M crobial Conversion O QOls And Fatty Acids To Hi gh-Val ue Chemcals
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a nicroorgani sm The m croorgani smmay be any” of "the microorgani sms :

provi degpseximnlignted in gobatiyamingnt s of the disclosure. The nethods
generally Comréfgfeg Pfe?é/ f‘em rﬁ'g aa‘l%e%ﬁ %Hm&o%g%ﬁﬁsﬁ{sqgat ah@ﬁp@x@lgtﬁ p?o%lugiﬁg higher
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provides overexpression of the microorganism’s afo operon.
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I n one enbodi nent, the mcroorgani smfurther conprises a gene
expressing an al cohol dehydrogenase that is active under aerobic
condi tions, and the high value chem cal produced by the m croorgani sm

i s ethanol. t he sent disgl ure rovi d S a m crQorganj sm
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certain odinents. .the m orga Esch | .. th
rbodt miRy BRAGIER Sanint Eorlle il AR TR i RABE LR, Hisifoerigen, Brcliiaes,
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l'i nking the fadL, fadD, fadE, fadBA, and fadH genes to the sane
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certain_aspects Croorgani sm.co i ses i.ncr ed expression o

Che. at oEErguisn W gl roBRA SR P PRI G SERF e it sy Soribe.

i ncl udi ng bI#t cé&r@din | éniBoldRflenttd thdJmltlﬂBﬂ’gQﬂSﬁdccﬁ%;ﬁ{s%deﬁl&e@ffam%xﬁfﬂssmn, for
oper on, npl e i sing a nucl ei uence encodi ng an

f or _exa conp Cl
at oC pr StaIRIe Ebf’rﬁf‘i‘%ﬁ"ﬁ@“ ébecf%ﬁ% BFRE PRt IR ¥4a B, %u tedripyrg RAipfgnYtation,

nucl ef caaghsh SRANERRE IBRAASH RGilibe iRk ARLEOR @&%épl T bihBKElbddinnts, the
constitutive or IndUCI pronDter y onprising a first nucleic

aci d se@e@ﬂ@r@a@ﬁw@m@gsqwdwd g ﬁencama riabexample ke @ muatatior in the fadR gene,
constit HltC{ go‘ou{ RAUGEhRL L1 Wtﬁﬁ%tﬁgodf AERAGh %@At@hcoﬁﬂs&u&?%{ﬁ&?& in the

encodi ng at 0A gene opefa to a second constrtutive
i nduci bfadRpgenaDheatl,ll (thtﬂﬂﬂbddmmllse the mictodrgaetwmmrsm:mduea@dtdnpreamﬁof the

| i nked t t hi t t
and a P erinpPE Ry el olR i stk 4Py B rsl L senes
l'i nked frOcatalirdblpetts,Cexpedstibhllof W @EL, AEDCAFEE faBdMBidefadH fene€ ttedinbreased to
enmbodi nents, the first, second thII’CL 3 d fo ur}airc} nstit t|v or
i nduci brkoup thensmer leyele for s amplebyc epesahly linkipg thy kDol .@pd fadH
whil e i B Uﬂ&iheeim%dﬁraﬁeie? Wil ol Sidr. asa&@@%esglbh o thea_}?lQLf ﬂubt WadE, fadBA,

constittdtive or uci bl e pronoter are difféerent constitutive or
i nduci bérel prbrgsnes ase increased tordiferentdevelse fygapmpletby opeiably linking the fadL, fadD,
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In certain enbodi nents, the concentration of free fatty acids,

nonogl yceri des, diglycerides, triglycerides, phospholipids, or

conmbi nation thereof, is about 0.1%to about 10% or about 2% to about

5% Inwparticular enbodi nents, the concentration of free fatty acids,
é

nonog| yeéki/aéd4, aaddedié epnegde twe pf gpigckiffergeispromppisesp Ha firpied smbegiments, since
conbi nak/ . } o I kUm i LO:al he

0 106 t o SR pAEEEBind t ol Ml the bR o e RN B Ber e SRAN the fod
aspect sgenedhgfadR | fungtionnis diedwnefl Lhyt hewvidimgrphel s¥goargmiism avith at least a first CoA
nitri te %%It%f The present disclosure thus provides a nethod of

pr oduci Hg ethanol , conprising culturing a m croorgani smconpri sing
reduced fadRnexpsiasspeots, ahe hiid¥edigaiism WoniphisdsCiacrRased RpRES000f e 4DBAER
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bver ox onfIRAR B Dol Brofloid: 08 SRR MIclE Wi b SaRE S WS aros gene
acet yl tapansfyelisied torz yrend cogeingive @y dnducibl€ printideraf tRRPnhEER 428 sequence
acetyl -Co(ﬁ.s nt het ase, and tgie thg)h r}qal ue chem cal pr.oduced by the

i cr 0orGEi¥nine glokeang PRCTARINNKPE I PANSHBiNF &7 Indsiblp aramespio pidie fugth
M cr oon@gaReics Hig W¥Rlidnes NElcs BRI GRA af 3] BeRX Bp@SHLY AMked th U ¢6drN coitutive or
i ncreased expression of the Tad regulon, 1ncreased expression of the

at o DAERNGHSHYS Progipiet; rlaresdiacembegineets, dhe Brst, spcondethindeand foash consiidutive or
a_phosph@lch186Rmekdr ra?@ﬁlfe%ﬁlﬂﬁ Cofkhitlftive ol Hd%@i%fégn%g{eﬁ SHifdn %tl*e? Bmbodiments
ADP-form ng acetyl - COA synthetase activity, or expression of an
acet yl ti@ofrst peands third, anck fiowith yortstititivé onodichls poomhoter ark iffeeniroodstitative or
acetate c{ rL.om acetyl -CoA. In certain enbodinents, the m croorgani sm

. ANAUCIDIC PromoicLs. . :
conprises inc ease(ﬁS expressi on of an acetate kinase gene and a

phosphat e~ adetyttdin ambidineae, tienticrobanismadilptistlya hileie agadeQiptELSToding
of an ackA- pt ron.. In other emhodinents, the 4_.mcroorgani sm .
Conpr i éeBiehAgaliel geRidsperoaieghrolsin gl SOFH e HRIHeERR Gendigns. In particular

synt heteabBdiatantsy tHeYmicfodFgaBisa@nSprit¥s b R6¢168 36 sBaRhES&Ic8ing fn EN 8oR e/ bhol
and acdB genes of Pyrococcus furiosus. In yet other enbodinments, the

mi cr oordglsiragenassimspleiieepmptisingsnamacidic amingowid residopatanpsitiont 54§ of the amino
act! vl bt QhedcdN & AR W Bklc Ymh RAQ Wkife2GBlifon’ SATOAIR Yhnidd Bria

In certaln dspects, m Croor gani sm conpri ses ‘an endogenous
acet y| s@paney rinivettais@spests, thetnyictdosganisuncimpises pnudleic atig sequepecencoding an

oot & ChRTGRRS B el bR T FE Y BBt e i
synt hetaidgeqehta | Inyothdrakpdcts) diel midtoopgani¥al tdnyprises phaedeic acidcequrhes éfcoding
acetyl -CgA, ;and in further e(it ,, the mi croorganj smconprises an .
exogendus? é@'fwfeﬁoﬁe@ﬁme?@g‘éo aa?}iyx‘}f‘tgﬁ"”tsﬁal?f"?e%hé‘ﬂﬁtoﬁs agfendRyqry agrgbic
producesmfigdmt € from acetyl - CoA. Thus, the present disclosure

provi des a method, of converting fatty acids to acetate, conprisi n%

cul turing almi esroby garhogimendspthes i migraosganisay fustheyr eepipaisesi gpdused NADH
functi Lner i . |

excpr es Srpeh R SBRETOPPLASAY, o SankelPs BRI RH MO AT EGARGEnase gene
acet at én kihenaspege,the aricraopanismphittberamatpyists amsfac asd sgprece emvodiegsefddE

expressi gn of an -formn cetyl - synt he e activity, .or

expr o8 ST gt e APy S CHARES A LA BBOEC I § JAE RS0 fep i crample, 2

pri mar ifwarft $adB ROUEE HAE 8§ NEADH QIMNICELY hs £R4\fadtdt, 8r § EdBRIFrotave that Mturally -
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m croor gani sm conpri ses reduced sucA and sucB expression or function
or reduced sdhA and sdhB expression or function, while in other
enbodi nents, the m croorgani smconprises reduced sucA and sucB

expressi on uced, sdhA sdh

expr esstof PARLUPRLAAR. 200, Bedlioed s And o< PSR Rt s or
r educed gugikiu gapRIIRSSI On Or functl on or increased expression of an

aceA and an aceB_gene. present disclosure thusnér ovi des a

met hod of com@fsfiorqag}h$ étsekpsg& Iagwi@ﬁ 8 mediadaploconyeming; fesenigity (ACtdsr P rFéhaé“’l
mi croor Q%Hgﬁﬁhé;(em&% ngfc?&f o4 r:fl%%gﬁ%‘lﬂé Gedicen ﬁHR féiﬁ%élgﬁhoroﬁmcuon or
i ncrease xpression of the F 2d I'ncreaséd expression of

at oDAEBirngesies] exmcaamdofsthieA(aérregd@rB insepased skpressom pfi st a@ﬁ?AFd?naeneS aﬂd a
reduced S4bA 9 sdh u L i

conpr i ol n(gg amd sfegltl%cg)%%(gﬁl?é rgrxg rallgcg (yc%ﬁ&(%fggena%éq}éﬁte(fry kﬁav 1se am iHdkr aerobic
trigl yceasndilmxs phtasqnﬂmke piediym cubn@nsmgtﬁrmfat@mmdsemmfoglyk:bﬁdwbynglycendes,
converti iLd.free fatty, ac sycci nate. . T resen

i s61 os NP U PEY PorRadiciEbrsel ey Gemerig eistErars g Rheephg
culturing a [ CeRihdJMbDAEDARDT ihei Bende@eiiead of afiER iy ems)nn@ﬁoglycendes,
function, or increased expression of the fad regulon, increa

expr essﬂt&lﬂ%ﬂdqsh@%!@DﬁEBPB@rﬁ’éQhPlﬂ%dﬁ6@‘6‘3@%‘?‘3 hereaf; éBa@{-&BrOels/Slt‘b Aot 10%,
functiog, .60 2R4YGEGuSENA B paHEBCERRIRERE RE camgﬁat% of Bed fatty acids,

culture nediumconprising free fatty acids, nonoglycerides,

di gl ycemiogeglycarideg |dyghecrendess triglhessidin Iphesiphielipids; oncarahinativartheraof, ircthe enlture
t her eby i 0sS

R T T I L
art, subhscas :{spe;m;ﬂteycuﬂtumrmed:mnffanﬂnmmbmpmma amtrate onbntnildnsduy i on

exchange; crystallization/ eC| tion

extract on. 1 resenf fss iR RS sfpidieadinc oferifidePa sALRE somprivos gpuring
conpri Sﬁ$marol§§ﬁﬁ Kﬁcboﬁtﬁ'lsﬁlg(i"éd@e@ﬁzaw expté€sForgNRanctitn, bPinbreaguddtxpression of the
knocked-out sdhA gene or sdhB g %ﬁ or both, a aene over expr essi nég
succi ni fdsEel an,dewwéd&éwaﬁ% the @told kR penies, A9 W&%f*%é sgguence encoding
ganma- hygl %%M&Lﬁeﬁwr‘égéﬁbg pREGH Hf 9? HERE un@&dae?otﬁ@ O5ndNISHSE A @EFkrB Indium
| act onase. The hi gh val ue chem cal produced &; the m croorganismis
gamma- beempasing fisa efattytasidsy @mnglymr@@ odigiveerides,sirigtypgriérss pRospholipids, or a

m cr oor 0, i X i :

nr casenenaCHRIcLE BitelZHliaRHn} BAhd HETR B HhaldlNah K hccdholihed by
at oDAEBstgmﬂmd; techeiduesckhosncit thosesofcdkllénpﬂlesasm echogs eemvety fm the deesgtation
sdhA or s Xpressi'on or _functi.on G expression or function
of one. bty GBS eR RrHRer bR R AR e nace,

succi nyl - COAIIC@ﬂ’iei eMBSdiaieASe thed miGbeghiiah eioker| doggries Boes eﬁ&ﬁﬂpressmg an
gama- hydr oxybutyric acid dehydro enas reSS|on or function,

i ncr eas8¢Ft3ty ‘tﬁ‘ﬁ%%ZYé'}Fp?‘é‘s%l%‘ﬁsRﬂa i %ﬁ”?&ﬁf@ﬁ IESh SEeMarh g%‘iﬁﬁo?}’eFf’éﬁfeésmg an

the m crgg. ﬁﬁﬂin?gma%ambﬁe%yhm%@ssﬁh QKO Bighi QAluer chémmiell GRodifed WOy the
or nore of succinic Sem al deT\g/de deh dro enase, succinyl - CoA: CoA

t r ansf ermereorgavisyy isciaqetets- Colng inyessal digeloswre; Heenforsr Pravifdss dp ngyigreorganism
the mcy Hﬁé# e#Sfeflotioh BP%&E&Q&PE HRfh! N1 fad regul
succi ni g&gé ﬂ&g@g‘[ﬁ rr%:)sg@hase cstucclc:)l nyl - CoA xAr\ transferggereguon’
and suc dicnaset mptes’smg as ehe atoDAEB\lnése anchincesassdionpressiemphian edejade kinase gene

gﬁ 2 >C/|d rmo % e ﬁg@%@a&éylégﬁ%f%g 5y é%g; g:?dreals 5 Cﬂ; %&&g{@lﬁ %gg?—%&lgéggetyl-CoA

( NAD+- d@j&ﬂﬁlﬂﬁ@tahnﬁfyom & préion of @A hcktylf Coxsyvitadsa attivityuhattfubetions bomasly to

Al dH5A1 from Honb sapi ens dhl _from Arabi hal.iana, or AttK.

f r om AgPEWHER 8FF1RIMm OmeRcebil A Lin estiaine em&ﬂ&'"@ﬂb \gﬁum’@&ﬂfﬂi‘&&m comprises
transf e;as&&ABREssIonOsT 8n \é%ét'a@t Yine SQUEIHASa phbgphht@ &@fyﬂt?dﬁﬁferase gene, for
enbodi nents the succinyl - CoA: CoA transferase is succinyl-CoA: CoA

~ transf ecsaseplé rsmiireased | enpuessionupy eani ackdpiay ppesRci At eher embodiments, the
4



The present disclosure also provides a nethod of producing
ganmma- but yrol act one, conprising culturing a m croorgani smconpri sing
reduced fadR expression or function, or increased expression of the

fad regul on, increased. expressié)n of the tngl’E@P enes, re u(ﬁqe)‘g su&4
or sucB™EYPPIELNFBnCYRPHSGEH CRTTEATSY rRBTrERY SAn SHTBUS ArENsT Yy Bpthetase
funct i opetivit)C F2E&QFh X Byehmelefdd Odxplddsich | SINthOTacdACandr 2B Berfth SUPFoBbdeus
sem al dehyde dehydrogenase, succinyl - CoA: CoA transferase, or

succi nafieiossn Inj yphather prbediments, the FieropsganisR BMPYFSsExaresHon of an acetyl-CoA
dehydro I : it i a :
expr csor e AR R TRich BTy (FRHARE WERRE onf SAECEA,  In cortain
aci ds, apedgl fheemictesrganisgl yoeprisdesin endagenymier 2a¢td-Coph sypheshsep actsvityothat

a conbi patj.on thereof, thereb rQducin ~ but I one, ~ .
Recover DTSTODAIEET G st aneiht P aCaESRT e il ¥ BRligpng of & cot
t echni quaie kinower hspecRp e Wifcrakidnism Borhpeserat mulanrchdedilWOPpA bytithetak activity
limted_ to,. recovery fromthe fernentatjon brofg gy vacuu

di sti |1 %@} ghncdiens inginagly itgurraduegs pegiats dipm acetyl-Cpgy, and jpy fugther aspects, the
embodi NRidroorsMsiiceMPASGAR XBhdridis Aty AU EriiRtase akinAGKBar RHEH oY pfimarily
gene or sucB gene, or both, and a knocked-out sdhA gene or sdhB gene,
or bot hto poducgaceste fisxprestdiGed- a succi ni ¢ semi al dehyde dehydr ogenase,

a gene over esis - b j i ,

and o gene. ob ey kst RO K MNP AR08 6 acoate,
over expemsmisng awtwingoh ghichehgadisog esraprsing redueed) Hadih lexgressimanc dlinction, or
produced by t.he m croorgani is 1 4:butanediol..Th fore e

br esent TR ESRNA Ths 2 FBUP oGRS PiPtession o Bier g DAER ceegs: and
f adR exjpceasddaxpession 0f ih acetat® kinafiCeha e @ phsghatksicorylitrantfeidde géie increased
regul on, increased ressi on of the atoDAEB genes reduced SUCA or
SUCB oxBTRESSIOBRTGR AR arbiiiad SEPERESS Al OB SRTERIATRY 4y 2ectyl-CoA
functi ogimtlichzt QASAH 4P FAREbApihadlyNGt producefaceia®e REmNREST-CLAS Us Gl Ailire
sem al dehége dehydr ogenase, succinyl-CoA: CoA transferase, or . .
succi naMEGYM |cPFRTENS| Fee ef‘agbdacgkvmowwutwmera’@ﬁd phospholipids, or a
dehy dr ogenAs&icR R EsTShRRbLY onidé&&%g!sgfa’fréefi%’ty?&?&% ab&sbyde

dehydrogenase expression or function, and’increased al cohol .
dehydr ogenasBhegxpeatdisdosue alfeiproviden2 method ef peiducis glaodditemaemprisingeulturing
m cr oor gapi r B o) funct.] r

mor e of * BnsoaReR sk Biighf HLEBIOA0R HRAERTICN ol lih sl s of the
t r ansf efadsegul@t, ilsweasedatpeestion off ilgaseDABRigeres| mdinbessed rRprdssimndBSan ddetate
m croorgani sm conprises. increased expressi on or function of s [ nicC.
e a1 CERCETEI o BBRALE SoQ R orED Rt ATt PRESER St ADF-forfing
succi najceryFenAl dyatRise activity, WixbRsdbsl ehiffc8ewdr SateAsSadta R Yunctions
source can be utiljzed, in certain enbodi nents the al dehyde .
dehydr oRfsRardlE to sroduer-pestats feny IceRiCeAc 81 f culiie msdivny pampresingitree fatty acids,
dehydr i 1 U RBAGHE cailtes, MRsphol PldsKBHE dohfbReR UHGEDN Rereb
aer ugi glggg@%e%%;rd%? whi I'e gl%:/ sgﬁ’r%ﬂ?s%}%c‘ %I_dé’ohol deh;/drlo enase’ i s oY
sui t abl mroflening)sestaté. nRpeavercef asetatentsodienaseenplished b stehdard 8echniques known to
dehydr olggsnea(ﬁ%kil el opanedi ol dehydrogenase from Ci trobacter

freundi " or RI'ebsietqa ‘pneunoni ae. In certain aspects the

m cr oor gani slmahothtihemboeiiment) the micrechgaresin fididr dedapdyes g dnacked-@xpried Jeotior
or activity, such , for ex | e, el etion all or portion, of

