WD 2012/ 088462PCT/ US2011/ 066949 COWVPCSI TI ONS AND METHODS FOR | MPROVED
| SOPRENE PRODUCTI ON USI NG TWO TYPES OF | SPG ENZYMES CROSS- REFERENCE TO
RELATED APBL2D102ABE4EMS [ 0001] Thi s application clainms prioprcryushenabion9 of
United States provisional patent application No. 61/426,505, filed on

Decenb th h f
et nCuPORTIIYS ST B ek S PebBEEPABLE LN et oo
rel ates generally to comReSGIWOSTRPHS T RPASEANPK MBEPT ovi ng the production
of isoprene fromreconbinant cells by utilizing two types of IspG enzynes.

BACKGROUND OF THE | NVENTI ON [ 0003] | soprene (2-nethyl-1, 3-butadiene) is the
critical starting n@ROSSEREFRENCEFO RELANED APPLICATIONS

[0001] This application claims priority benefit of United States provisional patent
application No. 61/426,505, filed on December 22, 2010, the content of which is hereby

incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to compositions and methods for
improving the production of isoprene from recombinant cells by utilizing two types of IspG

enzymes.

BACKGROUND OF THE INVENTION

[0003] Isoprene (2-methyl-1,3-butadiene) is the critical starting material for a variety of
synthetic polymers, most notably synthetic rubbers. Isoprene is naturally produced by a
variety of microbial, plant, and animal species. In particular, two pathways have been
identified for the biosynthesis of isoprene: the mevalonate (MVA) pathway and the non-
mevalonate (DXP) pathway. However, the yield of isoprene from naturally-occurring
organisms is commercially unattractive. About 800,000 tons per year of cis-polyisoprene are
produced from the polymerization of isoprene; most of this polyisoprene is used in the tire
and rubber industry. Isoprene is also copolymerized for use as a synthetic elastomer in other

products such as footwear, mechanical products, medical products, sporting goods, and latex.

[0004] Currently, the tire and rubber industry is based on the use of natural and synthetic
rubber. Natural rubber is obtained from the milky juice of rubber trees or plants found in the
rainforests of Africa. Synthetic rubber is based primarily on butadiene polymers. For these

polymers, butadiene is obtained as a co-product from ethylene and propylene manufacture.

[0005] While isoprene can be obtained by fractionating petroleum, the purification of this

material is expensive and time-consuming. Petroleum cracking of the C5 stream of
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synt hetic polyners, nost notably synthetic rubbers. Isoprene is naturally
produced by a variety of mcrobial, plant, and ani mal species. In

parti cul awQ 2018pE2 hways have been identified for the bipoTyustee®se4of

i soprene: the neval onate (MA) pat hway and the nonmeval onate (DXP) pathway.
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commré]ygrclcﬁr%ﬁ%ti’lioidﬁ‘éetsl‘\? abRyh, J/’SW“@GO ﬁ@ﬁ&ﬁcwﬁlgﬂ egﬁ%‘lsprT yi sopr ene

are pr gﬂb@&%gflrs%ﬂehﬁe Iﬁ@édéﬁeﬁﬁ ﬁzﬁhblﬁlﬂr Q{etﬂoﬁ@%a@@ﬁ)dugpﬁB?&fle Etmaf%s,pcﬁ!:ﬂ@ soprene
is used in the tire and rub i ndustry. lsoprene is so copol ymeri zed for

use as aadgyrityhbat ae elllfélsteoh'@rmwm thet degrands oumbestswohmarsial poteseare, mechani cal
products,. nedi ¢al uct s of tin at ex 0004 Currently, the
P re ariirBheRnp sBRATE o ionpBRFRE D oe g tromdirts By ERa TSV het | ¢
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plants found in the rainforests of Africa. Synthetic rubber i s based

pri mar itepeftfh apweldi ene pol ymers. For these pol yners, butadi ene i s obtained
as a co-product fromethyl ene and propyl ene manufacture. [0005] Wile
i soprene can be obtained by fractionating petroleum the purification of

this al I ngﬁg‘% r:Ql of the C5
st reagﬁg?ﬁ% 2(%:?1 ggﬁ%%%ﬁ%%%@lll %%%949 rt%gg%dﬁgﬁ}glgg[}r&gﬁ}%ggﬁ%ﬁl y about
15% i sdpremacoijouscd by referenarnosnit eah imrﬁt/ikiowmbhcatpmophjmtragp]ucsmpn,ene are
needed. | n particular., nethods that produce isoprene at rates, titers, and
pur ity Tkt PR oEtiirally Fngs ety indat R roraes B SEreR gl of a
procesagiclAesi %&@ﬂc@tmrﬁ'c&@d Aaein R€ e A5r8ssBY Dt GIFBrakhepsif @z GiB@nbSRPIIRNE from
i nexpensive starting materials. The invention described herein addresses

t hese ruepkseah dqurlbmgdeé desdmsmgc@nmﬂwbém dndgnetbodedodics Whioh&jight be used

publ i cat |Corrllse t(gat etB el i {:Oatl ons, and patents cited in this specification
are her'8 M ﬁé B’E) 551? %@} P'ef erence as if each individual publ i cati on,

pat ent application, or patent were specifically and individually indicated
to be incorporated by r8REEESTMMAR YO THHEIINVENTIONUbI i cations cited
herein are expressly incorporated herein by reference for the purpose of
describing and disclosing conpositions and met hodol ogi es V\/ni ch m ght be

used i nectjon with the inventi BRI EF S&ZII(\{ARY g I NVENTI ON
{53007 TNy eh? BHepi SRR e et FaicPRPoT SR T ONE 4R Ut MBS or  he
pr oductdf@eprene in increased amounts using two types of 1-hydroxy-2-methyl-2-(E)-butenyl 4-
diphosphate synthase (HDS or IspG) IspG enzymes and/or other DXP pathway nucleic acids
and polypeptides, iron-sulfur cluster-interacting redox nucleic acids and polypeptides, and

isoprene synthase nucleic acids and polypeptides.

[0008] In one aspect, the invention provides for recombinant cells capable of producing
isoprene, the cell comprising (i) a heterologous nucleic acid encoding a first 1-hydroxy-2-
methyl-2-(E)-butenyl 4-diphosphate synthase (IspG) polypeptide, or one or more copies of an
endogenous nucleic acid encoding an IspG polypeptide, of a first species; (i1) a heterologous
nucleic acid encoding a second IspG polypeptide, or one or more copies of an endogenous
nucleic acid encoding an IspG polypeptide, of a second species, wherein the second species
differs from the first species; (iii) a heterologous nucleic acid encoding at least one additional
DXP pathway enzyme; and (iv) a nucleic acid encoding isoprene synthase polypeptide. In
another aspect, the invention provides for recombinant cells capable of producing isoprene,
the cell transformed with: (i) a nucleic acid encoding a first 1-hydroxy-2-methyl-2-(E)-
butenyl 4-diphosphate synthase (IspG) polypeptide of a first species; (ii) a nucleic acid



of isoprene in increased anmounts using two types of

1- hydr oxy-2-net hyl - 2- (E) - but enyl 4- di phosphate synthase (HDS or IspG 1spG
enzymes awad/2or2/os84ser DXP pat hway nucl ei ¢ aci ds and pol ypeptusdes 066949
iron-sul fur cluster-interacting redox nucleic acids and pol ypepti des, and

i soprene synt hase cleic acids and pol ypeptides.. [D008]1n one aspect, the
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encodi n .second | spG poly tide of a second species, wherein the second
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aspects,, the .addptignal DXP.pathway enzynme is selected fromthe group of
DXS, Dﬁﬁfdﬁﬁ?? F8WE§FaﬂB§gTFg%ﬁé; and IDl. In some aspects, the
addi ti onal DXP pat hway enzyne can be any one or nore of: DXS, DXR, HDR
(I'spH), and IDI. [0009]In any of the aspects herein, the reconbinant cel

f urt her[08H0fpr i fesyeothid sypettoyerein, meakeimbiamitdelk findetr ngmptrises dRtesolbvirs
cluster-intera ting-redox pol ypepti de o ne ar re copies of an
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pol ypepfde mo&@cé}ﬁ&eofaaﬁl%ﬁ%g%nowﬁuél&é’ Heid ‘éh@d&i‘irégcz]i P%%ﬂa’cﬂx{?ﬁi&s@&éiét@@ redox

pol ypeptides are ‘sel ected fTom ferredoxons an doxi [ 0010] I n any of
t he aspetipeptdasde.g, DX parerophiteiant Ieetrtaif aspebosr the O pgbwanadsetietedl ogous

nucl ei c_aci d.encodin XP pat hway associ.ated pql.ypeptides (e.q., DXP

par t nerPORSPETTAF wetsuap chihedottnrdidst Apne i sb Wt shbidng
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proteins). In certain aspects, the DXP pat hway associ ated pol ypepti des are

sel ect dbe deloerys hegpeteericasind/on e¢padied famadiogalvprinetwliar elustassynes exhi biting the
wel | known protein-folding and/or re-folding functions as well as enzynes
involved in the delivery, maintenance, and/or repair of functional

I ron- Sﬂp{)ﬁl‘gr cl ‘ﬁtaﬁ%? 3f th[e%g%ejc!)s'rﬁéﬁégfrﬂefthé’fec%&%nﬁﬁp&‘fltfﬁrtﬂ&f Shiprist he FGRIHR! nant

cell f conprises o
heterologous nucleic acid encoding an isopentenyl-diphosphate delta-isomerase (IDI)

polypeptide or one or more copies of an endogenous nucleic acid encoding an IDI

polypeptide.

[0012] In any of the aspects herein, the recombinant cell further comprises one or more
heterologous nucleic acid encoding a MV A pathway polypeptide or one or more copies of an

endogenous nucleic acid encoding a MV A pathway polypeptide.

[0013] In any of the aspects herein, the isoprene synthase polypeptide is a plant isoprene
synthase polypeptide. In any of the aspects herein, the isoprene synthase polypeptide is P.
3



het er ol ogous nucl ei c acid encodi ng an i sopentenyl -di phosphat e
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Popul ussyathpgehsdyirepiide.| i sonteemspecsp et isoprensesypiharg pqlg@ﬂw@ﬁes aspaiu e
| | h
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pol ypept aden nhfurdtyh@icudipasdmenet dyﬁthlass);pﬂmuay ninh@b& a@pécys)elwlmiﬁené a
non-natural |l y-occurring isoprene synthase pol ypeptide. In other asp ects

the i soPPOAY RYMRELGISHEI§PERS Sdéthf‘l%e \a%lapts%?%@lessymhﬁafs@uw sghitel ‘Eﬁe
| . .
i sopr eqwa&gb@g@mf@-&t ?@12414 %h@ 8@'371'8_%)}@@6%%%% Y5 bl . No

2010/ 000371 2010 564 14 I'n any of the
aspect sl3i83ei6d, t he reconblnant ceII is a bacterial, algal, fungal or yeast
cell In sone aspects, the reconbinant cell is a bacterial cell. In sone
aspects, the bacteri al ceII is a grampositive bacterial cell or

Jori " OH e, PEEREINE e el PR BRRRE oy Enae BT FR R By b

consi styedg coffl IiEsorB®hdpectB), th€ tdcb@Binab cesllibhibhéterialBelll Tc@id 4pBdth,ghe B. | ent us,
B. brevis, B. stearothennophilus, B. alkalophilus, B. anyloliquefaciens, B.

cl aush,bapteriplgedde o aFsn- PBSltlﬁ%@’f’&lteé}ﬂi eaH ogra@dﬁfgamwcwaal edlk dopsams, B.
Iautus, r I gri seus,
PSGUdOI’%S 68(.%51 E}% Ba@%hgp%'ll |§ ?g@t@gﬂc ‘Jl hll%adagtﬁl}’/lao%eﬁqﬁgél%g‘%fe)%?m%ler ei n,
t he nudreurcawsisdsg ol dod, Oncinae Brsubnlis IBphdzepffaﬁm‘k d& .lentus, B. brevis, B.
stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B. halodurans, B.
megaterium, B. coagulans, B. circulans, B. lautus, B. thuringiensis, S. albus, S. lividans, S.

coelicolor, S. griseus, Pseudomonas sp., and P. alcaligenes cells. In any of the aspects

herein, the nucleic acids can be on one or multiple plasmids.

[0015] In another aspect, the invention also provides for a cell culture comprising any of
the recombinant cells disclosed herein, wherein the cell culture is capable of producing at

least about 8.4 g/l of isoprene.

[0016] In another aspect, the invention also provides for methods of producing isoprene,
the method comprising: (a) culturing any of the recombinant cells disclosed herein under
conditions suitable for producing isoprene and (b) producing isoprene. In some aspects, the
method further comprises recovering the isoprene. In other aspects, the recombinant cells

produce greater than about 8.4 g/l of isoprene.



[ 0015] I n anot her aspect, the invention also provides for a cell culture
conprising any of the reconbinant cells disclosed herein, wherein the cel
cul ture iwocapaisBs20f produci ng at | east about 8.4 g/ 1 @CTIGSo@nAND49

[ 0016] I n anot her aspect, the invention al so provides for nethods of

produci ng i soprene, ng any of the
reconbi nant cells d|scﬁ%@gg?ﬁgygﬁgghhﬁéﬂgg@&@%ﬁ%&%@ﬁé%|table for produci ng
i soprene and (b) producing isoprene. In sone aspects, the nmethod further
conprises recovering the isoprene. In other aspects, the reconbinant cells

pr oducgogrgat erigukandahenh pashi@mhp of PtagsR{a8hdha is el%\%G system asp7
2012/ 088462PCT/ US2011/ 066949 BRI EF DESCRI PTI ON NGS [ 001 %)FI gure
A
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4- hygr JRIP: RBIGIHPEE CiEOden - hmrﬁmséﬁﬁ%thélb%%rﬁe?ﬂa%%hqsp%weduqm@ GsiDgpE
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ferred cnkcvrrg-p‘daﬁlDEhamdésjfmedmn IS @EUF )along PetBEricioder ferr2dstioNARPgr aph of

|soprene & r ver us tine in a 15L scale fernmentation of REM F2_18.
oxidoreductase ( pr)

[0018] Figure 2 shows a graph of isoprene titer versus time in a 15L scale fermentation of

REM F2_18.

[0019] Figure 3 shows MVA and DXP metabolic pathways for isoprene (based on F.
Bouvier et al., Progress in Lipid Res. 44:357-429, 2005). The following description includes
alternative names for each polypeptide in the pathways and a reference that discloses an assay
for measuring the activity of the indicated polypeptide (each of these references are each
hereby incorporated herein by reference in their entireties). Mevalonate Pathway: AACT;
Acetyl-CoA acetyltransferase, MvaE, EC 2.3.1.9. Assay: J. Bacteriol. 184:2116-2122, 2002;
HMGS; Hydroxymethylglutaryl-CoA synthase, MvaS, EC 2.3.3.10. Assay: J. Bacteriol.
184:4065-4070, 2002; HMGR; 3-Hydroxy-3-methylglutaryl-CoA reductase, MvaE, EC
1.1.1.34. Assay: J. Bacteriol. 184:2116-2122, 2002; MVK; Mevalonate kinase, ERG12, EC
2.7.1.36. Assay: Curr Genet 19:9-14, 1991. PMK; Phosphomevalonate kinase, ERGS, EC
2.7.4.2, Assay: Mol. Cell. Biol. 11:620-631, 1991; DPMDC; Diphosphomevalonate
decarboxylase, MVDI, EC 4.1.1.33. Assay: Biochemistry 33:13355-13362, 1994; IDI;
Isopentenyl-diphosphate delta-isomerase, IDI1, EC 5.3.3.2. Assay: J. Biol. Chem. 264:19169-
19175, 1989. DXP Pathway: DXS; 1-Deoxyxylulose-5-phosphate synthase, dxs, EC 2.2.1.7.
Assay: PNAS 94:12857-62, 1997; DXR; 1-Deoxy-D-xylulose 5-phosphate reductoisomerase,
dxr, EC 2.2.1.7. Assay: Eur. J. Biochem. 269:4446-4457, 2002; MCT; 4-Diphosphocytidyl-
2C-methyl-D-erythritol synthase, IspD, EC 2.7.7.60. Assay: PNAS 97: 6451-6456, 2000;
CMK; 4-Diphosphocytidyl-2-C-methyl-D-erythritol kinase, IspE, EC 2.7.1.148. Assay:
PNAS 97:1062-1067, 2000; MCS; 2C-Methyl-D-erythritol 2,4-cyclodiphosphate synthase,

5



[ 0019] Fi gure 3 shows MVA and DXP netabolic pathways for isoprene (based on
F. Bouvier et al., Progress in Lipid Res. 44:357-429, 2005). The foll ow ng
descri pt iwo 20re0i8sbes al t ernati ve nanmes for each pol ypepPrcaaszoiob@4pat hways
and a reference that discloses an assay for neasuring the activity of the

i ndi cate eptide (e o] e referenc re each here

i ncor p(}r“fget’g;g{%grle]izn%ﬁ?(}'f g&gseéﬁiepﬁ%]tlﬂggrwgﬁtﬁi)g il'gé?j‘f}o 5 'é’il%ﬁﬁtzé(ﬁaat hway :
AACT,  Agedyl 1. G8ho Tté’fl;&lﬁﬁ@éfiﬁfcﬁi@ 1WaB ARGy23 0k, BhefiSF@Y168)01act eri ol .
184:2116- 2122, 2002; HMSS; Hydroxynet hyl gl ut aryl - CoA synt hase, MaS, EC

2. 3. 3. ZO05AHDR; :1-HydBay-Lenetbyl-2-(Bubuteed 440pinspRoe gedukivteR]IspH, EC 1.17.1.2.

3- Hydr oxy- 3- t.aryhbz reduct ase, MvaE, EC 1.1.1.34. Assay:. J.

Bact er|%%ayf§?§%"gu§f22%§§%04mn< Meval onat e ki nase, ERGl2, EC 2.7.1. 36.
Assay: Curr Genet 19:9-14, 1991. PMK; Phosphoneval onate ki nase, ERG3, EC
2.7.4.2, Assay: Mdl. Cell. Biol. 11:620-631, 1991; DPNDC,

Di phos(bo20jval rrated sasar baaph asBopriditer HEsuk timd indiddivisby3L Riabchem stry
33:13355- 13362, 1994: 1D : |saopentenyl-di phosphate delta-isonerase, 1D 1,
EC 5. 3.1gmentatioas ot REM E?di&aﬂéﬂg“fh/l% 219169- 19175, 1989. DXP Pat hway: DXS;
1- Deoxyxyl ul ose- 5- phosphat e synt hase, dxs, EC 2.2.1.7. Assay: PNAS
94:12857-62, 1997; DRRTANPerwY:sPrRIFIMNOST PraRiRSARat©®N educt oi soner ase,
dxr, EC 2.2.1.7. Assay: Eur. J. Biochem 269:4446-4457, 2002; MCT;

4- Di phosphocytidyl- 2Cnethyl-D-erythritol synthase, IspD, EC 2.7.7.60.
Assay: PNAS 97: 6451-6456, 2000; CMK .

4- Di phd883ldcyt Thy Invent@mgspkiges, Buer ghich sy ttems. coa@esitionsyd mettods for the148.

Assay: . : - X i 2C - ryihr

o oy dOare BiREFar D SomeRely ol B MY Mol of v

96: 11758z rhdH 3, DXIB PXhwhiDSiz yind:iyakd o isogrefetyntHas2 pbFpepthidtsacty thadindicakas phat e
synt hase, ispG. EC 1.17.4.3. Assay: J. Og. Chem 70:9168 -9174, 2005; HDR;
1- Hydr 8RuptsRitisprens carpe Birdepsd- 4- di phosphat e reduct ase, |spH, EC
1.17.1.2. Assay: JACS 126:12847-12855, 2004. [0020] Figure 4 shows a graph
of isophgNeddst er versus tine in individual 15L scale fernentations of REM
F2_18 and REM H8-12. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] The
invention provides, inter alia, systens, conpositions and nethods for the

i ncr eagpghqr Od%lés@&efﬁfed'o%l%@@%@ﬁh@he%ﬂﬁgﬁ8@511 f6hfiea AP LAaR Gl Syt h two
types of 1spG enzynes, a DXP pathway enzyne, and an isoprene synthase

pol ypepterade agbdsetceatmanty nedssdodippomt of sifll ingbe pie e wbash thie ipreodoc ed.

Definitions [0022] Unl es efi ned otherwi se, th ani ngs. of all technical
and ScitSTEr STES s <[ Leds HUBr o VTP HEREY b MF iR 8k oBH sy TEHE. of
skill iWilkP@nB8énst ReWh¥ &R (19949, dnaveild BOMaRRKDMES Hapen @oBiRMDic@bnady of
Dictionary of M crobi ol ogg and Mol ecul ar Bi ol O%ﬁb nd ed., John | ey and

Sons, Néplogyr larpegRerynnizindy. Yl 89 19 pvevideaeme aftpil erzecypl dipgomrces onary of
o1 0 00 IR (RSL 80 iRUnis Dvdniidild AW o BE ANUAS O BraPlhi St erdrioll i o general
di ctlonarﬁ' of “nmany of ‘the terms used in this traventron, Tt s to be

under stionited tbake pditisulhmienibdogy, prorodold, iafd tegdedto dédaab@diab thed may vary.

nmet hodol ogy, . protocol s, and reagents descri bed, as these nmay vary. One of
ski |1 i ¢fekilin e pit wall also appieeiaicaba aparetandy pd s s pedrer i al s

sim | ?‘reél‘afval%ﬂwo"tﬁbﬁfﬁesér?oeh*h@&?n Sfild RECLeDES &'a@ti&ﬂg t§4tﬁfé iRFetRRd THhO

practice or test the I nvention. e headi ngs provided herein are not

| i m t atheadiagOprot led hareiroars nasliracitsonsof dxpecivss adpetther aspeernpt the imbrincbhn can be

had by reference tq the specification as a whol e.
y whelch can ehadqby reference to the specitication as aV\v{r/Lolle.

[0023] As used herein, the term “isoprene” or “2-methyl-1,3-butadiene” (CAS# 78-79-5 )
refers to the direct and final volatile C5 hydrocarbon product from the elimination of
pyrophosphate from 3,3-dimethylallyl pyrophosphate (DMAPP), and does not involve the

linking or polymerization of one or more isopentenyl diphosphate (IPP) molecules to one or



[ 0023] As used herein, the term"isoprene" or "2-nethyl-1, 3-butadi ene" (CAS#
78-79-5) refers to the direct and final volatile C5 hydrocarbon product
from t he wDi2mizgsioon of pyrophosphate from 3, 3-di net hyl aCirpB2@ynephosphat e
(DVAPP) , and does not involve the |inking or polynerization of one or nore

i sopent enyl_ di phosphate (LPP) npl ecul es to one . D P .mgl ecul es.
The t er'Hy™i %@f}?’ g ﬁﬁgle?“tsle%&'l r'aPRgng dt Bﬂtofeea‘e’iaﬁy b‘&el?‘{eﬁit%ﬁ%ggﬁ% Hret hod
of prodH&hb®bt prb@RABhAS used herein, the term "pol ypeptides" includes

pol ypepti des, protelns pepti des, fragnents of pol ypeptides, and fusion

pol ypepti des. [0025] As used herein, an "isol ated pol ypeptide" is not part
of a library of polypeptides, such as a library of 2, 5, 10, 20, 50 or nore
di f f er d8024dol ype pl@fr%l@selan@e it ms @@b&fpaptédj%f rr@&ﬁdaﬁ pplypentidshereeimparreraesy t h

whi ch wggg%%%m§gbggggﬁ&£ muﬁﬂmoﬁﬁ%@h%ﬁcﬁ?lypept'de can be obtai ned, for

exanpl e exp n of areco nucl ei ¢ acid encodi ng the

pol ypeptide. An isol ated pol ypeptide can be a non-naturally occurring
pol ypeptide. [0026] By "heterol ogous pol ypeptide" is nmeant a pol ypepti de
encoded0025]a nuslusddtcheaeindans@spiand polypeptided isf wod paia ofl i tibewre nf padyppphidem

species, or strain n st cel het er ol ogous
ol ypepurlies § bbbt of Hiantd D T8 wSf et RePREr s s ESndind i n
the sanB,hesd cr@bdnehtwRRWRI: it &&Q&Wﬂatuy@ eth RELRU Dol ypeptiticdafive B&itkd, refers
to two or nore deoxyribonucleotid

for example, by expression of a recombmant nucleic acid encoding the polypeptide. An

isolated polypeptide can be a non-naturally occurring polypeptide.

[0026] By “heterologous polypeptide” is meant a polypeptide encoded by a nucleic acid
sequence derived from a different organism, species, or strain than the host cell. In some
aspects, a heterologous polypeptide is not identical to a wild-type polypeptide that is found in

the same host cell in nature.

[0027] As used herein, a “nucleic acid” refers to two or more deoxyribonucleotides

and/or ribonucleotides covalently joined together in either single or double-stranded form.

[0028] By “recombinant nucleic acid” is meant a nucleic acid of interest that is free of
one or more nucleic acids (e.g., genes) which, in the genome occurring in nature of the
organism from which the nucleic acid of interest is derived, flank the nucleic acid of interest.
The term therefore includes, for example, a recombinant DNA which is incorporated into a
vector, into an autonomously replicating plasmid or virus, or into the genomic DNA of a
prokaryote or eukaryote, or which exists as a separate molecule (e.g., a cDNA, a genomic
DNA fragment, or a cDNA fragment produced by PCR or restriction endonuclease digestion)
independent of other sequences. In some cases, a recombinant nucleic acid is a nucleic acid

that encodes a non-naturally occurring polypeptide.

[0029] By “heterologous nucleic acid” is meant a nucleic acid sequence derived from a

different organism, species or strain than the host cell. In some aspects, the heterologous



and/ or ribonucl eotides covalently joined together in either single or

doubl e-stranded form [0028] By "reconbi nant nucleic acid" is neant a
nucl ei c awodofoss4ster est that is free of one or nore nueCeius2@aios®4e. g. ,
genes) which, in the genone occurring in nature of the organi smfrom which
the nuclejc acid of . jnterest is derived, flank.the nucleic acid of.

inter eﬂ“?ie*l%aél Brief t‘!r?BP@ﬁ & &V ]ﬁéVBFd%‘éC?el? 6910131;@5&433{1 g ‘h‘%é*&}% ‘P‘F&ﬁ?ﬁ BNA whi ch
is incqpeeated into a vector, into an autononously replicating plasmd or
virus, or into the genom c DNA of a prokaryote or eukaryote, or which
exists as a separate nolecule (e.g., a cDNA, a genom c DNA fragnent, or a
cDNA fragnment produced by PCR or restriction endonucl ease di gestion)

i ndeper{Q&?rm of Astuest heseiguidn pbese. |“Nadaraugirerscidsangd pebippptides rssegietasi ¢ aci d
is a nyclej j »ene - pat - [ - A de.
[0020] oy HEZEE POk RhPRT PR R hele LA bR BHRERT 12,
deri vedeferoinaay auéberaeit orgofygrpsds thapiatiraess with DX Rpahyiapolypeptidessr cel | . I n
sonme aspects, .the heterol ogous . WO 2012/ 088462PCT/ US2011/ 066949 nucl ei c

aci d i SUSKIC Fitmincliging SunGiilinytedypet BIRSPEFXNRASE G- hatimieae PBES n t he same
host ¢ ' : : r el ase, gwvarious nucleic

aci ds g%?e%%Fg ég%?agggggg%ﬁﬁg? qﬁ??h%?ﬁéd%gghﬁg? w§§9 “or "DXP pat hway
associ ated nucl eic acid(s) or polypeptide(s)" refers to any nucleic acid or
pol ypeptide that interacts with DXP pathway pol ypeptides or nucleic acids,

i ncl udilAg31]but Faouselhierdin, aidlesoclearly mdgared otyanwirgsese(o thy. ternaciaterre, sandt hase,
farnes%ﬂehﬁyn%haﬁe E:aor}dm(%%tenesinin synthase), either directly or

i ndirec ?y. rzﬁﬁ(iﬁbr use herein, unless clearly indicated otherw se, use
of the terns "a", "an," and

[0032] Reference to “about” a value or parameter herein includes (and describes) aspects
that are directed to that value or parameter per se. For example, description referring to

“about X includes description of “X.” Numeric ranges are inclusive of the numbers defining

the range.
[0033] It is understood that aspects and aspects of the invention described herein include
“comprising,” “consisting,” and “consisting essentially of”” aspects and aspects.

