekien, i a enltirg meadiuom comprising free £attyi avigs,

butyryl - ' | - CoA: acet oar -

Cr anet GRS ERUES W80 es ARG LAEIE° FERORITI, o R EARTAORE Shiieof Hhbreby

f unct i oprodaning Igebeamyicaldi Recpiewy pifol Admidnedipl whase acdnplighsde by standard
di ng but yrate ki ] tai n_enbodi ments, the m i

conpr 1 Berines Snguh ) 355k ol R AeCTEHHAE PuChot Rl fo Frodey o te

but yr at Rriaetitivadesiby vaovnt dRHRtRMRS Eqedigaitdx®actn. f unction. Wile

any source of 3-hydroxybutyrrl-CoA dehydrogenase, .crotonase, and

but yryl CoA dBryethsapbidimentythe migroprgagiam fusther samprises pkpockefwyt srsdiagne or
the 3- hydpQerdWrtom, -<CRdocHEdY & RAANRRE of 0z tobhd| i
acet obut yl ?gggrﬁ "T'he "crotonase i's fr%%én 33@@??" |etrjﬁ1ma)1%eli %%ﬁ}t‘glbf’%%mglﬁlg 4
t he butpeylnglmyiélahdneigen asene eva@epréssingahesbylniatinghCad slestsboxpliseiand a
The di S%éngsweﬁexfwgyﬁréf raﬁ#ﬁ’ogl%ﬁ ﬁc&@%ﬂ&ﬂ)a?é CSRnM‘%sE’érQs%. fﬁlé i @C béglﬁet Remical
but yrat®, “conprtsing cult r|¥|g A I CTGOT gani sm conpri sihg ¥ educed

f adR expondsed oby dhe froiceidrganisnoris i propieagted &hprm@ssnonlisefostee tfuadprovides a

regul on, . i ncreased expr.ession 0O he at QDAEB, genes, |(ncreased .
oo iRt ComATias Eebel ik BEp iy of (HCHAno Rr iR Gl Gwgession Of the
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15 dehydrogenase expression or function, increased crotonase
expression or function, a gene encodi ng butyryl-CoA dehydrogenase, a
gene encodi ng butyral dehyde dehydrogenase, and a gene encodi ng

but anol fdeRrgdioagmorasedosxpsasion ddthe abDARB! geiled) yeduogd Basor burBeenpression or

enbodi nents, the m.crporganj sm conpri ses a.gene encpodi byt ang
dehydr o&ﬁ]ﬁﬁ%,fﬁ&*ﬁeﬁ S B SR KRR RIS Clioty dheprast gl,eﬁngmpéﬂqﬁ-ém mutase
CONPr i Segyassifn? BT iReredRE AR IMaBhACTKA deRkbmyRECHGYEsiohBr function, and

particul ar enbodi nents, the butyral dehyde dehydrogenase js Bydh from
Cl ost ri tictasset aremeasHGoAisccianls Cod Bansfgse GRILaTIOQY cPfa Jungtign. gy Whilg nihe

Costridj e | Gent al vl ccuecs

i or oor BeATARELAREA LT methyimalofhy CHA spRERER; nd bipiony) Conuccinate
or act i CoAy trafisferasexearpbe fioym dmlyetouore, i cattdin cembmdpoerts che ofethyimaldpr-CoA
dehydr ogenase. gene, The present .discl osute thus. provigdes a

et hod BRUREroof cEid ey P IRGoB G RO oo P Puprity 4ad the
m cr oor gapichyl-CoORRut&hAg Coadtmelrisa ki seygiessi on or function, or

i ncreased exgaession of the fad regul on, increased expégssipn of the

at oDAEB genedhe Presn Aidpsitcethys prayides eenthed ahspryetting wity asidstg progionate,

functi oBempRGhETRGNE 2 MRS 'BbhnpioiRg deiNdl 9HER AXPreBNBH ¥ SfuR&idY, or
functlon, I ncreased crotonase expression or funcfion, a gene encoding
but yr y| incosasefeprpiessigarndshe fad g@hgnem@mdgexmasw@pﬁélw@fe AEB genes, reduced

dehyd ' |
alec)c/)hglog‘?d‘gﬁ?fe”@q& ?es&%ﬂ%r%ﬁ&:ﬁh,”&d@&h?ﬁw S _reQ?l%E@?rF oP%fu%ﬁ(tgxg NH&E¥sed

drogenase, In a culture nediumconpristng free
aci ds, immttylmgloyddfiAlesnutdsay| ¥epressthds, ot r ifigicjionr i thessasqh o sptigllinglioogl-CoA
or a conbination thereof, thereby converting sai ree fat acids to
but ano Aekartitxs i EEEER or R aff I BoPRh Y roRS Y GBS (ifstcfese
produci egprbssiomnot fur@on, fis ianguifid trisdiidg ddmiprising Ofrga FatgMacidspmbAdglgeerides,

reduced  f adR expressian or_fupction, or increased expression of. the

fad r egtiebteerifsse rielicerdes, phesoilinidn pr £ Frembifesionherseh icrehy, popuering said free
acetyl - RfRLY plopRmadker ase expression or function, increased

3- hydr oxybut yryl - COA dehydr ogenase expression or function, increased .
crotonase expPePsese disclpiiie talsonproyidge demethed A rRyoSHMRG propigiiate, comprising
dehydr o : G0 ddong) BipY fRb RN YAR deiv0A06R FotioRN @r Ancreased
gene enggg?ﬁg %ﬁ?gﬁ%ﬁg ehydro é%age or_secondgﬁg af%ohol 1oR, o Tnereas
dehydr ogemres®n dftheyfad u¢gulone inceadsedexpmepion of thg atalbtll geney, raducdd sucd or sucB
nonogl ycerides, di erides, tri ceride ph ipLd a .

conbi na?’fp(fﬁssf%eroero%lfj X‘% S eﬁ%@ﬁ?%d%{:h}/dnggrbustdgﬁole.xg%g%%i/efmg/ g"}m% ’ar{g?reased
can be aragimilosflacbAdy mitasdaegpresivnni ouedudaionn inerdabals e nathyddalohylFCoA

the art, including, but not.limted,to, recovery fromthe
Fer ont dEP s BRBERCT B, ARG ST eared PR Tt PadFigferase
Or per VaRgeaidnObr function, il a2B@iAe imedidd0 Hofiphisingt fiee Hate/ asidgambidRlycerides,

further conprises a gene overexpressing an acetyl - CoA .
acetyl t dighsrddess egnggogléqfé, Cﬁ}pﬁ%p@gsiqqg agcombination thereof, thereby producing

3- hydr ox ¥ 350kt 7 I
3 hydr o e o e B R ol e b S RABBE RAINE Rose
pr oducedf syl ithiemitcr oor gani smi s neval onate. Therefore, the present

di scl osure addjti i . 1,CL:Q0r | risi

2R expr ese bR RS AR e Rikoleahia dAt WELERIRS BhiolaEg 8 i an
r egul onacetylaT @R aetylexpfass] ogerafovetegp@taipdrBacgt€® A dcetnaeatgleCoA transferase,
acetyl - CoA acetyl transf.erase expression or.fungtion ene encodin

3" hydir ofH B BT RIAETRTISE 51 Sebeaott RO VAT CheaAl vEE SHfgn prodsedd by
3- hydr opj- ﬁddf@&r%&iiﬂh Uik adcitlon&0 ATHeE ghisdnt Siscldblite theeifor@ Myrosided @em@roorganism
3- hydr oxy- 3- net hy| gl ut aryl - CoA synt hase or 3-hydroxy- 3-.

met hy| gFmBRSNS SO R, PESEIER 95 SUBRIOPY BN GHRIPSEignaeT the fad regulon,
enbodi MRt S <& pas B 0P Xe o DHES! l%%l/‘lgél, WhREadkd GRAITK Q@é?trhﬁ's_fgﬁﬁ expression

from Saccharomyces cerevi siae or from Arabl dopsis thaliana, and
10



The present disclosure additionally provides a nmethod of producing
nmeval onate, conprising culturing a m croorgani smconprising, reduced
fadR expression or function, or increased expression of the fad
regul on &'ﬂﬁ&ﬁﬁ’f qgcr@%%@? CaatoQlht tc&ﬂ%ﬁgﬁ%@?’e@?{gﬁﬁn érn%n%ﬁ&?,d and increased
acetyl - CoA acetyltransterase expression or function, a gene eftodt ng
3- hydr ongstGcatehg¢ogiboxplasd exgudssenndrhfuisetionandin aepinembodindintsg the acetyl-CoA
3- hydroxy- 3:.nethyl gl utaryl CoA.,reductase, in a culture,nmed ym .
conr 1 S FEE el tR e B RDSR rernibe i friyER p et tnsterase, and in
tri gl ycethetlespbadiraapd ahé pice®acedyl-CoC afdk fatist Odunt ber &dbgerlole &bYieterologous
pr oduci ng rreval ngte. Recoveyy of, qeval onate can be acconplished by |
st andar 8°HUCHY '§B str%ﬁfﬁmet o't Fde ¥t erghqdiments, Wﬁé“"aﬂ‘c A acetyltrapsigrase is
further sAes®EN) drtSio RS HORI CBRN-IMN MlelBaRIEHMRAE 3@0aRetYROBA transferase
over express%lg an acet al dehyde dehydr ogenase, and genes entodi ng tﬁe
regul at 8r M FemaFy ol GubtiiB front Weswidimanraebuanticoni and ythe cicetphestate
I Oh vallBAGILER AV B9y itk BC B liRRR02NT S 1 S et hanol am ne.
The present scl osure thus provides a“m croorgani smconpri sing
reduced fadRThxpressi disclosurd thnst provideor thethod @f ednextirige Saiyoscids td heetone,
fad regulon. .i ncreased_expressi on of the at oDAE es, increased .
acet al QERPRE Ry EF TR AR BRERGIER, PomPETing GHELFO M F TG, of Jurction, or
encodi nictdased @dssibo oY tlYdd Gaguddry incteaSetDenpréssion fof B ABDUER gifies, increased
In certajn enbodi nents,_ the m_croorgani smconpri ses an

anmmoni a-%a}if. %ﬁ

endogenBUEY droh LY STeBYeRRse SXRReaTfeIRy dundiony dRuersrhgectordst i digpgferase
embodi MBr&ssiohl @ AAGioA ded Y Aeh I HMAaRR S RciBotIRe rgf}lﬁl%sﬂ&p% WARbE: in a
coli. In other enbodinents, the regulatory suburit of et a_nofam ne
ammoni acHl{g enpdjumh goraprigng e dafty tasidsc ancoglyceridsab diglycedtles, triglycerides,

t hanol g ORI A Ny M
G ool o PRUBERRIED: Pocptinfionthatlh Blicby A8REing seif i PRPIER WP hootone.

et hanol am neThe gmgsents disglosuré t alsa pgovadasi & rroethgdunifs produsipg i :setoge, comprising
reduced e Lon. funct.ion, (Or .i eased .expression of the
fad r egﬁqlglgi,gg i ﬁgﬁfgg@} g’%r%s@?%‘ﬁg JPAYRE @?%Efﬂ@ﬁsﬂg'ﬁe?, gﬂ"ﬁté?’éa%rewcreased
acet al dedpyesiod elfividr/adspakn, expasdsxprssion éfuhe koD EBagtdey) @itecaseNaR il THA
the regul atory.and catal.yti c subunits of .ethanol am ne a ni a-| yase,