© e NATHeB e Oty bR 3 GRotk S S Gse B B B L] ER Fighvatue
provi de&eﬂaiéﬁ?{bl‘&dc&f bif tievifiictdonganfsat {sYsuddihals. Thusl the PrétennarttBbure provides a
conprising culturing a _m croorgani smconprising reduced fadR )

expr es STSFOBEANHH EPPRSing reduprd fadR PSS LLTUBRIOM Of HeTssed oxperssign of the
i ncreas ' - at : d S r :
expr cadr RN Rt pRe oxbie i e 2 ISES g HOACISHER & bl Rpression or
i ncr easfadct@nprapd sieducedrsdidnat i efpressenoor funciomf Iaucariam embodiments, the
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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 ncreased net hvl mal onyil - car I si f '

. sdRAS

| ner eas Bt B aRY Sy REE SR AuC R A PR LR B flon 16U R End
funct i ordhBMbipkeasibher fiaictign, vellilenp lotHEp dmbadiments, the triigrberghud sl co@pAses reduced

decar boxyl ase, and propi onyl- CaA: succi hat trapsferase can.be..
o omadani.waB exBieafon B, fnehon g el coCetd B SHIRSel X filfien. In
IS a scpaigfRCasptds tHEMyobRaRN fufthd: daprikborihrd dciRSexrasip og éntttion or

and the propionyl-CoA: succinate CoA transferase is a scpC gene.
The pr e¥erased apresson ef anreed andan gead genfet hod of converting fatty

acids to pr Oﬁh@g?és&t,éi%h}esiﬁﬁg N d RRIRAMCIROEHAR R 6OEPHI Sidithate,

reduced fadR expression or function, or increased expression of the

fad regeboprising cnldaigda enjsransginin compriging trodysed fedh expression @8 FUBHiOR, or

or sucB.ex j or f I d : e I r
ifcraat& &l 9&8185 otf #5&% 1&;‘%10 f(}'ﬁﬂo_ﬁtﬁil%%%e?gés}g}e%mf gP Bhe Mb%@' ﬁﬂﬁg gcduced

function,” T hcréeaséed ne expr ession or n,
i ncr easegtAnet meBnadpessyion GeAunaag bok ywdased efdr@ssi@nexpresfioncirifomctioanth a

i ncrease ropi anyl - CoA:.succj.nat e CoA. | ransferase, expy.essi on or. .
funct; oRtnh BeBi PRPHSNE (RPCmSY iy PouBbeaids. distscerdes, tiglycerides
nonogl y ?Eésbﬂﬁﬁpidsq b&d Ysbihatesh théredf) thefBY coeertinparTheR! iy Slbds tolsuekinate.
conbi nation thereof, thereby converting said free fatty acids to ..
propi onate. The prepged giseleBie e orayidss & Mmetpdppbprofusing sseiRaly, Gpmprising
pr oduci pi F dnSd i nGU KN ) gani IS4
TR e i e R
fad regexmessionmftherod demiqm, wsiaonl exprassien of GpARD Hdhgenes, redised snodipsAucB

or sucB ﬁ%&fgﬁﬁﬁgr%%&{on{ %r%c %}ﬁ%eﬁy_{d?%o%i\%%{iﬁ ggé‘e&fonséjrrfﬁn&f%r ﬁ?? o8 medium

function,” I'Ncreased e expression or function,
i ncr eas ecmpriditiy lfira | fatty |acids Amtb@oglyboidys, adigl yeerpleg ssighyrendesf photphohpidgnaer a

i ncreased propionyl - CoA: succi nate CoA transferase_.expression or .
funct | oRom PRSP FER dhora T E MEHG. SRV TR0 S Rirhfscan be Secomplished
monogl y 6¢klafl@sd tedh@iy@ambodago tidsk of el id tesart, R aphebidy dom hk farmentation
conbi nati on thereof, there i?g@g}_rgl_‘?j_uci ng_propi_on&_ﬁlie.-_ Recavery of . .. .
pr opi on2tath byuipnisechange, ohy opprecipifaticn. g guekaldeXtRstioRn to t hose

of skill in {Nh@oalet embodimeh@tmﬂﬁfgaﬁﬁﬁqqﬁ%%mlpﬁ% UL 8ARLS Bene or
further conprises a gene overexpressing an acetyl - CoA

acet yl t sueaBsgene.ans dothg apbp knepked-wibidid SenpgyongdhB gene, or both, a gene overexpressing a

acetyl - ; - f.e 95%%2 o) ¢ i @t aci
acet oacg?dglngggérgig?%@% %@d}%g%ﬁi é?gegealoﬁgg éﬁrgm i %a?%ﬁ%@%ﬁﬁﬁ{/ﬂﬁt he acid
m cr oor gelnidsigenmseqael 0 gene dlveexpreasiopt laitewses The highevabdeoctkenpead prathiced by
m croor gani sm conprisi.ng redu eg faﬁR expr.lﬁssi on or JfLinCti o] OL ovid

[ ncr asHiF GRGRSEESI F  eHEERIOPUREI,,  (TRe DS dRplpire; s oproyides a
at 0 DAEBn{jerbeganiki Ghapsisilg aedicyll /4R expestivh or finrtien,as dnauspee sxprossichOof the
or function, |increased acetaqacetyl - CoA transferase expression or .
funct i offd BRHONNRPFIEAEE FXRECSHER O iha %foeééér&%%ﬂra@@e&fﬁﬂegfs% Gipression or

funct i ofynclibn, Geddcad RO HBE  prossibi 8r Bl ikRéhsaf BlptbdsioAnst| fBhdRA of one
can be either endogenous or heterol ogous acetyl-Co

A -
acet y| t pamofephspscinigngmigldeivde debydsestnassnsuscinibCap diady transferage AT succinate-
t ransf egase: : - .

{1 ancf ertgs%el.lé;ﬁ%r-li ig‘g’reﬁagWmﬁ%%hﬁéf%lc%cgéﬁig@gaa?é‘cgﬁﬁr&m@& function, and
acetyl t irmresfer dtoriase AkpBsdicrororEfunctagn.  dn tértat adoflinpemts) et miaioarganism
acetobutylicum. the acetoacetyl-CoA transferase is AtQAD fromE. . '

o 1T ABTE CroResRa IR GBUFITUT. 0 € nEok Pomietf comidiftyde
decar boyytyasspchase AGRcdifIFTSA CHHAT itfnsfetass eboutathite OFA ligase, Fhide in other

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

expr essi OB@ G %ad reo%gglég i ncreased expression, of the at oDAEB
genes, FREPULEY: dteryict Rl COMPHSE sFGIeAd  SXRIPS8; 8h THRctiopnet jsaspinic
| ncr eas eghmiakRhpRARhydroféisd, baRilyR CBACEX RAREThRNaRf subsBREICRRA, hgase

i ncreased acetoacet ate decar hoxyl ase expression or function, and

gene encodi n§'ils %ecvssipichisrIRdShydn dshy Ipgengse pant Oe efffﬁ’@@ﬂﬂmource in certain
conpri Sbﬂgoélﬁﬁﬁtsf aﬁ'lEy sa&!uﬂé sémﬂf&hy&erdeﬂg(ﬁ—g% gglhyg;e 148S. r%NAJ:F linked) or

triglycerides, phospholipids, or a conbin ereo

convert Sﬁb(f%éptﬂ-dep@ﬁieﬁﬁtﬁoyn &ceals Gabd hﬁ'phyMyalbetatzem tubercu!os't’h eﬂ\lpHéAé rftom
di scl os r t.hod of , produci acet ate

oot SHRomp D" SR ot TERRM 8 DAL AP koA mstcin.
expr essLikewine, thsermtccmyﬂ, CoA:Garc tremmt;eeeaprlmsﬂcmna Qhridth e;ffs&ﬂ"cés?@tlf @ certain

i ncreased, e essi,on of .t AE J ncreas ace

acet yl tgaR%crg'F%tée 6?‘%%‘%3}]3;?%&0 E‘@R&n TARSC | 'ﬁc?‘é‘&g‘é’gg &Q)%CEWI&’T@?A&OT“
t ransf eCaseidiuwpr €5pidl) OdetfliB6dihA0, ChICT RASRsEC &oRACB AL o monas foetus or
decar bogél ase expression or function, and aréene encodi ng an acet one

ronooxy GERERE oM Praces At a5l -Redi YRhEBHD (A MPrgrming) from E.ycodic Similarly, while
nonogl y @@ sk Il :

o nag ot oA LR i by YEARp of AGRRN kit 05 cofln Aygects the
met hyl %H?é‘tﬂaﬁeéj(b‘hnhwead&oﬁwciﬂyh@dAb;Byslﬂlamhr ﬁomecﬁlnlcqlues Iémdmnakby the
those o i nﬁ tdvel croorg

furt heréagzljﬁn% lrh# %x’ggya edril%[ecBd dehggr%e%é gdélgb %’nﬁ-a ax%lfl%nd %'IOfa%"Hflﬁr @@é‘fﬂ&%‘@"“‘“
f or t hecroodmess orthof gahmlfah)&irﬁ},éut}ﬂcl saxfd Ophh}adrogéﬁbﬁ: pises Gﬁl{ydroxybutyrate

di scl osyre .t heref Crop nlsmc risin d fadR
expr ess(lyélﬁdmlge%ﬁﬁgw ‘QéFP"i“ﬁﬁfﬁ%? 51‘%? g? Hé]ﬂéld @‘?ﬂ“&rﬁ’l""h"l
i ncr easmyepogems ifiem Bbs UbﬁuﬁtHEﬁ&Baﬁ%e?att&ﬁﬁdr@é’g‘q‘% th&%mculus or
acetylt ansf@; ase exo’q[rpéSSI on or functiagn, increased acet oacety

t r ansf eVHSE U RIS BoFom Marobacterym fumafecions o Funbesmerss e*thalpéactonase fom any
decar boseyitasan 8% BERSH QRaflenlbBintdnBthe ABGNFIENERA TN ToRS QQM%I of Mus
al cohol dehydrogenase. In particular enbodi nents, the secondary _
al cohol mﬂ%?ﬂz)/'é] &g&fa@wgsobsa@ﬁuwm«;r:m o1 lipaserBhé fipwr Candida anerr ciichh

from Ther rmafga Qﬁ‘l?ut g e u

therefore prov s a %%%Bg-ﬁé#é c%lﬁvlélﬁr?c;rl%: 5}18{"[@?@%5 %gﬁjﬁhge;%scr)edﬁl 8 ar%ADH
conpri sddlgdlvgﬁtam Pxigessioni wraotvigaforsexamp ey diletpnr afciliosrch Ii(ﬁ'tinﬁh of the NADH
expr essdeﬁydr% enage |on or increased expression of the fad regul on,

I ncrease ress 3% of the at oDAEB genes, increased acetyl - CoA

acet yl t r ansfBreasfereg i agasenn dselobuts Chrovides iaefediddcdf avpi@aee ity Goflis to
t r ansf er ase X ression or fupctio I ncr eased acet oacet at e

decar b&&H fone; (FPrgRrIsgn Cpltiing dh ST PERDIT cRMBIGING JedusRdafadR

al COh0|ex§f3§MQﬂi 9f GRRE6n, drnn@e&% e ressmdéﬂm 9’ Bh n&mfeE&@ éxﬁféséﬁon of the
aci ds, nnnqgﬁycerldes iglycerides, triglycerides, phosph

a conbiHeRABR sensy ednced Wed OpyHBRIWESIPREr BaFtpr, r@@wchxd!@ qa@ 5@6}5}1)‘63810n
i SOpr oR@NRInctid? increased zﬂﬁ'eégfo‘ﬁssptfm%tﬁﬁl &5%@ cﬁl ﬁ*n%réj ?‘@uggﬁlc sﬁltaf&%lqyde

of producing I Sopropahol nprising cul tur oor gani
conpr i sichydrogehased mdmh&m&m omramferlasﬂ;ctoronsuwmaiermamadegise increased

expr essj increased ex res of the ato B
genes. HfitrehdSrBfi S8 Pt R et S Ristheli v BrrriRc R opase
i ncr easagreasiet @aciytionCdA 4 rcalnet ehadiem e iR g0 fred I faftyl rh@id'soihonoglycendes
mcreaseé ce Pglg%@ﬁﬁ ecar box | ase pr ﬁl on or functiaon nd

gene er@ éfF‘?f@ite BiG5: of1458 “%%%F"é’gé grely C‘?'}Ye‘&“‘élﬁmﬂtﬁ’e@ fﬁ‘@ﬂi‘%‘i‘ﬁ to
Conpr i Sanshd-hGrofadtdn¥. aci ds, nonogl ycerides, diglycerides,
triglycerides, phosphollplds or a conbi nation t her eof thereby

produci ng i sopropanol. Recovery of isopropanol can be acconplished by
7



The present disclosure further provides a nmethod of producing

1, 2- propanedi ol , conprising culturing a m croorgani sm conpri sing
reduced fadR expression or function, or increased expression of the
fad regul on, ThOGHEAREHIERESAL Brilfdes NP nBRGE dleiiRe .?eﬁﬁtﬁ@-gﬁ%lactonc,
acetyl-CoA acetyltransferase expression or function, Increase _

acet oaceeyprisheen colterngf e rmseoErmiws sooprisng fradused oAdR ierpregderdr function, or
acet oac ?&c?éa?eﬁ&{p@{s@%ﬁydfqﬁg 6&?(106%31%3' %@re%edfelirf)%séigg of %datgpg%%e%ﬁnes, reduced
encodi ng an acetol nonooxygenase ahd a gené“encodi ng a glycer

dehydr ogreniasesucBr expragsing oe fomdiongreduced et orndhb @xpgssias or fumctj@rn dncreased

encodi ng an acet ol ki nase; ene _encoding an L-1, 2-prgpanedi ol-

© Dhos Pt ey (fodihaRe. ofh d08 GEndahe ot Aoy FEBpGRDAE  denydrogenase,
- phos phaiRinghCoRhEs A $@nsfeiasd of Yhdcifate-OBAli g« HBEdsed Banthh B9dorRYButyric acid
aci ds, nnnoglycerldes,,dlglgﬁgr[des, triglycerides, phospholipids, or

a conbi AERYIEECPaEr FBFessioh &relipctsne e iipgeased Jnteranm eaTeTsIonReE Sistignom 2
1, 2-pr OQﬁHﬁS"Iﬁlediﬁﬁ& BRpAGEETRE Shied &Yds?tlﬁ&%fﬂ,elti&%ggﬁg E2idk 8 OMB1§ @rides,

n
those of skill in the art, including, but not lim , recovery
f r om t hehdsphotinidsapt @ nombisetionhthereat tharelyi produding gammabutyralaitenet iRpgodery of
ext r act L Qfma-butyrolabndeda e 486m f&'ﬂ%bﬁ‘tgﬂﬁda&%ﬁhﬂé@&@&%? R8kd 8 S1PIn the
conpri s€s a gene overexpressing an acetyl - acetyltransterase, a
gene ovengrguding) ing nat Bmitydito) xechwdry ifipin Be Acrdehtaton hrtiabe vacuugedistillation or

over expt.es.§i.ng. rot onase, and a gene encodi ng a butyryl - CoA

dehydr o 8?@75’@. “fll‘ﬂ‘ 3H%r oor gani sm may further conprise a gene

over expr essi liga &thac ehbddifaenAt, deahieadeiaisnCafther engirdeas nedkedout sucd gene
but yr at e- acet oacet ate CoA transfera‘;e, or both, and the high val ue
cheni caP" greRIERE BY Bt ARG o SPAARTOH Peih AP atte S9Mth EopT-eQebpth, 2 gene
di scl OSY{&eAEERECT £ RBIRWMiIE e SeiallehiROT BT URIBAREPT i Sigege I @dtiegstedAER a
expression or function, or increased expréssion of the fad regulon,

i ncr eas gemERpydwsyortyod 2¢ié delodrEBngeneand g cEwgs eyegERESHingCom  aldehyde

acetylt i ] j i ) :
3yt oSS HEARS SAALERS BecRbrel il Alonch BGBRRStce, The high valuo cherpical
cr ot onapmdecdrbgsthe omcworgdanisot isdi-betagpelivd. diherfibragthb pregent| ditioure provides a

dehydr ogenase, ..and increased acety] - CoA..acet gacet vyl - CoA transferase .., -
or ot v PR ES SRR ol BRE B REoRS ek aReuBE S REREMY, or ShreshE BRARERE ot he
gene engridiegdopidsfeRaidr pedasiby 0¥ tes a0 Dl Bag e eedabeD sticd Qorlsilc Brexpeession or
ki nase. In,cert@i&n e&&odi nts, the m ¢rogQrgani sm(gogrises i ncreased
acet y| - Bgstion dedced Fdhd r SRREF P 06 fuagidon, (aqrase G eXRIession 8 TURGiop oA one
t r ansf epAgRrEHPHREIRICRNRAIdEHAE kY arogfhideEsiRBY yBOHARS Dfransferase, or succinate-
3- hydroxybut yrrl - CoA dehydr ogenase, crotonase, and butyryl CoA -
dehydr o&éﬁab_sasgann%ased i Samreathydrox yhupricc agid rdebydroasnesespiepson or function,
3-hydro [ d NR5@sdich SPRnETRAMu RRfhdedi #Bho] dehyd

acet obu%ﬁ%ég#h?%gcr to‘ﬁg;eg%%i .sﬁlf%?%?nl & ost rc?léll um acet obut yIOi g:eur}r(].magﬁrcliase
t he but yxpressidnAod dmationge fmswsrtais Bobodiments,Ciles mi¢rdonganisrs e¢cornrisgs iineraased
The di scl osure thus provi.des a.nethod of .conver.ii I t :
butyr t Sreien, PHREP eSS, Br Fl 3F BlofitNERiMbaRob HehYorBfldlRe, fcoiny-
fadR expbaAEeN frangferhse) Of BuminaerCoA tipaseswhile psthassntbodoferits) ehef mitroorganism

regul on, increased expression of the at oDAEB gen I ncreased )
ncot I - ESAPIERCE {RATEASEEh BHREPSIIO8 Q5 BRLISE; o SuERinF GHBIAUHYdS S dpggnpse, succinyl-
3- hydr oxyattyA Whnsérdsed by dicoid e Bgaé.essi on or function, increased
crotonase expression or function, a gene encodi ng butyryl - CoA