Recombinant Cells Capable of Producing Isoprene

[0034] As described in greater detail and further exemplified herein, recombinant cells
capable of producing isoprene can be engineered for increased isoprene production. As
described herein, increased isoprene production can be achieved by recombinant cells capable
of producing isoprene comprising (i) a heterologous nucleic acid encoding a first 1-hydroxy-
2-methyl-2-(E)-butenyl 4-diphosphate synthase (IspG) polypeptide, or one or more copies of
an endogenous nucleic acid encoding an IspG polypeptide, of a first species; (ii) a
heterologous nucleic acid encoding a second IspG polypeptide, or one or more copies of an
endogenous nucleic acid encoding an IspG polypeptide, of a second species, wherein the
second species differs from the first species; (iii) a heterologous nucleic acid encoding at least

one additional DXP pathway enzyme; and (iv) a nucleic acid encoding isoprene synthase



the like refers to one or nore. [0032] Reference to "about" a val ue or
paraneter herein includes (and descri bes) aspects that are directed to that
val ue or wenrarisete2per se. For exanpl e, description ref @criusgoitioesvabout X'
i ncludes description of "X." Nuneric ranges are inclusive of the nunbers

defining.the.range. [0033 It st 00 a as ects and aspects of the
i nvent i IIVP&BQ‘iﬁ‘r ir}gé)&e sk H?Bé‘ Po 36’#?8??%‘?#%9&“” OS5t Mg, cglaf{a

"consi shbgr ﬁ‘s?)é@cniﬂe%&dﬁdqg G SIRBEtRIc2Nd s@e_%qaa%écleﬁ@%ﬁbrwga%hhm Capabl e
of Producing I'soprene [0034 described in greater detail and further

exenplified herein, reconblnant cell s capabl e of producing isoprene can be
englnedﬁdaEﬁ@mwSW@ﬂéagéﬁslsoprene production. As described herein,

increased isoprene production can be achieved by reconbi nant cell's capabl e
of prodUC|ng i soprene conprising (i) a heterol ogous nucleic acid encoding a

first 10 Wﬁir oxRCrRseipes QEBG)Eyt-OMheelﬁyflﬁr X4 Hﬁﬁb’saphalm(} gyeleisasels cpepioy 1-

pol ype Ne~9 f o) i odi ng
an | sp(%ypo E)e'éjtelﬁl %21) %D{eﬁ ’r's P@?f gllateegs ?’l I&)@j{&ﬁ tero hglgﬁesp%ﬁﬁgl‘@?‘%l aci d
encodi rtgnaersE@ﬂﬁtﬂy&m‘e@ﬂﬁya@@m@el,odmhoma@r(m@mral\ﬁspmfmtamEﬁndogenous

nucl eic acid encodHég Lﬂf ¥£ept|de of a second species, wherein the
second hygeyesmgthd é3$¥ ?ﬁ’oﬂ] wt(HMBRP e HONIAPP).- 2 het er ol ogous nucl ei ¢

acid encodlng at | east one additional DXP pathmay enzynme; and (iv) a
nucl ei c acid encodi ng isoprene synthase pol ypeptide. In one aspect, the

first Ipgserol 391%Qtréd$ﬁ1b@ﬁan@cétllsr(§% G £30l; Strhih PaFhave Bebn ed gInRRQA Ber
aspect, the second |spG pol ypeptide of a second species is fromT

el o ngatlﬂéllt $p®XP @p@\@miylmegpramd Bicsyathesi§ 0083306 pdGivatyAhatas toarlew aar t of the
| over [g)égp(?r?fugﬂay}/eld g€ e?atﬂ)lfllcof%o%rean%lfgosrn gl%g:oesef 01rhursL_for commercial production of

isoprene, these recombinant cells are not sufficient for generating the commercially relevant

levels of isoprene that are needed. Accordingly, the invention provides for compositions and

methods for increasing isoprene production by increasing IspG polypeptide activity.

[0037] For increasing IspG polypeptide activity, one option is to express more of the
endogenous E. coli IspG system. The systems, compositions of recombinant cells, and
methods described herein utilize a different approach where IspG polypeptide activity and
subsequent isoprene production is enhanced by over-expression of two types of IspG
polypeptide-encoding nucleic acids. In one aspect, the two types of IspG polypeptides are E.
coli and T. elongatus IspG polypeptides. In some aspects, the IspG polypeptide are encoded
by heterologous nucleic acids. In other aspects, the IspG polypeptide are encoded by one or
more copies of endogenous nucleic acids that are introduced to the host cell (e.g., E. coli). In
any of these aspects, the nucleic acids may be introduced to the host cell (e.g., E. coli) by one
or multiple plasmids. In other aspects, the nucleic acids may be introduced to the host cell
(e.g., E. coli) by integration into the host cell’s chromosome. One of skill in the art would
appreciate that integration should occur at a location that is not essential to the host cell. For
example, in a bacterial cell (e.g., E. coli cell), integration into the origin of replication (or any
other essential region of the chromosome) would render the bacteria unable to replicate.
Thus, care should be taken to avoid integrating into essential locations of the chromosome in

the host organism.



hydr oxy- 2- met hy1- 2- (E) - but enyl 4-di phosphate synthase (IspG or HDS

pol ypepti des, which convert 2-C-nethyl-D-erythritol 2, 4-cycl odi phoshphate
( ME- CPP owOChERB3462nt 0 ( E) - 4- hydr oxy- 3- net hyl but - 2- en- PCYIGSdiploesphat e
(HVBPP or HDVAPP). [0036] Sone reconbinant cells (e.g., BL21 E. coli strain)

bi osyndlals hafer agahaCervrmynehds. bu 6 IrBis YesRoree RPGHOHodrs
gener atyyQRe %énel SRRy SlaghE [LMed ﬂ%ﬂ%xmﬂa@u& b&Hnef PfH@ie{eﬁ&&ied@)@Qﬁlélgéﬂe%AQf

i sopreneé, ese reconbi nant cells are not sufficient for génerating the
comer cihel I y rel evant Ievel s of isoprene that are needed. Accordingly, the

or oducts Gl SR aSlenG rane 5oF b EiET bt fieme e (BB G R R iy aPEas ng

| spG pQéeM@@@JE)%dQlﬁ‘dﬂe iirdt feBB@0xARTddOR phifndrEFdE¥AFRISS bieicsy@F gbhis, RRfQDenous
E. coli 1spG system he systens, conpositions of reconbinant cells, and

met hodsasdl&mﬁeb?@atlﬁéﬁlémxm NADR(+Rodfpieavepie regnsr RAERr hiridpecodsp by the

pol ype thgg &gtl vity and subsequent isoprene production is enhanced by
over - expression of two types of |spG pol ypepti de-encoding nucleic acids. In
one asqacbme tiddeances) Fpy pai/igfis hapés el et iTdesngies EpGaolfincaiod withieEongat us
| spG pol épeptl des. .I.n sone _aspects, the IsdepoI ypepti de are encoded by

het er ol @§oiErnithe gt vited the 7- ?lﬂ”&ﬂprﬁé’ﬁéé?%n torhe deRpdepotyBesti de are
encode%% tNeHep hsofﬁp@ﬁls%n@s@@lﬂﬁﬁwea&% &ftﬁérdézoﬁ Jils 1956

i nt roduc to the Host cel e.g., E ny of these aspects, the
nucl ei cwigon ds cothgepeeds o codvmedidnoftthe’ hdatgaeslHd. (e. g., E. coli) by one or
mul tiple plasnmds. In other aspects, the nucleic aci ds’ may be i nt roduced to
the host cell (e.g., E. coli) by integration into the host cell’

ch oy, oS Kb o P BRSSP R I,

exanpl eysteit e bawved tadltigRtdly 6talh the Electe@islnee@lsé@ to pOF @ @kireAtaiylico t he
origin of replication (or any other essential ﬁ%l on of the chronosone)

woul d rfepgtion freie NgHRlR I visasomialbivedediny égradestneN APHs) oxddereducinsg Retivey- t aken

or gant S S5 OB AR BEDh 19 BhBE Tt PR Bl AR RO ISR S Systam
i ncl udeemonstirated irmGiro ko falfikk chetrole dffetecanz yamspostpGtiearquideldlbydotia agéne | spG

and the required flavodoxi n redox partner FldA (encoded t he gene fidA).
The T. TEMesiyat eRfaqtQEssparidpy ISH§'| %géléy’ hewevergh mwm ﬂlilxseégoglsa I relpganse 7y e

I spG (%Qﬁ&@%&%ta&&%a@%@b&ﬁ@@wﬁ&@d taE'%uE}?%hﬂ&@e@%dﬁ&Q%' n redox partner
Fd (encoded by the petF gene), as I'l as the nonessenti al

f err edoxi n- NADP( +) oxi doreductase redox partner Fpr (encoded by the petH
gene) . Hxampbme Pohptantkegnd Mprleactdidi ty is not required for the T. el ongatus
IspGto function within E. coli where the activity of the T. elongatus |spG
was found to be dependent on the Fd cofactor. The fpr gene of E. coli is

depanad ilc o 25 P B8 PEHd. KicbleBlapt B bt ot BOSBMSAEEE Mo e ng bouna
by t heahyinetiee tdchavealvio th 513 Gf $3p&t ﬁmyﬁi&d, itdpeenE. sygthasegaidusielos pfore other DXP
pathway polypeptide(s). In some aspect, the cell can further contain various iron-sulfur
cluster-interacting redox polypeptides and nucleic acids, MV A pathway polypeptides and
nucleic acids, DXP pathway associated polypeptides (e.g., DXP partner proteins) and nucleic
acids, PGL polypeptides and nucleic acids and IDI polypeptides and nucleic acids.

[0041] Polypeptides includes polypeptides, proteins, peptides, fragments of polypeptides,
and fusion polypeptides. In some aspects, the fusion polypeptide includes part or all of a first
polypeptide (e.g., an iron-sulfur cluster-interacting redox polypeptide, DXP pathway
polypeptide, DXP pathway associated polypeptide (e.g., DXP partner proteins), isoprene
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system are believed to ultimately obtain the electrons necessary to perform
their catalytic function from NADPH via sone flavodoxin /

f er r edoxiwoONADRBSY620xi dor educt ase activity. Enzynes w t IRCTIuse@dordons /

f erredoxi n- NADP(+) oxi doreductase activity have been denonstrated in vitro
to fulfill the role tron transport to . the required fla od xi n and
ferr edo%YP‘i]i‘a?d?OéiéﬁeBP@e é&giﬁfP%}VP?P&de’l %rﬁéa;‘/&cﬁw ?‘i}weﬁ 8} thexsa %’? Vido

physi ol Qgbealy ineh8Y pa¢6r Af of H&LENd {RRI8 S Nag pARldeiR8Taghaw] and, as

such, c@%not ble pr eﬁl ct% % Exerrlrpﬁ(gyg II%% icio%pt Pg[gs eand aNucI eic Aci ds

[ 0040] Agirifigatenh @lslstestion ef:ﬂimﬁusn@mpolypdﬂt@e,cﬁucln hea Hisreg). i lorsomedispdess, thepr ogeny

or or SV BCRER B SR ARy POy Bone PaBCE: DRPP TR e pRRROS R Cert can

furt her contain various iron-sulfur cluster-interacting redox pol ypeptides
and nucl ei c acids, MA pat hway pol ypeptides and nucl ei c acids, DXP pat hway
associ g0e42]pol ypepticdasaspecty the ARipadit ieludes atsegrma) ofindtheeatieimickid ds, PG
pol ypept i des and nucl eic acids and I D pol ypeptides and nucl e| c acids.

L0041 P6Id,5OREICAEE e AEESHINE SpETAHaE TeHpb TRFIRS Acile bPCHREIET 1gment s of
pol ype | t on

pol ypent | He i na dyck® &f PRV B or b B BT ARREE S DY By R

i ron- sylrbtaimsg Ii&wreeue-symﬂlmeanmleﬁgac&@@ombmiqmepa:i'ddén sdm@as;pad:tlswthqnmlypepti de,

DXP path soci at ed tner_ proteins i soprene
VO 2bs sreaRab e Oest dbrersbt Bt fo o0 0 BAL BE 7 B0 e Rk v pent & de,
or Ci'ilt ado}riﬁg&ﬁls hﬁclﬁ&t‘ide}é@rofrﬂ Eﬁﬁgﬁ@?lfﬁmlﬁs%&fl}ne?%&ﬁgg?%ﬁﬁsaItfhhlgféftadlcic%/ Iétp@ IDicke part

or a O a secon (0] eptli e a peptl de a aCllltat es

puri f i qathivery mmle@reacgttgxgﬂB@tﬁwah@ssog@tedmugbquwbtlsqpeenew@tha@snualem &id, ag) I n
SOone as thefumn ol i de -has actlvt or nore, DXP

oot ey 901 DIt R Th PSS RS Dk et e Rhaf Bbt B! MbprdmtaltPo oG

i ncl udebe gequeERIT Wild-B8ipe (he, @inllérﬁ:ebeGdrﬁhg irffdtare$ BRTENCERIOici@ ¥on-

iron-sul fur cluster-interacting redox nucleic acid, |1spG nucleic acid, DXP
pat hwaysuHucelaster- @&r@tlnaxcd%mq@{%&ya%%@’ aetdway aeq:léiCcacaic PR patvay pxp

part ner S C I
ore. acsRtued fipleic kARALERECARIARE felE Wl o 30N HuctBle i 1BSE sty
200, 30GBe nddEc abAMhas 60Der MO, mBonsae. gnmrsﬁemoﬂmta@cm) ulsatuctBetiedes from a

iron-sul fur cluster-i nt eracting redox nucl ei | spG,. DXP pat hway
nucl ei drARE§EPHopEPanT #HeH P!, é&%ev%{?léacmg%%@g ter lgtsf:ﬁc %r@%ﬂlﬁ%l@

nucl ei d has
D15 et iy ol 0, ki A o il g

sequenaoeickocacid,ion D] muahet acid) It sp@ ampettel the avdlels acidona degeharate variant of
cluster-interacti ei.c acid,. DXP. pat nucl ei ¢ CI d, DXP
pat huayP3dege e ROEnE e B B0 St ura wyRE RRSEL-IERer e Ba0Y. or 1 D

nucl ei Cpo@ﬁie?tldé DX PR RS gglgﬁepdde%mcﬂaﬁiv@ms&lﬂﬁﬁp&?&p%e mﬁeﬁwt ations
(e.g., asilent nutation mcreasethetranscrlp on or translation of

| spG nughtiage padyreptifle. onl8lipdlypeptidast er - i nt eracti ng redox nucl ei ¢ acid, DXP
pat hway nucl ei ¢ acid, DXP pat hway associ ated nucl eic acid, isoprene
synt hase nucl ei ¢ aci d or Dl nucleic acid. In some aspects, the nucleic

aci d Igtomdﬂege@ﬁé BB er@bt & tpwg :pf:en@%g%hgs%caﬂ gz&gm

pol ype I ron- su ur cluster-in ng redox polypeptl DXP pat hway
pol ypeqtoﬂyjmptuﬂ})élanp autieyacials aechiatein Agdeyipapt ofow 0 2EOI76626 siyhilbafether

pol ypep&el de, | DI pol ypepti de.

tailed herem
Exemplary Iron-sulfur Cluster-Interacting Redox Polypeptides and Nucleic Acids

[0044] Iron-sulfur cluster-interacting redox polypeptide plays an essential role in the
DXP pathway for isoprenoid biosynthesis. Exemplary iron-sulfur cluster-interacting redox

polypeptides include polypeptides, fragments of polypeptides, peptides, and fusions
11



[ 0043] The accession nunbers of exenplary isoprene synthase and DXP pat hway
pol ypeptides and nucleic acids are listed in Appendix 1 of WD 2009/ 076676
and al so wonotrasseet ai | ed herein. Exenplary |ron-sul fur PCrast@nsbevser act i ng
Redox Pol ypeptides and Nucl eic Acids [0044]Iron-sul fur cluster-interacting

redox po |de s an essential .role i e DXP pathway for isoprenoid
bi oy rRURE s i § IFRe RIS PUS o€ drah Tt H IR PR pol ypent | des
i ncl Udg)o%? Q@éjtStﬁll%rd FleAQOR B SHOlscB P M&@ﬂ?ﬂlh@%eth@ﬁapf)blgﬁeﬁ)tldé'ﬁgs frggi ons WD
2012/ 088462PCT/ US2011/ 066949 pol ypepti des t hat have at ast one activity

of a i rsuHusdbsten lntﬂrmmgrredqxtmha:@phdfgaqwu@)byp@ingpép@r@@nassﬂmkdémamt hods

Cl st or EREBHELE THE oF BHGY DBt pade Re kBT 1y b R edtle

hydr ogeB@sgioh i(Ok&hndSSiaXchARE Shaiyiigalt BiS clicht, ®36816-222 (1979)). _
met r oni dazol e[ 1- ( 2- hydr oxyet hyl ) - 2- net hyl - 5-ni t roi m dazol e] reduction (Chen

and Bl anchard, Analytical Biochem 93:216-222 (1979)). [0045] Exenpl ary
i ron-sul é&r cluster-interactin redox pol ypeptide nucl eic acids . include

nucl ei d08lds Exanrlanciseisyl %6?%@ PRFPSNG redghBAYPEtidg neieiFAstsiigdude

peptid %ﬁ@éﬁ an

iron- 331“?%?‘: %:C?&st?‘gre?l nt er ! I?eﬁ)tlhg da t%p%&??%)tlggggﬁ&% \zﬂglysll%n sul fur
cluste rpoily}tcpndtcﬂlaﬂgas raghaxt qne Iaytpmryt ofdasranalfoucliueecimahdmg mddxude

nat ur al occurr ol y ept and. nucl ei c fraom any of the.source
o gan, S RGP gy SRR O R oS R e 1 SsP PR A RUkRe. act ds
der i vedpdin@mamal ploctifing 9&3‘1 SptRIIRY BiBeidl 88§68 BRI BhdSource organisms
[0046] I ron-sul fur” cluster-interacting redox polypeptide is a polypeptide

that i sie@qmmherem ag welhsf mntanhpolgpeptitieons! nuslea podygsaiyed domcantdithd ng an
iron-sul fur cluster n-sul fur cluster-interacting redox pol ypeptide

i ncl udes?urcﬁngainésnﬁoc%es‘fr%r%dthgﬁlq o, flavodoxin (e.g., flavodoxin I),

fl avodoxi n reductase, ferredoxin (e.g., ferredoxi n ), ferredoxi n- NADP+
oxi dor educt ase, and genes or pol ypeptides encoding thereof (e.g., fpr or
fidA). [BBt6]exaimphenlfiddupatinweycting redor piolypeptiaSs @qa@m;‘a):pm& taamb@ialbte-cénzyrre
possessi ng. a. [ 4Fe-4S] 2+ center. and catal yzes thg? &ductl on of PP into
HVBPP vtraaﬁ%lgs%%@@é & PONBERICEEPP BRI dirersrrsbiviee e@HPIHEYF educt i on

of [4F9c‘11f§%r—%ﬁtefa%ﬂﬁgfed'09 Bﬂ@ [ RSRNGEOhutlil AYARRXIIVGL! fAREXI (B or educt ase
(see, VOITf et al.c FEBS ers, b41:115-120 (2003)). Simlafl'y, DXP

pat hwayflayoflgxie by, ﬂdeoddm ietyetBy, fesredds0 (@g F&'/rﬁdpmotlb iferrasmixal- WADRy t he

(T anst SRUTr NG GRSEse P PR Bac H Aosabiite PEHGA be AP By st em
ooy DI BEIDHGH R A Sty B b
and catalyzes the reduction of cMEPP into HMBPP via two successive one-e ectron transfers
mediated by the reduction of [4Fe-4S]*" center in the presence of flavodoxin/flavodoxin
reductase (see, Wolff et al., FEBS Letters, 541:115-120 (2003)). Similarly, DXP pathway
polypeptide HDR (LytB) is also a Fe/S protein catalyzing the reduction of HMBPP into IPP
or DMAPP via two successive one-electron transfers in the presence of
flavodoxin/flavodoxin reductase/NADPH system. See, for example, Seemann, M. et al.

Agnew. Chem. Int. Ed., 41: 4337-4339 (2002); Wolff, M. et al., FEBS Letters, 541: 115-120
(2003)).

[0047] Flavodoxin is a protein that is capable of transferring electrons and contains the
prosthetic group flavin mononucleotide. In Escherichia coli (E. coli), flavodoxin is encoded

by the fldA gene and reduced by the FAD-containing protein NADPH:ferredoxin
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[ 0047] Fl avodoxin is a protein that is capable of transferring el ectrons and
contains the prosthetic group flavin nononucl eotide. In Escherichia col

(E. coli)wofbevssiszi n i s encoded by the fi dA gene and r ediasdoibpedohe
FAD- cont ai ni ng protein NADPH: ferredoxin WO 2012/ 088462PCT/ US2011/ 066949

oxi doreduct ase, and plays an essential r i n the DXP pat.h for .

sopr eI P GRGLy A BIa a8 Ever A asiia hed 5P palvap ogponProiRPRE BB Ve o
579: 3802 380h1e, 30Q9bo, B QVABIFESSTIRAEXI 579: 3882 BRO, @005 hat is capabl e of
transferring electron and contains iron and | abile sulfur in equal anmounts

and plays an essential role in the DXP pathway for isoprenoid biosynthesis.
For exanple, HDS from plants and cyanobacteria have been shown to be
ferredd®W48] r aFereedoxiaiy afprefoimdbatiin caraplerd dinsfesingyeiecsrop Sad paipingironl ., FEBS

Lett., a%ﬁge(b@ea%éc / fnse%]uglglggo@n}si' aéléig)ﬁ)aﬁf%]aﬁggseﬁﬂglqgﬁﬁn F}%’??gg%églwag&g{ edoxi n

NADPH- ox1 dor e ase ‘an rov he necessary e errved from NADPH

vi a Fl dévpretoidibiSsankkesHDF o exaeplt o DStihweh plagataal yiammbhetatd hordeen ehvovewed i n

reportﬁb£ L. A Furgerson, The Meval onat e-1 ndependent Pat hway to |soprenoid
G|

Conpourt@®e fesesiesiperafher thanciayqe o s Ade s e e 804N (RNEHAR €6 i, [ $'6hed

Febr uarggndsd,1549Q6)90 npl ary DXP Pat hway Pol yp eptides and Nucl ei ¢ Acids
[ 0050] #%Iary DkP(ggﬁhmays pol ypeptides include, but are not limted to

any of the

[0049] Fpr encodes flavodoxin/ferredoxin NADPH-oxidoreductase and provides the
necessary electron derived from NADPH via FIdA for HDS and HDR to perform their

catalytic functions (reviewed in report by L. A. Furgerson, The Mevalonate-Independent
Pathway to Isoprenoid Compounds: Discovery, Elucidation, and Reaction Mechanisms,

published February 13, 2000).

Exemplary DXP Pathway Polypeptides and Nucleic Acids

[0050] Exemplary DXP pathways polypeptides include, but are not limited to any of the
following polypeptides: DXS polypeptides, DXR polypeptides, MCT polypeptides, CMK
polypeptides, MCS polypeptides, HDS polypeptides, HDR polypeptides, IDI polypeptides,
and polypeptides (e.g., fusion polypeptides) having an activity of one, two, or more of the
DXP pathway polypeptides. In particular, DXP pathway polypeptides include polypeptides,
fragments of polypeptides, peptides, and fusions polypeptides that have at least one activity
of a DXP pathway polypeptide. Exemplary DXP pathway nucleic acids include nucleic acids
that encode a polypeptide, fragment of a polypeptide, peptide, or fusion polypeptide that has
at least one activity of a DXP pathway polypeptide. Exemplary DXP pathway polypeptides
and nucleic acids include naturally-occurring polypeptides and nucleic acids from any of the
source organisms described herein as well as mutant polypeptides and nucleic acids derived

from any of the source organisms described herein.

[0051] In particular, DXS polypeptides convert pyruvate and D-glyceraldehyde 3-
phosphate into 1-deoxy-d-xylulose 5-phosphate (DXP). Standard methods can be used to
determine whether a polypeptide has DXS polypeptide activity by measuring the ability of
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foll ow ng pol ypepti des: DXS pol ypepti des, DXR pol ypeptides, MCT

pol ypepti des, CWK pol ypeptides, MCS pol ypepti des, HDS pol ypepti des, HDR
pol ypept ivwo2p12dB846pol ypept i des, and pol ypepti des (e.g., PCHAISCN1/066949

pol ypepti des) having an activity of one, two, or nore of the DXP pat hway

pol ypeptides. In particul ar, DXP pathwa I i des i.nc| ude pol ypepti des,
P F amodbs by el BostnGa s et gl eamn e OE Bhishspdpertred Lrel “have s
| east QR@a&Cchi M. of a DXP pathway pol ypeptide. Exenplary DXP pat hway
nucl ei ¢ acids include nucleic acids that encode a pol ypeptide, fragnment of
a polypeptide, peptide, or fusion polypeptide that has at | east one
activity of a DXP pat hway pol ypepti de. Exenplary DXP pat hway pol ypepti des
and nudﬁ@ﬂd acPER pelepantideneanyes|lHdeosrdurplate pohgspapeiBED) are 2I’é‘0| eic
acids f any. 1 he ni [ rei - ant
pol ypertrIUED et AOUEER (RIORE SRR HrREhbIC R BT A litihe BBl 2
descri hesblyepadahay DKBIJol ypepaddsiactiviay by B¥Supiak Yinepiiliges tieopolgpeptify tauvat e
and D-gl yceral dehyde 3- phosphate into 1-deoxy-d-xylul ose 5-phosphate
(DXP) . SSPEGTHEXY Ht/bdR 2 CehCHECHSE ! Y30 det er mi ne whet her a pol ypepti de has
DXS pol ypeptide activity by neasuring the ability of WO
2012/ 088462PCT/ US2011/ 066949 t he pol ypeptide to convert pyruvate and
D-gl ycgoeéﬂehyﬂfcﬁp&ppaﬂfaag EorvRrt\VLE Rethy 10D &rfiRtilo] @2phbHate (MEP)Nndbi4£0.
[ 0052] DXR pol ypepti dés convert 1-deoxy-d-xylul ose 5-phosphate (DXP) into
2-C  meEW ine[ﬁ’ediyhmh@bz-nmlpﬂd%pmhréw{@@m-M& angulag] methhdsieanderispétaused t o
determ whet her. a po eptide DXR pol.ypeptides activity by .nmeasuring
the abi g i RIS, SRRt RY e e SRR Tt
or in \thpelyp&didkdvkanverI MBR P ideSsinCofeedxtrads; 6r MBiky| - D-erythrit ol
4- phosphate (MEP) into 4- (cytidine 5 -diphospho)-2-nethyl-D-erythritol
(CDP-ME). Standard nethods can be used to determ ne whet her a pol ypepti de
es activity by asuring the y of the poI,yPepti de

has MCT ypeptid y bi L

to cond@_&f‘ll VEPCMI PPBPEDtiden AN 4 (s maét-fhpélpsz?afwm-%}eﬂpﬁdd%-ﬂWO_

pol y peRUDILRIES ¢¥ X fhotph Y i Hidie P-difhRPRSPNE) mém Gt L Plitd @ DytMEp) Ol
Standard methods can be used to determine whether a polypeptide has CMK polypeptides
activity by measuring the ability of the polypeptide to convert CDP-ME in vitro, in a cell

extract, or in vivo.

[0055] MCS polypeptides convert 2-phospho-4-(cytidine 5’-diphospho)-2-C-methyl-D-
erythritol (CDP-MEP) into 2-C-methyl-D-erythritol 2, 4-cyclodiphosphate (ME-CPP or
cMEPP). Standard methods can be used to determine whether a polypeptide has MCS
polypeptides activity by measuring the ability of the polypeptide to convert CDP-MEP in

vitro, in a cell extract, or in vivo.

[0056] HDS polypeptides convert 2-C-methyl-D-erythritol 2, 4-cyclodiphosphate into
(E)-4-hydroxy-3-methylbut-2-en-1-yl diphosphate (HMBPP or HDMAPP). Standard
methods can be used to determine whether a polypeptide has HDS polypeptides activity by
measuring the ability of the polypeptide to convert ME-CPP in vitro, in a cell extract, or in

Vivo.