- a PO G AU S (GRePBeiPiEetey A At Gy BRP s ession or
di gl ycefintifsh, ahd ithea6eT AcdRacet 8 ASEIYxy Rk & 8xprosiod drFERULBAL inCNculifhed fRbium
t hereby converting said free fatty acids to ethanolamne. In certain

enbodi nERRIIsingn Eee fett peidhrerpealycsridere digniepdps deglycaiigs,cehaspholipids, or a
anmoni 8combination tHé&ed¥, fh%%g r%bﬁfﬁin%sé&ﬁ £ UREOR/erPEOXLARS cih PELARGREhed by
produci ng et hanol am ne, c¢ rising culturi ng m Ccroor gani sm

conpr i s$tanglardetégleques daRwaxtprtbessi afrskdl inf theaard, arcludimg, ibmt netamited to, recovery
expr essj | NGY € .essian _of .t he at oDAEB
gonce. SR Bt B oy Yool SHIRIER L HAIATRUAS Bt St on,

and genes eriBedinigodrpaisne grdyadommprisa fisttieaiganest fot tieuddnnértion @ff the acetone into
et hanoI%Hi n arrgéralrl)ni E | gase,l i B a .cul ture nedi ',#lfm conpri si n% free fatty
aci ds, ABFGGITERNT oEer SEaiG, e FIRomsaRiFg Hik FHTEE SOPRRSR 8PRG pRroding an
a conbi ftaione hdnBexypehase tihiethe Rynwirash 6 e a88tHR R A& Weacetatt. Cﬂ?ﬂs,a{h@ present

enbodi nents, the culture nmedium further cog&r; ses a source o )
anmoni dNVERIOBYRPOYISY % PHEIRETEARISHe COrRPFITRE Aedusesh|/rdh cxpisysien Lurdfingtion, or

t echni GHERdeR Whrebstord HOME /24 refiioh! inke i i
present di gcl o?ﬁrree provi d£ fgjﬂ"p’r go?&%ﬁ%ﬁf%%%ﬁ Fshler%&?%Eu?ggeSf g‘&ﬁased
expr essicetyl-GoAf aertyliransferase expressionedr divpties,sinsreasdd atatodcatyl-Cogutramsferase
i ncreas i f. e Qne _or nor f the

T o S 6 R 5 AR e s O i ! B e
dehydr ogeodisg apaocttenenmbhaixygease t inv eertaivd @nbakimedits cthe atsbid MBAGoxfygenase is

i ncreasgd ression.of an .a te kinase gene; (3) increased
express’?‘ﬁ?(gg:g’"haéf%gﬁfé’t g“%fﬁéf‘g/'g'transferase gene; (4) increased
11



BRI EF DESCRI PTI ON OF THE DRAW NGS So that the manner in which
the above recited features of the present disclosure can be

understood in detail, a nore particular description of the
di scl osure, fpgé ﬁfelsynt%'mhfezmgreﬁﬁ@‘pﬁ)wd&)é fRethbd df Bynveai Ry g acide to methyl
enbodi ments, sonme of which are illustrated in the appended dr.aw ngs.

It is tacde.rOmPESing SHEVERS 2 FHEFPORBRBIST SOBRHIUAS 7R Rt qrprsstiom e tunetion,
onl'y tygi Galre F&’ %Pf@ﬁ&? & mehj f’e@\ﬂ%ﬂt itRPeadid eRpressidie L TtRE QurdI9AER Ogenes,

be consi dere Ing of its “scope, for the invention may admt to

ot her einwedabed abdtpeCole acatyitransferages expression offyugtion] inereqssd t drgtoacetyl-CoA
pat hway f or. t he conver 5| Vox

oot o1 et bRy B HhcBn et el SonBigeRepRGOF b uncion,
conditi enda génmthaiﬂmgﬁxdhl Ecpiond mmpo:dgamsqchnﬁaj hlﬂ‘tu,re hasliws cappdsingi feee fatty
regul atiaq nder aer o bic,c .,ons Th|

carries ?Ja? a%aﬁové}lfclgﬁéor kd‘OG'&élrl‘#ﬁemngﬂ Fh&ht; sé’gdfét B Ui O 6’?at‘f’éo”%ere°f

NADH  pe thepdtSlophveriil SN eE 109 abids & Mahidl acetate.  Figure 2 shows the
pathway for 'the beta-oxidation of fatty acids, Miltiple S{gt%? are

i ndi cat ed byTb¢ sresent gliscinpure alpo,progidss éﬁ%eﬂa?tdeo fi predlucingerpetyy! asfatgy comprising
arrows. J\M}x g a4 cf%b %ﬁﬂéﬁ{aé&ﬁﬂrﬁlrﬁo%ug % %A NYAHbr F0fctRhO G GRereased

throught n cycle.” When acyl ( the nolecule is
split i nmessm c&‘dhﬁﬁd r@ﬂommm@@aaecb«sxwﬁssmgf tlxemom&&gmqsoncr@ased acetyl-CoA

reduci n | ent s, f

w th ot R Sersesion oy AN, T URNE of ol ol i, BpRGSOR o
aci ds. [ictibf) igcreisep aic@tbacetanel demtteoylaye dmpoebsemna:rrfm%,on,séxﬂgd geret @psding an
are indicated by solid arrows EFadE c factor eci.fic

dt ;
o NADA S FEhoRNEPI AR, cultore megp PahpRRSe free Taty #5i08" BRfod Porgides

pat hway d%ﬁéﬁd&eh‘fx@?éﬁ’ﬂe@)’pm ofibids,adtta é&hl@xﬁatﬁfnoﬂleteﬂﬁ tﬁ&blgupﬁdééﬁlg amthyl
AcdAJAcdB proteins (Figure 4B Hres hovvﬁ 2 for the
pr oduct Pestatef Regpyemafiaethylss f&tcwbaé?caglp itee by stae ey éffg" known to those
i ndi cat g@lslguup{hglﬁﬁn arrows, single steps are indicated by solid

arrows. Step 1 1s catal yzed by the enzynme 2-oxogl utarate

dehydr ogenas Altezpativedy cthe mitrooreanismybieker ppmprsesargapaeneding higcandary alcohol

dehydr r

ganma: AP Enges for he S SoP o OB RA B Harcl ThORREDERbMREUlefore
succi ni q)rcs/edusazi deieymbegakdsny droogeisingeref&ed. faR2 eﬂpr&sslomr of. fQﬂCllOBA)O,r igerepsed
2 is catal ze Y en suc erase. S
cat al o ey tus 2 EREYT In el Bbres g sl AdeRs Bl ol aded fcon
6.2. 1. 5)acetﬁhﬁﬂ;félfa$eseﬁﬁés’ﬂioylzﬁdﬁhyndth&ntﬁébisydrﬁcélmeﬂyhﬂoa &amfahséeé)gpd@smn or
dehydr ogenase, Ste i s cat aI t he enzyne y dr ox

aci d de%%‘tff‘@’@e’rﬁ‘ﬁ’éeég‘f@l?"étoafetit egar Px asg. ?PBGfﬁlgn aﬂﬁdﬁ"é%/ @XT? éene encoding
cat al yZ‘%El’:oQbIarS(hﬁlcﬁﬁﬁly Mehyd6spaase (. Igémé’ulélr bmdodiments theFls@!dﬁ@ary alcohol
shows a pathway for the production of 1, 4-butanedi ol from succi nat e.

Step 1 |dghx§hwn9szes18m%h frore @ﬂszly#ﬁmsma@mm o5 Adh Fone Ryrawognasyrhasige freaski.
(EC 1.2 1. J‘ﬁo A[Sres:]ent2 (%SC%O@JI‘C H&ore 'p?ov?&%aé yrﬁ@tﬂo&)yoft Eﬁnfcﬂ?rﬂén?atty acids to

succi nyl - transterase, Step 3'iIs catalyzed enzyne
succi nahwp@;néndl; gampn$1ﬂ@l%ultonm RgMidEoaTganisn . (@H@)’lﬁlngt @puczem J@dEanargsglga or

by the succi nat e sem al d
cat al yzz'bn%‘? 1R EHEVHER TRV ﬁ{%dgr%g{(pﬁa@?%g%gh ‘r"'gg“g‘g%fz%k ?’EDéEB genes,
1.1. 1. 2 ireaked . al:et@ILtQASTae(ﬂyl&anﬁ'eraﬁ akyrzsdmb)ortﬂ’nﬁctmz ym&eﬁedehged&cetyl-CoA

transferase expression or function, increased acetoacetate decarboxylase expression or function,

and a gene encoding a secondary alcohol dehydrogenase, in a culture medium comprising free
fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof,
thereby converting said free fatty acids to isopropanol.

12



dehydrogenase (B.C. 1.2.1.3, or 1.2.1.4), and Step 7 is catalyzed by
t he enzyne al cohol dehydrogenase (E.C. 1.1.1.202). Figure 8
shows a pathway for the production of propionate from succi nate Step

catal yzed by hdreichs ARURER A8 BELIR Bensd b PGRRe iharnel, Spmprisine

is cat alcylzmmhg)p triieroengayism pomprishnpy keddodt Wleﬂp\b&(ﬁ)értﬁiﬂﬂﬁ)ﬁlﬁl’o«ﬁsﬁcreased
i of acetone fromfatty

Figure 9_shows for. the roducI|

relas. e SR o increme G R i a4r DGE Bouss gt ahatyl-Coa
are i ndlaeaymdnﬁyras@bxﬁes%wnomsﬁm&&p 1ﬂcrba%e&%¥:é’lb%é@ﬂd6)ﬁ AR e, é’ﬁ?resswn or
acety ﬁé acetryltransferase (B.C 1.1), Step 2 is cataly

the enz t‘&ﬁse't"‘ﬂe-aiﬁg@c&@éf%ﬁ @F%fb%dhs? eupfsIsionaerefungtian, and g, o eof:odmg a
2.8.3. 8)secoﬁﬂ£i'y3taﬁ£ha '&hﬁﬁf&%ﬁ?ﬁed rpya [ Y nqc g&ﬁgﬁé %ﬁee% Jatty acids,

decar boxyl ase” (B. C Figure 10 s ovvs a
pr oduct mmoslwcq:rgbpr dighiseridesy tiglyasddesn ohophelipids,i s a:amablymm:h therdolfiethereby

enzyrre I

11 sho a pa H%/Ivg% F%E)Hr}lot}r%e pr[g;d&q ?ﬁyb? anngia" bep?%&gﬂgsg%egIbyﬁl%’r(}f’rdgt“hmques
acet onekn@ve o ﬂhoses of skildliy thechrh yndldadin g oy nig lanieddodo, reooapy Yoans dertrientation
1.14.14 1 t.he enz me glycerol dehydr ogenase -
(E. C. 109 llbgfaé)ugf"e(#ﬂ“g%? 8%%%‘]’9/%5“6?@%‘8 enzynme acetol kinase (B.C.
2.7.1.29), Shdterrdtivdy,C &h@mfcﬁfbréhblsﬁmefuﬂﬂéy r&nipngesz'aptgﬁﬁ@r@féj)&ﬂg lan acetol