- Ityry / .
dehydr ogenas &hilgraddenyds dehydrpsgrase filomGyy: seuecesae e Wilizidan seaiayt gpbadiments
or butygat DLOSS )
qene. e IdGE, SACHABLAL RN G0 Honf HOLRS S Ao Bireldh(d. RhydRizcise
| ci nase froimndrthoblttar ep. (MPumoc dapBi fedra Psérdoeroniat vsyugipods , Similarly, while any

I i des, ; dj gl id Iigl i des, .ph hol i Di.ds.
Cont natt e phalBh SERBGE e b b iRy if BEIRIRY flolim@ G atcohol
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The present disclosure further provides a nmethod of producing

but anol, conprising culturing a m croorgani smconprising reduced fadR
expression or function, or increased expression of the fad regul on,

i ncreas ressi on th D e i ncreased acetyl.-,CoA .
scet yi T PANGIIenRE B hubp il HERapEERSe | dBRLERRRcRR Pnd™ Y Kichsiea
3- hydr opyhurioniael - CoA dehydr ogenase expression or function, increased
crotonase expression or function, a e,_encodi ng bytyryl -

dehyar ogenasth S b AweEH CHRITIGOBEy i TEH FEmREryPH e RAD PRy drogenase
gene enesteRbnbot aaplityd el g oRp asemple, aesidar of all GRhwlportion of the NADH
dehydrogenase, ina culture medi um conprising free fatty acids,

nonogl y @Fﬂdﬁé&{’asﬁig@lﬁxceri des, triglycerides, phospholipids, or a

conbi nati on r ti D% BleP i i 3N Q) eth J S VEI ek o PRt a NG
can be accorrptrﬁl spﬁg%mbﬁ%{ogn arcf techﬁ@auesa{no?m to tﬁ%‘s%ﬁo SL?| ?Au}lsn fo
t he art },4rtntdngdioh gromprisingotultiiing hedicteorganisoovenyrisingraduea fadR expression or
fermentation broth by vacuum distidlation,. |iquid-1iquid tractian

or " per v s 6 foreasis SBFeth B e e SR nsrp 4 Rar e s TP OiR enes,
f ur t her ralogd s :1@ASorasiGBNExposseia Xfir fassiong redacaicadhyll oiCahB expression or function,
acetyl transferase, a gene overexpressing a . . .

3- hydr o¥Fo8SHeERTFSI% % anchign, of cone % BB oF sucsipie seginiishyde dehydrogenasc,
over exphaemiyRgoA:CoA YdhiTEMse o BhdtHatl- 08 A NighseCadrdassi £hyddLyduEHt acid

val ue chem cal produced by the mcroorganism.is neval gnate.

Ther ef ofYd{Qgensse e SEREsSMs 6T oRINFIONa dEFersH apldghyse o dehydeoggnase expression or
m cr oor b BEdeSdeq 0 g 1 ctlan .

or oas ol £ TRtica ot b Ak BpFamon br Fon A i AlewiBfe medium
at oDAEBc@yaprésing ifive rfatis adidac sropdgigestides atiglycaridns f wighrseridesp phesphaipids, or a

functio n i n - I * hyl. gl ut l.- CoA.synt hase,
I T A S R R R W S D

Al t hough anyThsopresent discRsigdilsoxpyroBideses mettodwifaryductagAl 4$pntahedial, osmprising
3- hydroxy- 3- net hyl gl utaryl - CoOA reduct ase n be utilized, .in .

part i cuPAPTRELEATRERFEAITL COmRTaRE,Arauset 2ER ) PRprestiany fr EHIRULH NP faggeased
i s Ergl expréssiomobaeghas @ﬁacﬁe@gda\éxfsieaﬁomf th¥ alo Dl4EB e 8 e dl@BH184 or sucB
t hal i ana, and the. 3-hydroxy- 3- net hy%,%l utaryl - CoA reductase is HMGL or
HVG2 f r BFRTSEOR A BRfo8s e idirlars B iaverecsian P ditpctiondneredigd expression or
Lact obagjnlfidts JfeWherér more of TciRlcC3&Mhalddhs ARMYdFoidABLST QcBinyl-CoA:CoA
provides a nmethod of converting fatty acids” to nevalonate, conprising
cul t ur i wapséergsec 0p crugeinaterGodo ligases i ingressed| Lgaound-hyfirox ybapriss 8¢id rdelyydrogenase
functio L: : i f r L acr .

excpr esor SrESPhF ETAREE EHLEE ARy ochiftopiled B of ARG increased
acet yl t alasiwil delagitogexmeexptrassion or fumkGdn, dmna caltye meedéums ecompigsing free fatty acids,
3- hydr oxy- 3-net.hyl gl. ut ar yl - synt hase, .and. ene _encodi n

3 by oRymoR R il e R, Ao Riiid. BF AL eePian preof, thereby
conpr i spragudingd ,4-bhtayedisli dRectRrpadfy ¢ @rivtt@ediolicgh Yiee atdbeplished by standard
triglycerides, phosphog(if pids,.or a conbination thereof,. thereby

conver t eRgauEs dnpiado thaseyot kil the afeingusing dut not limiterhto, gecoxenyfrom the
di scl ospt-geRattnttroMaly! VachinR MistlRstiod JTBhiadiqeld ke ng meval onat e,
conprising culturing a m croorgani smconprising, reduced fadR

expressi on ok anather ¢rabpdiment; e mieroetparisp fethsr gpmpfises adnpekgdroattHcdrgene or
i ncreas e ess| 0 B i e a - .
acot yi toREBE D PladcRE 8O R AR P San BEIEBE BT HHE ot Rhpressing &
3- hydr omygth$hmadertW-Cplaumarayd, -aQeAe syerttpressing andethylgabmyb GCoAdlengrboxylase, and a

3- hydroxy-3-net hyl gl utaryl CoA reductase, in a culture I ym .
comori G TPEPITY RO HERBISR G08 Rafliroter THEQEh value chemica
trigl ycsoiaed, bphhs phkdddbshtsm O gropidfdte.natrhe Npredeat efidclosiie R provides a

produci ng neval onate. Recovery of neval gnate can be acconp|i shed by
st andar B AR BHIIH SSMRAHNG redycedsdB eppression pr funciigns opjncreased exprysgion of the
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The present disclosure further provides a nmethod of producing
et hanol am ne, conprising culturing a m croorgani smconprising reduced
fadR expression or function, or increased expression of the fad

regul ong i REHIBASHEre8IA’ BPedsfitn Of iHe\BoplLPARR) 8RR ed LG §P5RHE expression or
acet al dehyde dehydr ogenase expression or function, and genes encodin

t he regfingtion yredurad cakAloy skl sxmsessionsordimetionainstaapsdhacthipimplonyHGpds mutase

in acu : i ; I.SJ t I i .
i oty cortESioRT B ERTRE R el BRalb Al h 6. oo« PRAPHRHESHY P fmetion, and
t her ebyinpraaskdgc ipngpienyi#ivel:surcinate CoAc érbsferase rdapatssiemtar, fureomul tWhide the

medi um fupt her. ¢ rises a source. of ia. Recovery of. .
ot hano! THHMITHGRAIEA Bl ReME v ARG Ar o RE AT G R pisauCpg succinate
t hose oCoakKirhhsfériset bh 8&tfrom any sbites, i Rert4in amsboidiniénse s tethyhihslohyl €Go A
a mecr oorgani,sm cogﬁri si ng reduced fadR expyression or, functjon, or

i ncr easBYTaSk pf e3P BNet M methraglamtiCon iferaheiEsexisr &sSPOnsBr: fAg the
at 0DAEB, g8n2$1-c8A%ubaRatE CokfBsefasd G sLAC LM ng: (1) a nucleic acid
sequence encodi ng an al cohol dehydrogenase protein that is active
under aer obi €he pregentidisebosureothus povisles ednethed of sewigrting fally aeids 4o gropionate,
ki nase i ' S [ : - :
ooyl ¢ G S BIER i RHLERE B ind URSE I chosipion o fngion or
acet yl - [Horeasadneipetsaion afahe yad seguleh,) inerepred sxipemsiad ofi theaweDAEBQeAes, reduced

synthetase activyity that functions.pri i,y to produce acetate f.rom
Stet I - ti O et b o RLopy Bakien el o gHBR IRENon O Bl Tilsed
expr essiethylthalbmlaloOn; mt3e r exbtetidnS dbvA ExRKi6SS| Ridreasedd UnRthylAalonylLoA
reduced , sdhB expressi on or function; (10) .increased expression or

- (
funct i ofccgrooxy FrFRTCSSIO,; of) B‘Hﬁ?ﬂea‘?ﬁé’rﬁ’ﬁﬁ?ﬁ&eﬁfﬁ%‘@fm(q‘iﬁzs‘f%&a@a@% transferase

expr essieRion! ¥ Gidc@Bn,0fn SUEZEY el Qﬁﬁlpﬁgiﬁgosﬁ-é‘é #86; adid®) monoglycerides,
i ncreased expression or function of succinate-CoA |igase; 18 ( 335 .

i ncr easéiglygaridas. Wighossigesy phespleolipidsgotreesrabinefiondbercel fieebyiconvesiing said free
functi op, td asgd | actonase expression or function; (15)

i ncr easegy%la%hy@gbﬁeaﬁdr ogenase expression or function; (16)

i ncreased al Thhpkesdahgidelosienatse prypdessinethod of umedicing piopidnate, comprising

i ncreased, net hyl mal onvl -.CoA mut.ase expressi,gn_or function: ..(18)_ .

| nor easeilfend | MR S AobEERE R AR i Y, Moy increased
(19) i nexpeessiel qitieadfiza nydulds) Alctdasmli axpicesifioéf the andi4ATBsmes xgdvesd el @isuch
function; (20) incregased acetyl-CoA acetyltransferase expressi on . or
functi o??fprésélff‘ i‘ﬁcréﬁ%‘@& aEeéil”é?Slcei‘@F’- &ABA Sfi%énsef(@;eg‘g@ eXor Bl dpereased
functi O&ezﬂaloﬁﬁ@@as Au&et eArekRhe SeCRIRAYY, aiRre@¥dd’ et infbnyl-CoA
function; (23) d gene encoding an acetone nonooxygenase, (24) a gene
encodi née wlase GrmpssoRON Yadtipar erfbingreased prapionyldantseastngis Gey dransferase
acet ol ggﬂ.@sef&agsxnm&io&?m aamﬂﬁf@nfeamlcggl)pﬁg%yﬁ@é ity eH I QGES R Rrides,

(27) a gene encodi ng an acetol Kkinase; gene encodi ng an _
L- 1, 2- pdighaaddiso| trighyceridess phesrholipids.d oo ge newabingte) thergafh ethensby dpredueing
gl ycerol - 1. - phosphat e ﬁ@ . LAGT .

3 hyar oRyRIgey Roen ke B SRPURIESE b LT B9 Shpcrd echpianss pwn to those
i ncr easefkkill i theage expression or function; (32) a gene encodi ng

but yryl - CoA dehydr ogenase; (3 I.ncreased et yl - CoA: acet oacet yl - CoA
rans] er age. D PHEEEROTOgIaPh 16s PFoBRI LT Fopiises & Gons overckprosing en
but yr at @cegaﬂz@as&m&ﬁas@@éset i gﬂﬁzfo&éﬁﬁﬂefslﬁ% 8SEkBNCoA  dckdBédtACoA Bansferase,
gene encodi ng phosphotnansbut ryl ase; (36) a gene encoding butyrate
hiks

ki nase; aqdygeng QyersE PeAT RS pharciatsita HererRralage nks gl Malue chemiggl prodyeed by
encodi n ydr Sejne( naadi . o .

3y oy SRR P SUPHES sy Rt SN UEGNE vt ricoormmion
3- hydr osomisuig rauipbel fadRr eApredsion roe dumctioneor {ngtepsed; expressionpf the fad regulon,

| dehyd hydr. ion. f 1] , :
ancoai npelEed SRSPRR) RORERAEE Jnel el RIS Rl uERE cpgpeson
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Figure 5 shows a pathway for the production of succinate fromfatty
acids. Miltiple steps are indicated by broken arrows, single steps
are indicated by solid arrows. Step 1 is catalyzed by the enzyne

2- oxogl ut a ate dehydr ogenase, alnd St ep is catalyzed hy the enzyne
succi nafe %‘HSP&r d@‘é acetoacetylpof, rEANIOH6 i PESHER A jiictipn.t Al increased

pr oduct h&%&%ta@d@%ﬁfb@&d}lﬁie%ﬁﬁ&é@ﬁﬁ & RRBRIAC C i @érain %hm%@dl%ménﬁs Ql@et ﬁ&e‘{}lf@oA
by the enzynme succini ¢ sem al dehyde dehydrogenase (B. .

1.2. 1. 249etylsw§erzse|cgncbate&h?z@dowoumr fee:tszgflﬁﬁO@w@emfh?pA@@ﬂtywAsferase 'and i in

transfe SHEC I

(D1 oV Bfinhis 3ng BloN ROV s RREY an HE SRR LED b W Rogous

succi naa@t@@waCdAhlya;IEthydmomada' erthaliménts, sthe acetylyCel dpptyittamsferase is

enzynme y- X AN enas .C. 1.1.2 or

T KoM SRR o o O R HE LGy i g iRV g ransterase
3.1.1. 2k) AtoAD fromi BUlceli TorsUHAB dropatdTa@ydibar atdrsbuBilRame ah@ thefacetoacetate
1, 4- but e i ol from SI{CC inate. Step 1 is catalyzed by the enzyne

succi ni ¥lasiois yls (lastridivm gestohytdicun. 2 1. 16 or 1.2.1.24), Step
2 is cat aI YZ%He BYestliCdiSASAHRE RHCHLMMEs Ffethf of rc@ﬁ\%frtﬁ{ga?a%y gl@soto?’aééone
catal yzed by the enzyme succi nate- CoA |igase (ADP-form ng; E.

6. 2. 1. SYOMBEIEH &uhumga@anymagwm lwemprisipgreediged ifedlt expresrierl Qetfymon or

e RENAEE KB ol e Lo ORI A RS G

t he enzymlfﬂcul‘e tagetltradsfonask @gmasrm (oB ﬁinctﬂ)n?_ idcr&sedracdtodetyl-4OoA amdsferase

Step 7 iis _catalvyzed by the. co ehydr ogenase (.E. C. L
D 1P By ERoR et b0 RN adiPrRls AFAPSTEE SRBRsI S, fpeion, in =
pr OEI lonail&wé rredisnic eblﬂpﬁlsﬁngs Sr&p 2fﬂtty Sacidiaf %mg@ghﬁeﬁhﬁlmﬁm triglycerides,
met hy Arrutae t e IS C ze y. .the enzyne

met hyI Aoro"e‘f,“é‘? PRt dRgLeo aﬁ??aregv 6%“’3“1“5 S@étfwﬁ%/oﬁ%iﬁ tp Aestone.
enzy{nﬁ pro]|9| m?flh présendy: gk&@lt%bﬁ}ét ﬁ?é:%\tlﬂ@n§;lﬁétﬁ§f q[f producifig %ﬁ}u%ln? s.&lﬁms

a pat hway for e production of acetone fromfatty aci i pl e

st eps a?‘ét“i“lﬁal % ARISPORRANISAY KeTPHEFIPS isducs nf§FR SpEgssion e ﬁmtmt@rdnwyeased
sol i d agiPuSion S &2 /34 b t D?ﬁ%‘

acetylt re{)ﬁsflgflase (.B e%URﬁ %ye%%q &%‘ree%ﬁ%] &;ﬁ%’g?a yze %nf)y t %asgdngce% ~CoA
acet y| - @eilinansfenase @Pﬂytes{t@mOt famtionr mseragel. Letoac@yl3ToA drangfe@sS e&prpsmnd or

2 P13 el Bh fRSkab IR0 BeAERARRE B ALY RGN PO clfrcinedium
i sopr opmn;insirrgofmad‘ﬁt)olaads Stneﬂogyaeﬁdmtdaglymde@un‘gllyeemiyﬁmospbalqmj;aroy a

al cohol dro B.C. 1 . Figure 11 shows a

Dt by CRBTEH78 Bl BT TPOEITE 3PP Barent SEAFFRBE CaMBS sespapplithadsby
cat al yzgﬁhd@iﬂ tehmu@mmwacmﬂbsemmﬁg%a@e indhadin %ulﬂotlﬂmit)ed t@tre&)v%ry
is catalyzed by the enzyme glyceral dehydrogenase B. C 6),