[0057] HDR polypeptides convert (E)-4-hydroxy-3-methylbut-2-en-1-yl diphosphate

(HMBPP or HDMAPP) into isopentenyl diphosphate (IPP) and dimethylallyl diphosphate
14



(CDP-ME) into 2-phospho-4-(cytidine 5 -di phospho)-2-Cnethyl-D-erythritol
(CDP- MEP) . Standard net hods can be used to determ ne whether a pol ypeptide
has CVK pwbypepissaes activity by neasuring the ability eCTiuseoipoboppepti de
to convert CDP-ME in vitro, in a cell extract, or in vivo. [0055] MCS

| i t 2-phospho- 4- (cytidine 5'-diph -2-C-nethy| - D-
sl | NN T e AR g S b R Ty AL e
( VE- CPRs@ imaowﬁsaq{lﬂydrdxﬁ@hﬁ@gﬁ_zz@_mﬁem adiifiRspieleratagsempt hsr a

pol ypepti de has MCS pol ypeptides activity by nmeasuring the ability of the
pol ypeptrotdm, Lyt dQReIBOCOHPONVER 1¥tB, yiaty end be028. &edridashmethods caprbejused/fovo.

0056 | tid t 2-C et hyl - thritol 2. .
1o oycl SRR R RL TR TR E R U B! Sefrin i Sha o
( HVBPP tR¢ pbi Rk o SreAHMBPRLROAR, G cdBeset of & @8s.er m ne whet her a

pol ypepti de has HDS pol ypeptides activity by neasuring the ability of the
pol ypeptide to convert ME-CPP in vitro, in a cell extract, or in vivo.

0057] H | tides t (E)-4-hydroxy-3-net hyl byt-2-en-1-y1
i phob RO (ARG PHBRFISP) 3 hobei SO PN s Hale0 ] Siby ol -

di met hydialdayd lﬁlgihla@éé?lh@é@sed M%%ﬂ@%ﬁéﬁ%%@@?ﬁ%h%@%ﬁﬂ%@- In one

enbodi nent, t i sSpH gene can be used to e I des. IspH
i s al sacknioywby asadizing dinooabyH @-afelichyd]yRp(il) tderneery isopedeph dgplosplate mduct ase,
4Fe-4S protein, LytB, ECKO030, JWO027, |ytB, yaaE, and b0029. Standard

met hod lt&%ﬂr’r“ﬁ«?e]ﬂlgéﬂactt’oord’éf’lé?m ne whet her a pol ypeptide has HDR pol ypepti des
activity by neasuring the ability of the polypeptide to convert HVBPP in
vitro, in a cell extract, or in vivo. [0058]1D polypeptides convert

i sopenteayipidty PROpRYRLes ahihcieic Rl Yikictdrdd Wit DoFph@teay

[0059] Various polypeptides associated with DXP pathway (e.g., DXP partner proteins)
and nucleic acids encoding for those polypeptides can be used in conjunction with any one or
more of the isoprene synthase(s), DXP pathway polypeptide(s) and/or MV A pathway
polypeptide(s). In one embodiment, chaperonins can be used. Chaperonins facilitate the
folding and un-folding of proteins, an activity required for the competent tertiary structure to
be attained. Chaperones of this class are involved in both generating and repairing the 3-D
structure of proteins, working to achieve and maintain protein functionality. The E. coli
chaperonins DnaK and GroEL/GroES are well characterized examples of such enzymes
(Bukau et al., Cell, 92:351-366 (1998)). Chaperonins facilitate the delivery, maintenance, and
repair of cofactors required for enzyme catalysis. In one embodiment, such chaperonins can
be those enzyme chaperones involved in the functionality of iron-sulfur cluster cofactors. The
iscR operon genes hrcA, hreB, and iscA as well as erpA and the additional A-type carrier
proteins of E. coli are non-limiting examples of the class of chaperonins which can be used,
serving among those involved in the delivery, maintenance, and repair of iron-sulfur clusters
within £. coli (Tokumoto and Takahashi, J. Biochem., 130: 63-71 (2001); Loiseau et al.,
PNAS, 104(34): 13626-13631 (2007); Vinella et al., PLOS Genetics, 5(5): 1-16 of €1000497
(2009)). In another embodiment, the iscS gene can be used. In addition to the better
characterized role in de novo iron-sulfur cluster biogenesis, the iscS gene has been implicated
in repair of damaged iron-sulfur clusters and can serve as an example of said chaperone

(Djaman et al., J. Biol. Chem., 279(43): 44590-44599 (2004). Similarly, the Ric protein
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St andard net hods can be used to determ ne whether a pol ypeptide has | Dl
pol ypeptides activity by neasuring the ability of the polypeptide to
convert iwopertmssssk di phosphate in vitro, in a cell extPaEUS2@1/06694%1 VO.
Exenpl ary Pol ypepti des and nucl ei ¢ aci ds associated wi th DXP Pat hway

[ 0059] Var i 0 eptides associated with DXP pat hway (e.qg.,, DXP partner
brotel aroddbRoe Breati SEacuPhg b (rose BavgavrPaer taremaiised | n
conj unghi@Pedntihe éb;asﬁr%ﬁ BoRsulfBY Gusddrs LRSLHASARI. CBR YA, 18S 66.9D8 (198).pat hway
pol ypepti de(s) and/or MA pat hway pol ypeptide(s). In one enbodi nent,

chaper dubti® dah, bdias EdemCREYAABADAS2-1ETA 20671 eBithen ¢/6ll.dBrgnewd 2n69d di ng
of protﬁfggomﬁﬂ activity required for the conpetent tertiary structure to
be attai% ; aperones of this class are involved in both generating and
repairing the 3-D structure of proteins, working to achieve and naintain
pr ot ei NEdepltry Qopldre\Synhse BolySphide£halyen@oiv AsidonaK and G oEL/ G oES are
wel | characterized exanpl es of such enzynmes (Bukau et al., Cell, 92:351-366
(1998)). Chaperonins facilitate the delivery, maintenance, and repair of

cof act qr equired for enzyne catalysis, In.one enbodi nent, ch
chaper JIPel” oA Beerbe R cpirne Ej%serpeivé)gpﬁl%?mw lm%ialkyzﬁwbpmﬁ ty of
I'ron- SU(HM‘APP} hed BbpieRd. a@iéﬁﬁpﬁmﬁ;@@&%ﬂm&r R HENESs iﬂélﬁé@ nﬁki}fl&%aciﬁﬁ'd I SCA

as well as erpA angpthe addi'ti onal’ A-type carrier proteins o . coli are
non- | i rthatiengodexeapqdyeptidé, ftagement alsspdfpaphidparcpnilesr iviatpadmepbde thetlls
serving¥?nnﬁgﬁthos$ H&yolved in hpe d Iiv&@g,Enaiqtenance anglrepair of

i r on- st Pt BEESEERsOMAT HTRICRE SYBHIAFe PARSRIRRET o PATAP RRK SRS SY'35%] ochem |
130: 63olybep@@Qbhd nboleReRisehicldde natith\Socddh SPdl: e‘%ﬁi@gfﬁarﬁeﬁ[ﬁﬁki& 288Y) ;
Vinella et al., PLOS CGenetics, 5(5): 1-16 of elog% 97 SZOOQ)). | n anot her
embodi rfEin any plethe segcgerganisas dpscribseé berejmpasaurdl asi awtantpalypephdastand nucleic

char act efj zet Lok Sl 4 gQUG L LR RS fl L8, DI 0genesi s, the i scS gene
has been T nplica ed ' reparr 61 amage i'ron-Sut fur clusters and can serve
as an exanpl e of said chaperone (Djanman et al., J. Biol. Chem, 279(43):
44590- 44599 (2004). Simlarly, the Ric protein WO

2012/ 046861 PCTIUS2@:14sp 66 6tihe éneoted thyreyanbimant dells désciibeddinemgaddd by ftn

of E. coli are further exanpl of. chaperonins involved in the repair of

"t on- sUOMROSEPR SloPethpdi A iRy ddercip Furttier oapieconc 5 masgnueleic dsigho)

Justin ; ; L : ] ; ; thalBl t oun et

s ppeinan isgdreng ey g e o e,

Pol ypepichidigs mrrdmisuaspasits thedsetgefe0e disspaippaptida bonesndpgapne pelypspitdhase

pol ypeptides convert dinethylallyl diphosphate (DVAPP) .into .isoprene.

el Ay g g Rle e s FRLE etely B R ot oot B B encode
a pol ypgpefibtielinket ag rebistidftiveé ppehyRe Pinl dehe BRI, @R endbedndsh piklgiohyigept i de
that has at |east one activity of an isoprene synthase pol ypepti de.

Exenpl &ingoqisg pit Apresy Ayihase ppflymmi@@tls eé@alémd!lnhefitoeancm@eqﬂdg praveoteiddn

) Ly . . e .
o gan; e qear HRchrESHREP b e a1 R BB P 0 s
der i vedpkrab laikedad akiren Spomoeero hig somhs ipectesasichith diereadogenp0Omididia some

aspects of the invention, the reconbinant cells _described in _any of the
conposi FIUHEOHRE AR L10BERIC FEABRIEROYPRRYE 1 Upssh (erfed: SPF MOE GIWEESSY 2hor e

el . . . ! I Cid
nucl ei 36445, eRGAGL ﬁ&d%ﬁcdcﬁ%&?ﬂf&p@%@@gﬁn@% gg@g@gﬂk%dﬁ Dfar@ed? a¥§é°o? | dae

havi ng 1 soprene synthase activity he 1'soprene synt hase
pol ypephé¢ cdlsiase engimmedaige noasxpebsythe phdagenodsnsgoee: ysihast gathwiye endogenous
nucl ei ¢ _aci d.encodi ng an .i soprene_synt hase po] ypeptide is operaply |inked
o o c HOTCPURS FOSF SnpEry oY s S oHe i berat S Byt RGe o) ¢ aci d
encodi nGcading SORLERAe SYhNADE1REHYREPbp&Eb1Y FinRAEIADNYakl prok@ert 0 an _

i nduci bl e pronoter. In sone aspects, the enhdogenous nucl eic acid encodi ng
an isoprene synthase pol ypeptide is operably linked to a strong pronoter.
In some aspects, nore than one endogenous nucl eic acid encodi ng an i soprene
synt had806d| y pEptanereaspecty dgiisprepe synthase palypeptidgpy @ hetejplegous polypersiddogenous
nucl ei ' dj ' r t ' - rticular
aspect AR B e T RS e Bl R e R 4L oo
synt hasacpdihhuwaisopehy paphiasd @olypbptidev dn komeaipeetsythe heetdlsgous nusleiacais pect s,

t he endogenous nucleic acid encoding an isoprene synthase pol ypeptide is

operably linked to a weak pronoter. s



[0062] I n sone aspects, the isoprene synthase polypeptide is a heterol ogous
pol ypeptide. In sone aspects, the cells conprise nore than one copy of a
het er ol ogwo=0rmsBes2c aci d encodi ng an i soprene synt hasePpoiusp@piosede? | n
sone aspects, the heterol ogous nucleic acid WO

2012/ 088462PCT/ US2011/ 066949 encodj ng an i soprene synt hase pol ypeptide is
oper abl PRk &Y PR EHH]%%SF&)BinPG%“‘lﬁrlg ﬂmrél?l.y?un%e@@r?e cgsgelvepr er. h |

het er ol s%ﬁfé_lh%}&é%%c, bR Het@6lo o&nﬁﬂ&@&i@@ndoﬁﬁ@rﬁn@oﬁy&ts@aﬁﬁsdopm%';%eaé fle is
operably linked to an inducible pronoter. 1n sone aspects, the heterol ogous
nucl ei opawibly lereddd agindncibEoprmeter spbasispastsl thedwtarelegous upkercasidy | i nked

to a stron ronpter. In sone aspect.s, t het er ol ogous nuclei ¢ acid
encod fgeaing SOFPRRR: sy e RE TR BERTEaRpréraly BRhELREE phERS dn 350Eak

pr onot ekspedt) @eHeldr6lonbed Rictei@gdid sn@AGRMNGoénd SAMHaSNFol§HEptilasLoperably

pol ypeptide(s) can be integrated into a genone of the host cells or can be
st abl y lexkpd éxswgali propigéercel | s. The nucl ei ¢ aci ds encoding an i soprene

synt hase pol ypeptide(s) can additionally be on a vector. [0064]In sone
aspects, the isoprene synthase polypeptide or nucleic acid is fromthe

famly [Bé&?}cea?he RHG8c asidb Qﬁcoﬁﬂ'%oigqg%fgie;%%?%%é ?(?’l%énéf)tiag’ ARG fteBratdd®

i soprene synt hase pol ypeptide i Pueraria or Pop ulus or
a hybr iidtosughoms oPdpiasscells lva can Rogathly sxpressed lirathelcnlls ditre naslpecicgls t he

i soprene synthase pol ypepti de or nucleic i.d is a polypeptide or nucleic
aci d f RORYPUBRARPRE MHEe PRUASRICreRaR pifichal 3 b? o Rt phy si of ogy 137:
700-712, 2005), Pueraria | obata, poplar (such as Popul us al ba, Popul us

ni gra, Populus trichocarpa, or Populus alba x tremula (CAC35696) M Il er et

al., Pl[eoés 218 sohiBash&ts, tRONIPreas Paithdss pelypagideepubielsictacRimvFohdds) Sil ver
et al., JBC 270(22): 13010-1316, 1995), or English OGak (Quercus robur)
( zi mrerfa@fly dabaceygnsody Trbe hyboidnae sabfamily s dip paneapgeis HAS BOPTCAe PYBasehut  ar e

not |im Q) - ' | L ' S 4 ,

AY3 1665%%%9@@"9@ %B)%%h@%‘%& 1‘;1% 6‘9 sz@ﬂ[{% %%%5@% Qg%ﬂr}ﬁe%ﬁogﬁ?{% ﬁ%ﬁ ‘iS% opr ene
synt hasppblsy peepila.dB omeruspeotd, cheaicoteneSsyndtasapaigpaptide by nodeidacidriga

pol ypeptide or nucleic acid from Quercus robur (i.e., the isoprene synthase
pol ypegtiepepide ofEr e A lgueytriy wﬁfa@ﬁék@}ﬁ? éﬁ'ﬁ%ﬁpjoﬂr glg»ePﬁﬁl?t&’é{yapl%Mu eic
aci d_ot gt 7413 2003 Phlb¥ G ol (RRh¥PPBEAIICaRl: PHSHR! Be AL ol oM

Quercus robur). 'In sone aspects, e i soprene synthase nucleflc aci
pol ypeptickiearsi, ar Rapuinablby xeoaude (OHCP30p ditlede adr Plhaowl 2dB3c4&e# e, 200

poplar. In so ects, %Qe.i rene sy (5 u E ' 'ﬂ ol ypepti de
S ot aPaR e o g R et ey 2aerEnabLE s defooln ar P
[ 0065] Iph eSS ®aR$O/E LSS rdP) (Z3aRELHEIS WO D8RR 550)C | RitabIBGIdprde spRhyRePt i de is
a naturally- occurring polypeptide or nucleic acid (e.g.,
nat ur alingluds; but 31k ngt oltgpispthiode identifiestheentaok docession Nos. AY341431,
AY316691, AY279379, AJ457070, and AY182241. In some aspects, the isoprene synthase
polypeptide or nucleic acid is not a naturally-occurring polypeptide or nucleic acid from
Quercus robur (i.e., the isoprene synthase polypeptide or nucleic acid is an isoprene synthase
polypeptide or nucleic acid other than a naturally-occurring polypeptide or nucleic acid from
Quercus robur). In some aspects, the isoprene synthase nucleic acid or polypeptide is a
naturally-occurring polypeptide or nucleic acid from poplar. In some aspects, the isoprene

synthase nucleic acid or polypeptide is not a naturally-occurring polypeptide or nucleic acid

from poplar.

[0065] In some aspects, the isoprene synthase nucleic acid or polypeptide is a naturally-
occurring polypeptide or nucleic acid (e.g., naturally-occurring polypeptide or nucleic acid

from Populus). In some aspects, the isoprene synthase nucleic acid or polypeptide is not a
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from Populus). In sone aspects, the isoprene synthase nucleic acid or

pol ypeptide is not a WD 2012/ 088462PCT/ US2011/ 066949 wi | d-type or

nat ur al | ywoco1wass4sg pol ypepti de or nucleic acid. |n sompCagsectiHeeothe

i soprene synthase nucleic acid or polypeptide is a variant of a wild-type

or naturally-occurring pol ypeptide.or nucJeic.acid (e.qg., a variant of a

1oty < REPTPE DGR @eb%ffwéwﬁie&ea%ﬁﬂa@?%e%eaei e f 8 Popul us) .

[ 0066] | §n@afEnRRREELS or f)(ﬁlﬁpép?i@@'i@ﬁ@ar%ﬂéf‘@%ﬁdﬂ%&&%ﬁdrﬂ?y-b&u?riﬁ’%r iant.

Variant$ of isoprene synthase can possess inproved actiVity such as

i mpr ov awblypepiidmen rickid acid teyg., 4 marsotrel awplddayrs orantirglby pervericy poliipeptidear i ant

has ot her_ inprov roperties, such as inproved stability (e.qg.,

t her no-osftng%]lg{%’latciff,roﬁr{p@%g&”}'rrproved solubility. In some aspects, the

i soprene synthase pol ypeptide is a variant of a wild-type or naturally

occurring isoprene synthase. In sone aspects, the variant has inproved

acti vi tjg0eg]ch assdnmpaspyas thaisaprghé Cynaleise pollypeptilepas eaidnd Vhgams btl-t ype or

naturally occurring i soprene synthase, The increase in activity (e.g.,

cat al ytiPPreeiiesH capestses HRPIPredsIctiRsy SchaAtymBrovEd SHZYIRRNC a8BuRY- alhoy 509

60% 7Q% 9 0 9 ' ' My such
Qine8Qp4ctsd Qr{‘isoglreng SyfthdsB vERATR Has PREE ﬁnpr%&gtji ﬂfrgfééﬁés; ?u%d&%g:}@bgd(ﬂfeh

as catalytic activity Is at E}east about any o ol ds, 10
fol ds, s2ilitgl(es., tHeomd-ctathdity)0nd/ot asprot@ soblbilsty. Tibsdnad akpecterthd BOpfeot ds. | n

sone aspects, the i.ncrease in activity such catalytic activity is about
100k t o ABORE POPPHRGE A GGt ORI R (o AT R SIPIE B Booe t o
about 3@nfeQlspits, aeatiadt HaQ hﬂgﬁo@e@-@&i’lﬁty?sﬁcﬁ & GprorRddutal did LLidsy tompheut 20

folds, or about 5 folds to about 20 folds). In sone aspects, the variant
has i npp dheedild-oypgtsirnptuyalyoregarriag isapreree ynihhse- the écorasaa agtialty Ye.occurri ng

i soprene nt hase.. The inpcrease in solubiLity n I any of
100 209 g, sl DSty $0dH Q’gg@}? AR, v FREodeaths,

sol ubi 190y, & 889%h & &Imd 8pséts ahOUcreanyinalctitity Qlcl.as 2athBtidSctivtyf i9ldRast10 f ol ds,
20 folds, 30 folds, 40 folds, 50 folds, 75 folds, or 100 folds. In sone

aspect sboptaayiohdriels @ fplds.sofolssi 19 fajds. 30 Apldu30 1ol 149 falslsudO tadds. FoIelds.(e. g. |
bout 0 ) . 509 t . ldt
Sbout 38 P8 Fei@R ko Pdgeli e i RROHE PRI sBOH calitl UcllFiey RABh fort O C bt

20 f ol ds nboutr1 08 GoiEs aspestions 2090 bsapr 60 €oldy AbbESOZPE shpepso fhéds, sbaut var i ant

of naturally occurring.isoprene synthase and has inproved stability (such
25 her - PABHIA G K> cipphs Gadt 19 PRI RURart POBEE Y HGoPsoRt i) 49 n hase.

[ 0067] |danidf &S BRGaPiant A6 iM?foiV@@Eol{}@iﬁtféo A&t toqp@ulﬁld—jtg;%’ oﬁfatdr@l‘?}st about
20% at | east about 30% at [east about” 40% at |east about 50% "at | east

about 6@%yriaE idopasie ssbbate. THe4ncatsd wawtubdipan BO leat abaushy abOM, WBR, at

| east t, .10Q9 I t o) 110% |.east about..120% .at | east about
130% %%e“&%‘t’%g%ﬂogb%ﬁ% 8@'2’ %’@s?r%éo%%ei%ﬁ%%é? S‘?Li}é‘%fﬁfy e hﬁ‘é % at WO
2012/ 0884620 flﬂsfgﬁi,li/fgﬁggﬂf%lds,eﬁ@fol@é?QUtfolag,Q)%fo@Ts, 4()9{%§ds Q@Rﬂ@s, 5808, at

| east about 190% af |east about 2009 of the activity of a wild-type or
nat ur aldryl 08 ¢elds.rih sgme ssnseenide syoncdsagesolatibtyviapbenitl 0%t abhetrl@0deldoénge
simlarjt ' i | ds e_or rall rring, | rene se. In
ome acheb % b Gall A bR oS B bt RS R | BB PR P R

synt has®ogEMfdldme adbutl 20aB1ds adrabbu@diol & to406at 200%ds 0 MYaond® Yoped®%he 80% 90%
91% 92% 93% 94% 95% 96% 97% 98% 99% 99.5% or 99.9% am no acid
sequendeonreeiynthascaRolypeRtidefs & Yraias ofdrafyplly efcuptreiseiene HEtass Mithhassopr ene

synt ha : ar.| i) che - curring
i sopr eﬁglpg/\}r%fi %%ggltglg@ggtﬁithgﬁgg%hﬁﬁQO% %re\gglégl%et%agﬁggg Og@gﬁlﬁﬁ?éﬂ%ﬁ% about
99% abgutha®0% t o about 98% about 85%to about 97% or about 90%to about

95% am no acid sequence identity as that of the wild-type or naturally
occurring isoprene synthase. [0068]1n sone aspects, the variant conprises a

mut at | ctBOéﬂ t h?n glgnlledés%gcgse, tl?g Var}laé.tn!fj flz?sl alt ¥east about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90%, at least about 100%, at least about 110%, at least about
120%, at least about 130%, at least about 140%, at least about 150%, at least about 160%, at
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occurring isoprene synthase. In sone aspects, the variant has at |east one
am no acid substitution, at |east one amno acid insertion, and/or at |east
one an nowacot/dedeet i on. I n sone aspects, the variant h&€TaiS201ems4949Dne
am no acid substitution. In some aspects, the nunber of differing am no

aci d residues en the varjant and w | d- e or natur curring

" sopr enEbndde cienbaie B Emtas: oyt 140%5u TipslPouk Dt oG 5030,
40, 50,,c8%ityBf LwABRR FGHathriIBSbQURg Db ynthaQC GWe WhAshticaPMLHE synt hases
can include any isoprene synthases from plants, for exanple, kudzu isoprene

synt hassegyenpe pinalaritys gh ervaldsiynt kasgsiallgogtirsihg ocakrens oprtbere. bysotiitases, and
wllowiso rene.stn&hasgf. I n s%ne asPects .t he variﬁnt is.a %giiapt of

i sopr erfSPSYhANASAT ! 8T FEREF G5 M EIBLY OF A TEBRsOREPR SV 1ol haye 3k [ty

i sopr en@osdly A%, 5099, BORUT, 2928098008, 916837098 IRABUNO 98%], %6 %, _
substitution, at |east one amno acid insertion, and/or at |east one am no
aci d deél786.i98fk, P, 8878, 85 PRETsaminpacidger ggice idengity asihtof &g Wb iipgral ba

i sopre I t | ej C. aci Qdin i ant

(o, it g SR e ARRRE AT by B HS ] GieRE b P R e
(for exzophidg iopame somhide aednpasaduoNdas bbarlobHmheow e tdetoar @ogous

i soprene synthase is_expressed). [006§%The i soprene synt hase pol ypepti de

provi deoREtlst f Lot B&arRPubPoPrie abat B éner Bt RA%ds aBrutifdniBRe 8ifht hase

vari ant i j | . . t ent
Ao Do ssBaStaReldoe) dstndly aARAHEL S0 nad iU MR ronP siun i T

PCT/ U52011/ 058188, the contents of which are expressly incorporated herein
by reference in their entirety with respect to the isoprene synthases and
i sopr erl@0&8Int hiswmeaaspegis.she Bulanagireprisse prandionyinthraedd-typecirudaralbut are

not limted to, those jdentified b nbank cession WD. )

D012/ oo ESPE HBS R TP ERe b e B e an S T Ba ongieasid 1457070,
and AYL8B8a#dtion] ¥pRSst @he by RIEinsyttibRasamr whiesd of@Bmhe dtsedelétivrany one of
t he conpositions or nethods including nmethods of making m croorgani sns

encodi rigMeRspcEndesipraps abea onpagrmercd mibstitiands saesaprastsdthcn

o ORI N A 03 RSB B008 cc076

W02010/d2tB0iRg isopbe kPnthat@ah be one or more, e.g. 1,2, 3, 4, 5, 10, 15, 20, 30, 40, 50, or
more amino acid residues. Naturally occurring isoprene synthases can include any isoprene
synthases from plants, for example, kudzu isoprene synthases, poplar isoprene synthases,
English oak isoprene synthases, and willow isoprene synthases. In some aspects, the variant
is a variant of isoprene synthase from Populus alba. In some aspects, the variant of isoprene
synthase from Populus alba has at least one amino acid substitution, at least one amino acid
insertion, and/or at least one amino acid deletion. In some aspects, the variant is a truncated
Populus alba isoprene synthase. In some aspects, the nucleic acid encoding variant (e.g.,
variant of isoprene synthase from Populus alba) is codon optimized (for example, codon

optimized based on host cells where the heterologous isoprene synthase is expressed).

[0069] The isoprene synthase polypeptide provided herein can be any of the isoprene
synthases or isoprene synthase variants described in WO 2009/132220, WO 2010/124146,
U.S. Patent Application Publication No.: 2010/0086978, US Appl. 13/283,564 and
PCT/US2011/058188, the contents of which are expressly incorporated herein by reference in
their entirety with respect to the isoprene synthases and isoprene synthase variants. Suitable

isoprene synthases include, but are not limited to, those identified by Genbank Accession
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W2010/ 148150, Wp2010/ 124146, W2010/078457, and W2010/148256, the
contents of which are expressly incorporated herein by reference in their
entirety wothivmssect to the i soprene synthases and i sopCES26Ip064Ya% e
variants. [0070] Any one of the pronoters described herein (e.g., pronoters

ol udiNG: LTEE & bt Brgteb EERRTD BT ey e Roma b s BEomE See 1o
drive exphessivficiPéanddused i 41§ dne QP HRNSnPHRidas &sm@@l%&g in@ﬁqldg%ah&s of
[ 0071] St andard net hods can be used to determ ne whether a polypeptide has

| sopr enealdynhasergpabypentadde iagtrend yythaye desaisoad hegein hee @Afn ddseybegfint he

pol ype t de . to P 0.lsqpre | i i xtract, or
o Py dnlefiflyfo AP ap s £y Blidhstoh Bior MADOLPbE R h QPR g oui ng &
strai n We2009/1820EwW @z 10/ ToeKuwioao si/0 3068 des3201 bad 1 trey, & 0201070 t30e7 shake
flask nmet hod as described in Exanple 1. After induction is conplete,

appr oxi WAREI YOItV 0 WSP2WI8/ 145 130 &V DRD | 1 2 by WES PIOTB 4% esh at 7000 x g for
o soy WRRoR AR AREDARR o WhiH arSL ERVE DD B HEAR B o TRGCEHL | 27

| ysed using a ressure ce using roce ernatlvely
t he celthar afit@etyrveigh @dpast tdithe yﬁpzeylﬂeyr(tﬁﬁad ¥nd_M6erehey/ smzhyRe vs@dnud. i on;

Epi Centre) after a freeze/thaw at -80C. [0072]1 soprene synt hase polypeptide
activity in the ceII extract can be neasured, for exanple, as described in

Silver

., J. Chem 27 13016, 1995 an ences therein,
whi o AP ARk BB it BB B TR Brat B oD PRSI S R RoBt dad
par ti cubadtriédh e ERaRGlortR: AeSAY 8iséi8lurk SRAENLINANAbRFISmPRIYARPL i de
activity. DVAPP (Sigma) is evaporated to dryness under ‘a stream of nitrogen

and r elvpdstitied prom@tea:@m:@e he nsgd torive e100ssim ¢frany @P the isoprene synthases

described herein.