- phosphat edehydr ogengse, and Step is catal by enzynme
gl ycer 090"90’9%?6% & %ﬁh&%ﬁrﬁ’&f‘%%‘w ing a SIBFCFQXJ Whrogsmaw @ gengatenopding an

i ncl udi peetdl kighdeata® B11ENSrop ﬁﬁﬁloq-hephggﬁqgfgihg/ﬁm Ena@é‘t Xr{datae l}rée%ltl %ﬁ(gs})ﬁate

acids. Miltiple steps are 1 ndi cated rrows,
are i ndpb%ﬁpbﬁaaﬁyfos e epnyersignf the aostqnatt@ 1gaprbpagdioh dﬂmt ﬁuh trysedadiseldsure

oval. S C CoA ace t ransf erase

(B. C. 65138 ‘él&essél hﬁl& s catéoP‘fP ‘fcﬁ&e?}é‘#z y’ﬁ%res\‘?l%?fy%?ytb%‘f °f [L0EeaRed
dehydr og:anm@n(cﬁ 1@ fad .rdgulqreﬁbcrea&deeptpﬂasilen oﬂmabyﬂbwﬂ)getkﬁenﬁéb&ym&etyl CoA
1 On 5By b 2 Bk ) VST bR SIS oo
enzyme ﬁmetthﬂ -ifiadased atadetald de@&»ﬁoifl@é&&fxﬁfe@ﬁ& bEfifactign, And 2’ge@k encoding an

2. 8. t e is catalyzed b he enzyne pho hotransbutyryl ase, .
2nd’ o eSS A Ere DY ST EhRRGRIEss, or & genticqeading an

13 shovgceto]l BrnBvRyLchfke; 4 BheRhOGHIEE A0 eR kiAiea D 9bnd én@@&ﬁ?&ﬁ Y195 gl%ﬁanediol-

Mul tiple steps are i ndi cat ed by broken arrows, “single eps

i ndi cat &@#theRphats| deltydiogenase; mde genesercs:adlagw@wcwl-ﬂhaénomhzwosphatase In
tyl
the énz%@*@%s P e S Gl Enfritestd gord iflodinh Sn 5RUR M &opTonase

i s cat ainfzedehy Bnmutmz)gmcemiaiebydmger(a& CWlﬂleZacht(ﬁﬁjlono‘Bkyegbndsei and glycerol

catal yz ryl dr.ogenas

Step 5 ‘?ésilygé %1 Voe &#@?}Eg O}e{l?lc\éyn%] bat Fli e&eﬁ?d@”ﬁ‘éﬂé’d%&@%’&?@% It:h%l acetol

é ﬁ é Smppoaxygen@ke s Ghe stlaabdleingaciisle bBL45mHs@3}im’:nEa i@ i@bbit, and the glycerol
enyar og:y grogenase is GIdA from E. coli. In additional embodiments, the microorganism comprises a

gene encoding an acetol monooxygenase, a gene encoding an acetol] kinase, a gene encoding an
L-1,2-propanediol-1-phosphate dehydrogenase, and a gene encoding a glycerol-1-phosphate
phosphatase.

The present disclosure therefore provides a method of converting fatty acids to
1,2-propanediol, comprising culturing a microorganism comprising, reduced fadR expression or
function, or increased expression of the fad regulon, increased expression of the atoDAERB genes,
increased acetyl-CoA acetyltransferase expression or function, increased acetoacetyl-CoA

13



Figure 14 shows a pathway for the production of nevalonate fromfatty
acids. Miltiple steps are indicated by broken arrows, single steps

are indicated by solid arrows. Step 1 is catalyzed by the enzyne

acetyl - (affaaes éSJph%sﬁBﬁ fop rf@iiﬁoﬁ Enéreastd ace:t@a&tat&dea@;baxﬁssmmsymdr Runction,
the enzyne 3-hydroxy- 3- net Ci/ Iut aryl - CoA synt hase ( a‘f%}l 8{)

and St epn@auggn%mcariy\g@@ aopt ﬁ@new&}g%ﬁﬁseﬁl*%rgs&?e@ﬁ%ﬁyﬂwﬁ?l pdiegpase,
reducta ! Etﬂi{\ﬁ% WaMsd; Qlgchdiéncodin
product ?’gﬁgg}&ncﬁd n%%ré%?e}]oel Orngr%x éa%?f%;é ﬁ%‘?’g? wul iﬂlpilgzgwgt eps arge g
i ndi cat ed Ibl;2iprapeeedial -phesphate rdghﬂlrgaeem aids aj gealf €agodingoy glyesrplyl-phosphate

ar r ows t e S _cat zed b h
(E o1 posphase Sn Ao @alE bl caisd IRg N6} 3 WA AU HEP8RIdcs
anr noni arigly@sides, Eh@sphéhﬁdé, .of Ja.cofdlbinAtibrEfRefb S ARIr By @Nverting saitl tfrck dattyoadids to
under stood t hat th the foregoing general description and the
fol l owid “BF@P"&’}C description are exenplary and expl anatory only,
and are not MRSt prefent V@ s@bsurd Sruttidte Btdviies @&néﬂh@dnﬁdprddﬂlcin@l 3$ 2-propaned101
appl ication, the use of the singular inc|udes the plural, the

"a" or 'CampriFipArYIENE [acBNOGARNSM AUPPIFES AU S Wﬁ?oﬂﬂ%ﬁ“’n or
unl ess %Rﬁ?&dgéd Qrf’drles)éloﬁtcﬂ{tﬁg fc&tlja?lﬂ Slﬁcreﬂéﬂ te?ﬁ%ﬂ?cfrﬁef ﬂi@%tdﬁ/PEB’Eeﬂegemcreased
term i nc forns, such as "includes’

"i ncl udecétyl- C(SA nasetylltiamisferasg . expirassion t ast fimekiens hingrsased| Wet)/b?OA tl‘aﬂSfefase
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Synthesis of cell mass from FAs Cl12-Cl3 saturated FA4cell nass
Cl2. 181424- 3602(68//2404//8) 16. 4-26.6 12-18CH1. 900
5NO2(4.3)f(8.2-13.3H) FAs to ethanol: carbon-constrained scenario

(no enea f Ra6e CAPEdsEion Nir: fubOidS, Gacreasad Yiretotdse &xbresSiv «rafuncadeda Fgdne
- *et hano 8H244602(68//2- 104/ 18) 46- 9C21160(,6)

et hano| SncodinBaMyTARToAIRNIOBHEES o eRs %a@&ww&e@ﬁé%y%ﬁmse and a

yield)" gene encoding butanol dehydrogenase or secondary alcohol dehydrogenase. In certain
embodiments, the microorganism comprises a gene encoding butanol dehydrogenase, while in
other embodiments, the microorganism comprises a gene encoding secondary alcohol
dehydrogenase. In particular embodiments, the butyraldehyde dehydrogenase is Bydh from
Clostridium acetobutylicum, and the butanol dehydrogenase is Bdh from Clostridium
acetobutylicum.

In certain aspects, the microorganism further comprises reduced NADH dehydrogenase
expression or activity, for example by deletion of all or a portion of the NADH dehydrogenase
gene.

The present disclosure thus provides a method of converting fatty acids to butanol,
comprising culturing a microorganism comprising reduced fadR expression or function, or
increased expression of the fad regulon, increased expression of the atoDjfiEB 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, a gene encoding butyraldehyde dehydrogenase, and a
gene encoding butanol dehydrogenase 0-1_' secondary alcohol dehydrogenase, in a culture medium
comprising free fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or a
combination thereof, thereby converting said free fatty acids to butanol.

The present disclosure further provides a method of producing butanol, comprising
culturing a microorganism comprising reduced fudR 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-hydroxybutyryl-CoA dehydrogenase
expression or function, increased crotonase expression or function, a gene encoding butyryl-CoA
dehydrogenase, a gene encoding butyraldehyde dehydrogenase, and a gene encoding butanol
dehydrogenase or secondary alcohol dehydrogenase, in a culture medium comprising free fatty
acids, monoglycerides, diglycerides, triglycerides, phospholipids, or a combination thereof,
thereby producing butanol. Recovery of butanol can be accomplished by standard techniques
known to those of skill in the art, including, but not limited to, recovery from the fermentation
broth by vacuum distillation, liquid-liquid extraction, or pervaporation.

in another embodiment, the microorganism further comprises a gene overexpressing an
acetyl-CoA acetyltransferase, a gene overexpressing a 3-hydroxy-3-methylglutaryl-CoA
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Cl12 saturated FA 4 ethanol + CORC12112402(68/12)9 17/ 3C2HB0(6) +
2/3C02(0) O (011) Cl4 saturated FA 4 ethanol + CORCl 4H2802(80/ 1
4) 420/ 3C2H60(6) + 2/3CCR(0) 0 (OH) C16 saturated FA 9 ethanol +

4 et hanet g Rag o3 hiotelte S ARG b Ay e By R Bl i

t o et hamelue chemisalrproduced by the mivdocegamisyy isanevatonaien Jhesbeacdhe pre§G2 dBdRasure

car bon %h(ﬁligl)xa;lly provides 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.
Although a-ny source of 3-hydroxy-3-methylglutaryl-CoA synthase or 3-hydroxy-3-
methylglutaryl-CoA reductase can be utilized, in particular embodiments the 3-hydroxy-3-
methylglutaryl-CoA synthase is Ergl3 from Saccharomyces cerevisiae or Mval from
Arabidopsis thaliana, and the 3-hydroxy-3-methylglutaryl-CoA reductase is HMG1 or HMG2
from Saccharomyces cerevisiae or HMG-CoA reductase from Lactobacillus reuteri.

The present disclosure therefore provides a method of converting fatty acids to
mevalonate, comprising culturing a microorganism comprising reduced fadR expression or
function, or increased expression of the fad regulon, increased expression of the atoDAER 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 converting said free 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 comprises a gene overexpressing an
acetaldehyde dehydrogenase, and genes encoding the regulatory and catalytic subumits of
ethanolamine ammonia-lyase. 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
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Cl12 saturated FA 4ethanol + CO2 C121.1240168//2)411/2C21-160(6) +

Co2( 0)

2 (111) Cl14 saturated FA 9 ethanol + CO2 C, 41.12802(80// 4)4

13/ 2C21160(5) + CCR(0) 2 (111) Cl6 saturated FA 4 ethanol + CC2
C16H320 24 &g i Fohdadbyl 68 Bdataty{aCR(HDNiD of hanGlafhimAtmnmhadyks. 9 In certain

et hanol

+
embodiments, the microorganism comprises an endogenous or heterologous acetaldehyde

dehydrogenase. In particular embodiments, the acetaldehyde dehydrogenase is the mhpF gene
from E. coli. In other embodiments, the regulatory subunit of ethanolamine ammonia-lyase is
the eutB gene and the catalytic subunit of ethanolamine ammonia-lyase is the eutC gene.