Step 3 framdbg %F?%‘B%}l%)’f?fhéyé'ﬁﬁmd%’é%tw ok liggiddiqpid e@trathn' 1. 29) St ep
4 is catal yzpel Bycrédig mﬁﬂﬁﬂfﬂg domprise %%%@Hés%r fhe cony sion of the acetone into
- phosphat edehydr ogenase Step 5 1s catalyzed by t?’u

gl ycer obthdr C@h‘@@,ﬁﬁal’@r p*v@mihathasmcroorgamsmﬁngw farthep cshpwsesa gep!a'clhmdyxg an
i ncl udi Lter tyrate f att

aci ds. %‘O F;%foél B@@Sﬁ&gf@ tlhﬁ caetqgi BPH’E grrl\e g’rrpegtﬁ l?lacse%age Ifggusst gwsprgsem
ar e i ndineaitiod prpviles iad nacnoommsﬁd t:anpﬁmﬁg padd@wyadmmxpﬂdsﬁdnbof d&feﬁ@:d or
oval. Step 1.is catal d enzyne acetyl.- CoA acetyltransferase
(EC andPased)RelRith 4 e A rem e oy et B Pinighat ooty danesy mpgsed
dehydr ogeRagRA( Ec@ur&;s&r&s@é&pre@t@p oB fukction! dlcyehsd RyetddeBtyR THW Bransferase
crotonase (E. C 1.55), Step 4 is catal yzed by the engﬁg

but yr y| X@EASIER H?B%“G@@hd%%e%sﬁi ecetgacetatggleparboxyilasg expressiona@rafugstion. pyd ¢ gene
enzyne A

25 3 o) 3 OB OREL D 1 SR hBSmcls ne Aotk foRimgegnase i
and St ebcrﬁAlfmrmébedﬂym Strarnﬁ"éf-énzyme butyrate ki nase. Fi gure
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(E.C. 1.3.99.2), Step 5 is catalyzed by the enzyme butyral dehyde
dehydrogenase (E.C. 1.2.1.57), and Step 6 is catalyzed by the enzyne
but anol dehydr ogenase. Figure 14 shows a pathway for the
production o RhidedSs mbibd P LEnRHERSRY Gcids to methyl
i ndi cat ed by&ngﬁ%%ﬁ%cg%;lf&@%%%ﬁte S alpe |bn ?cat ehﬁ%Sa 4 CISS o mety
arr ows. aGtt@p, chmipsisingtcaltydegla bycrobrgasism yaompsisiog yéduCerfadR expressmn or function,

I f
2t RS SRR o bestan 1 e bl BB, e EPSNGRA BY (bl GBI Eenes
i s cat alncreded actthBCOAZ Yoty lGalbfetasex yxFessinh yt dundtivny |indtesdked eahctuaaagl -CoA

(E.C. 1.1. ure 15 sho at h or .the roduct|
of et haﬁavémée@r%ﬁpmtf&caev»dgm?\mﬁ?eﬁ?%e@{ \é%éa%?’évlﬁ%ﬁx EUeR 899“““0“
broken ghd @Wene ThB&Hify ah WREtoAE Sr1onBENyEahARE, #AYa S@lhire n@édﬁ@ﬁ\/?com?h@@g IfrdeSfatty
catal yzed by the enzyne acet al dehyde dehydr ogenase (E.C. 1
and St egeids.| moreal woyidesy @glypw@e@nlrwe@@mmwm St foni mbjeagien. fercof,
(E.C 4 7 & 1s to be understood
t hat boglﬁ &W&Pore |Ar71(§98£§§ (;j-{eogchzl‘ratlh lta}cgtrald and the follow ng .
det ai | ed des@he ptasem dasc@sgweartm pmoyldasnd mlmdmfanrgdqplrmmwhybmtm,@omnsmg
restrictj nvention, as.claj plj an, the_
oo of - HESik g R REGh By B i GErERA oL TR, of Hiereused
"at | eastkpresséon, ofahdlfaditegulss; indreased expl‘n@amﬁ of thedtaDAEB geﬂeeaﬁcreased acetyl-CoA
speC| ficall }/rast ated ot herw se, Furtherno f th

P el udPaaSaa PRIESOR B BpghRs TR AORHYaRciifaise cRpression or
"1 ncl udeghction, Qnaeﬁseh'a%tbh&g}te feamboxREBxpPesSidn ¥ fURKEABNI 2 Béne encoding an
"conponent™ enconpass both el ements” or corhponents conprising one
uni t anaceécpr@nm@owe@éﬁpmémuguwhal@d@@rrﬁ@mwl%frée tfathn agide meneglycerides,
unl ess
?1 O?%%ﬂx@rﬂ%@%#g%ﬁ%ﬁ Cor a corfnbmgi heeht, %’erﬁ\gag}gﬂgéing'%yl

herein a I zat | poses only and are not

constr uecbt%ts Reenverynd mﬁbylsaubipte@an heegcomplshed by st dardit¢chdisoesnienovar todhose
porti ong ﬁill {'h nts cited in this application, including, but not
limted { en pat ent applications, articles, books, and

treati ses, aMehﬂtnedﬂy, the pﬁemeﬂg;tmbmcfoﬂhmrcam@dsdsar@na etodingf £seeomdary alcohol
their entiret r ose, vent tha e or

| ncor pofdibgentsgifal Bt eBHEE o6 hhsecliie & Parrobtidl: PSreplPifipiph detore
manner bwde@%tlﬁﬁﬁhdﬁ%@lﬁﬁ\%ﬁhﬂﬂgt te@licedf fddRatxgredsitni Br tihddtion, or increased
application, this a ication controls. Enbodi nent s, of

pr esent S¥RTEwsionqfithe d%lﬁ%ﬂ ARCEGaseS grpgssinn of thewioff4ER genes, 1gcraeseg acetyl-CoA

effici egéetﬁﬁgﬂf&ﬁéeogxﬁéssf&h%} fﬁﬁlzﬁtﬁ'l ciﬂﬁéﬂs@@'a@etoa%@l’yl éghetransferase expression or
m croorgani sms, for exanple, may bé selected fromthe grou

consi st ifungtio, ivarepsedi @pemfqutf: de&wbomlweexpeqsmmrorai‘zmwondatl [egene encoding
strainsg AHARO aRbh ' ’El% n)f!ﬁ*é%e\éﬁéé byI | 3884 Gar U BER E{SS @0ds %ﬁh&ﬁ% d%ohol

met hods or as reco rains. croorganlsms that may
i ncl udedehmﬁroynasenDSadh fnorh €ddostidivkideheincéiivaAdb fiom ﬂaacrnodymrdﬁaasr brochii.

Spp. | Gt robdtt areep dishSre iy PRhptmEs ¢ et i, el BS 8ief o
) ) e ool i sy en o
i ncl ude fgHioRQ8 iffEEased gypresgiop st M ‘26‘13‘1 ofclbfrgpd CXPRERTIHLY ”’0%“‘]5% Eenes,
gama- blrﬁc\léagé@% ?ﬁCOA Feptanedhe ex;ﬁe@mn%r mﬁ&%ona&eised bate)da8dt9r-CoA
but anol , neval ona propionate, ethanol am ne, or 1, 2-propanediol .

Accor di frgnsferagmexpassaion os ferictionenereased @gﬁ@@etatwcmb@xsdeﬁegeén@mn gr Einction,

culture V. I
Crigr'yo @l dehé EnceBlilely Sbiifmy TRORY dUEifdrbpiaee, ) GICHERE riifym comprising free
car bon wmac&isomohwmcgg dlngnﬂesemgiﬁienglesaph@pholmg,; 4 yoebinaiéaen thereof,

di gl d des.  phasphol i pi d nbi nat t her eof
my e Heehvseh s o BECRUBREE RaBEL Vegetabl o of s or anina
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The net hods and techniques utilized for generating the m croorgani sns
di scl osed herein are known to the skilled worker trained in
m cr obi ol ogi cal and reconbi nant DNA techni ques. Mt hods and

t echni ques for grownng m croor gani sis (e.q., bacterial cells)

transpor ti ng 118 areseRidTisRps e RISE ey din f angthrd Abatodeng l%ﬂ?aonag% SPTORESING
cl oni ng cﬁ‘l%r%eguﬁﬂﬁéd}gadlﬁl&hﬁﬁsﬂl'écl'eﬁh&daﬁiaﬁ @fEr@s‘é]éheﬁp ek BE iRtteased
expressi on of specifiC genes, ‘etc., are exanple such techhi ques

and met hwgsswnrca“s;beﬁdtrh@d@ amceeaa@clsthsendn pﬁthmmDAEReg@e&fm@rh@ed acetyl-CoA

o L g Y

Pr of essifiortibny, iGalcase usetotddiatd a&&)boxMalsd: expressionper funeiong ahd aMzhe entaling a

CGeneti cs” n bor Labor at or Pr es Col d i ng. Har
v 107 3suondity | aleBhdi A Al othate” 0B X Ul PRl HERRRE (g5 Aty ' acids,
Spring  Hanbgycdrls dRstides eaflycenlss, §B@§pna1ﬂ*@s' Rera cdiYbindiRA2heredt,N@efeby

and Berg, "Genes and Genones" (University Science Books, MII Valley,

CA 199 Rieducing isaprapanclo) Reronery ok isopsenrenslosap heracgemplishod by ptandard techridues
( Sanbr ogkowieto fbse @ldﬁﬂli 1@@16C§I§H{dlmné'|%ﬁp%t Hn?itéaft@t BEdfveRf %ﬁ thE9d:Fhentation
Spring Harbor, NY, . "Handbook of Mol ecul ar and l'ul ar Met hods

in Bi ol Brpjh BnvaE dﬁtﬂ]@ml{ peliguiddiquidiextactioneds. , CRC Press, Boca

Rat FL, 1 t

Bi o? gchnol og?f%%@ | CR a% #ﬁpo%r aﬁhsﬁ{ a@gthgpég%ﬂbr 33? | %Egegé%n%‘ﬁ% atp acetol
1993) ; awdo@rygeimsKaad \eithéivd Iwneu Iemo dwetgimrob fdefasicdpenasehoragamt |ei‘1cc(dﬁ’@ an
GQuilford ||

cnow hotFt0) PG & o TP PSR Thetgle, JehafogSnimensh & aRERIH -Hiosphat

descri bﬁhbsbﬁzttﬁel’for fhiecloni@yioh o f tey adet 3 ¢ Q-REFMBTbI, S’l‘l‘ﬂ.@ e @kdehedisclosure
genetically m f%l ng the host or%anlsmln such a way that it
pr oduced!sp &5 BriCTaprean st copps wgor@@mda‘%em&%m@ fupgfion, or increased
or gani s BkpréssioRYof YRCHE Asdullfh, Wcre%?é?il dx E,Fesﬂen bfe SREGIHH LenS, tlﬁefézxsxa Letiil®A
protein. Mdifications 1n order to have the organi sm produce | ess or :
no copi eestifransfreasgesrerassian o fhnesioa) increiged aestaadesyl GeA tasisrase ewpighsion or
pr onot e t r [
it at 1 orefim (el Bobileik SecarthBRe sdfsifbE B lanl ¥ fne encoding an
Decr eas accgilonombmj'gwhﬂenzgldtmgemodlmg aaglyaevoltd/:hyﬂrogenpseotoelargeum;cnedchmg an
be acco she net hods kno Y

Lo RoRRE [ fheonbhng h 4e8ft B Faens AReRi iy Eoh2 piigmpfol

t he nut ation

of) t hel@hﬂ@hatél dabydiogennsé; naﬂd;la gede atcddimgt 4 eliverel-1+phdiphategpldsphatase. In
abol i shi g the, agtivity of. a ven rotein b contﬁctlngpthe protein

with sp&fa embafimpnis.fhe mjFrog it 8716 200 ¢tg} gnooxygenase

i Nt er acindih tdené Qﬁccnmc%t alglycePat(wnyaI@Fedas@l mlwﬂceﬁdprm&wad? émse AR glycerol
i nst ance be nonocl on or pO yc onal anti bodi es agal nst %‘Ie prot el n.

Such antshydwieassaaifoBe 2Bt PUFEd Sy heowtilizrd, | immbaticwler smbedimetsolthe gicetol
sui t abl Ty eduaed etk £.d0

car bon g‘? g@r#é&?n ? a%{% 39%?! OI( ]Egg%ﬂ,)leagggg IQ&IP% d to sugars lyp%gv{hg glyceml
si gni f i dehydrogavese isoGldd ﬁrtvmtﬂweolprblchddttuooﬂ em‘bOdmwtscthemmwbgaﬁu&ﬂ ®nyiriaes a

ferment ation bl e rovides an _an a ance for

conver sk BroR B f acklaHop Rehiher ) BeakirRa e AP MG CehRieptoting an
cal cul aLiighpropareditbddesimephiate (€hylirogehades atd apeicCerdodiby, a fyedaspiaisphate
(GO and octadecanoic (Cl18) acids shown (all saturated FAs). Table

1 Pat hm&%?l?ﬂ%‘& ometryb (lce)adcd (111 Synthesis of cell mass from

FAs Cl12-Cl18 'F]?éfié!;%xﬁd distrds@t! theRSsre provides a method of converting fatty acids to

C1215i - 124- 3602( 68/ /2-104/ 18) 16. 4- 26. 6
1,2-propanediol, 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, increased acetoacetyl-CoA
13



4 12-18CH1 s00 5NO2(4. 3)f(8.2-13. 3H) FAs to et hanol:
car bon-constrai ned scenario (no energy/redox constraint: 100% car bon
yield)g Cl12-C 8 saturated FA

4et h | C124211244602(68// 2-104/ 18 6)-4.(- FAs t. .
ot hano! BFGEH SRR ON A B PP ie0 SRR d5<e g Bhv, BaFestin or function,

yi el d) h Jadta géné ahévdaigtsh ﬁ@t&ﬁdﬂ@ﬂﬂ}geﬁas@@ﬂ@a%&&%ﬁ%/ a2gl4cerol dehydrogenase,
17/ 3C2H60(6) + 2/ 3C2(0)0 Cl4 saturated FA 4 ethan

coeCl 41ms&zmmdmgmm@@zweygﬂpaﬁem(@y@ﬁ r(ﬂ@n) ace@éisr&ﬁ% Adgeag eperding
4 ethangl, rty S@&%ﬂéﬁ?%ﬁ%ﬂe@eﬂg&%&%@%@ 366@%%8& g y(:é?d) 1{phBsphate
saturated FA hanol CI1811 04/.7'8) 426/ 3COH
2/ 3COR ( @hosphatdye, HAs: cultuee maadiim c@amb@ng freeckatix amda,nmonoglycendes diglycerides,
ot SRR R SR A A Yt e
1,2-propanediol.
The present disclosure further provides a method of producing 1,2-propanediol,
" 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, increased acetoacetyl-CoA transferase
expression or function, increased acetoacetate decarboxylase expression or function, and a gene
encoding an acetol monooxygenase and a gene encoding a glycerol dehydrogenase, or 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, in a culture medium comprising free fatty acids, monoglycerides, diglycerides,
triglycerides, phospholipids, or a combination thereof, thereby producing 1,2-propanediol.
Recovery of 1,2-propanediol 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 or liquid-liquid extraction.
In a further embodiment, the microorganism further comprises a gene overexpressing an
acetyl-CoA acetyltransferase, a gene overexpressing a 3-hydroxybufyryl-CoA dehydrogenase, a
gene overexpressing a crotonase, and a gene encoding a butyryl-CoA dehydrogenase. The
microorganism may further comprise a gene overexpressing an acetyl-CoA:acetoacetyl-CoA
transferase or a butyrate-acetoacetate CoA transferase, or both, and the high value chemical
produced by the microorganism is butyrate. The present disclosure therefore provides a
microorganism comprising reduced fadR expression or function, or increased expression of the
Jfad regulon, increased expression of the atoDAEB genes, increased acetyl-CoA acetyltransferase
expression or function, increased 3-hydroxybutyryl-CoA dehydrogenase expression or function,
increased crotonase expression or function, a gene encoding butyryl-CoA dehydrogenase, and
increased acetyl-CoA:acetoacetyl-CoA transferase or butyrate-acetoacetate CoA transferase
expression or function, or a gene encoding phosphotransbutyrylase and a gene encoding butyrate

kinase. In certain embodiments, the microorganism comprises increased

14



Cl4 saturated FA 4 ethanol + CO2 Cl 4H2802(80/1 4)413/2C2H60(6) +
CX2(0) 2 (1H) C15 saturated FA 4 ethanol + CO2
C16113202(92/ 16) 415/ 2C21160(6) + CO2(0) 2 (111) C18 saturated FA 4
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acetyl-CoA in a two-step process catalyzed by the enzyne

acet al deteyebepdicensand thl@ﬁqlmybgeﬁakbydragmsmwd filem Clooridinvescetalytylicum.

ot 8 Sl S By SO PSS AR, B compsing
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, increased 3-hydroxybutyryl-CoA dehydrogenase
expression or function, increased crotonase expression or function, a gene encoding butyryl-CoA
dehydrogenase, and increased acetyl-CoA.:acetoacetyl-CoA transferase or butyrate-acetoacetate
CoA transferase expression or function, or a gene encoding phosphotransbutyrylase and a gene
encoding butyrate kinase, in a culture medium comprising free fatty acids, monoglycerides,
diglycerides, triglycerides, phospholipids, or a combination thereof, thereby converting said free
fatty acids to butyrate.

The present disclosure also provides a method of producing butyrate, comprising
culturing a microorganism comprising reduced fzdR expression or function, or increased
expression of the fad regulon, increased expression of the atoDAEB genes, increased acetyl-CoA
acetyltransferase expression or function, increased 3-hydroxybutyryl-CoA dehydrogenase
expression or function, increased crotonase expression or function, a gene encoding butyryl-CoA
dehydrogenase, and increased acetyl-CoA:acetoacetyl-CoA transferase or butyrate-acetoacetate
CoA transferase expression or function, or a gene encoding phosphotransbutyrylase and a gene
encoding butyrate kinase, in a culfure medium comprising free fatty acids, monoglycerides,
diglycerides, triglycerides, phospholipids, or a combination thereof, thereby producing butyrate.
Recovery of butyrate 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 ion exchange,
crystallization, or precipitation.