[0071] Standard methods can be used to determine whether a polypeptide has isoprene
synthase polypeptide activity by measuring the ability of the polypeptide to convert DMAPP
into isoprene in vitro, in a cell extract, or in vivo. In an exemplary assay, cell extracts are
prepared by growing a strain (e.g., the E. coli/pTrcKudzu strain described herein) in the shake
flask method as described in Example 1. After induction is complete, approximately 10 mL
of cells are pelleted by centrifugation at 7000 x g for 10 minutes and resuspended in 5 ml of
PEB without glycerol. The cells are lysed using a French Pressure cell using standard
procedures. Alternatively the cells are treated with lysozyme (Ready-Lyse lysozyme

solution; EpiCentre) after a freeze/thaw at -80C.

[0072] Isoprene synthase polypeptide activity in the cell extract can be measured, for
example, as described in Silver et al., J. Biol. Chem. 270:13010-13016, 1995 and references
therein, which are each hereby incorporated by reference in their entireties, particularly with
respect to assays for isoprene synthase polypeptide activity. DMAPP (Sigma) is evaporated
to dryness under a stream of nitrogen and rehydrated to a concentration of 100 mM in 100
mM potassium phosphate buffer pH 8.2 and stored at -20 OC. To perform the assay, a
solution of 5 uL. of 1M MgCl,, 1 mM (250 ug/ml) DMAPP, 65 uL of Plant Extract Buffer
(PEB) (50 mM Tris-HCL, pH 8.0, 20 mM MgCl,, 5% glycerol, and 2 mM DTT) is added to

25 UL of cell extract in a 20 ml Headspace vial with a metal screw cap and teflon coated
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mM pot assi um phosphate buffer pH 8.2 and stored at -20 OC. To performthe
assay, a solution of 5ilL of IMMC12, 1 mM (250 iig/nml) DVAPP, 65 !lL of
Pl ant Extwecoi2Bss46er (PEB) (50 mM Tris-HC1, pH 8.0, 20 miTN3aL2/0669
glycerol, and 2 MM DIT) is added to 25 !IL of cell extract ina 20 m
Fbadspace vial with a netal screw cap and teflaon coated

2012/ os8iserpentrudsgilenobshagogiet) aad suliese ahd { 2gifpieht mil“%‘éfﬁr‘fﬂﬂbﬁiaé%l}% and

by add 1 DtgEneR of byt R Lo EAREN s R ABROARLORRR 7, Ta

Pathmay3@ﬂﬁgp eptides and Nucleic Acids [0073]In sone aspects of t he
invention, the cells described in any of the conpositions or nethods
described herein conprise a nucleic acid encoding an M/A pat hway
poIyped@?@@‘"YA[%%HQh&@ﬁé@%@wp%ﬁéQWWAmﬁgﬂhﬁﬁﬁgpolypeptlde is an endogenous
pol ypeptide. In sone aspects, the cells conprise one or nore additional
copi es of an endogenous nucleic acid encoding an MVA pathway pol ypepti de.

I n songogeEn ect $n sdnfteas ?E@l@gﬁ‘ﬂh@ GSveR6n, fhCccliGidds@ibe@ et 1Y FhddinRAt DN
pol ypeptide operably [inked to a constitutive promotér. In sone aspects,

t he endogh swdmﬂélﬁrﬁllac@rapre&q:@dmmgc aoid rRavoRdpgt dmddy Pp@aﬂy‘weaomldeequer ably
i nked to a _cons ut| onDter ects dogenous nucl ei c
aci o ertotAg RR MR Y PR R esple S B ARRERLR: p Tl BN, T ong

pr onot ekspeckd) ti dedk bolﬁplh@sror@wmdre addifore hbﬁe%ﬁnedwbg@@ﬁedudlac Qvidr - expr ess
t he endogenous MWA pat hway BW ypeptide relative to wld-type cells.

[ 0074] mcg@%ala%‘éét%thwamé)o ADtirde: HMWE@ﬂgﬁﬁt@pthﬁeéd%enauw@%%@ous

pol ypep r opy,of a
het or o biSfne hNPENEaASRG Thiochife ARy AAERILRZoMH R 1AM ORE. FERAE

aspectsmpmhgﬂhﬁmdbghmgmu&ﬂﬂu@hdumc@hngamhﬁndpmgwappNM@cpakhwaymnphM@ﬁpt|de
is operably ljnked to a constltutlve pronpter. In sone asp t he

het er ol '8 @&egstwé\feeﬁrema@r d MESPEASREF ta RO BEMHAYCIBIS 126 15 %@g A8 MoYRr abl y
l'i nked %aoa i grs@h% 11045 EX65mY bmolYAIPRbiNRY aPRLYRERE icHifs

i ncl ud acetyl acetyltr nsferase
are engineered to over-express the endogenous MV A pathway polypeptide relative to wild-

type cells.

[0074] In some aspects, the MV A pathway polypeptide is a heterologous polypeptide. In
some aspects, the cells comprise more than one copy of a heterologous nucleic acid encoding
an MVA pathway polypeptide. In some aspects, the heterologous nucleic acid encoding an
MVA pathway polypeptide is operably linked to a constitutive promoter. In some aspects,
the heterologous nucleic acid encoding an MV A pathway polypeptide is operably linked to a

strong promoter.

[0075] Exemplary MV A pathway polypeptides include acetyl-CoA acetyltransferase
(AA-CoA thiolase) polypeptides, acetoacetyl-CoA synthase (which utilizes acetyl-CoA and
malonyl-CoA), 3-hydroxy-3-methylglutaryl-CoA synthase (HMG-CoA synthase)
polypeptides, 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase)
polypeptides, mevalonate kinase (MVK) polypeptides, phosphomevalonate kinase (PMK)
polypeptides, diphosphomevalonte decarboxylase (MVD) polypeptides, phosphomevalonate
decarboxylase (PMDC) polypeptides, isopentenyl phosphate kinase (IPK) polypeptides, IDI
polypeptides, and polypeptides (e.g., fusion polypeptides) having an activity of two or more
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(AA- CoA thiolase) polypeptides, acetoacetyl-CoA synthase (which utilizes
acetyl - CoA and nal onyl - CoA), 3-hydroxy-3-nethyl gl utaryl - CoA synt hase

( HMZ CoA wonteaseds2pol ypepti des, 3- hydr oxy- 3- net hyl gl ut acyltsGuAos@duct ase
(HMG- CoA reduct ase) pol ypepti des, neval onate ki nase (MK) pol ypepti des,

hosph | onat e ki nase (P i des, diph | ont
Clocar bOyraEnt ey S BaT g g etRla IS BBy BiAPE We BByl ase (PVDO
pol ypeM%fggﬁdés,nggﬁéﬁm I{?@%?B?@S{ geﬂﬂc{@@,%d(fﬁﬁ@s Imlr@égg@ési tﬂzﬁﬁn’a_vé Blleast

pol ypepti and pol ypep e.g., fusion polypeptides) having an

acti vi topeaftivityoofom Miyrepatiividy pelypemiiye pbkepplaty MesA pathwprnugleiglaaids MVA

pat hway. pol ypept.i des . ncl ud ol ypeptides, fragnments of pol ypeptides

ept | adulod BRRGE AGR 6o e PRk BEMide: Fhmut 2P TRehBe ik EoentBEDIYSE an
MVA patgonaipad theetsiatlRastine aptiafyoMAATRAL fagyay sl gdptidac Edemplasl Moy
nucl ei ¢ acids that encode a pol ypeptide, fragment of a pol ypeptide,

pept i dePathsyayrnedynsatiges| ayléélpt:lmfeaqﬂgaﬁclmna@ﬂral1&a§@ur@n&p@lcp¢pndp§/al@ﬂ‘ nugieig VA
pat hV"ayacPd%'f%’o?EF%&ethe EXGIPLALY; M’é‘es{%ﬁé@&"@é’rei oly Bﬁcﬂhb&%ﬁgﬁg PNFy LI C acids

i ncl ude naturall’y-occurring poprep I'des and nucl el ¢ ’aci ds Pronlany of the
sour ce patigady ilpegadethabamhfdietie€ieult bhbagdisop@ne pralnttsi GinaflsoNdéAispahdway

pol ypeptide that confer the result of better isoprene production can al so
be used"dk wel | . [0076] I n certain aspects, the one or nore nucleic acids
encodi ng one or nore MA pat hway pol ypeptides is a heterol ogous nucleic
acid. In other aspects, the one or nore nucleic acids encoding one or nore
MWA pat[pgrs] PolyReRtd ABscts, Sh@okOMmOt ndbleRNEIRBRACMENNHSE! &i RoRMTA | N any of
t he aspects herein, one or nore MVA pat hway pol ypeptides can be sel ected

f r om ( Patterayarezypeptiddsas a botdegas ntigloicraside dologer efpeasethy lonCopmprs f or m

acet oacet yl - Co E%?A-.CDA t hi ol a or N enzyme %hat can synt hesi ze

acot oad SEIFE TR FERTHR R AVROBNV 2 brBay I PRpAdeSts aORy 3t B SREEMS, hase

(b) an weRWRid hRtangRdeNEEsctaBaEIAA6ERE OH mERAM WAL fatiaest plyfepAdéscahdem

HMVG- CoA (e.g., HMG synt hase); (c) an enzynme that converts HMG CoA to

neval orfgleeted (pm e ap gpgHmEe habgoNdppsh Y Jokcrlss pbyehdrtaretai9rMeval onat e

5- phos ; o - i 0 e Size 0 L 0A from
pa'égtég%)e_t%eé &EAE'%&!K% Bfg?e%) ?Qﬁ\éﬁ%ﬁmﬁ&%ﬁg%g 2 P&P%@Q?l é %\?

meval ona yropnosphat e; an en onverts nevafronate

5- pyr ophdspylafeA tad aceopeiye iebtopyutyl phas phahsse); dbdan gz y@s tien zyitdenkdzat
converts isopentenyl pyngfhosphate to ginethylall | di phosphate. In any of

the aspéeacadrerhVigiseyt-Crorte IRnHY s vy (o1 JiyKpsyiase): 098 82Y88 from
(a) an ) o) - i 2 m HVIGCoA
M F i S R R S SR b M

(c) an eozjomte Hphosphasplkpuyéretyes tha\cahomtteetatonaevaplorsahae o phodpivet e; (d)

t t t I t 5-ph hat t I t.
o oyt o EUBRBEE G e AT SR HE St At e DG O THETAP A e b hosphat o
to i soq%%%yﬂhamg AP @%ﬁ@ﬂ&ﬁm {tﬁpao?ﬂvafmgpéﬁteﬂyvﬁ%@@m@we@@hm%}pﬁamiﬁs
_ 0

and/ or pat hway pol ypeptides which can be used and nethods of" nmaki ng
m cr oordiphvisplmie. elicandion ghendspeghabdraiay opodiyperstV M spagineidopol xptides ikway

pol ypeptjdes -are, al sa described in |International Patent i cati

bl | o RS (28 S BB Mat e SR SR RS R kb8 B0k cne
of ski ldoA (e.§ hEMIG bytRdel; @B dhz$ Rk €lgd: camairQHMEECSAltd alehSopitonei &l s to
optim ze the expression of isoprene synthase or and one or nore MA pat hway

pol ypepiires thah ahespheyiytatesrmensiqnatodp meyeloRaly ophopplegie:i (dban engypielthdt| y,  one of
skill i i ﬂgh [ j L

transf eéran\g/%ﬁi I@%‘;ea)l&lt%o& f%r:)gtl héz(tg%(?kggéelggi}gé gyéﬁ%g?ﬁ}gtseég?%Eeg\éfs?%&lnzestgﬁ%r and
one or deavetsidvapatatvipyiophyyplpt itel8spaneiyd py@prosphatenr e DXP pat hway

pol ypeptides. In some aspects, the vector contains a selective marker.
Exanpl es of sel ectable markers include, but are not Iimted to, antibiotic

R O AR TR B
chl or argah @RS andaneth&ds dTukdkeh Cmagbslsadifiat ex@bf@rME ARLRPY) polypsprians age,

such as a nutritional advantage on t%e host cell. In sone ‘aspects, an

i sopr erfady RXRBehwry MIBPRidanaly afeciesdrbeddn internetégnabPasnt Mppdicatiorhr onosone
of the gl it \1WbBosBheS! Ve mrker.
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Exenpl ary Source Organisns [0079]Iron-sul fur cluster-interacting redox
nucl ei ¢ acid, DXP pathway nucl eic acid, DXP pathway associ ated nucleic
aci d, isopoene/@sywshase nucleic acid, or |Dl nucleic aciPdT(iseel 106Uy

encoded pol ypeptides) can be obtained fromany organismthat naturally

i ncl ud on-sul fur cluster-interactin ox nucl ejc acid, DXP .pat hway
nucl ei iﬁﬁﬁ] g%ﬁl Walheqes@air ﬁlﬁgﬁ aélggﬂr 35 %Pltag d)ﬁ?‘é‘ﬂfér%’?r?&)ﬂgg@

nucl ei cth@e;tpiessﬁm!f% kdre swﬂah@& af@ bl OA%OMM% ?Aws pbI§PRIRIBEakBorf OF Med
naturally by a vari etp organi sms, such as bacteria, yeéast, plants, and

ani mal neor gané Bad’ p%@udpolypf@tlm Szanlhnlmyonelpﬁl@klﬁian iﬂwaaﬁ cavrretsbbytetdae MVA

and DXP pat hways rod n |so Fi ur DXS, DXR, MCT,
o, e b Bl PR R RRIE o bt Bl Bosidiare g of RopisaF any

or gani siyhthbgd orhad ohber ¥R NW@WMW@& pb@@elhﬁieb ahd)6r &ﬂ%r%ﬁ&empﬁhﬂ%@ys | DI
and isoprene synthase nucleic acids can be obtained, e.g., fromany

or gani saplxRsAtdeso iR S0TAS atNsELs DR veRieseaiRInOXFIgsay f Wayker o EXtmples phe MVA and
DXP patﬁ%@%ﬁﬁre &9?@81& MO Rk 42 H&Cl (’tﬁ(cf tﬁﬁcr[%%%uec' r851§;8ﬁc%>@%ﬁ&‘cte ?c‘?s f, the

iron-su cluster-in er’act I hg ﬁ)UCIeic

acid, Mﬁammlh\r@yplaﬂ;lﬁg@a@bmdlmucgeﬁtamlam lehigrors ogin qmeeoﬁsrw&hha&emryuﬁi eic acid,
or IDl nucleic acid is identical to the sequence of a nucleic acid that is

pr oduc OBy @ng" SHOPRENFHE bHdey rblﬁb%ﬁﬁ%%thﬁwﬁ&ﬁ greetaholc g g dths, the
am no_agiGRRAUIENER afiob bR Wil GhUshe %ﬁ@&%ﬁ@ 188 LRARRC BOWPEP! | de,
DXP pat hway pol ypeptlgg DXP pat hway associat ed pepti de, 1soprene

synt hagatlpayypeleid add indegrattd inpoh yipepiosaee loﬁthle«teﬂns wﬁhbutta@elebtﬂavesmanence of a
polypeptide that is produced by any of the 23 follow ng organisnms in

nat ure. §?£§B Ezft the iron-sulfur cluster-interacting redox nucleic
acid, @S ci d, DXP pat hway associated nucl ei ¢ aci d,
isoprene synt hase nucleic acid, or ID nucleic acid or its encoded

pol ypeptide is a mutant nucl ei ¢ acid or pol ypepti de derived fromany of the
or gani 0879%]es c iohadifthediedtér-inRsactiag dedog matcRic dcits DXRgathweyhudletatisl, to t he
source of the nucleic acid or polypeptide_ into which one_or nore nutations

i s i nt ridYhealvapgpsosiaifdgiusleiadid|isapasie syat 9??&%1101%0 agadqr A NeGleipagidp| ant

pol ype i

Pt ¥ b eir el s phf B R rok h i c N 3L ofBlon! SRIASL) Blcer, o | &
sequendeneatiir c]uﬂtgr-lmematngrredo;pﬂlmhmc pat y]DKBtpladmay[rﬁhﬁEild alcnti mpahweyt s, the

sour ce organi S a fun of ar cies. of, Aspeyrgil I us
such as®® laé?ci%gﬂ%\ﬁﬂdﬁls H{F‘&esrynt ng“e‘& clee 6%@5@@6&136@@%‘& agide st fé{

cerevi sjh3ee, 1%?&{eef§fd?ﬁ1e§%ﬂu¥ﬂl§ﬁ8ﬁah@arrféw&ﬁ§ SHERs, 38chs HALRDE, e%E‘td BRECi es of
Tri choderma such as T. reesei. I'n son® aspects ‘the source organl smis a

f | I arre rand wginaln g@f gaoshis.indthde the MY Afpaﬂa‘mrnDéiPspdﬂumg{ ‘or bethéhes MVOA ahd

( 1002y DRHBRERHT 7 priseiseagin B iy BRs DRk A ORI INgEs. &

char act@pg zadbR r@c}émuc&,tdamewm{euuawﬁbhl@ yaRkdnidakHat GMOERE of chitin,
cel l ul ose, and ot her co% ex We/saccharl des. The filamentous fungi are

mor phol RegTvea arynas boidhe P patletvysn dPT and 1sgpr@nessyngease nRQeicpeidst s,

Veget at | a a n n ar bon
cat abol |a}s{§e|%é%§ipi Péf HO}n géﬁsnfl}liﬁg ?ﬂtﬁg%ﬁ{%% #a&lﬁw? (ﬁﬂ) gﬁP %g i may be
a cell HmfthaleS\nVAlze}siIDXPpbuhkvapgt limted to, Tri chodenna (e g., Trichodenna
reesei, the asexual norph of Hypocrea jecorina, previously cl assified as T.
| ongi brachi atum Trichoderma viride, Trichoderma koningii, Trichodenna

har zi a Sh ir-Neirs et al l.. M crobi Bi ot.echnol .20: 46-53
1oba. AU TLiorREt RReiS AT BB e R P o P A E o,
(e. 9., rhHod MRRiEASH, IHKP I alhwaly MsRic R1d, bXEFétﬁ@@Q assbRh K8 QePelci 4m, sp. (e. 9.,
C. lucknowense), diocladiumsp., Aspergillus sp. (e.g., A oryzae, A

ni ger, wlml}easemth/n\se Hugiohiddsor IRI nmldlalaaldss idgntigyl tatharsoquencg Wsar aucddic al .

Appl . Mc btl .0l 0 echno 3&)‘ 73807431,1 1993 nd edegebu t al .
Genet zf’fl §1§§r0% §Y g R Hogiine orggnigs Tipna WSs M aspﬁ?é flum F.

cer eal iagink ac1@>syc§jaﬁé¢1¢morp§ulﬁr clﬁ@ﬂéﬁlﬁﬁéﬂdﬁﬂng ﬂéﬂw pRide DXP (patthay N.
crassa), Hypocrea sp Mucor sp. ]( M me Z} Rhi zopus sp. and
Ener i celolypegpde, @@Dep%th\yéy af}sﬁﬁl‘d@d@P mpptldeswprez@svnt czeIYngk:) orfﬂie term

Fungal THORIE e B SHER SRR RGP Esof e @é@fﬂ? B RS R o 2



WD 2012/ 088462PCT/ US2011/ 066949 [0082] I n sone aspects, the fungus is A

ni dul ans, A. awanori, A. oryzae, A aculeatus, A niger, A japonicus, T.
reesei, Twownrzase462F. oxysporum or F. solani. Aspergi| Pa3/Us2o1ai06694ar €

di sclosed in Ward et al., Appl M crobi ol . Biotechnol. 39:738-743, 1993 and
Goedege ur. et al., Curr 1e 41: 89-98, 2002, ich are each hereby

i ncor paf ?‘@H‘gwgwléﬁ‘é@r?n%%?&easﬁ?ﬁﬁ - fhst rrsu F‘]ist‘?ﬁll‘&?ra9tl%’i‘3ﬂ°’fespect to
fungi . ﬂueleﬁaercad Mﬁbatﬁ%?ﬁﬁ@lelcta@ﬁ b@(fl’%é‘aih\!v%/ Assdisdd ﬂua&cwdcn@ﬁ%ﬁ@a such
as a strain of T. reesei. Strains of reesei are known and non-limiting
exanpl eynihpgs ruxsté:loﬁﬁc@d: dNdDI 138&¢ acidTCOs Mocod2d palypeXIEGs NonutE6 nedleicATAC No.
56765, AT 15709 ich a each her ing or at ed
by ref 6P QBRSPHHREN O AR R Sae orEarm St PP S GrfR” AsdeE R SRS of
T. T eesim” tofers @Mhe a5MeE bSthenlBleRQRid &lgodyPRpiide MtdRhickdht ¥emole RL- P37.
RL-P37 is disclosed in Sheir-Neiss et al. pl . M crobiol. Biotechnol ogy
20: 46- 5Butatige4s iMegeaYd; rFogéﬁ@n@lgp?emlgpeptlﬁ@t@wr Serivadfzemeralans a yeast, such
as Sacc a di da sp.
[o084] I URTEE 3Ry o e RBRHRAIRIHER AR oy AR one SRS T 2P
of BaCIﬂuhtuﬁOI&liﬁﬂ’o tAsS sdduehdeciiantitd-tyips (0d., Bseqaetrkioctdring il Aitie) pfanPant oea such
as P. citrea, strains of Pseudononas such as P. al caligenes, strains of

St rept d’r?ﬂbﬂ)égtl ch as S. lividans or S. rubiginosus, strains of Thernos
ynechococcus such as T. elongatus, strains of Sinorhizobiumsuch as S.
meliloti, strains of Helicobacter such as H pylon, strains of

Agr obaqpegi|um sH& @S plets, tHRIuAGE §Bsis @fdﬂquferﬁpl@%f)&zﬁiéﬁ aflgRcids D.

radi odur ans, strains of Listeria stch as L. nonocyto genes, strains of

Lact obanfﬂspaglléucshcla@si ortszplp angn. swalsn@:l‘tﬁrof@cﬁwmmeasm Sas E. coli.

[ 0085] As used here Ny % nus Baci | | us udeé al I So?ﬁci Es wi thin the
genus BRI gpcmeg Igﬁ Wf“ a{%cgscs)lfc al?lrporln Ot fE SRS & %eﬁﬁabut not
i mi t edutloaBr. /2l In SmeBhspddis; BRNob R Ganidh id EfMa®ntoBs fdipeMdesl, THe

st ear ot hennophi | us, B. al kal ophil|us, B. anyloliquefaciens, B. clausii, B.

hal odurt@s; fllsmeﬁ@gaf@@i usfergto dlfHgmenieys fopms of theubdiyisiq Eymygogiga (Séﬁd B.
nder poVERTRIH €1 L5 ORRRAR L Ibcr 15, SRR ERL UL RTROELANES L0

under go taxononi cal’ ‘reorgani zati
i ncl ude:hspetz—:nesd bhavedentioe hegnlitactigsscdll wall compdsediofighititifcefiatosé,iantit ed t o

such organi sns_as B. stearot herrm hil us, which is now named "GeobaC| [l us
st ear ot RRF FBPRITLRS] ysaqgharidgso et %C%Pu%@ggls%ramor@wi%%lryeg ysipleger by esence

of 0 ﬁ%ﬁlatglm%etfcgnys RER&T S ART VHigRG 1§ & B bY il G SRNHSeiBaGY hi s

elongation and carbon catabolism is obligatory aerobic. The filamentous fungal parent cell
may be a cell of a species of, but not limited to, Trichoderma, (e.g., Trichoderma reesei, the
asexual morph of Hypocrea jecorina, previously classified as 7. longibrachiatum,
Trichoderma viride, Trichoderma koningii, Trichoderma harzianum) (Sheir-Neirs et al.,
Appl. Microbiol. Biotechnol 20: 46-53, 1984; ATCC No. 56765 and ATCC No. 26921);
Penicillium sp., Humicola sp. (e.g., H. insolens, H. lanuginose, or H. grisea); Chrysosporium
sp. (e.g., C. lucknowense), Gliocladium sp., Aspergillus sp. (e.g., A. oryzae, A. niger, A sojae,
A. japonicus, A. nidulans, or A. awamori) (Ward et al., Appl. Microbiol. Biotechnol. 39:
7380743, 1993 and Goedegebuur ef al., Genet 41: §9-98, 2002), Fusarium sp., (e.g., F.
roseum, F. graminum F. cerealis, F. oxysporuim, or F. venenatum), Neurospora sp., (e.g., N.
crassa), Hypocrea sp., Mucor sp., (e.g., M. miehei), Rhizopus sp. and Emericella sp. (see
also, Innis et al., Sci. 228: 21-26, 1985). The term “Trichoderma’ or “Trichoderma sp.” or
“Trichoderma spp.” refer to any fungal genus previously or currently classified as

Trichoderma.
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characteristic also applies to the recently named Alicycl obacill us,
Anmphi baci | | us, Aneuri ni bacillus, Anoxybacillus, Brevibacillus,

Fi | obaci IWo=12@8s4s2| | baci | | us, Hal obaci || us, Paeni baci | IPa3/USSalliobe¥a? | | us,
Thennobaci | l us, Ureibacillus, and Virgi bacillus. [0086]In sonme aspects, the

source nismis a ram itive bac um Non-limting exanpl es jnclude
strai ndOPHElS | %Omggctté Punggs IS4 W@wg Aot e oree Aoﬂcgga@fﬁéeus) ,
Baci || Ysge L Shpbhitus &: fresei, LT VIROEY b R9ENES) oPF. dAGHi ORRBALIINS sfinQare L

spp). In somé aspects, the source organismis a gramnegative bacterium

such asdlElosc@ fini WaF& @tlﬁdloﬁﬂpphMlsmbIQirBllelterlycbloBQ 73%08%]1083 sahGoedagebtw et t he

e 1 he Rapor et B Bhale. ML aREedBaiRnt ORIy IR < kuazu,

popl ar dnsikgils, partRanulyusitiatddgeck td fugill 18 peAeaRb Ahectsamb Eih dus iedistasn Bopul us
trenul oi des), Quercus robur, Arabidopsis (such as A thaliana), or Zea

(such alichodermyasyuchfageaBRinef Jorreseis Sdieins of fThecese arcknosyiyandinosrlisitiag al gae,

such as AnBle Al AlOsfechRdl 13690l AoORIM B3 oRL R ARACKRLEANY R

.€
eugl eni é‘s romsta, or dino sonme aspect's, the’source

or gani SATCE No. Syasinhad NRRIU m7(guwhloa$rcaeabyalewb§t¢ﬁ®mdmﬂe@ bgsscsfblfenesjml nto any
of the foll ow ng graups _based on ghol ofq:i(i Chroococcal es, Pl eurocapsal es,
Osci | | dhgjF Firetdes, RyEegary with respeestp sBnBHAL &1 1685el-| I BRSBTS dieshost he

Cya”Obas%faﬁ{lk‘dr&‘em tﬂ&'%%rf 'i@lSP?(’PeﬁﬂQ%@%Hi%d%%éarlH%ﬁl@ﬁ NELETDI. aA%}{}Fpﬁéroﬁ% LI's

[ 0090] A variety of host cells can used to express Iron-
cl ust erBibretkudagyi 2[134645601(984.

[0083] In some aspects, the source organism is a yeast, such as Saccharomyces sp.,

Schizosaccharomyces sp., Pichia sp., or Candida sp.

[0084] In some aspects, the source organism is a bacterium, such as strains of Bacillus
such as B. lichenformis or B. subtilis, strains of Pantoea such as P. citrea, strains of
Pseudomonas such as P. alcaligenes, strains of Streptomyces such as S. lividans or S.
rubiginosus, strains of Thermosynechococcus such as T. elongatus, strains of Sinorhizobium
such as §. meliloti, strains of Helicobacter such as H. pylori, strains of Agrobacterium such as
A. tumefaciens, strains of Deinococcus such as D. radiodurans, strains of Listeria such as L.
monocytogenes, strains of Lactobacillus such as L. spp, or strains of Escherichia such as E.

coli.