The 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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C, 8113602a04//8) 417/ 2C21160(6) + CO2(0) 2 (111) 3 The pat hway
medi ating utilization of FAs is known as the FA fl-oxidation pathway.
Each two-carbon segrrent of a FA nol ecul e generates a nol ecul e of
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New York, NY, 2003). EvAr.- Evicfr, Degree of reduction bal ance

is esti ki W%ewcqtmewhﬁpﬁnﬁrmﬁmse expregiien er fyngtiqr; d22x @p@meémtoa@etate
coef fi cygntbAhsd Q)?prégs',{?ﬂq{r Qfictioft! %@5‘ %gﬁ’ér&cfogirn %etﬁﬁ%ﬂ%g?nase (24) a

respectively. "o Net units, expres per
aci d ( HeewsD(Pceiling FAIdadary" Hﬁ:b)ml dehydrogenase; (25) a gene encoding an aceto]

monooxygenase; (26) a gene encoding a glycerol dehydrogenase; (27) a gene encoding an acetol
kinase; (28) a gene encoding an L-1,2-propanediol-1-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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e BB 9T AR B AT o & b L SeSteR A clveed by the
2C2H60  f  2068n4t0) serkialipR¥deS @eh@frofinBaNofteyi 6l 45 datdyRedU®3 ShedNehzyme
fatty acids is nore relevant on a _weight basis, as this is_the netric

used i nYieroryeuicawd dshviregrapsy Gent: baiZsorl-k 81 ) andh$tenst imeatalyzed by the
t he nax'gﬁ%#%%g&gﬁfgk@@l 3Yiielgy. of ethanol from FAs is approximtely
g

t wo- f ol er than the yield of ethanol fromsugars (Table 2). )
Fur t her nor e, Figaresdshavess patlyvashior gheaproduction obi ,4drtanadiol frpwiAugtinaesstep 11is -

Firih _ oo b Pl fiowys
Conver { SARDATLY RSk St selial0a0 R (BRI hAR S 13020 Sop

not yi eRds catallyoel o theiedzyras swemylObAi G trasderpsep Step 3. is Tatalyzed® bivithe enzgme

theoretical vigld for | pum.t h ef ] ield for EtQH (wei ght .

basi s) Eﬁ%ﬁqlqa{eéﬁwgﬁlgﬂsfs@@%&l'%m% go(gl%ég%, §{ep ll 18 cafalyzed by t{ie enz%/me 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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Fatty Acidsl.320.05 (2.6-fold higher)0.93 (1.4-fold higher) (Cl2-Cl18
saturated FA) These cal cul ati ons are based on the assunption
that a fraction of each FA nolecule is netabolized through the citric

acid cy V{ f h d i i val gnt

i ¢ SSPRGRER U W1 G TELA ACSEE S Qhafitl 49, B Sroyme gicohol
ener gy- densitoggnmedE£Sr diar.2@9) . Therefore, carbon, redox, and energy
constraints are _agcounted for. E di nts.of the discl osur .
el do i or ElsrsaE Ao B aliilay tgr heoprodREPR AT Prrirase P SuRipte Sep 1 is
hi gh- vakatelyzdie by ot enaype TRéthfthaldn9I-CoAemarkd Biep b3iso¥italgtdd0By Ghe enzyme
fatty a(l_:rm tgat result in_the production of high-value chem cals,

such as InalppdiCoA c desabexylasgpi @afl| yStep hed 138 oxaatelzedn byt fthe t enzyme

aci ds byrPldn9l-CHASLAGRAATLANBnYRFRE aerobic conditions generates
energy and carbon that 1s converted into nore cell mass rather than

hi gh-val ue chgtiechstowsaphpthway for Sduroedustiondf srctpme v fatty eidis.c Multiply steps

: . . ) i . ti ¢
Par bon 28 RAEAATR AR RIGR, sheleSych TR SR Yy cBiaRROME, BB e siplifed by
set forthe énmzyinhecprybSCont aditdtrirgtuise @.C.06/211109, Stept Y lis Catdlyped By kel enzyme

fromfatt ids to be converted i I va hemi cal s, such

ot hano ME R RertRectSi a8 taaetbaet Lot ot oY 8 St R is Sayed by the
aer obi cetgndiacttonztatd et xAieqBIC /4 EBP).ratory conditions as well as

m cr oaer obi c{:m' crorespiratory conditions. In other words, the

aerobi ¢ condi EFEnY ey si meatitrey feirthe podueiion of iserrepapgbiionr acstoner Step 1 is
el ect r ogatAGL£ANYAhSenzHeRedhdiytal BhEl c{e%))géffasé]ﬂtﬁé.' f?ﬁl.@%rz;[ 2’:1| .

M croorgani sns for converting fatty acids to ethanol . .
i cr oor gani stigusfllishewsp pathway dirded produdtion o 2-repgneiobframacktone. osfep | is

fadR ge%@mﬁ%%&e%gmle h'%gtgtgﬂ %ﬁ&%{gg@ga)se QE@tlaH PJ'H', (%]te%?% g§ %:al(yggcp 8¥ the

Cene ID E gene t provi overexpressi o
m cr oor gpsingrgler deloysirogenasea(ficC.(13). 1 &), ddere3 exatadgzedriy the emfymie acetol kinase

dehyd [ vi d bi i i di ti.ons.
Conor al e PE ik Bhe it A B4 ARG bR Ch PR Radel 4 PREGaIIS S Phosehye
aci d dedghydmiteise, ahdStep s icatalyzabhinthb esdyme glictralaetkshabeptRpdte)

More specifically adR encodes, ual . DNA- bi ndi_ng_transcri ptj onal :
regul at or pr%g'érﬁrpfsg?w? A PpgwaY; ‘Elal’r&‘f'&ﬂlﬁ?‘?%tﬁﬁte%éor b preduction| of hytyrate from

t he Gnt At} asidky Mﬁltiﬁ%aﬂ&ﬁ rak P tridRARk Byesrokad frcws, ThglePsiqlselrd ifdEHkdby solid
(e.g., represses) the expression of several genes’involved in fatty

aci d t rapor Alisprate) pethway dndiged by cdaghrdngvaladSiep (IEisoesdly@dnby Itip enzyme

E010279, 2Rl (EQ10 ti _ i
(Ec ocyca%e@?\g% IQD %%gggfe?ggngt f{%}d/) @220%9%2%2 I%Qgtgkggf%#hgtﬂé effme
pr ot ei r3-hydroxyhutiylrEpAs detydragenass c(B.Gt i1dni.39), Stef Sast cotalyeed dands enzyme

iR ( enoefiee R 18P0 5%y, YA i e BRRLpRRY efifosenase

M cr oor{#ahi Is3r89.2p\Stay Saif vmalykandy thadRzge: acetSIICHA asetwick@A-Cype trensferase

coil, w renti,glly activate d digest Iqng-chain fatty acids
first. V@éﬁ%ﬁ?‘%ﬁ%-ﬁ@% %tﬁ@-%dhaé}tﬂw%rhvy‘gangq&\?gpfwgéwbmﬁg cednd ptep 7
coi | Wik kathiya&8tht endynRORsmhRGiddg- medi um chain fatty acids. Loss of
the fadR gene functjon allows the E. coil to degrade both | onﬁ@chai n
fatty aci ds,Figure 13 shows 3 pafhyas fos e preduction pf hgpnol dapbigiy acids.t Maltinie stgps
aci d chal ng; I j ' [ : j

Pavi ng B P GRINg ol TR ThORED: dBlidlca ol Frgws, 204 1 Flliiyzed by
el i m nahe regzyrhe apatyComn agttyliransferabe (BgL aoal il prStep 2t tsecatalydeldaly ¢hef endyyne

Soety! CyfbRAOSTCER, BohbeehRR B S T VRSP el il by fheoprzyme
fatty aedtdfaskoiE.Che.2f1a33)y Seepi d i$ cataty@at o thed iRy batepil-Tod delydrogenase

Figure 2. Once the chain length of a fatty acid in the
13- oxidation pathway falls to about six carbons or |ess, the
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28 acids. The atoC gene encodes a transcriptional activator of the
ato operon. An exanple of a nmutation in aroC that results in high
constitutive expression of the ato operon is described in Pauli and

Over at h(g Euy 3.99.2), %1@,9bmata%e'a%srtﬁéanzmwwalmy@b dessydiegenhse (E.C. 1.2.1.57),

i ncor por;&)@erg gy rq%%@é?h%ﬁb bﬁ)t ;a,lloqrﬁ]:gql , thee m croorgani sm may be
furthera P Padc ¢ GryBYe utan Y¢T88°3f-t he al cohol

dehydr ogenasg; A ﬁEﬁpfa& iagidh.aMultipl
coli, adhE (E@ggd;’? s(%% E@O%gﬁyﬂ?%%ﬁggggnﬁ , r|ls ti 5”“ P

regul at etdps eref indicaicd rbyohﬂoyem Ruews.asingle stspe atﬁondiqatednl?y Sg‘lnb apeyR| axen y is

systemr es..al cohol r n
transcr %F%fﬁﬁf thFr AL UY flcegﬂy(? £ % éﬁ?‘rgns er%se at : Ong%t?pe\zl 25 cataI%\zed by the
exanpl eendynt M?@bkp{a-mﬂhﬁ@hﬁryﬂﬁﬂtﬁx rsglsthdlsteS{El(h 2 ha.16pranli e Griv eatsiysed by

Bact. 1 '?e%‘éw’?gé Bosirossomy o en- PR ebeldR G BoBaELy £y ' O

reference. %uf@i%v@@*ﬁtl’ﬁﬁ@qom& pfod(étRIn b RtHaAdla@fiR froin Batyicidse Multlple
regul atory and coding regions. Alternatively, expression, of the

gene or SiePg a¥et indisated nbrqlfgly agaWB @legéa:pbywq idicated by sqlid arrows. %tep 1 is
constit H{a P‘&%&‘b BlefisVHrdadl-20ERY 8L deh g&'rlo SRLCiERbe Erlolf@?ta% 162 Altatalyzed by

aerobicallTy re ated pronoter ”operat naII i nked to the adhE gene
or nut atte eadyrize gbmelamine amn@pna-b’ﬁﬁ BYG. 4t3nb7)n croorgani sm may be

further nodified by reduction I.%Tﬁalﬁﬁﬂ Bﬁ‘sbﬁftg‘ibﬁ he NADH

dehydrogenase activity. Such a nutation wou ensure that all NADH
gener at ed VI & 9-toxbed ahdedstodds tla diolttatheefofe@pingsgenieral tdascrgpyinh hadnhe dbllowing

acoty! - eaetASemRaiar SXcnoiar o BEHEHS opfe SR F a0l GARH BEye inventon

further a¢ glaiidds Enahik aPHliAGOS, RO AQTbMBe angﬂatlecladéme plusalg e addre “af or ‘an”

using NAD+ or NADP+ as its co-fagtor. lz[jFlgurg%}):i the f
enzyne {eags “af lepsones) and; theisg|of eor |‘Heaﬂ‘ﬁea vevpsssPetitially stated o W‘SC

to A2- ergiherfddfs, Stﬁc,egse' ¢ Gy @‘idcﬁﬁlng’l:”aso%blii% ofHer ey, kadtt ¥ Gftlbdes” and
The fadE gene may be an endg?enous géne that has been nutat ed to

al ter itfmcluded’ads oet Emitisief | Alsoy terms inehnps {'eJereuty a5 ‘onppment” encompass both

At ernakichghk or dhob Rt G5REHRY it it B BEALANQY SomBYRRRALE R se more

gene frGm an-or ganrs gene product naturally uses
or NADPﬂqanmuebnmsanbaﬁtaélymahgwmel s (Entrez Genel D: 4535406,