Alternatively, the microorganism further comprises a gene overexpressing a
butyraldehyde dehydrogenase and a gene overexpressing a butanol dehydrogenase or secondary
alcohol dehydrogenase, and the high value chemical that is produced is butanol. 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

acetyl-CoA acetyltransferase expression or function, increased 3-hydroxybutyryl-CoA
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Table 2 These cal cul ati ons are based on the assunption that a
fraction of each FA nolecule is netabolized through the citric acid
cycle to provide for the energy and reducing equivalents required to
produce et hanol from FAs (Table 1. carbon-, redox-, and i
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Optionally, the m croorganismmay be further nodified by reduction or
elimnation of the al cohol dehydrogenase gene. The al cohol
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Optionally, the m croorganismmy al so conprise a knock-out of the
I cl R gene (Ecocyc Cene | D EGL0491). Knocking out the iclR gene
activates the glyoxylate shunt, as the iclR gene product is a
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succi ni enesdingal demmrcddkgl@sﬂymasl@sphﬁaasecofﬁ\ﬂér tincreasedi rialnyalrexybutyryl-CoA
succi ni Lg onverted.to

Suci pyBARELAEMPRsBh TF st inbichled SRuGRRY BB e fanctions 62 a
transf egase dunadifg hutyyirden a%y@-nm)ase 0(33by1rﬁ:tﬁac¢d1aat06t-yEGAA|:acgﬁS@tyl CoA
(E.C. 6 O/ere res t er ol ogous, expressi on of

succi nafrgnsigﬁ% aleﬁ%rﬁ@q %‘ﬂ"@ﬂ 5% nASEAE gbﬁyéat‘gfw Qgeiatet Cﬁ& transferase
succi nybxﬁeséldnoorsﬂmeﬂxdh 0(35)9 dg'&as%hmg:pm mtﬁﬁssdaﬁyragar(%par@hé Qcéding

succi na ucm ni.c. sem al i onal
mcr oorg Hases e 7x ar gw&re%%ng |b§87%393h¥68&@b¥45ﬁ8@ﬁ5e@l(§% Adfene enegding

t he NADbLiRA pORARE: @ﬁ)lavgénx encBflE RngibR ?-%wgih&gﬁ [ §riiliad; (40) a

al | NADH generate -Oxidation iIs aval

synt hes Beneofengeding - %V?ﬁoayéom@hﬂglwtarglt@@%r@nm a(§pat hmgasecbr acetpddehyde

cxompl ab g DaRETAE R Fich"bf SRR WY h2hAE, SR a1 iglol)” SLARS of

No. Exer’rp:haro}alﬁmzyaxm@sr)ia—lﬁsc,c (4)ca gend ahcteih;gjdmededtyld'nogmhme of . éthdhoRvnine
ked E t Cenel D;, 9456 CGenBank .
N 215030 seladf Podnatd WA B Recsp chistiin s ey (5  TodER Heia

Genel D: 8ddtd 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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GenBank NP _416042) Gabdl, Mycobacterium tuberculosis (Entrez
Genel D: 923143, CGenBank NP ' 334651) Al dH5A1, Hono sapiens (Entrez
Genel D: 7915, GenBank NP_733936 or NP 001071) Ssadhl, Arabidopsis

thaliana (En

(Lt ana (Enbide FSRSAPARHAGAGy 0BcaEor FPAGE) Pl el T8 Mo
6. 2. 1. 1pfatdnl. ABihE ib. tigh6ly reguldted tal warkSordy iungiér- @egrobis/Acondisings. e Aamutant AdhE
Succi nyl a Cl ost i d| u veri Entr

Genel D: Q%’é%ggg Bg@f‘qvg‘aﬁoisﬁ% 9 %%%5 ng ‘fc"ﬂét Yotk only under acrobic

CoA-t r aRshdii@Re, Tﬂ'ﬁ lehiﬁﬂ&@éfﬁ@@&utfwslépsﬁatainyltu'&mmtmﬂiealet consumption of two
CoA-transferase, Trypanosone brucei Acetyl-CoA synthetase

(ANP-foNﬁWd)Pef@etYé oA ¢anvertedtocigBelp: 048572, GenBank NP 418493)
. Figure 2 shows the pathway for the beta-oxidation of fatty acids. Multiple steps are

indicated by broken arrows, single steps are indicated by solid arrows. Two reducing equivalents

(one FADH2, one NADH) are produced through the f-oxidation cycle. When acyl(C=4)-CoA,

the molecule is split into two acetyl-CoA molecules without the production of reducing
| equivalents.

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

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

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

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

Figure 7 shows a pathway for the production of 1,4-butanediol from succinate. Step 1 is
catalyzed by the enzyme succinic semialdehyde dehydrogenase (E.C. 1.2.1.16 or 1.2.1.24), Step
2 is catalyzed by the enzyme succinyl-CoA:CoA transferase, Step 3 is catalyzed by the enzyme
succinate-CoA ligase (ADP-forming; E.C. 6.2.1.5), Step 4 is catalyzed by the enzyme succinate
semialdehyde dehydrogenase, Step 5 is catalyzed by the enzyme fy-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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Succi nat e: CoA | i gase (ADP-form ng) Succinyl-CoA synthetase, E. coli
(Entrez Cenel D: 945312 and 945314, GenBank NP 415256 and NP 415257)
Gamma- hydr oxybutyri ¢ aci d dehydrogenase 4-hydroxybutyrate

dehydr ogenase, NA dependent, A thaliana NADPH-dependent al cohol
dehy dr ofeHALERsE i et d EARINM A %f%’g?gcbgﬁéélﬁ kenzyme  alcohol
NP_77724dhydrddenssa P €0%.1(E202)ez CGenel D: 10901, GenBank NP_066284),

Rat/us norvegi cus, Oryctol agus cuniculus, or Sus scrofa Bid, A )
t umef aci ens [iEAter & shawna pethvegdon the radiptink oKProyaeRtRofrom weeintas Step 1 is

3.1. 1. 2@@%{%3 R)éittgg%kgﬁ@ r?ﬁetﬁﬁ%n%n&ﬂéé‘% ljgﬂtaé'é gsgﬁfgzﬁgs ?%Q{erdwg(‘tﬂé Yhdyme

Li pase arctica roor r-converting
fatty aoviettylmdodyl4diut aleeatbatylasen and al Stey nak e ienivetkiyzedit by the enzyme

?ﬁggﬁg&_%ﬁio%?qggg&ég?r]cg%aqgﬁ%%at;t‘%gqe%%?esent di scl osure conprise (1) a

‘on in an atoC gene that provides
over expr essi Biguf9 §Hoevsni watipodyofan tieprédudtion oPekerne fiod) fatty laoide k ®alieple steps
SucA gene .or. sucB genpe, or both; (4) a kpocked-out. sdhA gene or sdhB
gene, off€ "a%faﬁ?d srokeryarrews, siagles éé@ilwgcaée%% ifjamowsn PP yefalyzed by

dehydr ogRnN@Some (RityRCIANSccMRhRIREL S (006.2.193 ha’CH AUBBEY bl Ghé&Chtyme
dehydr ogenase; (7) "a gene overexpressi nggan al dehyde dehydrogenase,

and ( 8) aeetyddrd enetnaestpi-ceditrgsfansalleendbs.-3dehs 488 Step 3 is catahyzed by the
al ternatl t b 1l ] ehydr ogenase that converts
succi na%ﬂez\&?lg agﬁg%%%?egd%g&ﬁogﬁggghﬁgwgﬁggl nate may first be converted

t o succi nyl - Bigireb\ shoprses patbway forghe pwdectimdifigorsopanioh fibmGCoatoGoA Step 1 is

TSR SR e L LA, 87

succi nat e seFigaleddhices dphthdiag ganhs prodagiahlof 1 2fproguneéio! frog acetone. Step 1 is

:3gg: 2;{*@3 y%dtso C&%ﬁc?né%g rﬁscgtp %ggy%gna%g TBléa tl?ﬁ.H:' ﬁ, tS{e?)nS fiso rcatatylzeodn b)cl) fthe
enzyme glycerol dehydrogenase (E.C. 1.1.1.6), Step 3 is catalyzed by the enzyme acetol kinase
(E.C. 2.7.1.29), Step 4 is catalyzed by the enzyme L-1,2-propanediol-1-phosphate-~
dehydrogenase, and Step 5 is catalyzed by the enzyme glycerol-1-phosphate phosphatase,

Figure 12 shows a pathway, including alternate steps, for the production of butyrate from
fatty acids. Multiple steps are indicated by broken arrows, single steps are indicated by solid
arrows. Alternate pathway indicated by dashed oval. Step 1 is catalyzed by the enzyme
acetyl-CoA acetyltransferase (E.C. 6.2.1.1), Step 2 is catalyzed by the enzyme
3-hydroxybutryl-CoA dehydrogenase (E.C. 1.1.1.35), Step 3 is catalyzed by the enzyme
crotonase (E.C. 4.2.1.55), Step 4 is catalyzed by the enzyme butyryl-CoA dehydrogenase
(E.C. 1.3.99.2), Step 5 is catalyzed by the enzyme acetyl-CoA:acetoacetyl-CoA transferase
(E.C. 2.8.3.X or 2.8.3.8), Step 6 is catalyzed by the enzyme phosphotransbutyrylase, and Step 7
is catalyzed by the enzyme butyrate kinase.

Figure 13 shows a pathway for the production of butanol from fatty acids. Multiple steps
are indicated by broken arrows, single steps are indicated by solid arrows. Step 1 is catalyzed by
the enzyme acetyl-CoA acetyltransferase (E.C. 6.2.1.1), Step 2 is catalyzed by the enzyme
3-hydroxybutryl-CoA dehydrogenase (E.C. 1.1.1.35), Step 3 is catalyzed by the enzyme

crotonase (E.C. 4.2.1.55), Step 4 is catalyzed by the enzyme butyryl-CoA dehydrogenase
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Optionally, the m croorganismmay be further nodified by reduction or
el imnation of the NADH dehydrogenase activity. Such a nutation would
ensure that all NADH generated via 13-oxidation is avail able for use

in the sypt b_??g'sb_szgpéte 543 Pﬁélwgﬂhe erﬂ;@%{lﬁ;ﬂt&glﬁ dBhRRSSINE% (B, 11318.57),

conversron o ucci nate I nt ut a Tabl €s and 4
pr ovi deamktepbas yatdyzedrgsthe enzyntedbutneldshydrogémaspat hway. Table 4 E. C.

No. Exenpl ary_ Enz S Al dehyd ehvdr ogenase ' d H .. .

(NAD( Py P e EVRIES T ity BE By B MO BRER T FrevBiR, BBRF A dids. Muliple

ani nobtlig&pah&eimﬁdeted&kwﬂfo&g@mm@},, siEglle GHpk a(dzhntdicmzedeegnml aAgwa3,Step 1 is

O ey o e o e bl B 211 £ 0 asnevy e

am nObUENi)ﬂ{edﬂl&&%x h%&hﬂgﬁﬂ@?ﬁc&&ts?ﬁtﬁ_ﬁh’é%ﬁt. :.8.9.3.16?11' ana Bty ak defapeed by
seu

dehydr ogenase (KauB), onbnas_aer ugi nosa Al cohol dehydrogenase

1. 1. 1. 20®Engype dpaAwayormadnieuybhed scductass Goact-bd-8)-eundi or
Kl ebsiella pp ?%i:ﬂ %v&%ﬂiaflﬁ?ay%ﬂﬁk Pioﬁgﬁiokeb?’eth%&%m@ fﬁm?%&ga%ﬁﬁg Riultiple

M croorgani s converting fatty acids to propionate.
al t er nastepe atsoulidivated, bynbwken agaws,.ssisgla steps dire indiaatadnby polekerrows. Step 1 is

di scl osur,e copprise (1) a knocked:out fadR e; A a tion.i P
2t oC geruaFEIBY 0E Eptie BrbERSFEIBM R fECH 20 dal A 1 Bplsl Rl by
oper on; t{e¥hz@Ank Bhakdshmidetantntbia-yases Eal. 43UC.8).gene, or both; (4) a
knocked-out sdhA gene or sdhB gepe r h; over expression of a
gene encodi ng a net hyl mal onyl -@W‘%ﬁ%@gg%&%ﬁ&%cocyc Gene | D 01

1444; EntrezipG@ngl e AA®pA6dd Ha®)boBY HeCHRIRHT Sdhettl d%srﬂ%ﬂ@n eRnaodt Teiéwing
met hyl mal onyl - CoA decar boxyl ase (scpB, Ecocyc Gene ID 07516; Entrez

Genel D: detzilypdescription(arg exspanlay 3nd sxpl@tasy onlygarbarg febigsirigtiye of the invention,

Pr opi onyl 2GRS URGhid %F%i&%ahﬁ@ﬂ% the Qn@ﬂ&ﬂ ifbiuYes(1RE Blural FGRWVdrd “®NEr an”
I D 07517; Entrez Genel D:. 947402). The ovefexpressed genes nay either

(13 kh]

means “at least one”, and the use of “or” means “‘and/or”, unless specifically stated otherwise.
Furthermore, the use of the term “including”, as well as other forms, such as “includes” and
“included”, is not limiting. Also, terms such as “element” or “component” encompass both
elements or’ componénts comprising one unit and elements or components that comprise more
than one unit unless specifically stated otherwise.

The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described. All documents, or portions of documents,
cited in this application, including, but not limited to, patents, patent applications, articles, books,
and treatises, are hereby expressly incorporated herein by reference in their entirety for any
purpose. In the event that one or more of the incorporated literature and similar materials defines
a term in a manner that contradicts the definition of that term in this application, this application
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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be endogenous or exogenous, or a conbination thereof Figure 8 shows a
pat hway for the conversion of succinate into propionate.

M croorgani sms for converting fatty acids to acetone. In an alternate
enbodlne croor gani.sns accor di to th resent djsclo ure

conpri s& f(Si*yam | SRBe RETFGIRMICEY wpgeﬂn!ghfa(say gyf?remafffvdﬁod’% s o 'a?saec’@éwces
that prgyi6e San@\bﬂ{e%mmmwao&gmﬁms RAGWORI t8& Bt S Mhe haghovaqnpﬁaﬁmwaﬁéﬁwlude
overexpressi on of a_ heterol ogous gene encodlng an acety

acet y| t patrse aptlimitest torfleansk seetaisi BisCiBhte JzamEnY @mﬁorv@eh& b@ﬂéle@ph gegdene,
tyl -
2ot v PR BRSIRBRASiaR Sockfhad, D005 MRDAERE £SO MR,

acet oacet or overexpression o gene
encodi ng an Acegirdiagdt ymtGdinentans ﬂerthséqsuwn the( Sl)craorgatlmm h@g@ulntzuregecme free

encodi n et oacet at & _degar bo r shows a

Ehe contf B bPRGE LA RL AL AR, B rdi oS BOE R BTt Hlerror
enzynesad the grinearg tcapsn isdurcé er prtiftveky . THabbe fabty deidsGnoiNgzlyderides) Higlycendes
Enzynme( C. - a tyItra sferase AtoB, E. colt (Entrez

Genel D: %%g%ahﬁaﬁ%hmﬁs »1693h ipa s dfiereas iy B POVdeq by various sources, such
acet obuhyidoetaBle(iRbf Bfinfaen®. ! ) : 1119056, GenBank NP 349476) _
Acetyl - CoA:"acet oacet yl - CoA transferase Cif AB, acetobutylicum (Entrez

Genel D: 1116148 dafiredifergn soknackedsapikeenp isla ga@ovhase engoded podiugt, age Aprotein,
E. colt d&grﬁort of s 1'%1? ﬂggslr?otaﬂé?fo% iR %ﬁual qﬁﬁ@%ﬂkor '\Aﬁy%&(zi%ﬁ %(i(ngﬁced-out

416725)
gene can be created through deletion, disruption, insertion, or mutation. As defined herein,

microorganisms that lack one or more indicated knocked-out genes are also considered to have
knock outs of the indicated gene(s). The microorganisms themselves may also be referred to as
knock outs of the indicated gene(s). Such knock outs can also be conditional or inducible, using
techniques that are well-known to those of skill in the art. Also contemplated are “knock ins”, in
which a gene, or one or more segments of a gene, are introduced into the microorganism in place
of, or in addition to, the endogenous copy of the gene. Once again, many techmques for creatmg
knock in microorganisms are known to those of ordinary skill in the art.