[0085] As used herein, “the genus Bacillus™ includes all species within the genus
“Bacillus,” as known to those of skill in the art, including but not limited to B. subtilis, B.
licheniformis, B. lentus, B. brevis, B. stearothermophilus, B. alkalophilus, B.
amyloliquefaciens, B. clausii, B. halodurans, B. megaterium, B. coagulans, B. circulans, B.
lautus, and B. thuringiensis. It is recognized that the genus Bacillus continues to undergo
taxonomical reorganization. Thus, it is intended that the genus include species that have been
reclassified, including but not limited to such organisms as B. stearothermophilus, which is
now named “Geobacillus stearothermophilus.” The production of resistant endospores in the

presence of oxygen is considered the defining feature of the genus Bacillus, although this
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pol ypepti de, DXP pat hway pol ypepti de, DXP pat hway associ ated pol ypepti de,
WA pat hway pol ypepti de, MA pat hway associ ated pol ypepti de, isoprene
synt hase Wwol2gpassicde, or | DI pol ypepti de and to producePCIapse@nmciond t he
nmet hods of the clainmed invention. Exenplary host cells include cells from
any of the or anl sns | J in the Phsee t| o under he headi ng

" Exenpl& i‘F‘VC@B‘ %@s@@)é]ﬁﬁ gontge TECPRLY ﬂ%&? ‘6@1310 lf"fa Hfat naturally

pr oducesch,snpueMss %no%y&z%lllustbr%fwb@%l%s lobRENIMS, Qﬁr’aﬁzlz@b@iﬂ% HAISRRTIERE. |1 N
sone aspects, the host cell naturally produces isoprene using the DXP

pat hway@nbaalus s\oppeniBus Jihetwadeilland/redrieils, andr\grfxrilhest hway pol ypepti de
and iron-sul fur cluster-interacting redox pol ypeptides are added to enhance
producti on of isoprene using this pathway. In sone aspects, the host cell
natura r odyc I = ase,
and ond8SsT o HEER SERENS. W b RHTn PERRATANACICFR, 306 L
cluste rexampEs amilmdm@uraﬁﬂ X Snuprbezy@sa(e ieds, lnaaahsl, Bl coalievlad ded. grisernihance

production of isoprene using this pathwa 0091] Thus, one of skill in the
art w IfactlBgolyiesd (eRat- ewaeegegeaﬁsméé%%éa%w §e8--de SPRyndl SeBE AYREI n
certai nCoup Lifistid Qgra‘i’rptn!e g&@ﬁ‘ rﬁxﬁfcﬁ%'ﬁo%lf Pseq o% C{J‘%ﬁi strains.
Such optim zati On conpohents nc u but are not Timte rigin of
repli catian, pronoters, and enhancers. The vectors and corrponents
referenced herein are described for exenplary purposes and are not neant to
narrow t he scope of the invention. [0092] Any cell or pr ogeny thereof that
e IR L R R Yo B e e o s iy DRI g by e
iron-sJ r cI us% o1 PRYerad 'y redox oﬁy cfe B3 ]’Eorqlvvay poneptide,
DXP patinsayedzs s@bias tiedrdpeljuae pibragily Mithsdpad s,ABd yes (b@@msri\/h/ﬁkm&,hway
associ at ed poI i/lpeptl de, isoprene synt hase pol ypeptide, or ID pol ygepti de
and t o RePkddsshias Fgpeie alby &W%ﬁ%&ﬁ@é ﬂmendﬁlaihr?éd%pﬁ%m%fm 4sh some
enbodi ngn i Non-liniting
exanpl (rg etr?l%sl'tg gr ggé}%ldéﬁjml (fSh%f%Ag fi‘&ﬂa%? %%‘g(ﬁagg‘se?u’?}@ ins, S. coelicolor,
or S. griseus), Bacillus, Listeria (e g., L. nonocytogenes) or
Lactobacillus (e.g., L. spp). In sone enbodi ments, the source organismis a
gram nd0@88lve baomer ispeqts, shictouas cEgarrithiiS, arPg gaed ombreas: gesn AgacHredpygasn. | n
certain enb host can be uysed to express one or nore
i ron- sull WP&&WPSF@P%%@&}‘)&@ eﬁgeuﬁlgaﬁjﬁ %6‘1”?55’]09{ %&?H@@aﬁﬁt hway pol ypepti de,
DXP pat hway associ ated pol ypepti de, MA pat hway pol ypepti de, MA pat hway
associ at ed pol ypepti de, isoprene synthase pol ypeptide, or 1D polypeptide
and t o [po8gjuceli sop Spects,thd Srirdedrbadsm &f a Ey@obdotdrig suetvaend | on.
[ 0093] Bacteria cells, including am positive or gram negative bacteria can
be usedYrePhagisHERCIapifiedfintogaY ﬁ%&érfehlwaaer@@ﬁées SEIRPIH eloab'ove | n
partic t B. Ientus,
B br ey 20t lle 8D ebbediua Bl ERlanial2y Veklok ey, B SRR, TSmO U5
cl ausi iaspdsts, Iial aydnstansriuh is ﬂﬁgmdepmdmpcciacux:aﬂalggﬂmns B. circul ans, B.
| autus, B. thufingiensis, S. albus, S Ilividans, S. coelicolor, S. gri seus,
Pseudor’%)nas sry ag(% P. alcaligenes cells. WD 2012/088462PCT/ US2011/ 066949
xemplary Host Cells

[0090] A variety of host cells can be used to express iron-sulfur cluster-interacting redox
polypeptide, DXP pathway polypeptide, DXP pathway associated polypeptide, MVA
pathway polypeptide, MV A pathway associated polypeptide, isoprene synthase polypeptide,
or IDI polypeptide and to produce isoprene in the methods of the claimed invention.
Exemplary host cells include cells from any of the organisms listed in the prior section under
the heading “Exemplary Source Organisms.” The host cell may be a cell that naturally
produces isoprene or a cell that does not naturally produce isoprene. In some aspects, the

host cell naturally produces isoprene using the DXP pathway and an isoprene synthase, and
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[ 0094] There are nunerous types of anaerobic cells that can be used as host
cells in the conpositions and nethods of the present invention. In one
aspect ofwOhe1Zosssnti on, the cells described in any of Prha/usenposisud ons or
nmet hods described herein are obligate anaerobic ceIIs and progeny thereof.
Obl i gate anaero i cally da not gr ow in c nd|t ons
where dXYGe quf%B(é&’e%%lg ay IPQI%??U% apd %8@%@‘: ‘&&rtﬂﬁtﬁ’fa‘:&n%ﬁ&ﬂ‘ Pg

oxygen J@yddes éﬁ?a%@é Frohh@ttorﬂ o%lsap?&{e%sin% AR PRl e TR BGRe L@\é@tls thé ﬁsstobl igate
anaer obes have for a low | evel oxygen. I n one aspect, obligate anaerobes
engi neercHaatunlhr pddees mepeino namg thq EXBm@ﬁnvad apdemrmrssnthammdecpr@ orand

i soprenoi d for a

o oS T Bad g s Perh S T ho e PSS RRE e bieirgen- 1 r ce

condi t i RRE, anteQidaddee tdeihdRte HHdEHHER 19 ?ﬁsﬁemmgm@@mkwapnf ul to the
growt h, mai ntenance, and/or fernmentation of the anaerobes. [0095]1n another

aspect of the invention, the host cells described and/or used in any of the

conposi tjions or_ nethods described herein are facultative anaerobic cells
and pr d@@%} t h&Pebre phikil! e 8 VaHAB8HES R4 FRENERY E AR FILPETeSIRNAY by
aer obi g cSéthnrc%hhfﬂr&o(@oﬁents %ich'oiﬁhh At kpie sT&Pfo‘fXSﬂta‘?ﬂ hbdt sBXNOEGudS
present. However, facultative anaero can I'so grow I n the absence of
oxygen.opfliliiztion ciompomemts mstude,dudbtei rgmhmlad axeonge@f wiplichtiah, prqnmotgmoa/ndpoor |y

in the esenc reater anounts ne. aspect refore,

f hcul't RO Enae STy RIS ey RCE e e £ AR FoaremE o 1 ons

and/ or giBtRedsndronbaachmes firfovr i et drenengbResr ed to produce neval onate,
i soprenoid precursors, isoprene, and isoprenoids. Facutative anerobic host

cells can be grown under substantially oxygen-free conditions, wherein the
anount of oxygen present is not harnful to the growth, maintenance, and/or
f er rentl@994dn” ofAny ﬁéﬂ ahaegebederegt thapeande uspd é)rliiffé‘%r910ép‘}'511;j PRRRASS| GNefEn

t I ti |1
e ST Bk R AR e e LORRELINE DR PR onel 1
Bar net tpolypiepti¢s ﬂmd]’ pgthjzlxmnae&d polyp8Bride, R\2A pﬂtﬂlM':_pé)ypeptﬁties ofieAas pect S,
the filanmentous fun cell can be anﬁiof Trlchodenna | ongi br achi at um T

viri de,P? W%&%ﬁ%&t?ag PotyPepsils, isenisHe sHaIReS PIYRARIED o IRLRPI¥BIRIdE A8 %NS, H.

| anugi f}ﬁ’é&ce l"gopgern'esh?ﬁ‘le FERYRAFRRE LIRS Anyention! ﬂ%ﬁ?ﬂé"@rﬂ‘@@dlm%ﬂs%é ﬁgétum Sp.,
Aspergl lus sp., such as A oryzae, A niger, A sojae, A |aponicus, A

ni dul ars]l iox grAm- ammrmba,cteﬁmgaﬁ\lqnmmmng esampleamcﬁlderstrsmsmf Streptgmpres num F.

cerealis oXyspaQr ui or F.. venenat.u r os such as N.

o asa Gty SollFELTE S CORIGF ok ¥EIRR BAG . T GBI e SO BE

Ener i caldegbadilud (b S0NMBpAL PeSdre emM¥AiRBAE/ @86&@8&3&’5@&4&%% Mg%@%@ativ@e fungus
is A nidulans, A awanori, A oryzae, A. acul eatus, A ni ge

j aponi duasterigm, Blé'éls?élE cali, Reendateonaf sp, axys ;mlfanmhl eertaim e@b@dalmentSJ R Qc?élr tain
enbodersnts,HsEla m d or e%§plor gponenﬁg i@ use heéelndpnclude t hose
descri bed pa SRF u% IRST M9E BET T OYASEES ?ﬁﬁ 9%?%e host cell can
al so beodypepadd, ,D)SRlpzi'th@Sy §altypé1ﬂfd@myxeq)a&ﬂvay aggdulamsp@sz}b@mmws\ sp., Pichia
sp., or Candida sp. In sone aspects, the Saccharonyces S is Saccharonyces

cer evi stdvaygodypeatide. Mdrraysayerssegiated yelyReplide isgpsne gpEnsupdyRRpEye. | n
cor o OBy AT, S BASR I S SRS A R LD T
2011/ 0045563.
[0093] Bacteria cells, including gram positive or gram negative bacteria can be used to
express any of the heterologous genes described above. In particular, any one of P. citrea, B.
subtilis, B. licheniformis, B. lentus, B. brevis, B. stearothermophilus, B. alkalophilus, B.
amyloliquefaciens, B. clausii, B. halodurans, B. megaterium, B. coagulans, B. circulans, B.
lautus, B. thuringiensis, S. albus, S. lividans, S. coelicolor, S. griseus, Pseudomonas sp., and

P. alcaligenes cells.
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[ 0098] The host cell can additionally be a species of algae, such as a green
al gae, red al gae, gl aucophytes, chlorarachni ophytes, eugl enids, chrom sta,
or di nof lsgebi2aBes2 (See, e.g., Saunders & Warnbrodt, " @cmaSEXpHeEs? on in
Al gae and Fungi, Including Yeast," (1993), National Agricultural Library,

Bel t svi MD), In certain enbodi nent m ds or asnld nents for
use her@bi‘”i ncl)fh?fs AHYERTHRS P dlniaerfoﬁ}%e lﬁ;ﬁ%‘i?ﬂlhﬁdﬁ fgphos Clggg 10045563.
I'n So%oﬂga%i%ﬁs aﬁdhﬁedﬁe&t ofGRE prebéht %&Mﬁ&pbﬁ%%ragpm ofStHE 'ﬁw%ﬁu&i/%@&@l%t erium
classified into any of the follow ng groups based on norphol ogy:

Chl or ocissadledsn alBt eﬁﬁlocatpp@dlfe@s mﬂhddatd@mrl@b@heremas‘t obJagaetsana@roblc cells
Stlgone tal es ... Lind
Lo Ty 0 reyehy RS, Srfeusba e PSS v o SRRPHERSS 1 or
use henghdle bgdeHdeplehas ertdemnte @ﬂerstdbdldla‘i a spaflemioudtsf odY@en Way2010/ 0297749;
US 2009/ 0282545 and Intl. Pat. Appl. No. WD 2011/034863. Exenp IarY ]

0

Tr ansf dHegns drt Methsois spoe g@fnagfﬁdeﬁﬂéh?épbha@? aaaereheg fawafor glow leve
clusterg ggénerﬁ%&l' ggpecg%%%ﬂé'% %&&ieggh neé})éf’ toﬁ:?hm)fn&ld onleC 1s8‘§1‘8901dDXP

pathmay oci ate I"'er't aci ase nuc el c’ ac or 1D
nucl ei préwirgrg ﬁsdpteﬁleVzﬁﬁh@dSpﬁrerﬂﬁdimfainSEﬁg ats hemceﬂsnfobany of@de hedhddstaad/ar host
cell (e.g E. coli cell, .an algal cell ant cell, a fungal cell, a
yeast cF@F}POSl&Pn%ld%%l?eéirheé?m By prEgEQWR URdR SHg%t@}tlﬁ Jly g3¥8rg-fseehoaditent-echni ques

known t\Qh 0 oo arﬁﬁlﬂt bf by nggp?m%ﬁt is I%aklﬂﬁl‘?@g{é;gmﬂﬂﬁchﬁi elﬁﬁw%nmy be

|ntegrat Into chronoso or mal ntal ne extra r onosonal

repl i cdemmptseque ficemacrddied.t i onal Host cell Miutations WO

2012/ 088462PCT/ US2011/ 066949 [0100] I n certain enbodi nents in which the
recombi nant cells decribed herein further conprise one or nore one or nore

col | " miDORone Y RERG HGReL QR LRI RS s RS DAL ERIEY o "

anot herth@&hﬁpbsmts or hifeehdde vegtibenh&sint eplcali @5 eGakdrabid cBRSindggbbenyut at i ons
that i ncrease carbon flux through the DXPegrthma I n anot her enbodi nent,

t he |n\ib¢f?@forFaéb1ﬁ%t]é’ﬁr1§P%tf@‘%es§é¥ ganaiath 68{ulaeh TP By nBoPISHESHIREEN (h&r ease car bon

fl ux ”Htf?&gﬂ{'o Pfg e%xg/g&?w&en M&fef%ﬁé{%tel%r‘g%ag%{ﬁ?@a filg’é"’ mor €

i soprene can b ai'n e |nen I'nant cells as
descri hedwhe t}al absa@d ofbsyeheTiEn N in@eneakt fmbllgﬁ&r&a&eﬂemﬁilbb dief drigxow owar ds
meval onat e producti on wherein the activity of one or nore enzypes fromthe

group d¥REY4R rh?g)r%ﬁnce(%f)great%rra&wngwt%g@ Iniope grssh Hist§iarss %B{t‘%Vése (¢)

acet at ki BB&Ean (e LEREALEIIBPULY 91%5' 25@podifdnsNARR: ARRGIIASRIvidR Hefeiff NZY ME,
and; (f) pyruvate ehydrogenase iI's nodul aP

and can be engineered to produce mevalonate, 1sopren01d precursors, isoprene, and
isoprenoids. Facutative anerobic host cells can be grown under substantially oxygen-free
conditions, wherein the amount of oxygen present is not harmful to the growth, maintenance,
and/or fermentation of the anaerobes, or can be alternatviely grown in the presence of greater

amounts of oxygen.

[0096] The host cell can additionally be a filamentous fungal cell and progeny thereof.
(See, e.g., Berka & Barnett, Biotechnology Advances, (1989), 7(2):127-154). In some
aspects, the filamentous fungal cell can be any of Trichoderma longibrachiatum, T. viride, T.
koningii, T. harzianum, Penicillium sp., Humicola insolens, H. lanuginose, H. grisea,
Chrysosporium sp., C. lucknowense, Gliocladium sp., Aspergillus sp., such as A. oryzae, A.
niger, A sojae, A. japonicus, A. nidulans, or A. awamori, Fusarium sp., such as F. roseum, F.
graminum F. cerealis, F. oxysporuim, or F. venenatum, Neurospora sp.,such as N. crassa,

Hypocrea sp., Mucor sp.,such as M. miehei, Rhizopus sp. or Emericella sp. In some aspects,
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Citrate Synthase Pathway [0101]Citrate synthase catal yzes the condensati on
of oxal oacetate and acetyl-CoA to formcitrate, a netabolite of the

Tri car boxyDi2e12208842( TCA) cycle (Ner, S. et al. 1983. Bi @Charseeii0y6929:
5243-5249; Bhayana, V. and Duckworth, H 1984. Bi ochem stry 23. 2900-2905)

(Flgure5 .E c¢oli, this enzype, encoded b t A, behaves like a triner
di meh§ %,“n%w?r flé‘g‘lal’ﬁefa’rﬂé&%{ﬁ% g Wﬁvg%(ﬁgyuen% AP i

al ! ost gLbgalt yzrm%gpl A§shriY, AR TN B RRZMENHRRASNARE DI A& o é)‘-iés'ﬂﬁti ed

(W egand, , Rem ngton, S. 1986. Annual Rev. Bi oph sics

Chem 1&on9)?>nqrm§formez:kwomtlhclede thiose d@eiibedBndEHepatSs pusyNp. US20 1830(912563
Stockell, D. et al. 2003. J. Biol. Chem 278: 35435-43; Maurus, R et al.
2003. Bi ochemi st ry. 42:5555-5565). To avoi d al l osteric inhibition by NADH,

repl a?ﬁﬂﬁ@f by Rt h&{ﬂ%’l{l EEas ﬁé Qgeah L3 Mkesﬁ%dm)g\'g es 3PT S

NADH- i nsensi tive ClI e syn Peen ‘Condi (Underwood et al.
2002. &hizoscﬁl}mrbﬁzﬁlcesl\dbcmn@bp (ﬁ&lalﬁﬂa—sja()&isorﬁamhﬁz tae Sadchaes et .
Eng. 7:229-239). [0102] The reactiaon catalyzed by citrate synthase is
di r ect Iy SESHBEVDISES G EHSI0HEENS-&F é%%n%lgﬁs 3z iY6e5t HE9Hh P&y 4§% 4pSbflng he

meval Ort%h%n%ﬁ%wﬁﬂenté anHl‘?d/s é}%ﬁi‘s W fof 08 1?e§e1ﬁ‘1 M]Qﬁttﬁés’e‘%ieédf‘ﬁ;@h et
al. 2002. J. Bact. 2116 2122 efore, one of In the art can

nmodul atie &Sipaatbéo,mﬁ%anéibﬁq&mmml@.é\lcg.US Zﬁaldt/(ﬁ}%%bnzyne activity) to
all ow nore carbon to flux into the nmeval onate pat hway, thereby increasing
t he eventual production of neval onate WD 2012/ 088462PCT/ US2011/ 066949 and

| sopr en 9é§ec”i"ﬁesﬁ Qe ki Bhs o%%ﬂt Ease A5 of ol dhe CRn B, BIY, AIMENE
reductl 9I f speC| IC aCll Vi ofla act1Tvidy as conpare gt V\ﬁilen no

mani pulaagaepgnaﬁta@hpﬁe,rthﬁfrﬁ@cﬁni@mg&bs USRI chid&li AN e Sindflgelthes! €528 Ce. 0f
enzynme activity is decreased by at |east about 1% 2% 3% 4% 5% 6% 7%
8% 99%Sappdgrs & Warmbrodt, “Gene Expression in Algae and Fungi, Includlng east, 3 (1993),

National Agricultural Library, Beltsville, MD). In certain embodiments, plasmids or plasmid

components for use herein include those described in U.S. Patent Pub. No. US 2011/0045563.

In some aspects, the host cell is a cyanobacterium, such as cyanobacterium classified into any

of the following groups based on morphology: Chlorococcales, Pleurocapsales,

Oscillatoriales, Nostocales, or Stigonematales (See, e.g., Lindberg et al., Metab. Eng.,

(2010) 12(1):70-79). In certain embodiments, plasmids or plasmid components for use herein

include those described in U.S. patent pub. No. US 2010/0297749; US 2009/0282545 and
Intl. Pat. Appl. No. WO 2011/034863.

Exemplary Transformation Methods

[0099] IspG nucleic acids, iron-sulfur cluster-interacting redox nucleic acid, DXP
pathway nucleic acid, DXP pathway associated nucleic acid, isoprene synthase nucleic acid,
or IDI nucleic acid or its vectors comprising them can be inserted into a host cell (e.g., E. coli
cell, an algal cell, a plant cell, a fungal cell, a yeast cell, or a bacterial cell described herein)
using standard techniques known to one of skill in the art. The introduced nucleic acids may
be integrated into chromosomal DNA or maintained as extrachromosomal replicating

sequences.

Additional Host cell Mutations
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15% 20% 25% 30% 35% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80%
85% 90% 95% 96% 97% 98% or 99%In sone aspects, the
WO 2012/088462 PCT/US2011/066949

[0100] In certain embodiments in which the recombinant cells decribed herein further
comprise one or more one or more MVA pathway polypeptides, the invention further
contemplates certain host cell mutations that increase carbon flux through the MVA pathway.
In another embodiment, the invention contemplates certain host cell mutations that increase
carbon flux through the DXP pathway. In another embodiment, the invention contemplates
certain host cell mutations that increase carbon flux through the DXP and MV A pathways.
By increasing the carbon flow, more isoprene can be produced. In certain embodiments, the
recombinant cells as described herein can also be engineered for increased carbon flux
towards mevalonate production wherein the activity of one or more enzymes from the group
consisting of: (a) citrate synthase, (b) phosphotransacetylase; (c) acetate kinase; (d) lactate
dehydrogenase; (¢) NADP-dependent malic enzyme, and; (f) pyruvate dehydrogenase is

modulated.

Citrate Synthase Pathway

[0101] Citrate synthase catalyzes the condensation of oxaloacetate and acetyl-CoA to
form citrate, a metabolite of the Tricarboxylic acid (TCA) cycle (Ner, S. et al. 1983.
Biochemistry 22: 5243-5249; Bhayana, V. and Duckworth, H. 1984. Biochemistry 23:
2900-2905) (Figure 5). In E. coli, this enzyme, encoded by gltA, behaves like a trimer of
dimeric subunits. The hexameric form allows the enzyme to be allosterically regulated by
NADH. This enzyme has been widely studied (Wiegand, G., and Remington, S. 1986.
Annual Rev. Biophysics Biophys. Chem.15: 97-117; Duckworth et al. 1987. Biochem Soc
Symp. 54:83-92; Stockell, D. et al. 2003. J. Biol. Chem. 278: 35435-43; Maurus, R. et al.
2003. Biochemistry. 42:5555-5565). To avoid allosteric inhibition by NADH, replacement by
or supplementation with the Bacillus subtilis NADH-insensitive citrate synthase has been
considered (Underwood et al. 2002. Appl. Environ. Microbiol. 68:1071-1081; Sanchez et al.
2005. Met. Eng. 7:229-239).

[0102] The reaction catalyzed by citrate synthase is directly competing with the thiolase
catalyzing the first step of the mevalonate pathway, as they both have acetyl-CoA as a
substrate (Hedl et al. 2002. J. Bact. 184:2116-2122). Therefore, one of skill in the art can
modulate citrate synthase expression (e.g., decrease enzyme activity) to allow more carbon to

flux into the mevalonate pathway, thereby increasing the eventual production of mevalonate
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activity of citrate synthase is nodul ated by decreasing the activity of an
endogenous citrate synthase gene. This can be acconplished by chronosonal
repl acenawo 20f2/@s46endogenous citrate synthase gene wi t hPaTiusangHesveo
encodi ng an NADH-insensitive citrate synthase or by usi ng a transgene

encodi ng .an NADH-j nsensifive citrate nt hase that is ved from Bacill us
subti | ﬁ’g‘d ISAREEG eGPy FCIKQIE Sytha S§;?ﬁ?‘%rto¥s‘éan SNY PEGUREC ‘ﬁﬂﬂ“&? QESR‘:QE

decr easgd)inb¥r t@@a@b@tm@@astcb Rip&REYMEH Ao GldhlRIRicR AL DS rEenGicl! ARRE wi th
a synthetic constitutively Ipow expressing pronoter. The decrease of the
act i vi tigstafeesithe deceasy nt ¢raymecanvitesuletrepsedrinyrag leastrabont % ud%i Heodfohe

That do hatnaee it el el R0 P ool B Ui B W Bty =™
i nvol vigsge, Ploos 7B, 186%S 85%t YO BSES5RBNIHP 9786,81884 &1 KDAASE some aspects, the

[ 0103] Phosphot ransacetyl ase (pt a) (Shl mzu et al. 1969. Bi ochim Bi ophys.
Acta 19tiivigsof GEgy syathaseyy Bwdulaedbydeersnsing thegwstisit plomn eogrnons sikaiey| - CoA

R R e e YN

genes citmtdeyrthangeid Wil aaginsgene pecoding ih IEAH}DinsensTt(D@&iltlﬂﬁé syﬂthlzﬁ;y ocdyal yze
the dissimlation of acetate, with the rel ease of ATP. Thus, one of skill

in t he WM acEAsesieraseding pr NAdrinsesiting aitipiesyathasedhyy is deriveddyomt t enuat i ng
the actpaifx s%nzah 9RP Qakﬁgraﬁ%ﬁ }é’éﬁﬁﬁsg eﬂpalgcﬁbgmodﬁﬂed%eg., ?9&9&&&1) b

phosphot ransacet yl ase gen or an acetate kinase gen e.g., tﬁe
endogenopisciag gteatndogdnoas eltlgersg)ltha@r@nm@yométeawhh eviymyetat comnu@tivan love by

del eti ng 1phos hot r ans | ase pt ag and/ ar. acet athﬁ ki nase (.ackA). This can
b aceOBIa SRS o e oG g A (b ASEH o SR PSSR P GRPRERT col

casset t@rfoal s BY nleQ2BhAE d@pétndéﬁt b%‘binﬁh@ﬁc E&th@/ay A&IndaisbStopr oduced by E.
coli for a variety of reasons (Wl fe 200 M<crob. Ml . Biol. Rev

69: 12- ankromatnmmtthbteimtb@m@bcmwdﬁ@@mmog|0ﬁclérammﬂ1@sfa use acetyl -

del eting those genes mght allow carbon not to be di verted into acet ate and
to increase the yield of nmeval onate or isoprene.