GenBank Acce sl on Nu YP. 890239 | en aC| I| f

enbodi nent, ﬁﬁ%ﬁqgng&c{?ﬁc‘fseg?ﬁﬁ %raéo aunslzea ﬁ OIW a%%ﬁ%r ‘]}‘1‘8% be
pover f li:@fiﬂtﬁx&ﬁ afAbtitindo el subject hﬁtt&ﬂﬂc%tﬁ‘)blddpoﬂl doaﬂmﬂarmmrpam(ma of fdodiAitdts,
by a fadE gene according to_enhodi m?nts of the disclosure,. ra

e
than t hétgkindhigepelicatien pghnding ubiaatiimijsd o, pateptsePagRbAPR &&Hel?snaftwfes books,

equi val %ﬂ%%reﬁt%‘ég %Q%ek&?%xﬁf&sglyrxﬁaﬁﬁor%@%&% B9 referdnbe iRGRdiY bnti?ey for any
produced by O-oxi dation e uSe of an altered FadE protein is

part i cuIPanloye am\tm@gtatbatsorre@r mase okipa inemprnteslitprsiuse andemilapmatggals defines
et hanol qﬁ%lm YYPL E&tl:ala?chg\@%gﬁﬂl&%)é thEFR¥mPfh thisUppliBfiohNhisplication
absence® o protein wt

controls

Embodiments of the present disclosure provide microorganisms that are capable of
efficient production of high-value chemicals. Suitable microorganisms, for example, may be
selected from the group consisting of bacteria, yeast, and algae, either as wild type strains,
mutant strains derived by classic mutagenesis and selection methods or as recombinant strains.
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.,
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altered co-factor specificity. For exanple, as shown in Figure 1, 2
NADH nol ecul es required for the conversion of acetyl-CoA into ethanol
by AdhE could be provided by |3-oxidation if the FadE co-factor

genor al CR P ek R e e b 2ol B b, SR pyces
pat hway pomée cint @ther evikabée imcgbnrgahsms kiivem inaghe adf Thethighesflue dNegricals include
under c rtaln con 0 as in the absence of eletron

nccent ot A RprBnfedlor el dirpRgse ot b e BRT A AL bAhapnediol, acetone,
accunul gopropandibutirdie, bhewell Smevalonate, }Bﬂ‘oﬁfbﬁﬂé,gﬂlﬁﬁnsrﬁﬁmﬁd}br Lo esahbdial,
fatty acids to a etate. boa} an al ternate enbodi ne m_ croor gani sns

accor di ng toAi“f’R-,I ﬁS‘SéQe"r‘ﬂ Betoelhe dEsigsires dhy E‘}cfﬁorﬁﬂ}iﬂ%a’@oﬂ{“ufe&ld@ free
gene; (Rktydaciasl Aon8lybdridas) cﬂél?&rﬂ@sn%% 19&dridRE, PHoSPIRLMME T RXRhidamtiBRs Mereof

the mcroagrgani sms to operon; and (3) a gene overexpressing

ackA- pt as BisartRary Kewey sowsn er faxlstokooPe e fatigaoitsamonaglyretdesy digjycenides,
conpar afl 4, GRAGS gﬁ%@ﬁ@mgs 39?[5@@3@ R3f&ediimdy béprbvited by AfloR RRRAL Scn

acetyl transferas I'es I'n concer 0 en ance
pr oductaﬁwgcfabbmlsarmm@)famnal |y, the m croorgani smnay conprise one .

of either a pt e t hat resses hosp ate ac | t r.ansferase
o an ackA gaRaePi 0oy SFKEEEY RGP BR QHISE PR PIOHATYF o dgEEin
serves teesopt Iomsmta’iﬁlenfd'&ieespﬁdl%&bh@ntsflk@dnﬁlﬂ&tio)i G Gng FundtiofUr £ kAbKed-out

provides a at hwa r.converting acetyl -CoA, .derived fromfatty
hei ds, R a%éw@ tyORg dsfepiph disruptions Tyssitio Py 8IYatiopheAs defined herein,

m cr oor ﬂﬁdib&@hrﬁﬁﬂpﬂiaﬁ Rk Q)il& oR s PORR %oé]é@ﬂ%ug RO afe2dlsPedRdid@lddaB have

in an atoC gene t t hat prOVI des overexpre55|on of he nlcroorganlsnis

at o opek®nsk oatpf(thy indecated weng(elsThyemisoomgasiseshemsd ey mayalsdwaetomgd to as
acdB gepgsy Q)Bts%frﬂ?&ﬁ’nﬁﬁ:‘#t,%d [gﬁlééégs WSk @&@%ﬁlﬁe anrsi%ﬁqgn&\génal Aﬁ%ﬁéﬁé&wg

and AE0102/6). Toget enes enco ormng acetyrl-
synt het gcknigussithat ese wétl-Knovén 2. thost@f skiian thearta| Alze sortémaplated wer &hock iaf”, in

acetyl ate 1o acetat and CoA-SH. Suc m. Cr oor gani, s
oy op PHiSh Akl B RAD B Role e RSN, R AR e R B PATES BRI & Bace
aﬁ et yI @ér m)ad'dimh mehiatdogeﬂo)ds b{’ﬁl@toffthmgﬁnbo DRic@ B g mhdny téhdhniq&és'ifoy El%atmg
the rever reacti on n exa us gene. t hat -

pref er elgﬂ gl"??“%%‘f%‘l“}}%%“ﬁ‘f@n&é% g@&é’&ﬁ??rg ﬁénfhr?@”acs gene (Ecocyc
Gene ID EGlmfb&)lemfadsE&mheémﬁdue@uﬁmieu £t be@hi VIR Micrdoi@aniEnts’ AR SR8 heF8in
may conpri se a nutant_acetyl - CoOA synthetase activity that favors the

f1 ow of radapyn-tedhe skilled éfpsheé traingd & afigrphielpgicsb arst resomhingnt DNA techniques.
mi cr oor %ﬂioaﬂﬁcﬁteéﬂﬁ%kﬂ %P@QQH%M]R%OP%TE&&)&% ©aet chcﬁs? g rftlﬁg olated
rovi des or ¢

fatty acids. Figure ternaepat nverting
acetyl -ONA m@b’-lcuh?%@iltb rtbﬁrrilbsitchl aadu@éatmgnclonagandtsequencmg isolated nucleic amd

M croor gﬂ:&ﬂ oéhgéklrfé)gm%&b}e';ﬁ)l{ (%stgxmﬁg glietst 3 Sg;?:céxjw fes P{é%ué:ﬁr%echmques and

al terna oor gani
di scl osmethoctsnnﬁheﬁem(eﬂ:):da afendmk:elfbdomt mbugd Relgeraﬁ thé Bbandxardirunahmm;l whiclaire

at oC gene tha ovi des pver.ex Sj f t ] CI.0 nisnm s . ato
. operon; mt:%r’)org g‘ere"kﬁb@ﬁ’é&nwpp ;‘6\1‘53\31’4 ‘Ef’rl?‘gtﬂg]}gc %"nlé’%Fl q¥is, ef al., eds.
( Ecocycmeansy-Hil Bfeteditfala 08 iuiBus 09801986 Sﬂﬂﬁ:} "“E‘Rbéﬁmetﬁd"ﬁ Ni8lec@lar Genetics”
knocked- out sdhA _gene qor sdhB gene, or ot h (Ecocyc Cene | D EGL0931

and EGIH! @§pn%ﬁ%“k%lpab&ra§owée%f0@é§nna&Ha¥b@am¥m97§),Mle@ ft& Short Course
pr oduct;h gfhcRiahGeRktic®Y Bt d Rpring HRHARTSLELRR PALL Yo AE SHing Harbor, NY, 1992);

Singer and Berg, “Genes and Genomes” (University Science Books, Mill Valley, CA, 1991);

“Molecular Cloning: A Laboratory Manual,” 2 Ed. (Sambrook, et al., eds., Cold Spring Harbor

Laboratory Press, Cold Spring I-Iarbdr, NY, 1989); “Handbook of Molecular and Cellular

Methods in Biology and Medicine” (Kaufman, ef al., eds., CRC Press, Boca Raton, FL, 1995);
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The sdhAB operon encodes a succi nate dehydrogenase that catal yzes the
conversion of succinate to fumarate. Thus, knocking out the sdhAB
operon favors the accumul ati on of succi nate. sucA and sucB

encode FRRtHOESSh PR NIEcUMr Bidtops MMOBIoMRARS B AEH I g ETHHEs68NAls§XCRC
and catal yze the reaction al pha-ketoglutarate + coenzy

mp_A + NAD +
<-> suc®resyBaga Rajongbp, 199pmmd( §mith-Kgary, ‘IMelesulandiencirh gt Bipherighda sqle AThe
and suc } oxylic acid cycle. The conbi nati on of
openi ngﬁuﬂg}g?fﬁgsﬁxgpﬁé%ﬁ%@ycl e and activati ngj over expressi ng
t he gl yoxyl aFke shillest parsmuvidlskriow hdvetogedise ar rloalish thepaetividp pee géng asfprotein as
succi nat,e f.or, every nol ecul e t vl i o
ol yoxy ! drerBr fRrEn SuR By BE Yoo BleeBECinisfal ol Wikl deddifty modifying the
conpri s@os okguniskr duchh wayethacit Praglecss dsao tiy cofies of the draikeinOlidx }he wild type
Knocki n% out the iciR E(l;ene acéog.vﬁt 3 t he i%l yoi%/.bgtf shu&tﬁ, Z@ %&E fions i
i C1R geMEEARISHOE bY dscrgasing P abalishige thepegligpaRvibnay B Prafig- fYiggiakations in
oper on ikl Wieseiheo Erﬂﬁn;ﬁ@tﬁﬁele%@ﬂ ACEdhiGUTe: fdne ABY/oFBReih Ray include the
EAQ 0023, EGlOOZS, an% EGL0026, r.esprecti@dvfsél_y). a%eB an((j}, ace,& _arag e
i nvol vedse of 2 Weakgprometer.ardhe mufation 4e2 Hsertipd Alelfiing op poiat Butatign) ef Parts of)
i socitrate,l gl S i : : : ;
conbi ned KEESF I8 RIS, At Heichior ARRSHIE 1R O AE e AL S protein
i n Fi gumaybalsoThe acedraplsheddry methbdnkeewn lin dhelartt h8uehe methedmgnayt gpsdudgf the

the citrjic acid cycl hch is al Licarb i i
cyol o), aRE ¢ HinTiah Maciba!s? et AR b3t b oERL PSR kaff i e
s ucg i natag Iaatﬂo@bmbemhcfiﬁgor abolishinyltis mivggrmifargivdr?g;ﬁrgmhnbp contaginizahé protein
aci ds to,gamma-butyrol actope. ILn an t ernat e ,.enbodi neni, . i
mi cr oor §AR WRETS MIRRitrs gr Pt ﬂ@%fﬂ@é@m B3 aBza?tsfa&bwﬂfl theprofgjn. jPotential
knockedifMitih @ ¢BmPORRs thay fér Métadtd 88 rhéhodnal &Cpa?ﬂl@nélhﬂ{tibﬁﬂi@y iaggifist the
overexpressi on of the mcroorganisnis_ato operqn; (3) .a knocked-qut |
sucA geREOWRR sSedd gelihediesy mpyihe obtamed bynmekes iBnunEaten pesfacls of gyfiable -
gene, oqabla&ttg}ya\%@a]@ gene overexpressing a succinic sem al dehyde