The methods and techniques utilized for generating the microorganisms disclosed herein
are known to the skilled worker trained in microbiological and recombinant DNA techniques.
Methods and techniques for growing microorganisms (e.g., bacterial cells), transporting isolated
DNA molecules into the host cell and isolating, cloning and sequencing isolated nucleic acid
molecules, knocking out expression of specific genes, efc., are examples of such techniques and
methods. These methods are described in many items of the standard literature, which are
incorporated herein in their entirety: ‘“Basic Methods In Molecular Biology™” (Davis, ef al., eds.
McGraw-Hill Professional, Columbus, OH, 1986); Miller, “Experiments in Molecular Genetics”
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1972); Miller, “A Short Course
in Bacterial Genetics” (Cold Spring Harbor Laboratory Press, Cold Spring 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 Harbdr, 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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6.2.1.1 2.8.3.-, 2.8.3.8 , 4cet oacet at e decarboxyl ase 4.1.1.4M, C.
acetobutylicum (Entrez Genel D: 1116170, GenBank NP_149328)
M croorgani sns for converting fatty acids to nethyl acetate. In an

al t er nat. i oL j LRG> r

i sol ooy TREEH PR MRl bRRA AR, BRRSANGE" @icd fnkl Btfison, edsy; CRC
an at oCPgendBachRatq; &l _bl%);oa;rdr %ﬁiﬂ:-&ss::yoﬁl\dofecmlmeGmeﬁpsng? Beoheehia celi’o(The
oper on; er expr essi,o et er ol ogous gene encodi ng an
acetyl-E%i%ggﬁp§ﬁ?§ghggg?§§§18$q5verexpression of an endogenous gene
enco(cjii ng an IﬁeEMllecCpb?scﬁ%gthiomnfﬁf eredwe of 4holih el Rtivitpghaigerganerotein as
e B Bhe o B B et PHEL L PR S Bl Faing
het er ol AR BRACIEACREI e @Bt RpRIJISGEIEARLSR BaSpkh R MedeteindRsh {HR)wild type
het er ol ogous gene encodi ng an acet one nonooxygenase cmA, from_ . i
Gor doni aTespisTs OF Ay Heqryasing e pirsdishing de snspidis adbivibest thepsateiny Medifications in
BAF4379%)der to lllaveMle% i éed%ﬁ%égg of’l%'wiés! Jt9hd kYin@ot gl%téiﬁ) mé!?v include the

i soor opano n an arternat odi ment,” m croofgani sns according to
t he pressnef aivsad premoter,cw e mgitatipn (e.a., Insertiok.altletion of peiRt patation) &) (parts of)

mutation in an oC gene tha rovi des over.expr.-ession the . .
i cor oor Qriehis b SRT A0l BE AR SERGHBIRE e lhe rifppta protin
gene eneni dlgh 88 Reahplished dyagethyld kansh dn ake ar Suedr axfhods SN imludenthe
endogenous gene encodi ng, an, acetyl - CoA .acetyl transferase;, (4) a .

ot or ol SHAR e THCOD: Pt o5 BUPLECEG RS AP griee i kndhun n the art
over exphRSHLAGIOH RBuEHE 00 MRIng L @RAP f A% RERIORE 8éithctin@Ahe protein
transferase; (5) a heterol ogous gene encodi ng an acetoacetate

decar boxthaspecifia ighibitoyrs ar elberesubrianwss shay specifically intergetawidle thenpratejn.  Potential

al cohol ; ( : . e :
dehydr oglgrgﬁ[g}s{g% %?ﬁ@?ﬁ@g IFar?g F%%gégagﬁfg% rncl)m C{Sgélt ;I’§rl g@ﬁ%%%l]ﬁ%@?%g ia algsntdthe
Adh f r oproféiar nBecha entiivdiss emay rbsckbtained-ibyuraatin® imhomizatiorp grdtoens fodrsuitable -
t he connﬁg§i§n o;zﬁgetyl-CDA into isopropanol. M croorganisns for
converti 82?5??9"5 'ds to 1, 2-propanediol.In an alternate enbodi nent,

m cr oor gani sWhe aiphty @ugdtmatiré ef parbsre atomdiis dAtysacids (FAR) ak eempdred a0 sugars,

knocked-out, .fael.L2 gene; (2).a nmutation in. an-atoC gen hat »

o ovt eBrsyiss il Gttt it i poohain & Renh e SrriER Byls Bl fermentation.

over exprebigi10ftotidefan ety 6ORUSx YSlaRcCME B ddRlvéasion OE ity 43S (FAs) into cell

acetyltransferase or qverexpression of an_endogepous gene encoding an
S e €

acet yl - 38 aedeihanela ydthepaladationg)foy dpdgeaneis dGelisteadssanci §6i1hghexadecanoic
acet Oaceéxj,a@&tad&mce(@%c%sﬁm EXRLRSFEPPAS] an endogenous gene
encodi ng an acetoacetyl - COA transferase; (5) a heterol ogous gene
encodi ng an acet oacet ate decarboxyl ase; (6) a heterol ogous gene
encodi ng an acetol nonooxygenase; and (6) overexpression of a

honol ogous gene or heterol ogous gene encodi ng a gl ycerol
dehydrogenase (E.C. 1.1.1.6). An exanple of an acetol nonooxygenase
is the ethanol -induci bl e P-450 Isozyne 3a of rabbit as described in
Koop and Casazza (J. Biol. Chem . 260:13-607--13612, 1985), which is
herein incorporated by reference. The acetol nobnooxygenase (E.C.
1.14.14.1) catalyzes the conversion of acetone to acetol

(di hydr oxyacetone). An exanple of a glycerol dehydrogenase is the
GLdA enzyne of E. coli (Ecocyc Gene |ID EGL1904; Entrez Genel D: 948440;
GenBank Accessi on Nunber NP 418380).
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Al ternatively, the gene encoding the glycerol dehydrogenase activity
may be replaced with heterol ogous genes encodi ng an acetol kinase, an
L- 1, 2- propanedi ol - 1- phosphat e dehydr ogenase, and a gl ycerol -1

- phosphat e phosphat ase. Figure 11 sh t al ternat e pat hways for

t he conversion of acetone to 1,2-pro§£®@ﬂ¥gl. M cr oor gani snms
for conve . . | Brorliombti? & enDOOT Mo
m croorganisnsaccording to the present disclosuwe conprise (1) a
knocked-out fadR gene; (2) a niwiesohedimassdromise gene that provi des
over expression of the m croorganism ; (3) overexpresgsj
of a het®y Ok agats Fgeoel recodi Ng éﬁ“ggﬁg%ﬁéﬁgﬁﬁg@et Itransferase%;#%|6
over expressi on of an endogenous gene encodPiy!¥Higedby?ICoa  B-2-1331)
acetyltransferase; (4) a heterol ogous gene encoding a

3- hydr oxybut Yy lo-c@arel:detiydsoagrmiradecnafibipo enctgptrdpobogans 1évarbgbyicldf®
encodi ng a crotonase; (6) a heterol ogous gene encoding a butyryl - CoA
dehydr oger@s®iuragn A Skjha]l het er ol dgOPE...geft8 RHas8EagCaOfer an -4 (-2H)
acet yl - CoA: acet oacetyl -CoA transferase (E.C. 2.8.3.- 2.8.3.8) or a
but yr at e- acet oac et@lumkavh chilbor Sk S Bons@dineld Hekhrio (94-96% cbinSicnpt i Vel y,

t he heterol ogous gene encoding the acetate CoA |igase or

but yr at &, ag&hied s Sefubiadtsf er ase,c, t.ohayh)-SenesiofRY 2R, e P! aceds b

genes encodi ng phosphotransbutyryl ase and butyrate kinase.

Phosphoty a butyrat @ ki i el n Valt t
al . (Geggq%%ggi%§¥k?%$ﬂgggﬁ), in?%?bo{gﬁzgaﬁ@?égﬁéfﬂb?ﬁgﬂ%ntiret§&g§

reference. The duct t hese nes I 0 conv

but yryl ?ledfdr’it\urf'i 'S IE‘{J%'ye #‘ﬁ%ﬁgé’phat e acﬁ%;.@%z%ﬁ{%%éﬁ%?@{ “le%(llf%égtr e 12 s{ngvs
a path for the cqonversjon of fatt Cl into butyrate and Tabl es
5 a6 OrEPPEE R BT Sounzy med AP AU SeE RS e BePhvay. GBI e
6 E. C. No.Exenplary Enzynme(s) 3-hydroxybuoryl - CoA dehydrogenage
1.1.1. 35Hbd, CAsfeehaspfitafhiorefiexe B 41 erpr-<apiaingy stenreip@a 94 s rina wrld)

NP_349314) Crotonase (3-hydroxybutyryl-CoA dehydrat ase)
4. 2. 1. 55@sewypHRe?et@mola€éh obut v iCeHaP (BN 2GR ARMB895, GenBAaHk

@1 O

'P'.zz

C,4 saturated FA - ethanol + CQ, C_;4H2302(80/14)—)13/2C2H60(6) + COy 0} . 2(1H)
Cis saturated FA = ethanol + CO, C16H3202(92/16)-> 1512C,H,O(6) + CO4(0) 2 (1H)
C g saturated FA > ethanol + CO, CsH360:(104/18)->17/12C,H0¢6) + CO(D) 2 (1H)
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NP_349318) Burynyl - CoA dehydrogenase 1.3.99.2Bcd, C acetobutylicum

(Entrez Cenel D: 1118894, GenBank NP349317) M croor gani sns for
converting fatty acids to butanol. In an alternate enbodi nent,
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3- hydr oXy g el ’étﬁase heterol ogous gene encodi ng
a crot on quatmahlﬁ@t:@y atceuws §n'gé"ﬁécaéf)mlcm#qﬂ§e Betyeanegqtantyapd products.
dehydr oge| §é“ (’3 “*a het er ol ogous gene encodi ng a butyral dehyde

d rea Iln

dehydr og&fyas rbikiin P&t sunoqowa«, &ﬁﬂﬁteeraegégcﬁg Ig?@kNlelsen et al,
dehydrog ﬁg r@9eN
B Cﬁ%B gﬁ%&ﬁ?}?nﬂ% ut énol 8(%€|6gna E? mn croérgdr%log%%

converting butyra
may be fdpgdres ofTiédudtioﬁdbzba‘ncéQﬂupisl eafimated ak hmm%f hofor t he WARH: and ¢ are
dehydr ogpaasRhRElctid dogfficRne AndthBnlAbeT cuduh diogRIo @ch Behpalnd, Nobddtively.
gener at edttiréddxith, 8 lakdék prdssaMsr il 6F iy adié B EINADE)B-F AP, S af ).
but anol .7 ¢d0Hags ﬂe%nﬁﬁqm}l@a%i@“@ﬁ’reﬁ&rtecﬁ 18 BRIVRMSICRIbhishd! (IVeRE], 33 al,
into butz@@@' s1pP. CRRUESioR of FAsING cAll RFQY hélBe X ERIAIbYscE 8L Y el Bblikhe In
steps Iny, E}%hﬁﬁ@)ﬁegrez%? lr@duZtuﬁl anm%Qn ERf{S TR At e SRy TR Rihimum amount of

But yr ai qg genase 2.1.57Bydh, C. ace obutyl I cum But ano
gﬁgygrﬁ g%%i&,%ﬁ%ﬁ% aﬁﬂfﬁ %‘ﬁg&% B KSR AL S FRINR il HnaP 1
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.

;Fhe degree of reduction per carbon of a 12 to 18 carbon FA ranges from 5.67 to 5.78
(Table 1), as compared to a degree of reduction of 4 for glucose (C¢H;204: k = 4) or xylose
(CsH150s: ¥ = 4). The advantage of this higher degree of reduction is best illustrated by '
considering the production of a reduced compound, such as ethanol (Table 1). Ethanol is
synthesized in E. coli from acetyl-CoA in a two-step process catalyzed by the
acetaldehyde/alcohol dehydrogenase enzyme, a pathway that consumes two reducing equivalents
(Figure 1). The generation of one molecule of acetyl-CoA from a two-carbon fragment of a FA
in each cycle through the B-oxidation pathway generates two reducing equivalents. Therefore,
ethanol could be produced at a carbon yield approaching 100% because the two reducing
equivalents generated in the synthesis of acetyl-CoA would be consumed in the production of
ethanol (Table 1: carbon-constrained scenario); however, as the number of cycles through the B-
oxidation pathway is always one less than the number of acetyl-CoA groups formed, each mole
of FA generates (N/2)-1 moles of reducing equivalents (where N = the number of carbons in a

saturated FA molecule). Energy and degree of reduction balances for the conversion of 12- to
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M croorgani sns for converting fatty acids to neval onate. In an
al ternate embodi nent, mcroorgani sms according to the present _
di scl osure corrpri se (1) a knocked out fadR gene; (2) a nutation in an

at oC geng that 0 nesshon of th m cro. S 0

o on: TE-shrd3h s CERs RS SRR T4 R Sr B imtre Shehdiea e b1 ol the range

acet yl - cpAECOL 4% barhséaeb@ssascsr (TRBRI BXRFHRAS |r6dbx9fandi8n& oaIRemed §&dhario).
i an acetyl - CoA acetyltransferase; (4) a_ heterologous gene

codin
:Rcodi nghauy ‘Pfﬁi‘i“@ﬁ‘;‘/o%x)%ﬁieﬁ? PJP‘H’{"&WP‘J EBH’A“%‘? rf?lhth% arodaﬁwn(czf)e%nol results in a

het er ol ggRi eqzﬁﬂped@aﬁgch BflaRni: hyr@lfsog%ré mifnlnxs' HeULiRand] - ﬁaé\ to a theoretical
reductase. Figure 14 shoms a pat hway for t e conversi on ‘of ty

aci ds t @aman ok 47% ema chdpn basis @gaofoeglppmlcétéhx@eempi—aﬁszzfé&y@es 2€6n (0).
the ste €, (i .

3- hydr oo an%dt?lhg/l 3% dlﬁk‘ ‘% ‘Fh&géatépaci@ggﬂ’é%ﬁ%‘?‘%%%{g Weight bass, as
cer evi silaeiy ﬂﬁ&tmetnc@sacé Ithl&B%ds?nock@emBafnkls/bﬁbrﬁkﬂ:ﬂEa&ﬁh)'kéWa On wight basis, the

thaliana_ (Entr NP 84936

5 3 3 18 agx ﬁ%ﬁa}:egligl )gelﬁé)? ﬁ@}a%crlgfe S&W%@&tﬁgstgol\lpmlhlgher t?lan 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 vield for
EtOH (weight basis) EtCOH (carbon basis)
Sugars 0.51 0.67
Fatty Acids 1.32+0.05 (2.6-fold higher) 0.93 (1.4-fold higher)

{C12-C18 saturated FA)

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

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

acrobic/respiratory conditions as well as microaerobic/microrespiratory conditions. In other
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encodi ng an_al cohol dehydrogenase protein that is active under

aer obi chatyally pses NAD+ or NADP+, such as Mycobactenum 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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The m croorganismof claim1, wherein said mcroorganismis a
bacterium 3. The m croorganismof claim?2, wherein said
m croorganismis a nenber of the genus Escherichia, Lactobacillus,

Lact Ocogﬁél@d cg—?&iggj r%%cifnigigfnz‘sﬁ%le}b? as Kh&Ps irfFigtre 2 NARAE Wiflecules required

Costridium or o e mcroorgani smof claim3, wherein
sai d ni derdbe gemieswon of Fstyir&ioAciniaetbasiol by BdhErreuld be provigas by fraxidagipaiifihe

1, wherein-sai.d.m crogrganj | f URQUS i1, G + (] ingm Of

oi ai m 5P P A RERTRE SR S S ADOS; G BRI AT R gencral,
Sacchar oinodsnd R ADPH , arSalore oseéid char RADHe & thasioemstrdamipathways used to provide
Neurospora. (. The .m._craqqrgani sm,of claimg6, wherein sajd .

m o oor e SHeGELH 4F HPERS ALPe PPLFoErial: SRS g %, inghe absence of
Schi z0s aRehed ERLEREs, IFATHE, géheraldiduling/the BAXida5i6h @Fcle InddymackumWasy 1©i Harmful
said m croorgani sm conprised reduced fadR expression. 9. The

m croor dg¥lssm of claim 8, wherein said nicroorgani smconprises a

Wherei n el d RSP A SR R ReABAL I ag o R it b ent

ni cr oor gaeosTganitme laedonditi@ fo thiseresent diselaguiri compoisgtlniadmockndpaut SR gene; (2) a

B

i nserti ¢3) augeaiel onerexpredsingf adR-ganeperon (Ecocyc Gene ID 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 azo operon; and (3)
heterologous genes overexpressing the acd4 and acdB genes of Pyrococcus furiosus (GenBank
Accession Nos. AE010255 and AE010276). Together, these genes encode an ADP-forming
acetyl-CoA synthetase activity (E.C. 6.2.1.13) that catalyzes the conversion of acetyl-CoA and
phosphate to acetate and CoA-SH. Such a microorganism may, optionally, include a knocked-
out gene encoding an endogenous acetyl-CoA synthetase activity that functions primarily to
catalyze the reverse reaction. An example of an endogenous gene that preferentially catalyzes
the reverse reaction is the acs gene (Ecocyc Gene ID EG11448) of Escherichia coli.
Alternatively, the microorganism may comprise a mutant acetyl-CoA synthetase activity that
favors the flow of acetyl-CoA to acetate. An exemplary use of such a microorganism is for the
production of high levels of acetate from fatty acids. Figure 4(B) provides an alternate pathway
for converting acetyl-CoA, derived from fatty acids, into acetate.
Microorganisms for converting fatty acids to succinate. In an altemate 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
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13. The m croorgani smof claim 10, wherein said m croorgani sm
conprises a deletion of the fadR gene. 14. The m croorgani smof claim
|, wherein sai d M croorgani sm conprises increased expressi on of the
fad regul o Th mcroor ni sm of c£a|m14 wher ei
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Optionally, the microorganism may also comprise a knock-out of the ic/R gene (Ecocyc
Gene ID EG10491). Knocking out the ic/R gene activates the glyoxylate shunt, as the ic/R gene
product is a repressor of the aceBAK operon. The aceBAK operon includes the aceB, aceA, and
aceK genes (Ecocy Gene ID EG10023, EG10022, and EG10026, respectively). aceB and aced
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
citric 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 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 sdhA4 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. 6.2.1.5). Overexpression or heterologous expression of a succinate semialdehyde
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21. The m croorgani smof claim1, wherein said mcroorgani sm

conprises a nucleic acid sequence encoding a nutant al cohol
dehydrogenase protein that is active under aerobic conditions. 22.