2012/ 08840 2RCTL LSROH 9099, LALAMLN. aQuE, Aomge @nass:he r ecombi nant

m croorgani sm produce Peased anoun acetate 1n conparison to

m croorgani sns that do not have attenuat ed endogenous phosphotransacetyl ase
gene and/ or endogenous acetate ki nase gene expression. Decrease in the
anount [010Xcet Bhesppotoasestylesrple (Sleasar @dl. 0Yos Bivchim. Bsgpdys. Artowdl:t o one

0,1 o TR S L0 Al 2,
45% SQ¥ety1 A wﬁﬁ%ce@ﬁ%qnﬁgé/ead%f/em%ﬁ&/a }8%%1 9@% J%&he‘%ﬁ%l @1%%22%% or

99% as corr?are when no nol ecul ar nani puI ations are done. [0105]T
act i vi tagetyf-Ppodyyphaserasm sHicee genes eaif pe aynsaribiedoas aacapertndn . nels. eTO(gathkA) can

al so they catalyze the dissimilation of acetate, with the release of ATP. Thus, one of skill in the art

can increase the amount of available acetyl Co-A by attenuating the activity of
phosphotransacetylase gene (e.g., the endogenous phosphotransacetylase gene) and/or an
acetate kinase gene (e.g., the endogenous acetate kinase gene). One way of achieving
attenuation is by deleting phosphotransacetylase (pta) and/or acetate kinase (ackA). This can
be accomplished by replacing one or both genes with a chloramphenicol cassette followed by
looping out of the cassette. Acetate is produced by E. coli for a variety of reasons (Wolfe, A.
2005. Microb. Mol. Biol. Rev. 69:12-50). Without being bound by theory, since ackA-pta use
acetyl-CoA, deleting those genes might allow carbon not to be diverted into acetate and to

increase the yield of mevalonate or isoprene.
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be decreased by other nol ecul ar mani pul ati on of the enzynes. The decrease
of enzynme activity can be any anount of reduction of specific activity or
total actwoizniz/ms4econpared to when no mani pul ati on has pegnsedfimedyat ed. I n
sone instances, the decrease of enzyne activity is decreased by at | east
about 19 % 3% 4% 5% 6% 7%.8% 9% 10% 15% 20% 25% 30% 35%
385 408104150, Tedsuie aoh - AbRAcc B DI HUORE RSB o OSSO A IR 679%

98% orac&%%m[c%gg]idoa t8 ATBrob AR R ms M dr A0 WAL hA\Q akBRuALL dnibldhoat t he _
endogenous phosphot ransacet yl'ase gene and/ or the endogenous acetate ki nase

gene r gdwbpotiansagetyRse gerigomdfor axdaganeustadeetateduadso ganeepagreiod e hectsiasssipnt het i ¢
pat hway, in co rison to mcroqrganis t hat.do not .have atte t ed
endogerBu e SRR AeHHE RLEd fands REHEH Y SN R s ABONT IS Base gene
expr essh®nt. PAE hna of VALt r&lictias [sak Rablabydl pRerRs®| HL03% 6%E7%5 eYd, ,

D Lactate is produced fron1%yruvate t hrough the enzyne | actate

dehydr difendSe 10 RA%. 267 dp &, BY%( BrfcH) % P> %t 508, 5510 99 %. Kb & dBTeel Y%,

143: 18701080 B0aduSH! 885, 0b7d, G4 & do¥ ACGOMRANI Glwh MopX| ARt on of NADH
hence lact’até’i’s pro uéeéd’ when oxygen'is T1 ed and cannot "accommodate all
t he redusiipgatbsisiaved@iet s. Thus, production of [actate could be a source for
carbon consunption. As such, to inprove carbon flow through to neval onate
production (and isoprene), one of skill in the art can nodul ate the

tivit | t e. dehyd , h by . d j | th tivit f
Pre enaliE | S e o En e e aou S 6 ke kbien (A s
aspect , pelddBreAddi 4l dilerPholb@GAiFh i SARYSH SARNBSANRANTRE JBREHLL 3F By

attenuating the activity of an endogenous | actate dehydrogenasé gene. Such
at t enuachivity carbeymyaaitivay eldedyctipolofspasifiodctiviti oe dd getivitisad cootpateasl to

dehydr ogenase gene. ..t her, wa f attenuati.ng the activit f lactate
dehydr ogndeangERG bR el et e e B e o B By
mani pul @tivitgistdeerepaidmyay 1dabedbounve| YR s3%as%ab e, dahydr egeneas eyt he%,
reconbi hant. _m cr oorgani sm produces decreased anounts of lactate in

conpar i 28n 208 308 efogdnics heTt kil YFonore.Hie ot dRtfat’ed. 8AGoseRoUL?] act at e

dehydr%@n e p jon. Decrease in the anount of |actate produced
can be ne%?é%)égg%y%g%ﬂt&le%%%assays known to one of skill in the art. The

anount of l|actate reduction is at | east about 1% 2%

[0106] In some cases, attenuating the activity of the endogenous phosphotransacetylase
gene and/or the endogenous acetate kinase gene results in more carbon flux into the
mevalonate dependent biosynthetic pathway in comparison to microorganisms that do not
have attenuated endogenous phosphotransacetylase gene and/or endogenous acetate kinase

gene expression.
Pathways Involving Lactate Dehydrogenase

[0107] In E. coli, D-Lactate is produced from pyruvate through the enzyme lactate
dehydrogenase (ldhA — Figure 5) (Bunch, P. et al. 1997. Microbiol. 143:187-195). Production
of lactate is accompanied with oxidation of NADH, hence lactate is produced when oxygen is
limited and cannot accommodate all the reducing equivalents. Thus, production of lactate
could be a source for carbon consumption. As such, to improve carbon flow through to
mevalonate production (and isoprene), one of skill in the art can modulate the activity of

lactate dehydrogenase, such as by decreasing the activity of the enzyme.
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3% 4% 5% 6% 7% 8% 9% 10% 15% 20% 25% 30% 35% 35% 40% 45%
50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 96% 97% 98% or 99% as
conpar ed wbhenizmss4s2l ecul ar nmani pul ati ons are done. [O0109CThis2@aitbesuey of

| act at e dehydr ogenase can al so be decreased by other nol ecul ar

mani pul f me. The decrease of enzyne activity can be any

arount BI0lcq. deremeh &) 88 PEDE Avh iy 1o F SRE PR T oonpar ad ¢ 0
when nqnémﬂatwbﬁaﬂt&ﬁab@gsth%@m éf%téﬁasgéﬂloui rac@%h % enet hRicdecr ease
of enzyme activity is decreased by at |east about 1 % 4% 5% 6%

7% 8%attefgatibp¥an b&eshid@dby2Eltio8 094he3Bdp2REY 1a4@%d6h5@1fpg5t@% g88% 60%

65% 75% 80 90‘V 5‘V 6‘V 98‘V 99% o

01 10] Adther Ritigiy teririeh i Sitd O L Ol RSB el KIDPIP €9 8f i
endogenhelgrt h@@ta@do%edgdeyﬂ&amtﬁlgnﬁe pABWhLY that ivORESIa6AINAyllog¥ndsat 0 t he
meval onat e dependent bi osynthetic pathway in conparison to m croorgani Sns

t hat ddhhcomairenamnicsoniartem prrfbgeisgirapescautdeiignte derrrspargeno .
expr es %or%%ﬂématﬁt ddne X&é‘%te%&&? e&ﬂ) [19&%1%]&@&8%‘:&%\’6%3\/(' n E coli

sfcA an I'S an anaplerotic enz rre ersi on of
mal at e dxptedsipy.r D\iﬁ“e&e(mlﬂler@nd\hﬁmf Eétafﬂﬁ@?&@cebyaﬂ b@nﬁﬁﬂm@éd wnrobgh®xgsays

[0112](8) mal ate + NAD(P)+ CO2 + NAD( f)
known to one of skill in the art. The amount of lactate reduction is at least about 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%., 30%, 35%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 710%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% as compared

when no molecular manipulations are done.

[0109] The activity of lactate dehydrogenase can also be decreased by other molecular
manipulations of the enzyme. The decrease of enzyme activity can be any amount of
reduction of specific activity or total activity as compared to when no manipulation has been
effectuated. In some instances, the decrease of enzyme activity is decreased by at least about
1%, 2%, 3%, 4%, 5%, 6%, 1%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 715%, 80%. 85%, 90%., 95%, 96%, 97%, 98%, or 99%.

[0110] Accordingly, in some cases, attenuation of the activity of the endogenous lactate
dehydrogenase gene results in more carbon flux into the mevalonate dependent biosynthetic
pathway in comparison to microorganisms that do not have attenuated endogenous lactate

dehydrogenase gene expression.
Pathways Involving Malic enzyme

[0111] Malic enzyme (in E. coli sfcA and maeB) is an anaplerotic enzyme that catalyzes

the conversion of malate into pyruvate (using NAD+ or NADP+) by the equation below:

[0112] (S)-malate + NAD(P)* %’?’i’?’i’-’-pyruvate + CO, + NAD(P)H
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WO 2012/ 088462PCT/ US2011/ 066949 [0113] Thus, the two substrates of this
enzyne are (S)-nmal ate and NAD(P)+, whereas its 3 products are pyruvate,
CO2, and WeDRPH/08p45214] Expressi on of the NADP-dependent marius2@nsyem9 (maeB -
Figure 5) (Iw kura, M et al. 1979. J. Biochem 85: 1355-1365) can help

i ncrea val gnate and isoprene yield by 1) bringin n fromthe TCA
cycle ﬁﬁlﬁt 0 %B% o S&f’?tgaé s Ogrt 8?@6‘?3/ YF (@C@@(}?e_@gﬁﬁﬁf’@ei Whegpasdlst
precur PYRMA e, ~and 2) producing extra NADPH whi ch
coul d Eﬁﬁﬁgﬁﬁgﬁﬁ the Eﬁg$%b%?$gggg?%se reaction (Ch, MK et al. (2002) J.

Biol. Chem 277: 13175-13183; Bologna, F. et al. (2007) J Bact.

189: 5937-5946). [0115] As such, nore starting substrate (pyruvate or

acet yl| -[6bl4] f oExpisesiefointe NS -gerridentipicomzymg anathat &igie psdpiledie can be
achi ev y, | Aty such R I R0 LY / ssi on
o mal 1 STt ERi e S L BRSSP inch iR Y oA o SRR T
gene. @yel)moinglnigrdationdromayhet TC Acgcaphélsio pyhiaitd, irbyt piepltde bNgretie€CoA,
endogenous NADP- dependent malic enzyne gene propoter with a synthetic

const i tIETMHES RESGHF0S 8F Hg PSHRpRErPAthARY e RERSVFINgeR TR &' MRS H M ¢ r ease
enzynme i\ [ I u j: LAs>encodi n
o KD e P B O Rl oo WK o B b, EEb P ean
noni t orl3tlAg-18k§; dsdogma, Bfet s EBORNA Bdur. il 8y SPEF-pedtat i on or cul turi ng using

readily avail abl e nol ecul ar biol ogy techni ques. [0116] Accordingly, in sone
enbodi nents, the reconbi nant m croorgani sm produces increased anmounts of

pyruvate i4 conpari.son to m croorgani sns 1hat do. no ave. L ncreased
expr oadblor AR etbBlbst fallrenPOHaR oS BRalil +6 2R oM AN AT BERE

i ncr easiroductibe offiek Mbhate 6f isapreNAEIT KleRBRYIEN by ARUURBAZYORaJRBRagi8gUhd S | N
nore carbon flux into the neval onate dependent biosynthetic pathway in
conpar i3s8HtY andiercrpEsgan ot malie paaymso HetNARVedepprdeahmatc sixppedepe 6dent

mal i C qRZYNGE98MG, S XS T5H %n-lln?liﬁ% G SR Eaplidh HSisHYRYNGCiRE (YT uvat e
produc2% can %%%n%a uFégﬁ%y routin kégsays ot ' £1C1£
endogenous NADP-dependent malic enzyme gene promoter with a synthetic constitutively
expressing promoter. Another non-limiting way to increase enzyme activity is by using one
or more heterologous nucleic acids encoding an NADP-dependent malic enzyme polypeptide.

One of skill in the art can monitor the expression of maeB RNA during fermentation or

culturing using readily available molecular biology techniques.

[0116] Accordingly, in some embodiments, the recombinant microorganism produces
increased amounts of pyruvate in comparison to microorganisms that do not have increased
expression of an NADP-dependent malic enzyme gene. In some aspects, increasing the
activity of an NADP-dependent malic enzyme gene results in more carbon flux into the
mevalonate dependent biosynthetic pathway in comparison to microorganisms that do not

have increased NADP-dependent malic enzyme gene expression.

[0117] Increase in the amount of pyruvate produced can be measured by routine assays
known to one of skill in the art. The amount of pyruvate increase can be at least about 1%,
2%, 3%, 4%, 5%, 6%, 1%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 710%, 715%, 80%. 85%, 90%, 95%, 96%, 97%, 98%, or 99% as

compared when no molecular manipulations are done.
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known to one of skill in the art. The amount of pyruvate increase can be at
| east about 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 15% 20% 25% 30%

35% 35%wWo0942/08882 50% 55% 60% 65% 70% 75% 80% @EWUSAAYN6D3Y5 96%
97% 98% or 99% as conpared when no nol ecul ar mani pul ati ons are done. WO

2012/ 088462PCT/ US2011/ 066949 [0118] Th ctivit f |ic enzyme can al so be
i ncr eaighﬁ.ﬁy. o#ﬁ%?etﬁ%tlyé) aaic e ?)%ﬂnaaﬁf‘oo IHB?ea%/eI‘}g’ye%ng?r%‘?leel‘ﬁ% i ncrease of

enzyne AglihMhliohsCRMDSZFNY. TAPHteadd of éh%{y&l%sa@ti@fy SRafl dhly Gnidfahi o ihdree tot al
activity as conpared to when no mani pul ati on has been effectuated. In sone

i nst ancdspedifeadtively @a swalgictieity ynengerdd/dotwhengognaripdstioralipslbeei % 2% 3%

4% 5% 6% 7% 8% 9%  10% .15% 20% 25% 30% 35% 35% 40% .45% 50%
coy, esietluabd! B hiane’ e eS8 0t e iy, Gy Nk leadcbat B 36ogt.
Pat hwaysy | 3w cdovi 198, $%1 9vsat @ Dedwy d10ve ex3ds 0 e 35§0149] I5%, Sk Uy e

dehydro6%enase conpl ex, which cat alé/zes t he decarboxyl ati on of
%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%.

Pathways Involving Pyruvate Dehydrogenase Complex

[0119] The pyruvate dehydrogenase complex, which catalyzes the decarboxylation of
pyruvate into acetyl-CoA, is composed of the proteins encoded by the genes aceE, aceF and
IpdA. Transcription of those genes is regulated by several regulators. Thus, one of skill in the
art can increase acetyl-CoA by modulating the activity of the pyruvate dehydrogenase
complex. Modulation can be to increase the activity and/or expression (e.g., constant
expression) of the pyruvate dehydrogenase complex. This can be accomplished by different
ways, for example, by placing a strong constitutive promoter, like PL.6
(aattcatataaaaaacatacagataaccatctgcggtgataaattatctctggeggtgttgacataaataccactggeggtgatactgag
cacatcagcaggacgcactgaccaccatgaaggtg - lambda promoter, GenBank NC_001416), in front of

the operon or using one or more synthetic constitutively expressing promoters.

[0120] Accordingly, in one aspect, the activity of pyruvate dehydrogenase is modulated
by increasing the activity of one or more genes of the pyruvate dehydrogenase complex
consisting of (a) pyruvate dehydrogenase (E1), (b) dihydrolipoyl transacetylase, and (c)
dihydrolipoyl dehydrogenase. It is understood that any one, two or three of these genes can
be manipulated for increasing activity of pyruvate dehydrogenase. In another aspect, the
activity of the pyruvate dehydrogenase complex can be modulated by attenuating the activity
of an endogenous pyruvate dehydrogenase complex repressor gene, further detailed below.
The activity of an endogenous pyruvate dehydrogenase complex repressor can be attenuated

by deletion of the endogenous pyruvate dehydrogenase complex repressor gene.

[0121] In some cases, one or more genes of the pyruvate dehydrogenase complex are
endogenous genes. Another way to increase the activity of the pyruvate dehydrogenase

complex is by introducing into the microorganism one or more heterologous nucleic acids
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pyruvate into acetyl-CoA, is conposed of the proteins encoded by the genes
aceE, aceF and | pdA. Transcription of those genes is regul ated by several
regul at orwo 20twsg46one of skill in the art can increase &CEUsRe1COLY

nodul ating the activity of the pyruvate dehydrogenase conpl ex. Mdul ati on
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expr essSEJ ISP e A B s iap ﬂ&eaﬁa%g%wav%gf &gﬁ?@vaﬁﬁi@ﬁ@a%%w i shed
Ib'ykdl fP [(E%?,@B) NBYdolip u8XAORY Rise, A¥d )G Y018 oSt 8QRArdpRAsk] tutive pronoter,
| Ke .
(aatt cat at aaaaaacat acagat aaccat ct gcggt gat aaat t at ct ct ggcggt gt t gacat aaat accac

tggcggtgatactgag cacatca?caggac cact gaccaccat gaaggtg - | anbda pronoter,
GenBanKUN21001Byepingiany PF digse Bethors tepeeombippntuBiciprenmesnd campiioduady nt het i ¢
consti t.uf i t . . rdinal i .94 t, the
oo LB 5 L0 LA LSS LTS RBRE R erl L IR RRPEEL L
of one piuvier é&hgargsnst id e npdulival eMdédlytilvohe nadetycdipghexteconsi sting of
(a) pyruvate dehydrogenase (El), (?G»dihydrolipoyl transacetyl ase, and (c)
di hydr slShpyeerash sy BHehiadrorectrbog My deiPShorgy AR dFRFIEHE PIGSHRINBNC t hr ee of
these goRRs 'ﬁ@o}ﬁﬁaﬂ%ﬂ'tgﬂ{i%%%g%fgﬁls'tﬁ'ﬁ'a@ql%t H&e@ﬁc#du;fdﬁ%d’%@riwﬁé{r uvat e

dehydr ogenase. | n another asp , the activity o uvat e

dehydr agbpareegcrmonpipexssoan be nodul ated by attenuating the activity of an
endogenous pyruvate dehydrogenase conpl ex repressor gene, further detailed
bel ow. The activity of an endogenous pyruvate dehydrogenase conpl ex

r epr essor CQﬂnQﬁn%&%%%?ﬁLﬁ%kQ% del etion of the endogenous pyruvate
dehydr ogenase conpfex repressor gene. [0121]1n sone cases, one or nore

genes of the pyruvate dehydrogenase conpl ex are endogenous genes. Anot her
way to increase the activity of the pyruvate dehydrogenase conplex is by

i ntrody6128] i nitds tdersroad thar annysof the engmayand/oh et amal Ejousysnidadribed aci ds
WO 2012/ 088462PCT/ US2011/ 066949 encodi ng one .or nore pol ypeptides fromthe
gr oup FFélil’sf{l‘Plﬁ@ﬂ%rfm%r&?‘%ﬁ%%ﬂé‘itéF TP OGRTRRBANGE (WO, ((BFC PRy dMBIOT HigY |
transacgtgyd éﬁ%?meé‘%/&ﬁénégfing?qghwr%[yPQé’slcﬁg&f‘Hé;Eﬁg?&?}ﬁ@s-s%(%ége%ﬁ?ér&e&!SF('J}Q any of

t hese nethods; the reco nan Croorgani sm can pro eased anounts
of acetepbe @ohArdcrtattangahé sanbinatiorisc comtgamilsns (gMieriedesigredasti.vi ty of

pyruvat e dehydrogenase is,not nodul ated. Mdylating,the activity of
oyT uv et Bo BN P BgenGe I et T e At RS ers e bl ona e
dependgpdta®id b S@hdcC(1RB4)NVBYsi gkt th A Renk PmBY FE RQF SRABBF [RickidAitedl0 NOt
have nodul at ed pyruvat e dehydrogenase expression. Conbi nati ons of Mitations
as E, and pyruvate decarboxylase (aceE, aceF, and/or IpdA) is designated as F. As discussed
above, aceE, aceF, and/or IpdA enzymes of the pyruvate decarboxylase complex can be used

singly, or two of three enzymes, or three of three enzymes for increasing pyruvate

decarboxylase activity.

[0124] Accordingly, for combinations of any two of the enzymes A-F, non-limiting
combinations that can be used are: AB, AC, AD, AE, AF, BC, BD, BE, BF, CD, CE, CF, DE,
DF and EF. For combinations of any three of the enzymes A-F, non-limiting combinations
that can be used are: ABC, ABD, ABE, ABF, BCD, BCE, BCF, CDE, CDF, DEF, ACD,
ACE, ACF, ADE, ADF, AEF, BDE, BDF, BEF, and CEF. For combinations of any four of
the enzymes A-F, non-limiting combinations that can be used are: ABCD, ABCE, ABCF,
ABDE, ABDF, ABEF, BCDE, BCDF, CDEF, ACDE, ACDF, ACEF, BCEF, BDEF, and
ADEF. For combinations of any five of the enzymes A-F, non-limiting combinations that
can be used are: ABCDE, ABCDF, ABDEF, BCDEF, ACDEF, and ABCEF. In another

aspect, all six enzyme combinations are used: ABCDEF.
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[0123] 1t is understood that for any of the enzynes and/or enzyne pat hways
descri bed herein, nol ecular manipul ations that nodul ate any conbi nation
(two, thrwe,2of2mss462fi ve or six) of the enzynes and/ or emreyrS2@aibeay s
described herein is expressly contenpl ated. For ease of the recitation of

the co tions, citrate synthase (gltA) is designated as A, .

phosphdb! o AEy e BB o e hag it lsagass,fesg%'%fiﬁ%eﬂwﬂh%c@?ackA) is
desi gnah&dad8 nfevaloffit FrEREHY HaPBERAERd LR red b ARIOQBMiGHs A%t Be nBRI i C
enzynme (sfcA or nmaeB) is designated as E, and pyruvate decarboxyl ase (aceE,

aceF, amawoundgadapditignsdediigndicegliascid (T@S) dyde agsely, ahave metobdic ccksm,

and/ or dA enzynes. of the ruvat e..decar boxyl ase .conpl ex, can be used

gty MBI B ot i SRS FRSwO BB pERR B ncr easi ng
pyr uvatrﬁo&ﬁaﬁfghﬁga{étw«z oAohé ¥t nre drdRd] ASHOARE bfibYondiQingC?h) di@dtk ons of any
two of the enzynes A-F, non-limting conbinatrons that can be used are: AB,

AC, AD,sypthaseatb) posphpfangeetygse andfyr acetatednaspe(c) PRtagrdehpgrogerase.ddhbi nat i ons
of any e t - -1 Lm.1{.ng conbi nations that can be used
are: Aé‘gl{CA%ﬁg&iéé? (%&%@%}%&&%ﬁp CDF, DEF, ACD, ACE, ACF, ADE,
ADF, AEF, BDE, BDF, BEF, and CEF. For conbinations of any four of the
enzynmes A-F, non-limting conbinations that can be used are: ABCD, ABCE,
ABCF, ABDE, XBBRegdBiEds aBCPEstoBEDFncebEidd, Prad@EonACDF, ACEF, BCEF, BDEF, and
ADEF. For conbinations of any five of the enzymes A-F, non-limting

conbi nations that can be used are: ABCDE, ABCDF, ABDEF, BCDEF, ACDEF, and
ABCEF. not her aspec all six enz cqnbi nati ons .are used: AB F. WO
20121 080 Eneles B ar ofhotn s AL B wRA TP b ARG SRS (RiPoi Gfin OWinds

M cr oorg@anidiateamde soptdhe priRicbm OANNRANIIGY & ledtdecasechseoy lmitateahe
production that is increased conpared to m croorgani sns that are not grown

under cdisaistof sagatiye regulaters feranaitiyays gt deqdiaim) the ynevalopate pathivay. Hper ei n

met abol j r ho ip .t r gell m.cr i i i war ds
reval ort2eBER: BERelq e el ] SR g Bl B Al TS ol T B0
from t helhBr pdifR Bonsigativanggothtof a) theittahadription of tasperof.dh the absence of

phosphot ransacetyl ase and/ or acetate kinase, (c) |actate dehydrogenase, (d)

mel i c SNEPINE, AHRLS(E) RIsgt RIPBCET dB¢ 5Bt Eecasingt dialsaegiiteraghirt or s and
Fact of :ybABANG! RESEH. R ddedu@ il A0l Adar 1 LeqaY.853884 uldhons can be

used to“increase the f carbon towar meval onat e and/ or i soprene

pr oductaspert, defegionef pdiR regutatorcad iimerovd dlor sipply dipyelviate, aad kenichéheef f ect s of
negative requl ators for pathways that feed into the nmeval onate pathway. For
exanpl é),m‘g“r‘f g6 m@é@@%ﬁ‘w? 158%‘%‘%5% aceEF-1 pdA are in an operon, with a
fourth gene upstream pdhR pdhR is a negative regulator of the
transcription of its operon. In the absence of pyruvate, it binds its

t ar get [pI12710t eln &thér IsPpEuts; $iEeinitrbd@dti®a loff Btphdspholgtucahsactoege(BGESinfslh and
CyoABCD in the sane way (Qgasawara, H. et al. 2007. J. Bact.

189: 553RiCERAgANI S serheasaapant £. @él srinshwhichpetkPGle gan br wieddampione ove t he

suppl Y Qb RELHYRESyaIBRlle BEDEEIs e L RILGH MR iR odRYRLARAL R oARYohEOPT ene.

integration or extra-chromosomal vehicles, such as plasmids.

Exemplary Cell Culture Media and Conditions

[0128] The invention also includes a cell or a population of cells in culture that produce
isoprene. By “cells in culture” is meant two or more cells in a solution (e.g., a cell medium)
that allows the cells to undergo one or more cell divisions. “Cells in culture” do not include
plant cells that are part of a living, multicellular plant containing cells that have differentiated
into plant tissues. In various aspects, the cell culture includes at least or about 10, 20, 50,

100, 200, 500, 1,000, 5,000, 10,000 or more cells.
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[0127] I n other aspects, the introduction of 6-phosphogl uconol actonase (PQE.)
into mcroorgani snms (such as various E. coli strains) which | ack PG can be
used to iwpnrowaspreeducti on of meval onat e and/ or i sopr en@CTRSR01ITMY6HE

i ntroduced using chronobsonmal integration or extra-chronmosomal vehicles,

such a sm ds. Exenplary Cel l | ture Media and Condjtions . 8] The
i nvent ﬁBﬁi@| SoC AT aRuES 31’%8111 beovsgi%%r%{? Fhsches g preepritbedit OF t hat
pr oducenosREETE WBY016/8b3 7 LW B6®)/132220B8NEnd WBeQT thERIBnbRIahBcdIl @
solution (e.g., a cell nmedium that allows the cells to undergo one or nore

cel | diofithd iomentioch@eh bs giawrcunl & figd datchicutiote at Hel Ibde spllansing delfellowiag are part
of a liyvi ng multicellular plant containing cells that have differentiated
into plrg?‘?te t% ssues. In various aspects, the cell culture includes at | east
or about 10, 20, 50, 100, 200, 500, 1,000, 5,000, 10,000 or nore cells. WO
2012/ 088462PCT/ US2011/ 066949 [ 0129] Car bon source that can be used to

cul tivgdeddlhe hoEIX Telck MaileSohaiar (phditet) NCIME 20RBAATEDIG g, MBSO 3 ®,003007,
and WO 2009/ 132220. I n one aspec the reconbinant cells of the invention

t
can be HrowiGinte.fedOat thQ Ui G081zt HHe 1852n59¢aT Qi engusHe ™ FbkPowni ng
t 5 4 ' ' G ids * H20
e OBt ah SSbi e sy kel 08 20,
7H20 1 tgne BUB0KA30,5HP G ad Odjustey) toHBBOAthTA0!/ NgOHNarbbar (HR2HRlitibd Gvasy.s. Each

conmponent was dissol ved one. at time i.n DO H20, pH was adjusted to 3.0
W th ret e 4G iR REnaS B riontlery. . to vol ums and i1 ter
sterilized with a 0.22 mcron filter.

[0131] Vitamin Solution (per liter): Thiamine hydrochloride 1.0 g, D-(+)-biotin 1.0 g,

nicotinic acid 1.0 g, D-pantothenic acid 4.8 g, pyridoxine hydrochloride 4.0 g. Each

component was dissolved one at a time in Di H,O, pH was adjusted to 3.0 with HCI/NaOH,

and then the solution was q.s. to volume and filter sterilized with 0.22 micron filter.

[0132] Macro Salt Solution (per liter): MgSO,4 * 7TH,O 296 g, citric acid monohydrate
296 g, ferric ammonium citrate 49.6 g. All components were dissolved in water, q.s. to

volume and filter sterilized with 0.22 micron filter.

[0133] Feed solution (per kilogram): Glucose 0.57 kg, Di H,O 0.38 kg, K;HPO, 7.5 g,
and 100% Foamblast 10 g. All components were mixed together and autoclaved. Macro Salt
Solution 11.1 mL, 1000X Trace Metal Solution 1.6 ml, Vitamin Solution 13.1 mL and 5.4
mL of a 350 g/L yeast extract solution (filter sterilized with 0.22 micron filter) were added

after the solution had cooled to 25°C.

[0134] Phosphate Solution (per liter): KH,PO,4 68 g, K;-HPO,4 68 g. All components were

dissolved in water, q.s. to volume and autoclaved for 30 min.