dehydr ogenase; a gene overexpressing a ganma- hydr oxybutyric acid
dehydr ogenas &he highly Blucedgature of earbsp rtomsiin datty scidst Fdab @s compared Ag sugprs,

alternatjye,to.a. L i.al.de h . Y PO
ucei napi s e Wl 2R AR U HARERABEICURAIE U B Emgtion.
t 0 succiTayle-1GrAvidys ex piadgss ofredbx helans fon tiediongersioo aif fytty Gods (EHA) into cell
transferase o,E. C. nunber .assi ghe or .by_sucgci nat e- CoA.l i gase .
(EC ompss abd Sl Bl edeyiBRins Hor Qbseaeif GE e RlyPRER I, (19 oSk Bdecanoic
succi nayg,; and adteintee (Gl ucitiscaenrttl sanpatd PA9Ql converting

succi nyl - CoA to succinic sem al dehyde conpl etes the transformation of
succinate to succinic sem al dehyde. Optional ly, the

m croorgani sm may be further nodified by reduction or elimnation of

t he NADH dehydr ogenase activity. Such a nutation would ensure that

all NADH generated via 13-oxidation is available for use in the

synt hesi s of gamma- butyrol actone. Figure 6 shows a pathway for the

conversion of succinate into gamma-butyrol actone and Tabl e 3 provides
exenpl ary enzymes for the steps in the pathway.
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Table 3 E. C. No. Exenplary Enzyne(s) Suceinic sem al dehyde
dehydr ogenase Al dA, E. coil (NAL:if-linked) (Entrez Cenel D: 945672,
GenBank NP 415933) Sad (GabD, Ynel), E. coli (NAD+-dependent) (Entrez

CGenel D: 947440, GenBank NP_416042) Gabgye M/cobacterium tubercul osis
(Entrez Cenel . 923143, CenBank NP 334651% Al dH5A1, Honp sapi ens
(Entrez GeneR): 79¥thwa@énBank NP_733936 or SNRh®@e®7 1)) A (HY
Synthesis of cell mass from FAs
CrzasHa - 16.4-26.
Ci2-Cig saturated FA->cell mass 1M 360:(68/12-164/18) 64-26.6
< 12-18CH, 400 sNp2(4.3)F (8-2-13.3H)

FAs to ethanol; carbon-constrained scenario (no energy/redox consvraint: 100% carbon yield)®
C,3-Cyg saturated FA >ethanol C|2_|3H24.3601(68/12—104/18)96-9(:2[']50(6) -4 (-2H)

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

C\psaturated FA ethanol + CO, C12Hy0o(68/12) > 1713CHO(6) + 2/3C04(0) 0 (OH)
Cy4 saturated FA = ethanol + CO; C14H205(80/14)>20/3C,He0(6) + 2/3C02(0) 0 (0H)
Ci saturated FA = ethanol + CO, C16H1204(92/16)>23/3C,Hg0(6) + 2/3CO(0) 0 (OH)
C)s saturated FA - ethanol + CO, C1sHa40,(104/18)>26/3C,H,0(6) + 2/3C0(0) 0 (OH)

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

C\zsaturated FA ethanol + CO, C12H240:(68/12) 1112C;H;0(6) + CO(0) 2 (1H)
Cis saturated FA > ethanol + CO; CraH2502(80/14)~> 13/2C;Hs0(6) + CO(0) . 2(1H)
C\¢ saturated FA - ethanol + CO, C1H3202(92/16)-> 15/2C,H40(6) + CO1(0) 2 (1H)
Cjs saturated FA - ethanol + CO, C1sH360(104/18)> 17/2C,HO(6) + CO2(0) 2 (1H)
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Ssadhl , Arabidopsis thaliana (Entrez Genel D: 844282, GenBank
NP_178062) AttK, Agrobacteriumtunefaciens (Entrez Genel D: 1136121,
GenBank NP_356407) 1.2.1.24 or 1.2.1.16 Succi nyl - CoA: CoA
t r ansf er’dfe gatieeyimeidatmiganiliastionCd RACHFkriovansftiey BA @ oxidatioh pattlivagm Each
kKl uyver itwpEatioazegaeaa bba FA96R8ule garBacia nibleOfld 3PAIBDI oA along with one
Acetyl : Jaabanrat €choAFADM$he NaIBH. Boi FADHP SRS A D@ b used in the synthesis
Acet yl | JFGCTIvik @xidadvd pRsHdaRy1as6h. BhtRRG iRJdUR @l coli from acetyl-CoA in a
6.2. 1. 1A¢Rtyd ‘ﬁ?@&sﬁz’dﬁﬁgéﬁmhé AVprieQathiahydefalcofi®ll deh{dEbsdiB, a pathway that
Cenel D 948 s two reducing equivalents.

b Pathway stoichiometry accounts only for carbon balance between reactants and products.

Z VEXi— E VEKy

ave ] reae lanes over S prodiery

€ The degree of reduction per carbon, k, was estimated as described elsewhere (Nielsen, et al.,
“Bioreaction Engineering Principles,” 2" Ed, pp. 60-73, Springer, New York, NY, 2003).

d . . . Xvex~ Zvjc,rj :
Degree of reduction balance (Ax) is estimated as awirocms  owpaes , where » 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;”).

T Cell mass formuld 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.

€ This 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"l;e 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 (CsH120¢: k = 4) or xylose
(CsH10Os: x = 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 scenaric); however, as the number of cycles through the -
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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6. 2. 1. 5Succi nyl - CoA synthetase, E. coli (Entrez Cenel D. 945312 and
945314, CGenBank NP 415256 and NP 415257) Ganma- hydroxybutyric acid.
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Candi da
Comparison of ethanol yields from sugars and fatty acids is more relevant on a weight basis, as

this is the metric used in the feedstocks and fuels/chemicals markets. On weight basis, the
maximum theoretical yield of ethanol from FAs is approximately two-fold higher than the yield
of ethanol from sugars (Table 2). Furthermore, in contrast to the production of ethanol from
glucose, wherein approximately one-half of the glucose (by weight) is converted to carbon

dioxide, the conversion of FAs to ethanol does not yield carbon dioxide 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 1.3240.05 (2.6-fold higher) 0.93 (1.4-fold higher)

{C12-C18 saturated FA)

These calculations érc 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 cthanol 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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Microorganisms having a functional fadR gene, such as wild-type E. cofi, 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 P-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 ato 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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Optionally, the microorganism may further comprise a JadE 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=xCoA to Az-enoyI-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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E. C. No. Exenplary Enzyne(s) Acetyl-CoA aceryltransferase AtoB, E.
colt (Entrez Genel D: 946727, GenBank NP 416728) Thiolase, Costridium
acetobutylicum (Entrez Genel D: 1119056, GenBank NP_349476)

(o L ARGl S50 A R sl g sy
At 0AD, fBr tiz0doinvérEioh o€ AcdBRFE Digid 8 ThngolantAdHE soBd beprmiged hyrP-2xidaug If the
and NP léla %7g05-}ac?o'r %pédit}city is altered to function with NAD(P)" rather than FAD". In general,
NADH and NADPH are more useful than FADH, in the downstream pathways used to provide
high-value chemicals of interest. Also, under certain conditions, such as in the absence of
electron acceptors, FADH, generated during the B-oxidation cycle may accumulate to harmful
levels.
Microorganisms for converting fatty acids to acetate. 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; and
(3) a gene overexpressing ackA-pta operon (Ecocyc Gene 1D EG10027 and EG20173,
respectively) or comparable genes encoding acetate kinase (E.C. 2.7.2.1) and phosphate
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 ato 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. Sucha 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 altemate 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 ate operon; (3) a
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are involved in the glyoxylate shunt, as the aceA gene product converts isocitrate into glyoxylate
and succinate, and the aceB gene product combines the glyoxylate with an acetyl-CoA to form
malate, as shown in Figure 5. The malate then continues through the remaining steps of the
cifric acid cycle (which is also known as the tricarboxylic acid cycle), where it can be processed
with an additional acetyl-CoA into succinate and glyoxylate.

Microorganisms for converting fatty acids to gamma-butyrolactone. In an alternate

embodiment, microorganisms according to the present disclosure comprise (1) a knocked-out
JadR gene; (2) a mutation in an afoC gene that provides overexpression of the microorganism’s
ato operon; (3) a knocked-out sucd gene or sucB gene, or both; (4) a knocked-out sdhd gene or
sdhB gene, or both; (5) a gene overexpressing a succinic semialdehyde dehydrogenase; (6) a
gene overexpressing a gamma-hydroxybutyric acid dehydrogenase; and (7) a gene
overexpressing a lactonase.

As an alternative to a succinic semialdehyde dehydrogenase that converts succinate to
succinic semialdehyde, 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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a heterol ogous gene 35 enco’isﬁ"‘ﬁ?%“‘é?eg%ﬁ o %?]% t ol 0dqus,sgpne
encodi ng a bu?%?;l/l CoA dehyd%‘"'gg d SPoI0g6UsS gene
encodi ng either an acetyl ce oace -CoA transferase (E. C

2.8.3.- 2.8.3.8) or a butyrate- aggrliRasElalbse Cir-fofinst erase, or both.

Al ternativel ygalihe het er ol ogausnygeses Enggyli (Hheez@e el 20453 Covid $453j4SenBank
or butyrate-acetate CoA transt ersa$enpd SF_4B85H genes, may be repl aced

by genes encodi ng phosphotransbutyr Iase and bugégate ki nase.

Phosphot r ansb | ase and byt icgeid r et

at (Gene 134: it‘)gl{&l/ r.1-12993) yﬂ_‘ﬂg:g% @ﬁ’ S ,e fﬁ é‘%&%%%&ﬁby
reference. The products of tBes®.49 @%e pledt (ExRre £GAMBITN0],
butyryl - CoA to butyryl phosph@éngmam debzm, mungygm Orychlagisicenicilis, ShHmscrofa
a pathway for the conversi onses, £ atiiticacEdsz Gatd: HIAOYY, GerBask ¥ _T6H10k s

5 and 6 provide exenplary enzynes for the steps in the pathway. Table
6 EE C No. EXEITp| ary Enzynme(s Lactonase

31.1.2 ?tM A. tumefaciens (also found in H. sapiens, Mus musculus)
Lipase B48, Candida Antarctica

Microorganisms for converting fatty acids to 1.4-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 sucd gene or sucB gene, or both; (4) a knocked-out sdhA gene or sdhB gene, or
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3- hydr oxybuoyl - CoA dehydrogenase 1.1.1.35Hbd, C. acerobul ylicum
(Entrez Cenel D: 1118891, GenBaltic NP_349314) Crotonase
( 3- hydr oxybut yryl - CoOA dehydratase) 4.2.1.55Crotonase, C.

but E : 3 dachitel Yl CoA
oot SPUBHLO W, 9450, CoRt 9 i OB SRR g e
GenBank ONFTe3RIGSINE) a gammwhmdrogybg&bmtcs amd fdahydrogenaset i(Mg g](‘: @trnglyonvgfeixgﬁetsﬁgg an
| . I men m cr o
or ecent MR PURABEIAE aRE O TR ber RoEtsEe B pahel danEroses v

nutation in &s altai@nwuve tb haductinieviethiddéhyaé QuB/dRsthae 1Rt &)Hﬁerts succinate to
verexpressi on of a heterol ogous