The ni crR@eRnaR aﬁfeabﬂb&iv’ert ediRtifySebAl 181 §HaRfcd BRlohifdtes th
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pr ot ei nt@oﬁffprril@ion@faum@t%@selmmamrmldaf@ydﬁ residue at position 568 of
the am no aci 0
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protein conprising a |lysine residue_at position 568 of the am no acid
sequencEXeBaTyIEYRELIop Sregtans shthePaldvay m 1, wherein said

i croorgani smconprises a nucleic acvplalﬁ@guence encoding a

Sacchar onyce

under aer obi cEcohdi t ions ?@xeﬂfﬁmﬁ!ﬁ&m@r ganismof claimil, wherein
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said m croorgani smfurther C(Sg?

dehydrogenase gene. . 28.Th %Mﬁh?&ﬁ&@ﬁdnﬁ:%eﬁuloﬂ @ht8: Senel¥h X R NGefind

m croorgani smfurther conpri sesiasmucl ei ¢ aci d sequence encoding a

FadE protein that uses NAD+ AfHMADRmoagpieas (Earek Gatel): 7915, GenBank NP_733936 or
NP_001071)
Ssadhl, Arabidopsis thaliana (Entrez GenelD:844282, GenBank NP_178062)
AttK, Agrobacterium tumefaciens (Entrez GenelD:1136121, GenBank
NP_356407)

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

Succinate: CoA ligase (ADP-forming)
6.2.1.5 ' Succinyl-CoA synthetase, E. coli (Entrez GenelD:945312 and 945314, GenBank
NP_415256 and NP_415257)

. Gamma-hydroxybutyric acid dehydrogenase
I.1.1.6lorl.1.1.2 4-hydroxybutyrate dehydrogenase, NADPH-dependent, A. thaliana
NADPH-dependent alcohol dehydrogenase from Bos taurus (Entrez
GenelD:281360, GenBank NP_777247), H. sapiens (Entrez GenelD:10901,
GenBank NP_066284), Rattus norvegicus, Oryctolagus cuniculus, or Sus scrofa
BlcB, A. tumefaciens (Entrez GenelD:1136911, GenBank NP_396070})

Lactonase
3.1.1.25 AttM, 4. 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 sucA gene or sucB gene, or both; (4) a knocked-out sdh4 gene or sdhB gene, or
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29. The m croorgani smof claim 28, wherein said mcroorgani smfurther
conprises a nucleic acid sequence encoding a nutant FadE protein that
uses NAD+ or NADP+ as a co- factor 30 The m croorgani sm of claim 28,

wherei n,sai d croorganlsn1 urth ses |c aC|d se ence
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Optionally, the microorganism may be further modified by reduction or elimination of
the NADH dehydrogenase activity. Such a mutation would ensure that all NADH generated via
B-oxidation is available for use in the synthesis of 1,4-butanediol. Figure 7 shows a pathway for
the conversion of succinate into 1,4-butanediol and Tables 3 and 4 provide exemplary enzymes

for the steps in the pathway.

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

aminobutyraldehyde dehydrogenase), E. coli (Entrez GenelD:947003,
GenBank NP_415816)

Gamma-aminobutyraldehyde'dehydrogenase (YdcW), E. coli (Entrez™ -~
Genel»:945876, GenBank NP_415961)

TMP-1 aminobutyraldehyde dehydrogenase, Arthrobacter sp.

Aminobutyraldehyde dehydrogenase (KauB), Pseudomonas aeruginosa

Alcobol 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 sucA 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 EGI11444; Entrez GenelD:945576); (6) overexpression of a gene encoding a
methylmalonyl-CoA decarboxylase (scpB, Ecocyc Gene ID G7516; Entrez GenelD:947408); and
(7) overexpression of a gene encoding a propionyl-CoA:succinate CoA transferase activity

(scpC, Ecocye Gene ID G7517; Entrez GenelD:947402). The overexpressed genes may ¢ither
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33. The method of claim 32, wherein the concentration of said free
fatty acids, nonoglycerides, diglycerides, triglycerides,

phosphol i pi ds, or conbination thereof, is about 0.1%to about 10%

34. The gt i Lel i r afl 0B 88 for th
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phosphokompiedson affsucandie na¢ popidnater eof , i s about 2% to about 5%
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phos phokiigotigzaniems eesthdingto the prdsenteiclosine dofigprise)( 10 arkeockadiounyadR gene; (2) a
mai nt ai ned at .about 0.1%to about 10% during the cul turi n%pr said

mi cr oor GHALAM in 2819t genethibBroyIdes PXTRIPSESSIORAL IRT IR e operon; (3)

medi um GUEtAREssRATRIT $€SheerdlbbdiR el fichdih© af ahdetyl oA FRINGShsHrase or
produci ng ethanol, conprising culturing a nicroorgani smconprising:
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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:acetoacelyl-CoA transferase
2.8.3-,2838 CtfAB, C: acetobutylicum (Entrez GenelD:1116168 and 1116169, GenBank
NP_149326 and NP_149327)
AtoAD, E. coli (Entrez GenelD:946719 and 947525, GenBank NP_416726
and NP_416725)

Acetoacetate decarboxylase
41.14 Adc, C. acetobutylicum (Entrez GenelID:1116170, GenBank NP_149328)

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

mutation in an afoC gene that provides overexpression of the microorganism’s afo 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 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 afo operon; (3)
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c) a nucleic acid sequence encodi ng an al cohol dehydrogenase protein
that is active under aerobic conditions, in a culture nmedi um
conprising free fatty acids, nonoglycerides, diglycerides,

b odut | RYTEPRSABN. s s AMREtTARI0 i BBIINS ofthgRtohy- Godu, Aeh ahferase  or
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wherein.said m cr.oor gani ire conprij ses ini:reased
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
JadR géne; (2) a mutation in an atoC gene that provides overexpression of the microorganism’s
ato operon; {3) overexpression of a heterologous gene encoding an acetyl-CoA acetyltransferase
or overexpression of an endogenous gene encoding an acetyl-CoA acetyltransferase; (4) a
heterologous gene encoding an acetoacetyl-CoA transferase or overexpression of an endogenous
gene encoding an acetoacetyl-CoA transferase; (5) a heterologous gene encoding an acetoacetate
decarboxylase; (6) a heterologous gene encoding an acetol monooxygenase; and (6)
overexpression of a homologous gene or heterologous gene encoding a glycerol dehydrogenase
(E.C. 1.1.1.6). An example of an acetol monooxygenase is the ethanol-inducible P-450 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. coli (Ecocyc Gene ID EG11904; Entrez GeneiD:948440; GenBank
Accession Number NP_418380).

Alternatively, the gene encoding the glycerol dehydrogenase activity may be replaced
with heterologous genes encoding an aceto]l 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 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 a 3-hydroxybutyryl-CoA dehydrogenase; (S) a heterologous gene
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expression of an acetate ki nase gene and a phosphate

acetyltransferase gene. 41. The m croorgani smof claim40, wherein

said m croorgani smconprises increased expression of an ackA-pta
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provide exemplary enzymes for the steps in the pathway.

Table 6
E. C. No, Exemplary Enzyme(s)
3-kydroxybutyryl-CoA dehydrogenase
1.1.1.35 Hbd, C. acetobuiylicum (Entrez GenelD: 1118891, GenBank NP_349314)
Crotonase (3-hydroxybutyryl-CoA dehydratase}
4.2.1.55 Crotonase, C. acetobutylicum (Entrez GeneID:1118895, GenBank
NP_349318)

Butyryl-CoA dehydrogenase
13992 Bed, C. acetobutylicum {Entrez GeneID: 1118894, GenBank NP_349317)

- Microorganisms for converting fatty acids to butanol. 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 afo 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
encoding a crotonase; {6) a heterologous gene encoding a butyryl-CoA dehydrogenase; (7) a
heterologous gene encoding a butyraﬁdehyde dehydrogenase; and (8) a heterologous gene
encoding a butanol dehydrogenase or secondary alcohol dehydrogenase capable of converting
butyraldehyde to butanol. Optionally, the microorganism may be further modified by reduction
or elimination of the NADH dehydrogenase activity. Such a mutation would ensure that all
NADH generated via B-oxidation is available for use in the synthesis of butanol. Figure 13
shows a pathway for the conversion of fatty acids into butanol and Tables 5, 6, and 7 provide

exemplary enzymes for the steps in the pathway.
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48. A nmethod of converting fatty acids to acetate, conprising
culturing a mcroorgani smconprising: a) reduced. fadR expression or
function, or increased expression of the fad regulon; b) increased
expression of the at oDAEB genes; andgj@%,' rlfreased expressi on of an
acet at e ki nase gene or a phosphat e a !ﬂ ransferase gene; increased
expr essi on OfE,@INADP-1 0T M NJ_ &ediiplary By N NEL aS€ activity, O
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Microorganisms for converting fatty acids to mevalonate. In an alternate embodiment,
microorganisms according to the present disclosure comprise (1) a knocked-out fadR gene; (2) a

mutation in an aftoC 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 géne encoding an acetyl-CoA acetyltransferase; (4) a
heterologous gene encoding a 3-hydroxy-3-methylglutaryl-CoA synthase; and (5) a heterologous
gene encoding a 3-hydroxy-3-methylglutaryl-CoA reductase. Figure 14 shows a pathway for the
conversion of fatty acids to mevalonate and Tables 5 and 8 provide exemplary enzymes for the
steps in the pathway.
Table 8

E. C. No. Exemplary Enzyme(s)
' 3-hydroxy-3-methylglutaryl-CoA synthase
23310 Ergl3, Saccharomyces cerevisiae (Entrez GenelD:854913, GenBank
: : NP_013580)
Mval, A. thaliana (Entrez GenelD:826788, GenBank NP_849361 or
NP_192919)

3-hydroxy-3-methylglutaryl-CoA reductase
11.1.88 HMGI1 (Entrez GenelD:854900, GenBank NP_013636) or HMG2 (Entrez
GenelD:851171, GenBank NP_013555), S. cerevisiae
HMG-CoA reductase, Lacfobacillus reuteri (Entrez GenelD:5188737,
GenBank YP_001270813)

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

mutation in an atoC gene that provides overexpression. of the microorganism’s afo operon; (3)
overexpression of a gene encoding an endogenous acetaldehyde dehydrogenase, for example
mhpF (acetaldehyde dehydrogenase 2 of E. coli, Ecocyc Gene 1D M014; Entrez GenelD:945008)
or a heterologous gene encoding an acetaldehyde dehydrogenase (E.C. 1.2.1.10); and (4) genes
encoding the regulatory and catalytic subunits of ethanolamine ammonia-lyase (E.C. 4.3.1.7),
eutB and eutC (Ecocyc Gene ID EG50006 and EG50007; Entrez GenelD:946924 and 946925).

Such a microbial strain may require an external source of ammonia to accumulate significant
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a) reduced fadR expression or function, or increased expression of
the fad regulon; b) increased expression of the atoDAEB genes; and i)
I ncreased expression of an acetate ki nase gene or a phosphate

acetyl tr anst erase, 9eNGiind | JridiE 18 3h6Hs QPRSI o 1B carverSidir bD faviynarids to
acetylf@bﬁﬁéyq;hetase é%fivf y; or iii) %ﬁpression of an acetyl - CoA
synt heteglsmolotineri ty that functions primarily to produce acetate from

acet yl - CoA, ﬁ!l;ﬂ%@fgqugql %t tg%l’o(??rﬁﬁg Qhiimyg %Fg o Sl b ok embb@identsa® Hay be desirable to
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or eliminated by, for example, a knock-out of poxB, the ackAd-pta operon, or the ackA or pta gene
individually or together. Ethanol may be reduced or eliminated, for example, by the deletion of
the adhFE 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, isopropancl, 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. i

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

The free fatty acids, monoglycerides, diglycerides, triglycerides, phospholipids, or
combination thereof may be provided at 0.1% (i.e., g/1) to about 10% (i.e., 100 g/), 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., | g/) to about 5% (i.e., 50 g/), such as 20 g/l, as an initial dose,
and then supplemented at a rate sufficient to keep the total concentration of the fatty acids,
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51. The m croorgani smof claimb50, wherein said mcroorgani sm
conprises reduced sucA and sucB expression or function. 52.The
m cr oor gani sm of claim50, wherein said m croorgani smconprises

reduce ' o 190 riAks, b BshbiRAtions el QST HLESR Y1987 8HBuRT%
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I ncr easgthi@XPLARSIANGH ab NRehpifiéE 8y MY cure medium, or a complex medium as
exemplified by Luria-Bertani broth, as described in “Molecular Cloning: a Laboratory Manual™
{Maniatis, et al., eds., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1982).
Other culture media may also be suitable. In addition, the culture medium may be supplemented
with additional nutritional requirements to account for nutritional auxotrophies of the cultured
microorganism, which may be readily determined by one of skill in the art.

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

The microorganisms are cultured in thé medium containing the free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids or a combination thereof at an
appropriate temperature that is specific to each microorganism. By way of example, most E. 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 eve'n as high as 55°C. Saccharomyces cerevisiae grows well at 28°C
to 32°C.

The high value chemicals can be isolated from the culture medium using a variety of
methods that are well-known to those of skill in the art of industrial fermentation. Methods of
isolating the high value chemicals include, but are not limited to, distillation, pervaporation,
liguid-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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b) increased expression of the atoDAEB genes; c) reduced sucA or sucB
expression or function; and d) reduced sdhA or sdhB expression or
function, in a culture nediumconprising free fatty acids,

nonogl ygerides,. diglycerides, triglycerides, phospholipids, or a
conbinaﬁﬁ@ mf%@?@%%; t hereby converting said free fatty acids to
succi nate. 56. A nethod of producing succinate, conprising culturing a
m cr oor ani smmiermErgasisngcongrismeduced fadR expression or fil ndom or

i ncreased expressiqn qf e fad requlon: b).i : ' .
Lhe. ot oD Benestednsed fad Garioh 5P Binsiin. 8 et B BB FRY iR i eflion:
ang_ d) reduced sdmferemfed?dﬂ&w_fgsébteDAaBlg‘eumgﬂdon, ij_n ? cul _tgre

medi um conprising free fatty acids, nono ceri des | cerides, . .
triglyceride® phbBWHGFAHHFEquegse gice R looh0! C&ﬁ@f@%@?ﬁ¥ﬂ8?&b§lﬁf is active

produci ng succi Nafifier aerobic conditions. -
2. The microorganism of claim 1, wherein said microorganism is a bacterium.
3. The microorganism of claim 2, wherein said microorganism is a member of the genus

Escherichia, Lactobacillus, Lactococcus, Bacillus, Paenibacillus, Klebsiella, Citrobacter,

Clostridium, or Zymomonas.

4, The microorganism of claim 3, wherein said microorganism is Escherichia coli.
5. The microorganism of claim 1, wherein said microorganism is a fungus.
6. The microorganism of claim 5, wherein: said microorganism_is a member of the genus

Saccharomyces, Pichia, Schizosaccharomyces, Aspergillus, or Neurospora.

7. The microorganism of claim 6, wherein said microorganism is Saccharomyces cerevisiae,

Pichia pastoris, or Schizosaccharomyces pombe.

8. The microorganism of claim 1, wherein said microorganism comprised reduced fadR
expression.

9. The microorganism of claim 8, wherein said microorganism comprises a mutation in the
fadR gene promoter.

10. The microorganism of claim 1, wherein said microorganism comprises reduced fadR

function.
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57. A m croorgani smconprising: a) reduced fadR expression or

function, or increased expression of the fad regulon; b) increased
expression of t he atoDAEB genes c) reduced sucA or sucB expression

or func % EA? 5 ml xpr &ss on or. functi & h
i ncr eas E‘s‘%%"’g%?‘“f'ﬁ Aoy AR Sy WP%’EB‘F‘S‘ELYBEHPHF%W tation in the
senialdehydqﬁdﬂ@ydéogenase succi nyl - CoA: CoA transferase, or
succi nat e- CoA | i gase; increased gama- hydroxybutyric acid
dehydrogenase expression or function; and increased |actonase

expr essiipn orhd mikbdrgihise 3¢ Flafn M GHIRAH 804 %m:r%rgﬁllu%h'Ebl%fnséélﬁeifo‘?ﬂt'?nutanon
said m Croorgénl sm conpri ses [ ncreased expressi on or function of

or nore of stRieiom BUgke, AT seriige matipninhesedeensucci nyl CoA: CoA
transferase, or succinate-CoA |igase. 59. The m croorganismor claim

58, wherein said mcroorgani smconprises increased expression or

functi ohd.of Seewigroergaes af deinyde, Wkdigid said emamergasismoiomplrisGodddletion of the
transferaseaﬁ%ﬁ%mﬁgccinate-CbA | i gase.

14.  The microorganism of claim 1, wherein said microorganism comprises increased

expression of the fad regulon.

15.  The microorganism of claim 14, wherein said microorganism comprises increased
expression of the fadl, fadD, fadFE, fadBA, and fadH genes.

16.  The microorganism of claim 1, wherein said microorganism comprises increased

expression of the ato operon.

~17.  The microorganism of claim 16, wherein said microorganism comprises a nucleic acid

sequence encoding an atoC protein comprising a constitutive mutation.

18.  The microorganism of claim 16, wherein said microorganism comprises a nucleic acid

sequence encoding the afo operon operably linked to a constitutive or inducible promoter.

19.  The microorganism of claim 1, wherein said microorganism comprises a first nucleic acid
sequence encoding the atoD gene operably linked to a first constitutive or inducible
promoter, a second nucleic acid sequence encoding the afoA4 gene operably linked to a
second constitutive or inducible promoter, a third nucleic acid sequence encoding the
atoF gene operably linked to a third constitutive or inducible promoter, and a fourth
nucleic acid sequence encoding the atoB gene operably linked to a fourth constitutive or

inducible promoter.
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60. The m croorgani smof claim59, wherein said succinic sem al dehyde
dehydr ogenase is Al dA (NAD+-1inked) or Sad (NAD+-dependent) from E
coli, Gabd 1 from Mycobacteri um t ubercul osis, Al dH5A1 from Hom)

sapi ens,,,Ssa f.rom Ar.abi | i ana r. AUK from, Agr

Cuner acPine. Tas miGREENER gt VBl e o ingy Ry TR Etiflive
succi nyl - CoApfombudiblanpsdasiasae | u& ssmeeoﬁsﬁhn@ear {adécibleppahaease from

Cl ostridiumkluyveri, acetyl: Succinate Co-A transferase from

Tritrichononas foetus or Trypanosonma brucei, or acetyl-CoA synthetase

(AVP- f 0Bl NYrhé MARRoBreafiRi of Sidim THenBlef! £84 %@ﬂoﬁ%&ﬂ kmCdopis@Oa nucleic acid
wherein said succinate-CoA |ligase i s succin synt het ase fromE.

co/i. 63. Theeqweraecweeding grmyantallephal @ydmenaevp nr@,ﬁn dhat is active under aerobic
gamma- hydr oxy, Qﬁ&&gc aci d dehydrogenase is 4-hydroxybutyrate

dehydr ogenase 'H dependent) from Arabi dopsis thaliana,

NADPH- dependent al cohol dehydrogenase from Bos Taurus, Hono sapi ens

Rat t us rvegj cus ctol S C ul us r Sus _scr of or Blc

nor obactar | atrt s QiR R AT s miSHRunGR mitisrss Mokl A0id
wher ei n sai dsdqaeicenareding ahak.t ckasieotol @ﬁh)hﬂdi@an&s’epp@ﬂ:&l 8émpdiking a non-acidic
muscu/ us, AttMf rorR Agr obact er.i ug@:u facj ens, | i pase B48 from

Candi da ant af'BiP@gd rgHduerg postiien %}nﬁ‘? WB@C’@ISS‘W?P% wherein said

m croorgani smfurther conprises reduced NADH dehydrogenase expression
or activity. 66. The m croorgani smof claim®65, wherein said

ni cr oor g&ni s¢ BHeRRGEaRISHRL @a@ ¥, deieesin o#id GRicroREcaNADHPaRisey B Geplgiseacid

gene. 67. A ﬁ,&%@ e%ocﬁf? YR'E D af BhdVdeht n%drggelﬁge SRR BHbNGE D 29580 %mino

COI’TpI’I Si ng cC uri ng croorganl Sm CO
acid remdue at position 568 of the amino acid sequence.