[0135] Other methods and materials that can be used for culturing any of the recombinant
cells herein is described in the Examples. Materials and methods suitable for the

maintenance and growth of bacterial cultures are well known in the art. Exemplary

techniques may be found in WO 2009/076676, WO 2010/003007, and WO 2009/132220, and
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[0131]Vitam n Solution (per liter): Thiam ne hydrochloride 1.0 g,
D-(+)-biotin 1.0 g, nicotinic acid 1.0 g, D-pantothenic acid 4.8 g,

pyri doxi rneotytvessdskori de 4.0 g. Each conponent was di ssecCvabenscaus a tine
in DI H20, pH was adjusted to 3.0 with HC1/NaOH, and then the sol ution was

g.s. taqg voI df||t erilized wt meraon filt 32] Macro
; 2@6&9“ %ﬁdg é“%i‘:&n%%hyéif ate 296

Salt Sovlaayabal Ms gneray DgalgEiolog

g, fer ercr@magy %gﬁﬂ%@ﬁ o, é9<16)9g) o Bilock mm&aﬁ@ow@ Tdk®sot ¥erhdlfriat er,
gq.s. to volume and filter sterilized with 0.22 mcron Tilter. [0133]Feed

sol ut i gdicfgiaeloRy.| Segehiditich l(lt%%smaﬁﬂr Asgociies,HRO, Su@rlkgi MAHROgIe 5 g, and
100% Foanbltagl% 1 % Aﬁtl Ehc_) ]gnts re m xed éﬁget er. X ndtaut ocl aved.
Macro SEPT SOl oA L ! B URAEG SONEP REGNg they exPGspia;

Sol ut i off oh8 ol béth ol fHE Bp@ rﬁxsf 6ne3(§Qné1/l} tsyRkh g, ien-suffut t er
sterili zé)d \(/)\nth 0.22 Iipcreg%\yflsl tepzﬁ\/\efes%g%}zg afteeﬁﬁ)g}ﬁ%@;ol litl osn had

cool ed dwtzgaergcons ek dshraptedeshiXit pashvEprH ypaptide )DXRﬂqztlhmyessoglatqdz HPO4 68

g. Al ] ' . 1o v ut ocl aved
Por 30 TeTRRS LB el hTn SpERR e et B ATbEhre it S MR SR ERY o
culturing any of the reconbinant cells herein is described in the Exanples.
MVat er i atxemphoty Wetrlvold gorsDedoaplieg fsopreb @ rovhicnbve framoEelbGdovghowt h of bacteri al

cultures are well known in the art. Exenplary techniques may be found in WO
2009/ 076676, WD 2010/ 003007, and WO 2009/ 132220, and

[0136] The recombinant cells of the invention can be grown in a way as to decouple the

isoprene production from cell growth. When feedstock is used, it is desirable for the carbon
from the feedstock to be converted to isoprene rather than to the growth and maintenance of
the cells. In some aspects, the cells are grown to a low to medium ODego, then production of
isoprene is started or increased. This strategy permits a large portion of the carbon to be
converted to isoprene. One of skill in the art can grow the recombinant cells of the invention

by following the teaching in WO 2010/003007.

[0137] In some aspects, isoprene is only produced in stationary phase. In some aspects,
isoprene is produced in both the growth phase and stationary phase. In some aspects,
isoprene is only produced in the growth phase. In some aspects, the nucleic acids encoding
the various enzymes and polypeptides described herein are placed under the control of a
promoter or factor that is more active in stationary phase than in the growth phase. For
example, one or more isoprene synthase nucleic acid, iron-sulfur cluster-interacting redox
nucleic acid, DXP pathway nucleic acid, DXP pathway associated nucleic acid, IspG
enzymes and/or IDI nucleic acid may be placed under control of a stationary phase sigma
factor, such as RpoS. In some aspects, one or more isoprene synthase nucleic acid, iron-
sulfur cluster-interacting redox nucleic acid, DXP pathway nucleic acid, DXP pathway
associated nucleic acid, IspG enzymes and/or IDI nucleic acid are placed under control of a
promoter inducible in stationary phase, such as a promoter inducible by a response regulator

active in stationary phase.
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WD 2012/ 088462PCT/ US2011/ 066949 Manual of Methods for General Bacteriol ogy
Gerhardt et al., eds), American Society for M crobiology, Washington, D.C
(1994) orwBnroerkss4s2Bi ot echnol ogy: A Text book of | ndust ripalr/uskenobised ogy,
Second Edition (1989) Sinauer Associates, Inc., Sunderland, MA. In sone
aspect SP the cells are C’(%’t rfeg)i n a cul ture nmedi um under conditions

per mi t thTREUEIRE CELTPELE VSHILP VB LB CHHIESIMEBY t he | spG enzynes, one or nore
i soprene synt hase pol ypeptide, iron-sulfur cluster-interacting redox

pol ypepti de, DXP pat hway pol ypepti de, DXP pat hway associ ated pol ypepti de,
or 1Dl [pp3gipepThélproancshest ifpréncnisilg@h€ rer6mBinaRc@lk @dclodédhdrbia aese cells.
Exempl ary Met hods for Decoupling |Isoprene Production fromCell G ow h.

[ 0136] Heae Padantiinaprratir leselpaccorling isslanemakitify daragresinfics, whichway as to
decoupl e, e pr I | . h .15 used,
e i o bt BORGRACR QANFIL R of EAREud SRR o0 Hoie BT RS i

I Sopr ergperand hudelytdnadninhios thl @o@hatibr furd tavedcnt. emgneticuddr, thh@ptmhl Singdsfosonme
aspects, the cells  are grown to a | ow to nedi um 0D600, then production of

i sopr erfge Podustign fdseprencies wimghe sHE 2ong ¢4t BgyopErmMakledange fdsapeiei on of

t he car : [ f ' ' n grow
the r ocony haupR AR BEE G bt BERNERRon PRErR e et [hdng SeRon ) 00
2010/ 0G30ehe Wifti8 THd monslomenahépmo s of isgopresvacegratinhy (oprsodbube lammadtlay i onary

phase. |n sone.aspects,, jsoprene is produced in wt hase and

Brat orfarSIopas et s S bpooe sneelomnattes Ty o 2o GedEd ] ofhe” gr owe n
phase. hibesAMRIARSPAEtS akRBediHEN i ifcApbHRIPYGOM™IdAge t he various enzynmes and
pol ypeptides descri bed herein aré placed under the control of a pronoter or

factor that is nore active in stationary phase than in the growth phase.
For exdnisiglary Reodsctiompelsprrspe ene synt hase nucl ei ¢ acid, iron-sul fur
cluster-interacting redox nucleic acid, DXP pathway nucleic acid, DXP

pat hway associ ated nucleic acid, |1spG enzynes and/or ID nucleic acid may

be pl ac[ﬁﬂsﬂndeﬁhgﬁi%ﬁt%n %vﬂeé%&%i QE&%Xmﬁ?ﬂﬁ&qssdng hAKLOf iélc&ﬂﬁﬁ%%}n% RpoOS.

In sone aspects, one or re 1soprene sy ase nuclerc aci I ron-sul fur
cl ust erproditcepmof isnpreneftom culitoteel cellaosidg tviBXBppadhisp§l enephes, onaai oreDXP

pat hway soci ated nuclei.c acid, 1spG enz s.and/or 1D nucleic _ acid are
ol aced DB SRRGHEPBIMGang TsnpisisisanBRied (oI RAY it CupBPrGaRay I BRRSEI T ych as a

pr ondt efiyddddHeldRlife R¥0R LRSRPPOR pEREL Ah@IDREINEY §nd poIFheptibaNahXoRRase. WO
D012/ 08 P ey D EEA e B Th Rt Ko and IDRecS End Pl TR Oper at i ng
Ranges aspects, the recombinant cells produce a cumulative titer (total amount) of isoprene at greater

than or about 1, 2, 3,4, 5, 6,7, 8, 8.4, 9, 10, 25, 50,75, 100, 150, 175, or 200 g/ Lyom. In

some aspects, the upper limit is about 1, 2, 3,4, 5,6, 7, §, 8.4, 9, 10, 25, 50,75, 100, 150, 175,

or 200 g/ Lbroth-

[0140] Various measurement for isoprene production (e.g., specific productivity of
isoprene, instantaneous isoprene production rate in a fermentor, etc.) can be measured as

disclosed in WO 2009/076676, WO 2010/003007, and WO 2009/132220.

[0141] In some aspects, the isoprene composition comprises greater than or about 99.90,
99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total weight of all
CS hydrocarbons in the composition. In some aspects, the composition has a relative detector
response of greater than or about 99.90, 99.91, 99.92, 99.93, 99.94, 99.95, 99.96, 99.97,
99.98, 99.99, or 100% for isoprene compared to the detector response for all C5

hydrocarbons in the composition. In some aspects, the isoprene composition comprises
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[ 0138] The production of isoprene using the reconbinant cells disclosed
herein can be done within safe operating | evels according to its

f | ammabi IWOyporigsset eri stics, which sinplifies the desi goTarsdoiconsiy ucti on
of commercial facilities, vastly inproves the ability to operate safely,

" anges TRbrecpiigo bSOk Av ol 1 v e ahgueisP oA ol B4 s st PBROT™ e

nonf | angrei ® d6RABef 9J. @8)@5@1{1699(9(8%%@%%6;9&% byl Wei@Rotfaledas BRClotal t he
invention features a method for the production of isoprene within the

nonf | armeplhteof aH i gehyoliodaghyms enthecompesitiomt i ons (out side the flammability
envel ope of isoprene). Safe operating ranges are described in WO
2010/ 003007 and the ranges disclosed therein are specifically incorporated

by ref ghf‘&ie seq%?é a?s%é(ctf rtf?éj‘éﬁﬂgfr?]és‘c%{ln%dsﬁgoﬂ]c%gﬁ) %Qsll%?s] AL o ;ﬂ)‘éﬁ{‘{) b9, 10,

provi des nter a coﬁp05| I 'ncreasin

pr oduct(.@8) Ocf6, 09@ﬂb9ﬂ&)®1@ﬁﬂbu®001éﬂxmﬁl090@smﬁ@ooﬂnnmym691%ﬂiispG enzynes,
one or nore DXP pat hway. enzynmes and |soprene synt hase, optionpally in

conbi né{YFiH—’r?aWOPﬁOﬁhP’b‘il?a% iRopiene £1ugh aa L 3rqyclopspiadispe. vy - yRsnadighe. cis-1.3-

POl yPeRichlgienand bbli EAES. AALRO) RAPEL dSSein| 1-HAR: BERCELR | Lhe

reconbi'nant cell's produ titer (tota unt o I soprene at
gr eat ertramemneﬁ ead:)dtgmelor As-p&t-3enebl -yhic) by, wﬁght&o{hpaﬁ:d td Ehe tﬁﬁtl w&[gh‘f’Ef 100,
150, 17 : ?ﬂ / Lbroth. In. so a ects, Qe %Bg limt is.about 1, 2,
3, 4, §1@ ro%ar s 4n thy copposisign. > aspegys: thggPmiopEiondas %@athe Lbr ot h

[ 0140] \RkdcRiSe ARWIesR rﬂﬁanf&rabb&qprze @qopo P9Uebb, 04 ©.(2, 0.03P8003,i0%001,
productivity of isoprene, instantaneous isoprene production rate in a

f er ment@P005e0.0001, 4008, ardla¥l0Pe® fas Cdihydiogaibdns etheAdh20BOP1BTE 6qMBparvxo

2010/ 0030 and VWO 2009 2 141 sone e t he i soprene
conpos it e B oad REA TR Preat S TG DGE- 8RBy MGl SRY 5906,
99. 98, @MpbLiEiY h&é)@f&zﬂﬁfe@éte\éwr%bo%rm@d’sgﬁlah%rtab@twﬁb 10e0.0B10.04, 0add, C5
hydrocarbons in the conposition. In some aspects, the conposition has a

rel ati @0?@&%9(995&@%9@@0&0 iHab 8P0E T 2R OGP0 fer 5d-cogopasacane. 99 92,

05 5%, St e T POpRR B oo RS SRR gy

conposituityar, pdnt-4SORE! - s @eiiS-peiitiieenes Dne e cQQfﬁhOSldllbdnymmtpaﬁdelSto the
detector response for all C5 hydrocarbons in the composition. In some aspects, the isoprene
composition comprises between about 0.02 to about 0.04%, about 0.04 to about 0.06%, about
0.06 to 0.08%, about 0.08 to 0.10%, or about 0.10 to about 0.12% CS5 hydrocarbons other
than isoprene (such as 1,3-cyclopentadiene, trans-1,3-pentadiene, cis-1,3-pentadiene, 1,4-
pentadiene, 1-pentyne, 2-pentyne, 3-methyl-1-butyne, pent-4-ene-1-yne, trans-pent-3-ene- 1-
yne, or cis-pent-3-ene-1-yne) by weight compared to the total weight of all C5 hydrocarbons

in the composition.

[0143] In some aspects, the isoprene composition comprises less than or about 50, 40, 30,
20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 ug/L of a compound that inhibits the polymerization
of isoprene for any compound in the composition that inhibits the polymerization of isoprene.
In some aspects, the isoprene composition comprises between about 0.005 to about 50, such
as about 0.01 to about 10, about 0.01 to about 5, about 0.01 to about 1, about 0.01 to about
0.5, or about 0.01 to about 0.005 ug/L of a compound that inhibits the polymerization of
isoprene for any compound in the composition that inhibits the polymerization of isoprene.

In some aspects, the isoprene composition comprises less than or about 50, 40, 30, 20, 10, 5,

41



WO 2012/ 088462PCT/ US2011/ 066949 bet ween about 99.90 to about 99.92, about
99.92 to about 99.94, about 99.94 to about 99.96, about 99.96 to about

99. 98, abwoto2s8B2t 0 100% i soprene by wei ght conpared POTIUSROOGEEHI Wei ght
of all C5 hydrocarbons in the conposition. [0142]1n sone aspects, the

i soprene conposi ti co i_.ses | es han_or about 0.12, 0.10, 08, 0.06,
008, 063 00- B5. 808 s o Bibstimesrorsbar e bacists CH & bd0019% 5
hydr ocanbRBsndiBRY, han I-SARIERIR, LisUSPp@Radlend; EXGIARAMNAN -BORYne, 2-
trans- 1, 3- pent adi ene, cis-1, 3- pentadiene, 1,4-pentadiene, 1-pentyne,

2- pent yeatyn8- rarethyl-l-butynt yneat-4peatl - yneerenstpgntidener lapse, pents-pgaehendlyne, or
ci s-pent-3-ene-1-yne wei ght co red to.th ot al , wei of ~al . C5
hydr bearBhrE PREHEEky Mg ST TS R G ao B ptrehRatE S B BiobRinads ™

rel ati wackled £0u00.01 &5 pss €0.0fboleds1 thaduds, BbeUs.0 Diolaboub1, MBout®.OBo 0. 06,
0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001% for C5
hydr oc 2bBBiHES ctrtsbeutHainto) abepr GRS wefhehr dydiogarbpreodher BeR sropreas pBhss or al |
C5 hydr S i h it I C t o sition has a
ol at i vPacr o apPtele DufRERER chses [ BIFRBRREY? 49 N 2G0RETL.50 o6,

0. 04, @.02.030®1, 0£0.005ug/0.000 protbin0 Oty 42idDGAdh ada HOGDDor fakty AcidAR4 190 f Or

1, 3-cycl opent adi ene, trans-1, 3- pentadi ene, cis-1, 3-pentadi ene,

1, 4- periRitpibhessociatpd mith@turaligbbary ne,  3- met hyl - | but yne, pent - 4- ene- 1- yne,
trans- pent - 3-ene-1-yne, or cis-pent-3-ene-1-yne conpared to the detector
response for all C5 hydrocarbons in the conposition. In sone aspects, the
| sopr eng14AMPOH {dnaspeiPthSREpRARL ¥aELsRRAontrRes s BRPYE aduP Y05, about
0.04 to about 0.06% about 0.0% to 0.08% about 0.08 to 0.10% or about

0. 10 t d-&but0. 1001006 03, ¢nyHP@crnmbohslpba ieetyletvanpipgplpnenecqteute.ay 1,3-
1,3-cyc|open%q%ien trans-1 3ﬂpentadiene cit.s-le-Hentaditene(j % %—

pent adi@REPEY RN yREOMS ARSSEsy e SOPI S RYTPOFIBREYRBTSS dRe DR U e,

t rans- pents,; 8-:1208510.0y18,0.005 ppinSofRiMir Sr ARk@esl - IiRemebypatsi ﬂi&tisc%ﬁéﬁéar ed to the
total weight of all C5 hydrocarbons in the conposition. [0143]1n sone

aspect SOMPREItipE §HMBHEES desibrAs AjabAutcidnp?-i 19e $0.1 2 ds0-Pnah GPS.Adbluer 8005 40, 30,
20, 10, oL, ( | 5 ) tpat

Coni b {0 %%“‘”p% e%%“%? %%f?%%é%nf&?es%&ru e %@ﬁ%ﬁ%ﬁ%%ﬁﬁéﬂﬁﬁgﬁ ioH El?nposi tion
t hat i rdoieiaksgectd) ehefd odprerey dongiosdion @dmip & egaries’ehanl ot aboiE2 (A8 pEINNS 500, 260, sopr ene
conposition c ri ses hetween about 0.005 about. 50, such as about 0.01
o abouto0zth BoduiBoTes i & stbld &) 04t 0bb e ippisne £IMEBAYEN 85 01 to
about  Qvpjic RbpRROHIM e %e.g.ecﬁ@falmoocog&%uﬁ@d derREd froRPR ARG i Zahah of AR bi t's

t he polynerlz%tlon of 1soprene for any conpound in the conposition that

i nhi bi tisoprére ypatsy nmeri zati on of isoprene. In sone aspects, the isoprene
conposition conprises |less than or about 50, 40, 30, 20, 10, 5, 1, 0.5,
0.1, 0.05, 0.01, or 0.005 ug/L of a hydrocarbon other than isoprene (such

as 1, 3- | opent adi ene,. trans-1 3-pentadi ene, cis-1,3-pentadi.ene
1 4 perltfenctt iienpre PO AN E ) Saaonl NER Ses 1 yne

t rans- paoh asgemer thaly BEabddk 5C1 (G 2DEFU, 48; 166,170, 8090, 100, 20MB0EAPECID, t he
i soprene conposition conprises between about 0.005 to about 50, such as
about cﬁ.O@zﬂé@ 8883190, @io! 008ERRIeT i9oRTENg: JNABBGSESCtsa BsFOMPOBLioR §OABBY 1, about
0. 01t 9 8R0Uha P Pubofi 2 Mt 304t 90200, B 995 bt ifprend Ml BGRT bON_ Ot her
t han i soprene. I'n song "aspects,” the isoprené conp V'tTon conprises |ess
t han oraspdaod) theSpouh® of B86pre@Oin thé corbpositiorDis betwkeil ab&ut@%p aBorB,00rmg,. 005 ug/ L

of a protein or fatty acid (s as a protein or_fatty acid that is

nat ur al 5" 5SErER Bl f%%?af i Tt tqaé)mtzﬁqwg{ﬁ?@uago&ée OUft he

| sopr eney@PAARO ok BHOERIMoLELE0M £3Soft {430t £H0@RPHudD00Pmel InQofe 0.5, 0.1,
0.05, 0.01, or 0.005 ppm of al pha“acetyl enes, piperylenes, acetonitrile, or

1, 3- cyspaype titezaiame of isnprendrm the pavpssitiarhis bewapn eheutEoripobduttiSdW0aagpr i ses

| ess than o bout 5,.1, 0.5 0,1, 0,05, 0 01 r 0,005 of..sul fur or

o+ eneatoylog 86 vmbune aphus e dham 2stlisaae Don 28R aPBEu Hoodte nan or
about  3Bout2f0 td2abowkQ, 000, m&, or@but 90%e akb1R3,000-L, InQon@- QPR tHRMaRE: il

acetyl enes (such as pentyne-1 utyne-2, 2MBl-3yne, and 1l-pentyne-4yne). In

, b , - . ) :
sone aspebew 20t Ba 30s6(hridnel.conpod 0t poth % birprdigh of heswlathapregnicdmetien 2000,
1000, QQQmsﬁgﬂxmﬁggﬁsggpe 0, 30, 20, 10, 5 1, 0.5, 0.1, 0.05, 0.01, or
0. 005 ppm of 1'soprene mer's, such as cyclic isoprene dimers (e.g., cyclic
C10 conpounds derived fromthe dinmerization of two isoprene units).



[0145] I n sone aspects, the conposition conprises greater than about 2 ng of
i soprene, such as greater than or about 5, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, wO(p123B88462400, 500, 600, 700, 800, 900, or 100@CmySed1liosepy ene. I n
sone aspects, the conposition conprises greater than or about 2, 5, 10, 20,
30, 40, 50, 60, 70, , .90, 1 g of isoprene. In sonme aspects, the anount
of isoﬂ?@ﬁ@hVﬁh?ﬁgméggﬁﬁgﬂ@Wb&gﬂ?dbetmeen about 2 to about 5,000 nmg, such
as between about 2 to about 100 ny, about 100 to about 500 ng, about 500 to
about 1,000 ny, about 1,000 to about 2,000 ny, or about 2,000 to about

5, 000 mo14d]n SBMB®NASAPEILS anl D€ thaethddsQfesdrfiRBMeRen futhehBcRABP&DEdidN 1S

bet ween about 20 to about 5,000 ng, about 100 to about 5,000 ng, about 200
t o abouhe BopEoe.nfor expBpte, Hgosapsensiyaduced OIDL g, coarmesittiogpand medpeu el the 000

ng, or . L . ar.eat or about

20, 25,0t P b Bl iR o BT ARARTL iR BlobRAP, P

or gani enhiirmet iseparafont frectboapas iat soptiorsddssppibe@rvapdation, thermal or vacuum

2012/ 088462PCT/ US2011/ 066949 Exenpl ary |soprene Purificatjon Methods

[ 0146] 1975¥BHEN alSpRRIERS framy? 9fid PR et Hdst deelcPorsers MEP R il eher Pohel ude

recover - [ e

Compost P e B B e B B S R e T ar

t echni guesh aisweth barelgasicetpoiangl ygsefarenderi afeiremhianiee hasteqpdarht withnjespect

fractionati on, adsorpthon[ esorptign p§£v%PoratHgn, t hermal or vacuum

desor pttP SRPETC ISORP PG HFYNIN T RO ko GPEst PR IPPEAC 6P U6 EHe

I mobi | h2&dtHen stﬁ?ﬁi%g hed & g assmly. oPh@sigo Wish 1 )a 18 phivietlar, G§KRts, ERFacB¥an! e,

U.S. Patent Nos. 4,703,007 and 4,570,029, which are each hereby '

i ncor patisitliatobyithehedeohok(sheh asathanobmédthanol, @sopapak vi ¢ admbingtigy thhrepBspect to

i soprene_recavery.and puriftication nethods). |In.one aspec he i,soprene is

Fecovense BBl rRTRoRe M FRe e dEaReERgrer) BRRRisRe REShsn T S836 ) 1 5

parti cufadoprete e liguidenstrh agich Wea degtsblukiah bp Ropdehd onn salGaheH isdpgeinas

et hanol, met hanol, propanol, or a conbination thereof) is used to recover

t he i sophene. Gapskipringdsyrdresshe famovabelovenrgnaofapps Epmehe farmgaiayes offgas

| sol at Iﬁ?l@?.rgfin hégﬁin%%ﬁs ffdnfer! gl FLlnio%{T%a(lﬁga'éhf%%ecf‘in”s%%rals&{h‘é{ehf’{ﬂva?{] I soprene

or a solution of i1soprene 1h a solvent]. S stripping Involves e renova

of i sopndnéinyapnnof limited toe adserptivnttatisond plidse gastitéd i@ liquid phasel omuous

manner. Such renoval can be achieved in several different ways including,

but notdeFH{AEENEBON EYSHAPIINGRATREORILLIC APPRES K, 2 FRAKERLHBR P he Ao 3ngui d

phase’iH&kaﬁﬁgkaRQPQH%&ﬁbQﬂm&é?ﬁ@m@ﬁmﬁ%ﬁﬁ&ﬁﬁéﬁb?@dﬁH@i§ r&¥RAZH € Lo a

condensation coil or do to an increase in pressure). In sone aspects,

menbr angreanbevmthadewfpoat df thetvaposieprlenginvtap oondehsaimmodbiquid isdpeerstein poi nt

of the vggor res Itinq in the condensation of liquid isoprene. In sone

aspect SOTEREPGLo BIEdMPTEE 18 SHBPESEEANd SN Ediensed. [0147] The recovery of

i soprene nmay involve one step or multiple steps. In sone aspects, the

removal of isoprene vapor fromthe fernentation off-gas and the conversion

of i sog0e4 t O0The kdcaikdrd opBagRnahyRsvdlas sieckts) dithtlGpROUsY In fdfie Spactp) e,

i soprene can be directly condensed fromthe off-gas streamto forma

|i qui d.the FpreyigbofseueiesyapphEomdhe{pamepptips piirean and s sPn Y4 &AM phisoprene

f er ment.at i;on: - . r.Siion ' L Qi hase are

perfor&g 1@@5@%%??%?Pgﬂgﬁggﬁ%@gﬁ%ﬁgﬁggsggggﬁgﬁﬁé3gﬁg%§ g%b%gg&?%pa solid

phase anddémehfromntthaoffedhs kirexm tdkormal licghid hlnssemai aspecas, gel remiotal df isopree

aspect, the_isoprene is recqvered by using absorption stripping as

descri b@goy oyt f%ﬂﬁﬁvt?ﬂ%?f “£9Y Yi5oina o0 UL PRI ISOPTRRS (0 50idRes3 81

2012/ 0%%%5)@ éeH§gr91]ai-1€10@@19él>&mple, isoprene may be adsorbed to a solid phase and then
extracted from the solid phase with a solvent. In one aspect, the isoprene is recovered by
using absorption stripping as described in U.S. Appl. No. 12/969,440 (US Publ. No.
2011/0178261).