E:;n eﬁéogﬁgﬁ‘%'ﬂﬁgsefm Elé’f b S‘tﬁ&ﬂa'%éé‘ﬂy’iofﬁ‘rmﬁ%@éo SrccHyE oA essionfof genes
endogenencodie e ceRFIodd AL o trA G0 W '(Epﬁ @91%&1‘61311 ds %ﬁ%@h&ﬁ:& sub&hatd- Co&}lgase

het erol g ous ene encodi ng a 3-hydroxybutyryl - ogenase,
a heter 2 éne %mreﬁgoa r betereingeys (eﬁprewutmtoérmlsmg@mae ge=ndaldehyde

Y/ t eral ogou epe

encod 286‘23 i yéﬁél SfFR0 AN BRTRARE 0 @ D SAEARL BB IAERE copics e
encodi n¢aas @maém@bfd@hyldteagemm emiddengdear yI al cohlol dehydr?%gnase

ano 2 .
i or oo gani s SPLaL e e P ETTRdEh bbreRero Anehminagen of
t he NADHtedéAPHrdHygdmgmaa@ aatwyy Sudg hm@aﬂasutvaiuwéhsu&uha aﬁrmbﬁ éé?l@ltated via
al | Dﬁoqe(ﬁﬁrate Yb? ?.3 0X] tlonls avallabefolr: use in .
synt he SRR SAare ?Cojﬂl'ﬁ%ml e eehesis ot J e bivipnpdiob Fighes '{:@W{sl’dsmﬂmayf or
fatty atHed®nvéition bBb@RMateind fr%hﬁﬁecﬁol zﬁld ”Pdﬁﬂzs% ﬁﬁ%ﬁl@%d@%ﬁ%{)ﬂﬁyenzmcs

r the steps.in the pat hwa
enzymes er?he steps in the%athway P v

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

aminobutyraldehyde dehydrogenase), E. coli (Entrez GenelID: 047003,
GenBank NP_415816)

Gamma-aminobutyraldehyde dehydrogenase (YdeW), E. coli (Entrez”
GenelD:945876, GenBank NP_415961)

TMP-1 aminobutyraldehyde dehydrogenase, Arthrobacter sp.

Aminobutyraldehyde dehydrogenase (KauB), Pseudomonas aeruginosa

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 atoC gene that provides overexpression of the microorganism’s ato operon; (3) a
knocked-out sucd gene or sucB gene, or both; (4) a knocked-out sdhA gene or sdhB gene, or
both; (5) overexpression of a gene encoding a methylmalonyl-CoA mutase (scp4, Ecocyc Gene
ID EG11444; 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

(scpC, Ecocyc Gene ID G7517; Entrez GenelD:947402). The overexpressed genes may either
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E. C. No. Exenplary Enzyne(s) Butyral dehyde dehydrogenase

1.2.1.57Bydh, C. acetobutylicum Butanol dehydrogenase Unassi gnedBdh,

C. acetobutylicum (Entrez GenelD: 1119481 and 1119480, GenBank
NP_34988¢ eAdtsheNRis3tO&REEnous, or a comition tigaeyfs nBigher 8 chowe at patgvdyafdrythe
acids to nevalonate, In an alternate enbodi ment, m croorgani sns

accor di eapvesiontd speclEHNtGPreRIoBREr e conprise (1) a knocked-out fadR

gene; (2) a miléraé,# Msthd 81 céﬁ\féﬁil‘%ﬁﬁzte&?&s @ SUUdIRS BV eh QMRARES eMBodiment,
the microor . 0 Operon; —overexpression of a heterol ogous
ge ge enoiatborganismaewoidingorthe peesgit disalestre compriss (1) ¢ kpesksdoys/agh gsneida) @
endogenqus .gene_en in ety - I g .
ot or of BURERGRAS o BT e P oS ol | i Sard operon;, ©)
and (5) oterbgir@kiohogbus Gewreleguedigag andodiyglr ax yacdtyllody | eetyaansferasgA or

reductase. Figure 14 sho a pathway for, the conversi,on of, f )
aci ds t BYSTEXPAFSSIORt &f dfd ernlngentss 25 BRI, ™S Q@'ﬁ%ﬁhwﬁéﬁ?@%@% of¥ 2
the st efgefolbdblieshdldAvbiing It Bdefoadetll-CEA thipsfelaxesiuvarekpiessiyiref &) endogenous
3- hydr oxy- 3-met hyl ghtt at yI - CoA synt hase .

gene encoding an acetoacetyl-CoA “transferase; and (5) a heterologous gene encoding an

acetoacetate decarboxylase. 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
62.1.1 AtoB, E. coli (Entrez GenelD:946727, GenBank NP_416728)
Thiolase, Clostridium acetobutylicum (Entrez GenelD):1119056, GenBank
NP_349476)

Acetyl-CoA:acetoacetyl-CoA transferase
283-,2838 CIfAB, C: acetobutylicum (Entrez GenelD:1116168 and 1116169, GenBank
NP_149326 and NP_149327)
AtAD, E. coli (Entrez GenelD:946719 and 947525, GenBank NP_416726
and NP_416725)

Avetoacetate decarboxylase
41.14 Adc, C. acetobutylicum (Entrez GeneID: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 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; 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)
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Ergl3, Saccharomyces cerevisiae (Entrez Genel D: 854913, GenBank
NP9013580) Mral, A. Mecum (Entrez Cenel D: 826788, GenBank NP_849361 or
NP_192919) 2.3.3.10 3- hydr oxy- 3-net hyl gl ut at yl- Co4 reduct ase

1.1.1.8

(Entrez

NP 0, e ullelole BracBRRENS Nrsrpiitla seeylnsterase 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 a secondary alcohol dehydrogenase
(E.C. 1.1.1.80). Examples of such alcohol dehydrogenases include include Sadh from
Clostridium bejjerinckii and Adh from Thermoanaerobacter brockii. Figure 10 shows a pathway
for the conversion of acetyl-CoA into isopropanol.

Microorganisms for converting fatty acids to 1.2-propanediol. In an alternate

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

+ 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. cofi (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.

Microorganisms for_converting_fatty acids to butyrate. In an alternate embodiment,

microorganisms according to the present disclosure comprise (1) a knocked-out JadR gene; (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 a 3-hydroxybutyryl-CoA dehydrogenase; (5) a heterologous gene
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14M5 CoA reduetase, Lactobacillus reuteri (Entrez Genel D. 5188737,
GenBank YP_001270813) M croorgani snms for converting fatty
acids to ethanolamne. In an alternate enbodi ment, m croorganisms
accor d| oﬁlﬂﬁ%r&?ot%ﬁéemf 2 QSR § GerfeQiNBddisiea ()a;ma.dom@éhgdrogutaséaamaﬁ) a

gene in an at oC gene that provides overexpress
the m chclem@gnmss gt ancwdiyge eidher 2("370‘3&(}&0&(?9’-@%%% Langss e‘i‘f’c@d?ﬁg3 -

an endoggﬁ%éﬁa et al@%@éf&’zﬁeﬁ%@cgﬁ E%gégﬁ% of fdkn.€xanpl e mhpF

(acet al ogenase Ecocyc Gene | D M14; Entrez
Genel D 94500&)terﬁﬁm&13betteehmbmgxguss gmn@nmﬂmgﬂlngwiﬁe&@ét ligage |y butyrate-acetate

dehydr ogenase 1. 10) genes

and cat P@‘ttfaéséffﬁ%ﬁir %Qt engs, Ay ﬁélﬁ)éed eﬁ?sa g%lslgg?%ﬂg&ﬁgg&twsx and
eut B angutgﬁt& ihdze OPUEs ﬁeﬂ@sbﬁiyg&ﬁe@@&wpﬂteﬁeﬁ@eaﬁe deEeritreddn Walter et al. (Gene
Genel D: 946924 and 946925). Such a .m. cr.obi al s I‘aI§ may ,J;% &0 of these
ext er nall3"st|Hélsol‘99éhﬂﬂﬁﬁfao'ta€?da]&eé‘ﬂﬂﬂ?éts CNUFeN ¥ i EHRT g es 0

et hanol ggﬂcgewoxﬁ' gﬁ&tﬂtﬁy Staoc‘!&w@rt RAthego A Qb Bdﬂﬁylfﬁﬂs\tﬂih&l ﬁﬂl d'fenftat bytyrate.

acids t6 ethanol am ne | i mnation_of co-products. H{ﬁg{ { 6
t he aboViuenbdedhavena pathmyrfaythb@omsrwaef ’éattbfo%tdédﬁteé?%wa'@l%n &5 % fpd
accumul at | g{' Tgpw?ntzﬁgneggor%eosq Slhifthe prhuBifa”p' e in many of the

above eRBd e nec ssary to reduce or elimnate the
accunul ation of acetate or ethanol td‘am«im ze the productl on of t he
desired chemwes Me-ot-ar-e—pFodt —8 ettoreedo aredby;
No _ eml v nz e _ o
for exanpl e, =s=k+s 6 o+-po A A o A AT SL) OT

@

pta gene indiyjdually or togetmj DA (BRY2 6 &eﬂﬁﬂmgﬁG@xfBankNP 349314)
el i m nat ed, f o exanpl e, by the defletl on of t he adhE gene.

Met hods for converting fatty Beoldlese tinydlesbipd-Coheeydahe) Enbodi nent s

of the disclosurss al so i ncl udeCromtaivod scapbupicodEotra Gl B4 $302 Peptdtuct
usi ng a microorgani sm The nmi HNoHHRhi sns t hat may be used i ncl ude,

but are not limted to, Escherichi Cgbl %ﬂgenaagel | us spp.