24.  The microorganism of claim 23, wherein said microorganism comprises a nucleic acid
sequence encoding an E. coli alcohol dehydrogenase protein comprising a lysine residue

at position 568 of the amino acid sequence.

25. The microorganism of claim 1, wherein said microorganism comprises a nucleic acid
sequence encoding a Saccharomyces cerevisiae alcohol dehydrogenase protein that is

active under aerobic conditions.

26.  The microorganism of claim 1, wherein said microorganism further comprises reduced

NADH dehydrogenase expression or activity.

27, The microorganism of claim 26, wherein said microorganism further comprises a deletion

of the NADH dehydrogenase gene.

. 28.  The microorganism of claim 1, wherein said microorganism further comprises a nucleic

acid sequence encoding a FadE protein that uses NAD+ or NADP+ as a co-factor.
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a) reduced fadR expression or function, or increased expression of
the fad regulon; b) increased expression of the at oDAEB genes; 48 «c¢)
reduced sucA or sucB expressi on or function; d) reduced sdhA or sth

eXPreSeIAN Orrak 4NElk i) of BERCAS G er%xnp;a%sr%{&o“o&gafnhsfn}eﬁ@ﬁ?g%ggnses § nfeic

more of “Succinic Sems ogenase,

transf erase, aoid ssqmw\aioedﬁg,ﬁ xhutga?edE Protgdn easeds glaumaoﬂyelmyub dlcyrth@or,
aci'd dehydrogenase expression or function; and increased | actonase
expression or function, in a culture nmediumconprising free fatty

aci ds, VB‘GnOg|T%@%1Ex‘36%ani@h%t¥&:ﬁﬁﬂﬁe&heﬂefn| ﬁl&ﬁ@fdcdgaﬁlsnphﬁwhéﬂmﬁns%a n@éleic
a conbi nation thereof, thereb converting said free fatty acids to

gama- but yr olgidt $sEuence sensodieg m&adﬁ Prteja LB pinpatratrans e NALT alitlﬁﬁ@l"*‘ as a
conprising cyllihiNg a mcroorgani smconprising:

31.  The microorganism of claim 30, wherein said microorganism further comprises a nucleic
acid sequence encoding a FadE protein from Mycobacterium smegmatis or Euglena

gracilis.

32. A method of converting free fatty acids to ethanol, 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; and
] a nucleic acid sequence encoding an alcohol dehydrogenase protein that is active

under aerobic conditions,

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

acids to ethanol.

33. The method of claim 32, wherein the concentration of said free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids, or combination thereof, is
about 0.1% to about 10%.

34, The method of claim 33, wherein the concentration of said free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids, or combination thereof, is
about 2% to about 5%.

35. The method of claim 32, wherein the concentration of said free fatty acids,
monoglycerides, diglycerides, triglycerides, phospholipids, or combination thereof, in the
culture medium is maintained at about 0.1% to about 10% during the culturing of said
microorganism.
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a) reduced fadR expression or function, or increased expression of

the fad regulon; b) increased expression of the at oDAEB genes; c)
reduced sucA or sucB expression or function; d) reduced sdhA or sdhB
expression or function; e) increased expression or function of one or
nore of succinic sem al dehyde dehydrogenase, succinyl - CoA: CoA

transf erdése, The sethod pétciGolR, | wigase ;said il teres med igmnfoathbry doroprydesi tayitiitrate or
aci d dehydro&enase expression or function; and increased | actonase
expressi on o Eﬁﬁpion, in a culture nediumconprising free fatty

aci ds, nonogl ycerides, diglycerides, triglycerides, phospholipids, or

a conbination thereof, thereby produci ng gamuabutyrol actone. 69. A

ni cr oor gdni st B§HH 08 pregucing ethangl ceomprisimg CultyingAMisFORATI ST EQRIFFINGS ¢

i ncreased expgsessi el Waln's ] [ .
he. at oDAED. enesas o o e R e M rblog:
reduced sdhAbpr sdieBassdexasession obthefap{d4F b ggnes; and :

c) a nucleic acid sequence encoding an alcohol dehydrogenase protein that is active
under aerobic conditions,
in a culture medium comprising free fatty acids, monoglycerides, diglycerides,

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

38. A microorganism comprising:
a) reduced fadR expression or function, or increased expression of the fad regulon;
b) increased expression of the atoDAEB genes; and
i) increased expression of an acetate kinase geme or a phosphate

acetyltransferase gene;

it) increased expréé)sion of an ADP-forming acetyl-CoA synthetase activity;
or '

iit)  expression of an acetyl-CoA synthetase activity that functions primarily to

produce acetate from acetyl-CoA.

39.  The microorganism of claim 38, wherein said microorganism comprises increased

expression of an acetate kinase gene or a phosphate acetyltransferase gene.

40. The microorganism of claim 39, wherein said microorganism comprises increased

expression of an acetate kinase gene and a phosphate acetyltransferase gene.

41, The microorganism of claim 40, wherein said microorganism comprises increased

expression of an ack4-pta operon.

42.  The microorganism of claim 38, wherein said microorganism comprises increased
expression of an ADP-forming acetyl-CoA synthetase activity.
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e) increased expression or function of one or nore of succinic

sem al dehyde dehydrogenase, succinyl - CoA: CoA transferase, or

succi nat e- CoA | i gase; 0i ncreased ganmma- hydroxybutyric acid

dehydr ogenase expression or function; increased al dehyde

dehydr ogenase expression or function; and 49 h)increased al cohol
dehydr oggnas@hexpicamsgamisoD rof f ¢laiad 1420 . whetkin Bad miavoguygani somyirises | iaérased
69, wherein said mcr.oor ismc ri ses _i ncreased expression or
function of FYRSEsIon RS he %%?ﬂ%"@éﬂf&@% “HeHydr ogenase,

succi nyl CoA: CoA transferase, or succinate-CoA |igase. 71, The

m cr oorgani smor claim70, wherein said nicroorganismconprises

i ncr eas8f exphenucreerzanismeb claimn 3 8owheginspidi mictnergagisaetpprnsises expression of an
dehydr ogenas YEEA : Ci n

T oase. 72, Sieut L Choghes ROyk PR Mt ST o BHE pgtare from
dehydr ogenaséacetd-QAdH or YdcW from E. colt, am nobutyral dehyde

dehydr ogenase from Art hrobacter sp. TMP-1 , or KauB from Pseudononas
aerugi nosa. 73. The m croorgani smof claim69, wherein said al cohol
dehydr og&nas®hé midroSrgpiiioaTettinl 440 eiheebin gad ateobrgoisizi domPEaat £Y endogenous

freundi or Kl ebsiella eunoni ge, 74. The m croorgani sm of claim 69,
wher ei n sai d3¢# é&gﬁ’ﬁﬁ@ﬁ‘ﬁ? wAdixidy Bahdictises mapptidy tRuprgduce acctate from
dehydr ogenasgeefifg@ssi on or activity.

46.  The microorganism of claim 45, wherein said microorganism comprises the acs gene of
E. coli.

47.  The microorganism of claim 44, wherein said microorganism comprises a mutant
acetyl-CoA synthetase activity that functions primarily to produce acetate from acetyl-

CoA.

48. A method of converting fatty acids to acetate, 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; and

i) increased expression of an acetate kinase gene or a phosphate

acetyltransferase gene;
i1) increased expression of an ADP-forming acetyl-CoA synthetase activity;
or
i) expression of an acetyl-CoA synthetase activity that functions primarily to
produce acetate from acetyl-CoA,
in a culture medium comprising free fatty acids, monoglycerides, diglycerides,
triglycerides, phospholipids, or a combination thereof, thereby converting said free fatty

acids to acetate.

45



75. The m croorgani smof claim74, wherein said mcroorganismfurther
conprises a deletion of the NADH dehydrogenase gene. 76. A nethod of
converting fatty acids to 1, 4-butanediol, conprising culturing a

m croor gani sm copphi sing: .a) _reduced f.adR ressi.on or function, or
Mot eas bt ex i E8RY o bR%sRk i, SEehnE biiHPRER BiSa anis aeling nst

t he at oDAEB ggnes redured R @Rpressith ordinctiof,Bréndpé R 65 exphession blthethditguidh;
reduced sdhA_ or sdhB expression qr function; e) increased expression
or function ondNEFAseLPRIGSFOR QE the gfaOeheetiéRY de dehydr ogenase,

succi nyl - CoA: CoA ty ans{Rfas&®l &preasles| bAtHr GRAalel df8e HERCRAEE Phosphate
ganmma- hydr oxybut yric aci d dehydrogenase expression or function;
i ncreased al dehyde deh§ertyH; aS¢eBepf:essi on or function; and 50

i1) increased expression of an ADP-forming acetyl-CoA synthetase activity;
or
iif)  expression of an acetyl-CoA synthetase activity that functions primarily to
produce acetate from acetyl-CoA,
in a culture medium comprising free fatty acids, monogiycerides, diglycerides,

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

50. 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; and
d) reduced sdhA or sdhB expression or function.
51,  The microorganism of claim 50, wherein said microorganism comprises reduced sucA

and sucB expression or function.

52.  The microorganism of claim 50, wherein said microorganism comprises reduced sdhA

and sdhB expression or function.

53.  The microorganism of claim 50, wherein said microorganism comprises reduced sucA

and sucB expression or function, and reduced sdhA4 and sdhB expression or function.

54.  The microorganism of claim 50, wherein said microorganism further comprises reduced

icIR expression or function or increased expression of an aceA and an aceB gene.

55. A method of converting fatty acids to succinate, comprising culturing a microorganism
comprising:
a)  reduced fadR expression or function, or increased expression of the fad regulon;
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h)i ncreased al cohol dehydrogenase expression or function, in a

culture nmedium conprising free fatty acids, nonoglycerides,

di gl ycerides, triglycerides, phospholipids, or a conbination thereof,

t hereby converting said, free fat aci 0 1.4-butanediol. 77.A
rethod of pr Shuct RS st ariahbbie B &ty L il g a

m cr oor gani sg) conmpedused@cA af stcBhprssidmetusatipheasi on or function, or

I ncreased ex essi%@ of ége fgg reguLon; L ncreased expression of

the at oDAEB dénesredisedsdfidon RIGSHOR ALMNENAE ossion or function; d)
reduced sdhAipra seiitBreSXidaES BdinpHsidgl Tdel Gty @kidbs,NeidRBEERIR" A5y @Hdes,
or function of one or nore of succinic sem al dehyde dehydrogenase

succi nyl - CoAfryceridan ehehekipidy or 3 sembinatien thsreof.i thersly cinvertiagsaid free fatty
gamma- hydr oxylyt &&dﬁﬁ&d dehydr ogenase expression or functi.on;

i ncreased al dehyde dehydr ogenase expression or function; and

h) i ncreased al cohol dehydrogenase expression or function, in a

Gi ol yeortdes  PEREFOLEOAG I SEa e dplE iR o IRIE KRR ot FR o crmmrioing
t her eby produakri ngrelipdedyidRpgstession or function, or increased expression of the fad regulon;
b) increased expression of the atoDAER genes; -
c) reduced sucA or sucB expression or function; and
d) reduced sdhA or sdhB expression or function,
in a culture medium comprising free fatty acids, monoglycerides, diglycerides,

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

57. A microorganism comprising:
a) reduced fadR expression or function, or increased expression of the fad regulon;
b) increased expression of the atoDAFEB genes;
c) réduced s&cA or sﬁéB_exbréésion or {-imctibn; )

d) reduced sdhA or sdhB expression or function;

€) increased expression or function of one or more of succinic semialdehyde
dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase;

) increased gamma-hydroxybutyric acid dehydrogenase expression or function; and

g) increased lactonase expression or function.

58. The microorganism or claim 57, wherein said microorganism comprises increased
expression or function of two or more of succinic semialdehyde dehydrogenase, succinyl-

CoA:CoA transferase, or succinate-CoA ligase.
59.  The microorganism or claim 58, wherein said microorganism comprises increased

expression or function of succinic semialdehyde dehydrogenase, succinyl-CoA:CoA

transferase, and succinate-CoA ligase.
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60.

61.

62,

63.

64,

65.

66.

67.

The microorganism of claim 59, wherein said succinic semialdehyde dehydrogenase is
AldA (NAD+-linked) or Sad (NAD+-dependent) from E. coli, Gabdl from
Mycobacterium tuberculosis, AldH5A1 from Homo sapiens, Ssadhl from Arabidopsis

thaliana, or AttK from Agrobacterium tumefaciens.

The microorganism of claim 59, wherein said succinyl-CoA:CoA transferase is
succinyl-CoA:CoA transferase from Clostridium kluyveri, acetyl:Succinate Co-A
transferase from Tritrichomonas foetus or Trypanosoma brucei, or acetyl-CoA synthetase

(AMP-forming) from E. coli.

The microorganism of claim 59, wherein said succinate-CoA ligase is succinyl-CoA

synthetase from E. coli.

The microorganism of claim 39, wherein  said gamma-hydroxybutyric acid
dehydrogenase is * 4-hydroxybutyrate dehydrogenase (NADPH-dependent) from
Arabidopsis thaliana, NADPH-dependent alcohol dehydrogenase from Bos Taurus,
Homo sapiens, Rattus norvegicus, Oryctolagus cuniculus, or Sus scrofa, or BlcB from
Agrobacterium tumefaciens.

The microorganism of claim 59, wherein said lactonase is lactonase from Homo sapiens
or Mus musculus, AttM from Agrobacterium tumefaciens, or lipase B48 from Candida

antarclicd.

The microorganism of claim 39, wherein said microorganism further comprises reduced

NADH dehydrogenase expression or activity.

The microorganism of claim 65, wherein said microorganism further comprises a deletion

of the NADH dehydrogenase gene.

A method of converting fatty acids to gamma-butyrolactone, comprising culturing a
miCroor ganism comprising:

a) reduced fadR expression or function, or increased expression of the fad regulon;
b) increased expression of the atoDAEB genes;
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68.

69.

g)

reduced sucA or sucB expression or function;

reduced sdhA or sdhB expression or function;

increased expression or function of one or more of succinic semialdehyde
dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase;
increased gamma-hydroxybutyric acid dehydrogenase expression or function; and

increased lactonase expression or function,

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

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

acids to gamma-butyrolactone.

A method of producing gamma-butyrolactone, 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 expression or function of one or more of succinic semialdehyde
dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase;

f) increased gamma-hydroxybutyric acid dehydrogenase expression or function; and

g) increased lactonase expression or function,

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

triglycerides, phospholipids, or a combination thereof, thereby producing gamma-

butyrolactone.

A microorganism comprising:

a)
b)
<)
d)
€)

g

reduced fadR expression or function, or increased expression of the fad regulon;
increased expression of the atoDAEB genes,

reduced sucA or sucB expression or function;

reduced sdhA or sdhB expression or function;

increased expression or function of one or more of succinic semialdehyde
dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase;
increased gamma-hydroxybutyric acid dehydrogenase expression or function;
increased aldehyde dehydrogenase expression or function; and
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70.

71.

72.

73.

74,

75.

76.

‘NADH dehydrogeﬁase expres;sion or activity.

h) increased alcohol dehydrogenase expression or function.

The microorganism or claim 69, wherein said microorganism comprises increased
expression or function of two or more of succinic semialdehyde dehydrogenase, succinyl-

CoA:CoA transferase, or succinate-CoA ligase.

The microorganism or claim 70, wherein said microorganism comprises increased
expression or function of succinic semialdehyde dehydrogenase, succinyl-CoA:CoA

transferase, and succinate-CoA ligase.

The microorganism of claim 69, wherein said aldehyde dehydrogenase is AldH or YdcW
from E. coli, amincbutyraldehyde dehydrogenase from Arthrobacter sp. TMP-1, or KauB

from Pseudomonas aeruginosa.

The microorganism of claim 69, wherein said alcohol dehydrogenase is 1,3-propanediol

dehydrogenase from Citrobacter fretindi or Klebsiella pneumoniae.

The microorganism of claim 69, wherein said microorganism further comprises reduced

The microorganism of claim 74, wherein said microorganism further comprises a deletion

of the NADH dehydrogenase gene.

A method of converting fatty acids to 1,4-butanediol, 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 expression or function of one or more of succinic semialdehyde

dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase;
f) increased gamma-hydroxybutyric acid dehydrogenase expression or function;
2) increased aldehyde dehydrogenase expression or function; and
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77.

h)

increased alcohol dehydrogenase expression or function,

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

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

acids to 1,4-butanediol.

A method of producing 1,4-butanediol, comprising culturing a microorganism

comprising:

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

b) increased expression of the atfoDAEB genes;

c) reduced sucA or sucB expression or function;

d) reduced sdhA or sdhB expression or function;

€) - increased expression or function of one or more of succinic semialdehyde
dehydrogenase, succinyl-CoA:CoA transferase, or succinate-CoA ligase;

) increased gamma-hydroxybutyric acid dehydrogenase expression or function;

g) increased aldehyde dehydrogenase expression or function; and

h) increased alcohol dehydrogenase expression or function,

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

triglycerides, phospholipids, or a combination thereof, thereby producing 1,4-butanediol.
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