Lact ococcus s Baci | | us sp g ﬁﬁ‘jg ,@Wp@;n
Citrobacter sgg?gzz Clostridi umlof'ssgt)éD ar oﬁ@égggﬁ)lsl?sg%?g hia spp., )
Zynononas nobilis, Schlzosaccharonyces ponbe and ot her suitable

M Cr oor gani s Microbfeniiasi foedor acitie to butagol. v dh pa dtesite gmbodiment,

such as et hanol, succinat but yr ctone e

i sopr opéli%!oc’f%?ﬁ{sﬁ‘ﬁ|a°%?6‘élf‘ﬁg‘ét%1pf§%ﬁr‘§%° G C())anrx[s) ggno @%éd%ut gﬁﬁ?é&fé 2)a
propi ongh@atidy inSnNABOI RAE B pldvedeRioveeprgsivnsef thamtbmvgaamm sofitotdperon; (3)
genetic nodificati ons descri bed above

var i ous QyEIEPIessiafo ¥t iac At HRAOBONSS &eFf)eB“‘ioﬂmg%ﬁ%gtacﬁ?lsa%?‘gs 3ﬁetyltt£§3ferase or

enmbodi MeNLS.ypression of Néh MERHOSH B GRAE aénbadaﬁgrmr hsseylpm@m shentiransfoede ) a
conpri sing f(? ?‘natty aci ds,; nonogl yceri des,

|
trigl ycémteddegowtwsphqupﬁgjs 3-lydroxyoptypiirtod 6?1“8 eeuase &rﬁd’ heiprolperny gene
the mcr Oorcgﬁgp Iggr%to e%sghﬁ}@ﬂétgﬂ#ggfgcﬁoaﬁbathg'lsbtﬁ%&?h@ha&etﬁrhﬁ)genase (7 a

ni cr oor FART hver Fee aci ds, nonoglycerid .
di g, | ycefetedetagousr g@gley emnilbgsa tpttuaslpbtmdcpdahs'droeﬁmaé@nmdwé&h arheteielogens gene

into the desire efr t g@%ﬂ
“di gl ycersgeding P%“&“?ggé?ygé%genﬁ R dgl&hwdagjngé%ngggggr%gémh‘gr%ggf
may be pgl@%hlge@dgtto Buthfo1( | Ogtianally,|the mtx:rabgamrﬂﬁ%y(he fanherll@oiﬁlﬁw) by sadeption
as between about from about 5% nd about 5% ( é z%arll 0%\%1 ensure that all
r espect i redlipyinatiqpyef, be NAPELdelydrgegnase aodb- b %anu RE ¥ S 28
nDrnngl yf ﬁb‘#‘?ﬁ neftél ¥ﬁe[§-'oﬁ|f§§ttoﬂ {d Slaae ifgesse inas pitthéesiy dﬁbﬁlﬁmol Figure 13
conbi nati ons

er eof e provided in_ a single doae;rép ?@{7 id
dose t hathoivs mﬁmm@ntlmcqs@ptsml Qfafpttsya‘:lé-“rmt%b%tﬁnqlﬁp eaés prgnde
suppl ement ed, cont i I @% fatty aci ds, nonoglycerides,

di gl ycer x&g‘é’lar:frl %ggoﬁ-lt%ee l%rlﬂos ‘&B’l or conbl nat i ons t hereof,
may be provided at 0.1% (i.e., 1 g/l1) to about 5% (i.e., 50 g/l),

such as 20 W, as an initial dose, and then supplenented at a rate
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nonogl yceri des, diglycerides, triglycerides, or conbinations thereof
at about 0.1%to about 5% as the fatty aci ds, nonogl ycerides,

di gl ycerides, triglycerides, or conbinations thereof are consuned by
the m croorgani sms. Such concentrati qRpldey be readily determ ned by
one of skill_dn_the art The nedium may also include a source of

suppl enent ar yE-rQ-INQ-i ents provi dzeinplarwBeeymetsy 3 i ninpl _salts solution

as exenplified by M9 cul ture nedidwyradshydadespmegersse medi um as
exenplified by*Ltria-Bertani W frecdbudieerriped in "Ml ecul ar
Cloning: a Laboratory Manual" (Manighis, al....eds., Cold Spring

. 1 dSHyd
Har bor ~ Labor agiignddr esS, Col d s3I sl i endi B8 Rloasi QhiAioae! edtfafi
medi a may al so be suitable. | wpagigioh biaip_fdb®1cul ture nedi um may be

suppl emented W th additronal nutrrtronal requirenents to accouant 1or
nutritional auxotrophies of the cultured m croorgani sm which nmay be
readi |y det edi¢rgamgans . _eomverfang lfattvoacidsctognevalonate. Iyfga alternate embodiment,

m croor i ar . L um - Al Al f [
e e, LS She altdill fiint Bros SRBRLUELEARNA! ) AuodRA PRk AER ) o
a conbi matation in hewerT géne thhkeppyideeoeeexpfessiuh of dieanicradrgatisnts ate operon; (3)

accepto |l ow th rocess of 13-oxidation to ed. The

el ect roé‘%é%:x%é"%ts 18;35 Oﬁmg/ g‘gtego‘r?ﬁ?f"ﬁeﬁ?nef &re cﬁ%ﬁrp?"e, acﬁg'ﬁ'gf?gge%ckyﬂf%ﬁﬁwse or
aer at i ooveséxprésgionubf uneendogenous gene encoding an acetyl-CoA acetyltransferase; (4) a
. mediu by shaki ng, spar gi with ro i r or oxygen, or._ other

appr opr F%frgyoﬁg’t‘%%ed@.%nﬂoﬁ‘& %_ém%gé@w?-*?ﬁgywsﬁl&alr% éﬂg%&ﬂ”é (e hgggrologous
provi degereenBddifigh 8-hglroRiA3Linb@yBaltdrl-COA rédielate. RPN AURRS®s a BEIHRSY for the
directly to the culture nmedi um The 'nmi croorgani snms are cul tured

in the FREVFIIANSTRYY Afidgtorevalonate andikaples & and 8 promiggeyeraplpryeenzymes for the
di gl ycegkglas ¢nd pauglceri des, phospholipids or a conbination thereof

at an appropriate ténperature that is specific to each m croorgani sm
By way of exanple, nost E. coli strallableg ow best in the range of 35C

ok 400 + o

tO 39C SO“E EBE iua D}JUL’; Co UMV LT LA Ty T 1T Cihe T argo Ol BAAYAR WA
45C, and eVeu'a';NG'ni gh—as—55¢€ E%;l;fagfdgy::el IR 3 A AT s .
28C 10 32C. 3310The hi gh Val uis g BRTMA e Al bt ok shd: OB
culture nediumusing a variet wpgﬁ3s|g(§;t- hods that are well-known to

those of skill in the art of Mvaystiaiak EreeABAIBE26088, GiBaIROWIS340561 or
i sol ating the high val ue chenNedP®ifincl ude, but are not limted to,

distillation, pervaporation, ;}}’?}él d-1i }l{gj extq[ act | (an, i on exchange,
crystal lizati,Qn,e.preci pitati off, 0l Xrabiitig" LIrEtsan, '

t he foregoi nglqlnsssdi rected to gﬁﬁgmﬁpﬁp i b °g1§g %nk rm,li- ee)eoﬁl\g\p@ﬁ%mm
other and further enbodi ment s HRIG.ddAGedudlhE Rhd BB Y. (FAELIGERIb: Wk Ao Ut
departing fromthe basi c scop@eisaaryodoi27asgd) t he scope thereof is

determ ned by the clains that follow Wiat 1s clainmed Is:

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 EGS50006 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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1. A microorgani smconprising: a) reduced fadR expression or function,
o][ {Ecre?sgingpressi on) of Ejhe fad regul on; b) increased expression

o] e ato genes; c) reduced sucA or sucB expression.or ction;
d) redupentitighof ehanolimmne x Figkseil§shows ﬁﬂ?&%’nfmpgﬁ ic?fb"rf’é%&‘le8}t tatty acidl to
nmet hyl %On%%rﬁ A mut ase expression or function; Oincreased

met hyl Sﬂy - COA decar boxyl ase expression or function; and increased
pr opi ony| - ClRAinsiustiimet eo-fofutts.as ey af theeshsve seibgfimsntss ity §p desiraplgsto

rsn 'C(F;'rb\og é% _nciesorp ) ifrniﬁelxtg,1 it}rnre] %dcur%?arﬁ%h r})f %@IL«Qutggth-\f)lrmkepyﬁo'r Qggtnmé'f ﬁ§ﬁlah§ of the
above embodiments, it may be necessary to reduce or eliminate the accumulation of acetate or
ethanol to maximize the production of the desired chemical. Acetate production may be reduced
or eliminated by, for example, a knock-out of poxB, the ackA-pta operon, or the ackd 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 dis¢losed embodiments. )

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/} to about 10% (i.e., 100 g/l), such as
between about from about 2% and about 5% (20 g/l and 50 g/l, 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., 1 g/1) to about 5% (i.e., 50 g/1), such as 20 g/, as an initial dose,

and then supplemented at a rate sufficient to keep the total concentration of the fatty acids,

38



3. The m croorgani smof claim1l1, wherein said nethyl mal onyl - CoA
decar boxyl ase is a scpB gene. 4. The m croorganismof claim11, wherein
sai d propionyl - CoA: succi nate CoA transferase is a scpC gene. 5. A

T o SbaSAREEDL M 454 B SPARAL AT IR 5400

or i ncr aagRJIfaRyPARES i mendplydehides] diklyRgdtsoniiglhteridesr easadbpatumsstiemof are

of the gn25£58b3 ?}?ee%icrggrggr%grgg.e%uc ugopr\lcgrgtra%iggsB m%);%reerscg .iﬁ/nde%rmfiﬁje Cl%}'* 81% of
skill in the art.

The medium may also include a source of 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 Laberatory 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 aeration 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 nifrite 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. coli
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 evén 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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d) reduced sdhA or sdhB expression or function; e) increased

met hyl mal onyl - CoA nut ase expression or function; Oincreased

met hyl mal onyl - CoOA decar boxyl ase expression or function; and increased
propi onyl - CoA: succi nate CoA transferase expression or function, in a
culture nmedium conprising free fatty acids, nonogl ycerides,

di gl ycerides, triglycerides, phospholipids, or a conbination thereof,
t her eby cwhvektklaigedsiai d free fatty acids to propionate. 6. A nethod of
produci ng propionate, conprising culturing a m croorgani sm
conprising: a) reduced fadR expre-ssion O function, or increased

expr ession %mEcngrggnqsng%nghg:b) i ncreased expr}e55| on of thfé at oDAEB

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

b) increased expression of the atoDAEB genes;
c) reduced sucA or sucB expression or function;
d) reduced sdhA or sdhB expression or function;
e) increased methylmalonyl-CoA mutase expression or function;
1) increased methylmalonyl-CoA decarboxylase expression or function; and
2) increased propionyl-CoA:succinate CoA transferase expression or function.

2. The microorganism of claim 1, wherein said methylmalonyl-CoA mutase is a scpA
gene. |

3. The microorganism of claim 1, wherein said methylmalonyl-CoA decarboxylase is a
scpB gene.

4. The microorganism of claim 1, wherein said propionyl-CoA:succinate CoA transferase

is a scpC gene.
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c) reduced sucA or sucB expression or function; d) reduced sdhA or
sdhB expression or function; e) increased nethyl mai onyl - CoA nut ase
expression or function; O0increased nethyl mal onyl - CoOA decar boxyl ase
expression or function; and increased propionyl-CoA: succi nate CoA
transferase expression or function, in a culture nmedium conprising
free fatty acids, nonoglycerides, diglycerides, triglycerides,
phosphol i pi ds, or a conbination thereof; thereby producing

pr opi onat e.

5 A method of converting fatty acids to propionate, 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) reduced sucA or sucB expression or function,

d) reduced sdhA or sdhB expression or function;

e) increased methylmalonyl-CoA mutase expression ot function;
f) increased methylmalonyl-CoA decarboxylase expression or function; and
g) increased propionyl-CoA:succinate CoA transferase expression or function,

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

trigiycerides, phospholipids, or a combination thereof, thereby converting said free fatty

acids to propionate.

6. A method of producing propionate, comprising culturing a microorganism comprising:
a) . 'reduced fadR expression or function, or increased expression of the fad regulon;
b) increased expression of the atoDAER genes;
c) reduced sucA or sucB expression or function,

d) reduced sdhA or sdhB expression or function;

€) increased methylmalonyl-CoA mutase expression or function;
1) increased methylmalonyl-CoA decarboxylase expression or function; and
g) increased propionyl-CoA:succinate CoA transferase expression or function;

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

triglycerides, phospholipids, or a combination thereof, thereby producing propionate.
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