)
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[0148] I n sonme aspects, any of the nethods described herein further include
purifying the isoprene. For exanple, the isoprene produced using the
conposi t iwoxoerds4set hods of the invention can be purifi @edTaskoig/ost9andar d
techniques. Purification refers to a process through which isoprene is

separ at one Or nore conponen ar resent wh the.i.soprene is
pr gducéﬁf‘“{] %@%ﬁ@%‘i@ anyR e§8?ﬂtﬂ eJéﬁglb&S?‘ﬁF%gl%f Qcﬁgw%ﬁﬂ%&ﬂ pure
LT qui d.jsdpraiPIRs e @fmPEr the is%?kheerdmt:&p@%g {he bl oéltlanscunatméth@&slo@&lef roma

solutionin a liquid extractant and (ii) chromatography. As used herein,
"puri f |mwlentlsopareh‘epumfe@nssmmmd@r@tedhmuehaé’ubé@mosefpfgrsap@d)rfbcre@mh@mghor nmor e
conpon that are when t he isopren r oduced sone_aspects,
Che’; SopEnboPendl e B TR Rost P Suu iy SR BT i 6 g shandh RBRsBRont <
that ari¢ pRidasa@Ntin WeRB alfetsi S1oRs &91el1§omme&|§§§isuﬂsfanmny gwfs, liggRiects, the
isoprene is at |east or about 25% 30% 40% 50% 60% 75% 80% 90%
95% orExagwlestnf prefiggiton mpetheds lmlﬂdq ¢ @lawl%@nafmy seluggn Eny/ligipe evpadtant e

met hod, a a ysi s.
o149] 18 (e BRI RO TR A Mgl bR E sl S Benc B WALV 51 0,

one or sepdretedﬁmva{eyorsm@ﬁ&oﬁ@bnéﬂﬁ@thﬁﬁarre‘padsemfwhemm Bﬁﬁrehﬁlsl’lﬁﬁddﬁ:b@dhby
i ntroducing the gﬁf phase into a cell culture %ysten1 (such as a fernentor)

for théOWﬁW&% IPrensdp Aeisast apANBIESY MY T?Fefr@%&HWégmpmn@nt ar e
ntend t ot
| nt endeg. bt W Bl SEIPL Rdbuela, ﬂaevaheﬂg%aa E0RoFRANL AR G006

vention in an , escri be an det ai |
aspect 5258747160%3 goet, S0Gf 60%e70%y erth] &}%,cﬂ(ﬁc,l%ge@r 8B%v by wWordhegsird. nP.hr(i&t ed

ot herwi se ture is in de S Centl rade, and su near
SRGRT AR s e Sy Rl R e S R S
way of dJridsig atdii.and not by way of limtation. Although the foregoing

i nvention has been described in sone detail by way of illustration and
exanpl e for purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the teachings of

this i 0B onlt ypane asppetaiahleatfamppsgompidthesay Phasafanswangalerne i deore her et o

o ST bl S008I PR Rl

el ong |®h@e$ystbmmmafemﬁm(ﬁ\ym514e flodnétivg aifisdpemeT. el ongatus | spG system
into Ptac Anabaena ispH aspA term pEW.454

EXAMPLES

[0150] The examples, which are intended to be purely exemplary of the invention and
should therefore not be considered to limit the invention in any way, also describe and detail
aspects and aspects of the invention discussed above. Unless indicated otherwise,
temperature is in degrees Centigrade and pressure is at or near atmospheric. The foregoing
examples and detailed description are offered by way of illustration and not by way of
limitation. Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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[ 0151] A DNA sequence harboring the T. elongates |IspG system consisting of
gcpE- petF-petH present in plasm d Ptac-gcpE-pet F-pet H pK184 has been
descri bedwprewmsssky (see U S. Pat. Appl. Ser. No. 12/ 8PTTAB401100&9%ubl . No.
2011/ 0014672) Exanpl e 9). Using DNA Pol yner ase I (Large Kl enow Fragnent),

BanHl , Pst | En i olabs a b5 nt BanHl, destroyed) - 3
Pst | “b‘élf'li éé%ﬂr??%!gﬁéﬁ‘@c\%a{? Bﬁ?aalslg@z{r ell‘ﬂ’@‘ﬁ SYS Bfa i spH aspA
ternfpl:’twlﬁ}iﬁgw@qg@r was digested with Smal and Pstl (New Engl and BioLabs,
MA) according to the manufacturer's suggested protocol. The Smal and Pstl

cut Pt aCloAmgbaand. iesnkluas BHG st AR AN Ve ss pEPaSpANYeEn/pEWT 45e fi nal
di gest reaction harboring the 5 blunt (BanH destroyed) - gCcpE-petF-petH -

3" Pstl fragment and the DNA m xture cleaned using a Q agen Q aQuick Gel
Ext r actlObRLIKi t A AN sonanae émﬂvormgtMaW felaygateh &p6l waisetcanastimial gepE-| i gat ed

using T4 | and -Bi cGor

manuf aé)teuplralg\lé P rgslfégles@lgsén IE %CO%C(QIE P eX'E B ﬁﬁ) on oﬁas%r?elgfil gai)gd é}rekuﬂﬁéseg to

t r ansf av.s Bitr Abpl. NBO%stmnM(w&lBhM Neszolild467T2)\ Efamitat). A DN3er . No.
12/ 817,134 (US Publ. No. 2011/ OOMG?@@:\ exanpl e 11, by el ectroR/ir ation

met hodLolsAgrams [y Lrkas Idspew binesesntis Pa %ﬂF@A@W leglang BigLabsy

cuvett tﬂ@lgs r S ed by t he
manuf agqthlljﬂr:[g}?ar\f\l/glsl %lggreoﬁgﬁ)T ans O%I;E \fﬁer e r c%h\}gvrag?%?aﬁ{efgggg%% pl us 500uM
meval oncktmbamadsﬁld)asp]A teomrp EW LYy daedrovas digeateidngitiofimal drid ReglaiNeoolfigami ng
kanany t hout neval onic, acid r nt arboring a
functi géfaL O%raéggrgala ‘9 bhe BAY P@“Kﬁérséu%&ﬁ@g)t%é‘{} %aﬁmﬁm%n&? E@H

Kanany g ARSHaSEARPHGIPAR @érﬁﬁaﬂ‘ﬁ’@S@ @I\?& R&%g cbAbink@Kifhi T hANi &dst F&ion

gCpE- pet F-petH i nsert as [ 0152] A pol ynerase chain reaction (PCR)

assay Vmsbagiigule byblpmtdﬁanﬁlld@strmedi hecptopdtiopwetily- #i Retlfragmént 50d theripiNat e

.. 0.5 6. i H20.0. 2 NTP 100
- 6550 B FEpig e Qi %éav%leﬁlzhsiﬁx%baf?%%lb%@ﬁwaﬁe bRt Nae)
F- T. e.cla@BECRITINASDas MBeAQLRY § SAPCEALSROHLEQGHRABIRL6 260, ) RE T e ( 10UM
3' bottom Te gcpE seq priner 6250 priner (10u 3" BanH R- T.e. gcpE

pET- 150 sheopamdaciviics s spgeesad peatol. 5 peftiopit ¢l lagadion wag gheskiotSnsiaimgene, CA)
strain MD09-220, previously described in U.S. Pat. Appl. Ser. No. 12/817,134 (US Publ. No.

2011/0014672), example 11, by electroporation methods. The Bio Rad Gene Pulser system
(Bio-Rad, CA) with a 0.1 cm cuvette, cat. # 165-2089, and a transformation protocol
suggested by the manufacturer was used. Transformants were recovered in LB broth plus
500uM mevalonic acid for 1 hour at 37°C before plating onto LB agar containing kanamycin
(50ug/ml) without mevalonic acid. Only transformants harboring a functionally expressed
ispH allele were expected to form colonies. Kanamycin resistant colonies were selected for

verification of the gcpE-petF-petH insert as follows:

[0152] A polymerase chain reaction (PCR) assay was setup by preparation of the

following mixture;

0.5ul template (approx. 0.5ul volume of colony cells)
16.25 ul diH20

0.25u1 ANTP’s (100 mM)

0.625ul primer (10uM) 5” top Te gcpE seq primer
0.625ul primer (10uM) 5° Ndel F- T.e. gcpE pET-15b
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250 total volune [0153] The PCR reaction was run on a Bionetra T3000 Conbi
Thernocycl er (Bionetra, Germany) using the follow ng cycle paraneters: 95C
X 2mn., woR@2088@2ec., 55C x 30sec., 72C x 1 mm) Xx 29PCYyaises;1/06@® x 5
mm, 4C until cool. [0154] Priner sequences were as follows; [0155]5 top Te

gcpE seg Lmer: 5' - cacttgagtttatacgcatc [0156] 3" bottom Te gcpE seq
pri rrer:0'@g“hpﬂﬁlteb@é)f’a/{)e§ai’8ftgﬁgll§t%l’ G P8 Ndel F- T.e. gcpE pET-15b: 5' -
gcggca t gcaa a 0158] 3 nH R T.e. gcpE pET-15b: 5 -
tagcagggg%tgiggﬂeéﬁg)gg)%tc%ﬁ@’ggﬁ?gﬁﬁ' e resulting PCR fragnents were
separ at%l%ﬁc@ul&s&f@gﬁ&e' (I'nvitrogen, CA). Colonies fromwhich a PCR

0

pr oduct anticil pated size was observed were considered positive for

t he gcpfs,aontri-nling i Mssh tseshepe acgpsed further. [0160] Kananycin resistant
col oni es fromwhi ch a successful fragnent of gcpE was

25ul total volume

[0153] The PCR reaction was run on a Biometra T3000 Combi Thermocycler (Biometra,
Germany) using the following cycle parameters: 95°C x 2min., (95°C x 30sec., 55°C x 30sec.,
72°C x 1 min.) x 29 cycles; 72°C x 5 min., 4°C until cool.

[0154] Primer sequences were as follows;

[0155] 5’ top Te gcpE seq primer: 5’ - cacttgagtttatacgcatc

[0156] 3’ bottom Te gcpE seq primer: 5’ - gatgcgtataaactcaagtg

[0157] 5’ Ndel F- T.e. gcpE pET-15b: 5° - gcggcagcecatatgcaaacgttgecaagecca

[0158] 3> BamHI R- T.e. gcpE pET-15b: 5’ - tagcagccggatccttatggatctacccatctace

[0159] The resulting PCR fragments were separated on a 1.2% E-gel (Invitrogen, CA).
Colonies from which a PCR product(s) of anticipated size was observed were considered

positive for the gcpE-containing insert and processed further.

[0160] Kanamycin resistant colonies from which a successful fragment of gcpE was
amplified were grown overnight in LB broth containing kanamycin (50ug/ml), and harvested
for subsequent plasmid preparation. Plasmid constructs were isolated using Qiagen Qiaprep
Spin Miniprep Kit (Qiagen, CA). Plasmid preparations of interest were sequenced
(Sequetech, CA) using primers M13-65 (5° - AGGCGATTAAGTTGGGTA) and pSE3805
(5’ — GGCTCGTATAATGTGTGAG) to further verify insertion of the gcpE-petF-petH
sequence into Ptac Anabaena ispH aspA term/pEWLAS54, with the resulting plasmid construct
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anplified were grown overnight in LB broth containing kananycin (5Cug/ mt),
and harvested for subsequent plasm d preparation. Plasm d constructs were
i sol at ed wei2np/0@8®gen Q aprep Spin Mniprep Kit (Q agenpPCTAS201Rl0ene d
preparations of interest were sequenced (Sequet ech CA) using primers

Fur ﬁgrm\%re'fwg tﬂ%g‘t"‘é?waB‘l‘enﬁﬁ@)%?ﬁ%‘%S‘tE ; Bis[t &%ﬁ?@@ﬁﬁ@g & Anabacna

i SpH asRfutah M BEA Plac Maﬁoaeﬁahs%pﬂ GS4biid 1@?GR§§%§[H‘a &%%}EWMSE'@}Unéefe”ed
to as Ptac Anabaena i spH T elong i spG system aspA tern p 454 (see Figure

1). A owsridattifietd aod anadesgrtédspHuTindRBMgI6L §pG syst em aspA t er ml pEWL.454
clone was identified and was designated as strain REM 16_17. Exanple 2:

Gener at on f t enhanc DXP flu repe rodu0| ng strain F2_18
Tr anst P ROl 116 ptiance BANE RORETABRd SR SHaMT BESI sy T om
aspA tegm/lgE\/\L454 [0161] The isoprene producing parental strain REM 17_11
was described previously (see U.S. Pat. Appl. Ser. No. 12/817,134 (US Publ .

No. 201hR&dAkutD).of REBNIH_€ 1 29 Prhin Anglsticih gp H- ﬂ?emgzrzwgdteexdasrpﬂsm on from
chrormsorrall encoded DXP pat hway genes dxs and dxr, the REM 17_11 strain
har bor §€ S¢ncoded copi es of bothil dA and |spG as well as the fidA and
i spG |OCI present within the BL21 genome. The Ptac Anabaena ispHT el ong

| SPG SXBIGHT ash Lepmhe BARA. BAR RRENIYT A0SRt Rl SEAARRIAL O

into stral oration was perfor

Pul ser [SﬁsPﬁnApplt BeilaN@. 12/6 17 ¢BWQUIS€PubL‘a{0 72011‘16@24689) Efamp&fzg) mataxidlmlowas
achi eved by follow ng the manufacturer's sugg%) sted protocaol. Transformnts
wer e r € dssased P’?Pr?_SBIOBer%% chigmogopallyy engoded; BXPradvenyogenes de WA Itk agar

cont al Munt 19PPELIAPIYELA faHIeRtlied E4ACH i) ,b_lg’l‘ AMPIYE, rgﬂv?efllag LargaWCi n

(5Qug/ ml). The resulting strain was n rred REM e scale
fer rrentaatian ki REMnERiths the BLAIl pgname.8lheditic ABﬁipmmepHrT elong &p62] | sopr ene

productlon fromE. reSS| fromthe, DX y and
ot e epeRALE SR 58 it Mg st e e BPRa R 0 RERTe ot ng
tC|ht6r T g|IZ g}@dé@e&@g&%ﬂsl& wab B%@&hk@%@ﬁﬂg'ﬁr@‘éq{d%éﬁe IR0 GREa b.1C8Y ) :

cuvette, cat.# 165- 2089 Transformation was achieved by following the manufacturer’s
suggested protocol. Transformants were recovered in LB broth for 1 hour at 37°C before
plating onto LB agar containing spectinomycin (50ug/ml), carbenicillin (50ug/ml), and

kanamycin (50ug/ml). The resulting strain was named REM F2_18.
Example 3: Large scale fermentation of REM F2_18 yielding an 8.4g/L isoprene titer

[0162] Isoprene production from E. coli cells expressing genes from the DXP pathway
and isoprene synthase were grown in fed-batch culture at the 15-L scale using the following

reagents;

[0163] 1000X Trace Metal Solution (per liter): Citric Acids * H,O 40 g, MnSQO,4 * H,O
30 g, NaCl 10 g, FeSO4 * 7TH,O 1 g, CoCl, * 6H,0 1 g, ZnSO * 7TH,0 1 g, CuSO,4 * 5SH,O
100 mg, H3BOs 100 mg, NaMoO4 * 2H,0 100 mg. Each component was dissolved one at a
time in Di H,O, pH was adjusted to 3.0 with HCI/NaOH, and then the solution was q.s. to

volume and filter sterilized with a 0.22 micron filter.
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30 g, NaCl 10 g, Fe504 * 7H20 1 g, CoCl2* 6H20 1 g, 2ZnSO * 7H20 1 g, Cu504*
5H20 100 ng, H3BO3 100 ny, NaMb04* 2H20 100 ny. Each conponent was

di ssol vedwoner2asss2ti ne in DI H20, pH was adj usted to 3POTWSROLLIEDANAOH,
and then the solution was gq.s. to volume and filter sterilized with a 0.22

i ' . .\\D. 2012/.088462PCT/ US2Q011/ 066949 .[ 0164 in. Sol uti
ey okedis YRS OB HeaBieD, o s psrogiorsand by Mt T hee oo d
1.0 g, dRhait Rideni £ psdiotedic Seid RY é,%ﬁh%nﬂggd@%bﬁ&é g Al Each

conponent was dissolved one at a tine in Di ~pH was adjusted to 3.0
wi t h HCbhie0eht vaasdisshlend pieatsidime inoipi We@, pf wvas adjusted tnd 0 avith FICl/Ne©H,

steriliz with Q.22 mcron filter. [0165 cr Solutign (per liter):
vsor SRsiibe sgfufidh Fhf e der el ok Gy TR Pl e Bt B ci ¢ v ot &
49.6 g. Al conponents were dissolved in water, g.s. to volune and filter
sterilized with 0.22 mcron filter. [0166] Feed sol ution (per kil ogram:

A ucosq00687 klactd SSo10ti&B(deglitek2 NSO, 7 BHE) 280¢, diddaddamhbiagiratd0 g. Al l
corrponen9ts V\f/ere m xed toget her andAaut ocl aved. Macro Sgl-t Solution 11.1 ni,
1000X FRAde IRBICAMmeNYM Gty 4G, AllORPORCTSY VGG GrFolvgdin WAtz S804 L of a
350 g/ Etdaadisod W oA fiddefnsterilized with 0.22 micron filter)
wer e aévc?gﬁﬁéa%r% er trhe slo?ul}t’e]itlto(r?r%]arh Cco@lrlé%'to 25C. [0167] Phosphat e Sol ution
(per liter): KH2PO4 68 g, K2HPO4 68 g. Al conponents were dissolved in

water, gq.s. to volume and autoclaved for 30 nm
[0166] Feed solution (per kilogram): Glucose 0.57 kg, Di H,O 0.38 kg, K;HPO, 7.5 g,

and 100% Foamblast 10 g. All components were mixed together and autoclaved. Macro Salt
Solution 11.1 mL, 1000X Trace Metal Solution 1.6 ml, Vitamin Solution 13.1 mL and 5.4
mL of a 350 g/L yeast extract solution (filter sterilized with 0.22 micron filter) were added

after the solution had cooled to 25°C.

[0167] Phosphate Solution (per liter): KH,PO,4 68 g, K;-HPO,4 68 g. All components were

dissolved in water, q.s. to volume and autoclaved for 30 min.

[0168] Fermentation was performed in a 15-L bioreactor with the F2_18 strain; E. coli
BL21 cells over expressing the first two enzymes in the dxp pathway(PL.6-dxs and GI1.6-
dxr), the last enzyme in the DXP pathway (GI1.6-yIDI), other genes involved in the DXP
pathway (GI1.6-fldA-ispG/pCL, PTac-Anabaena ispH-T.elong.gcpE-petF-petH aspA
term/pEWLA454), the lower MV A pathway (PL.2-mKKDy]I), truncated isoprene synthase
from P. alba (pDW33, see U.S. Publ No. 2011/0014672), and containing a restored
chromosomal pgl/ gene (t ybgS::Kan or t ybgS::frt). This experiment was carried out at pH
7.0 and 34°C. Truncated isoprene synthase is also described in US Patent Publication No.
2010/0003716.

[0169] A frozen vial of the E. coli strain was thawed and inoculated into tryptone-yeast
extract medium for the bioreactor. After the culture grew to optical density 1.0, measured at
550 nm (ODss0), 500 mL was used to inoculate a 15-L bioreactor and bring the initial tank
volume to 5 L. Carbenicillin, spectinomycin and kanamycin were each present at a

concentration of 50 ug/mL, respectively, in the seed flask and fermentation tank.
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[0168] Fernentati on was perfornmed in a 15-L bioreactor with the F2_18
strain; E. coli BL21 cells over expressing the first two enzynes in the dxp
pat hway( Rroeetxss#nd G 1. 6- dxr), the | ast enzynme in theCDXB2@atbsay
(d1.6-ylD), other genes i nvol ved in t he DXP pat hway (Gll 6-fl dA-i spd pCL,

PTac na |s Aterm 454), the | ower WA
pat hvva;tﬂi)‘&_ )batcgrﬁg?fg’é‘%) E‘gﬁg g‘;‘)ﬁ af%eéisplﬁﬁ‘ﬁnlﬂvasaﬂ:‘ﬂ)é {poDWB3, see
U. S. Pt&bomtlaﬁﬁaelﬁ&ﬁ%@m émﬁ tHé)féTe@kaﬁé RAcRed 291 pineifl, B Qapsomal pgl gene
(t ybgS::Kan or t ybgS::frt). This experinment was carried out at pH 7.0 and

34C. Tripmeesliasely ifsl eeirief aslymﬁtahaes@ fhat labted tlubehmuomeﬁ thenfetsBerPati@nandPubl i cat i on
No. 20 7 t t h d d
i nocul a %%qﬁ?al (1)16 ?C} {?get%é)%%%?o 7 Ieng&gtlr@clf o O(L?ﬂ%a%ﬁ%t(#eg lbcrogé g%}\év\%{s)efi ﬁfme?er a? he

cul tur qn@}lé@/bblt(ﬁlr@;@tth@@g hfRRsEdtNtidh Was IB& g,ur ed at 550 nm (0D550), 500 nmL was
used to inoculate a 15-L bioreactor and bring the initial tank volune to 5

L. Carbenicillin, spectl nonyci n and kananycin were each present at a
concentri\ti on of 50 ug , respectjvely, in the seed flask and fernentati on

tank. 487N 20ths/rhsseErelytiossis1cribed 600Ms YHiPOPche b 2ima sEAERMG GEREe wa
depl et Qﬁox1&esvﬁ+t%1h @g@ oF 8h WihQy /ﬂ%dfa%%%tfeédhﬁéw es%dg@a db@ %ofrom

0.35 g/mn unt raie reached 2. g/mn. This I medi ately

f ol | owdd! kgyman dnidrfed forrthappurhtiert oﬂthsbxelmbrtmmtduratl on of the fernmentation and
brought the feed rate up to 4.225 g/mn at 68 h. The total anount of

gI ucose delivered to the bioreactor during the 68 hr fermentation was 3.5

he phosph l bed d.at 0 21 g/
SCart i fOTR e BAPRRIPE At §R TR P EraP PRt Mokt B e ana "t 16

h feed (IPT®) frovas StapREdstdeovtitiondzeld B MLivanddéed sfudn). Sheseduedt i on of the
experi nment.
P additions were at a carbon dioxide evolution rate (CER) of 25 mmol/L/h (3 mL), CER of 50

mmol/L/h (6 mL), CER of 100 mmol/Lh (6 mL) and CER of 150 mmol/L/h (3 mL).

[0173] The isoprene level in the off-gas from the bioreactors was determined using a
Hiden Analytical mass spectrometer (Livonia, Michigan, USA). Calibration of the instrument
was done with an isoprene calibration standard supplied by Precision Gas Products Inc.
(Mississauga, Ontario, Canada). The isoprene titer increased over the course of the

fermentation to a maximum value of 8.4 g/L at 68 hr (see Fig. 2 and 4).
[0174] Equation for calculating Isoprene Titer:

[0175] [(Instantaneous isoprene production rate, g/L/hr)dt from t = 0 to 68 hrs [=] g/L
broth

Sequence of plasmid Ptac Anabaena ispH-T elong ispG system aspA term/pEWLA454

[0176] cgataagctagcttcacgcetgecgcaageactcagggegeaagggctgctaaaggaageggaacacgtagaaage
cagtccgcagaaacggtgetgaccecggatgaatgtcagetactgggctatctggacaagggaaaacgcaagegeaaagagaaag
caggtagcttgcagtgggcttacatggcgatagetagactgggcggttttatggacagcaagcgaaccggaattgecagetgggecg
ccetetggtaaggttgggaagecctgcaaagtaaactggatggctttcttgecgecaaggatetgatggcgecaggggatcaagatctg
atcaagagacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggttctccggecgcettgggtegagagoctatt
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[0172] I nduction was achi eved by addi ng

| sopropyl - bet a- D- 1-t hi ogal act opyranoside (I PTG froma 10 ng/nL stock. At
time zerowo2orosswse added (25 uM . Subsequent additi onsPagmsS2@t/0e698ar bon

di oxi de evolution rate (CER) of 25 mml/L/h (3 nL), CER of 50 mmol /L/h (6
m.), CER of 100 mmol/Lh (6 nL) and CER of 150 nnnl/L/hé%% m) . 017%$The

i sopr erf@eflaRaT I ERH A G GHCPAUGECIIIIM B HEC TR Bt B deRase st siEt 1ing a
Hi den ARalophéGakcJRER ERAEIICRIBERE o ddeb¥RBE et & @&caég’%ggc&@dch@ég%ﬁ' on of
the instrument  was done with an 1 soprene calibration standard supplied by
Preci simietfasgaPgitgiont S apergeaideizsdp gs gaigfig2eCanagracogg geargedw)cctIpectt®opg ene
titer chreased over Rh% cour se of the fernenta%ion to.a nqxinun1value of
8.4 gl IS GG AP A I e A LG8 S e AU B U TSR P o e AT P e

| sopr engaddatc@tatc§d Flchd it daloaR@RUSe tHSAPT BB o b ABBG hd ARk Bag @bttt fir ) dt
fromt r}% 0 tc% 68%%% :1g| g/ Lg%grg%t%ésg%ug%%re o?gpFastr%gd g%t%gaAna%)gggnagi SpHT
el ong i2pBLEYAAAIIGEEIL ACEIOAT JFRVERRECCEacggcgagatetegtcgigacceatggcgatgectgctigecy

0176 ogAt ARG ANPA AREER HRSACAIERAS] SONNYSARARAIR o RABAAAAGCARRRCC 0t o

gaaa

cagt ccgragaranggiigeigaenecagatgagigragticact gogat @t ggaceagyuaragngsaagcyc
aaagagaaag

caggt adertreeRcG b SRRAC e e e aFRA ARG G ARARE R AAAgRUAERAGHRCggaat t g

ccaget g tgacttcagotoctacatttgaagagataaattgcactgaaatctagaaatattttatctgattaataagatgatcttcttgagat

ccctct ggt%gg%g% t gggggaggccct écagaggt aadact g%at ggCtttcttgccgccaa ggolt ctgat'ggcgcagg

ggat caagéattggtgtgcgcgtaatctettgetctgaaaacgaaaaaaccgecttgecagggcggtttttcgaaggttctctgagetaccaactettt

 oaaa e AP AR e e e A A AR AR MR SRR RERERAREP " 1 999
cctctaaatcaattaccagtggctgctgecagtggtgcttttgcatgtetttccgggttggactcaagacgatagttaccggataaggege

agcggtcggactgaacgggggettcgtgcatacagtccagettggagegaactgectacccggaactgagtgtcaggegtggaatg
agacaaacgcggccataacagcggaatgacaccggtaaaccgaaaggecaggaacaggagagegeacgagggagecgecaggg
ggaaacgcectggtatctttatagtectgtcgggtttcgecaccactgatttgagegtcagatttcgtgatgettgtcagggggegecggagc
ctatggaaaaacggctttgectectgegttatccectgattctgtggataaccgtattaccgectttgagtgagetgataccgetcgecge
agccgaacgaccgagegeagegagtcagtgagegaggaageggaagagegeccaatacgecaaaccgectctecececgegegttg
geegattcattaatgecagcetggeacgacaggtttceccgactggaaaggaattctgttgacaattaatcatcggetcgtataatgtgtggaa
ttgtgagcggataacaatttcacacaggaaacagattacggatccctggagtttaaacatatggatactaaaacctttaaacgtacgttge
aacactccgaaaactacaatcggaaagggttcggtcatcaggeggaggttgcaactcaactgcaatcagaatatcagagttctttgattc
aggaaatccgcgatcgcaactacactcttcaacgtggggatgtcacgataagacttgetcaggceatttggcttctgctgggetgttgaac
gtgcggtcgegatggcttatgagacceggaageattttccaactgaacgeatctggattaccaacgaaatcattcacaatccgagegte
aaccagcggatgcaggaaatgcaagtgggctttataccagtagaggcgggcaacaaggattttagcgtagtcggcaataatgacgte
gttatcctgecagectttggegettctgtgcaagagatgecagcttttatctgaaaaaggatgtaaaatagttgataccacatgtecegtgggt
atcaaaagtctggaataccgtggaaaagcataaaaagggggatcatacctctataatacatggcaaatataaacacgaagaaacgatt
gccacaagttecttcgegggtaaatatctcatcgtecttaaccttaaggaagcacaatacgttgctgactacattctgecatgggggtaate
gtgaggagttcttacagaaatttgcaaaagcatgetcggegggctttgacceccgatagagatcttgaaagagttggcattgeccaatcag
acaacaatgttgaaaggagagaccgaacagatcggtaaactttttgaacataccatgctgcaaaaatacggaccegtggagttaaatca
acattttcagtccttcaatacaatttgcgacgctacccaggaacggcaggacgecatgetggagetggtacaagaaaatttggacctcat
gatcgtgatcggaggttttaattcttccaacacaacacagctccaacagattageccaggaacggggtetgecgtectatcatattgatgta
gttgagcgtattaaaagcataaactcgatagagcaccggeagttaaacggagagttggtcactacggaaaattggctgectgeggeca
aaattgtcgtaggtgtaacaagtggcgcgagtacaccagataaggtggttgaagacgtgatcgaaaagatctttgcgcttaaagcaaca

geggecegtcttttaacccgatecatttgaggagtaagecatgecaaacgttgccaageccagttcaagetacaccaacggaaacagcetat
50



WD 2012/ 088462PCT/ US2011/ 066949
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gaaccg é’é@t{gé%?@{gtété%t%%ééﬁé%&%%ﬁé&%&%&@%%&%ﬁa@ﬁgfF%%W%%"é&“&%%&%&:gﬁ@% gcat ga
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cctct adat caatt accagt ggct gct geccagt ggt get ttt geat gt ct t tccggyt t ggact Caagacgat ag

t t accggagRgagrierecggtaccgtggacgaggtttaatatggcgacgtataaagtcacactggtecgtecggatggcagegaaacgace
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t gat ac pgghiagengacgcgatcagaaactetggetegeagttctttaatgtgecttatgaccgeatgaaccagtttatgcagecagatcacte

agccgaac?accga%cgcagcgagtcagtgagcgaggaagcggaagachcccaatacgcaaacc cctctcccce
gcgegt tg@ gggeocCgeotaaaattgtcagtattcagceccttaacggaaccgtggcCccactigctgcaaccacggagecagetgccaataacg

gocgat Lol kARt aeads ASAASAACARAIL-LERRAARIAOARAASARLLAL AN BRARANKARL B! COUCt
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t t gt gaguggatreatagt e apaagggacEpigantaas gat seaiggaaphtcaasrattattiggaiget aaaacc
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aggaaat ccgcga cgcaactacactct%caacgtggggatgtcacgataagac%%gctcaggcat%tggcttct
gct ggggrcagtitiqgameltaatcagttacagectggagatgaagicaaaatcacaggtectgttgggaaagaaatgcetictcictgacgacccag

91 95091 o0eL AR |2 ATARGESRTRAGRA LA RSAREL ARAGASEM hoBaLI ARCARGIRAR o2t @
aatcca? ceggzagtt@@@gg@@@bggg@g&@gggdgtdga&@@ag@mgﬁ:@@@agm&ag@gawagétma@g@dcagt cggc
aat aat gacgt c

gt t at c Aiyewagicattacghearstecgtsgttiye erigpigatageargentsrpatayatraiagiiera g siesmtciyt t gat

accacat
At Canadqr L B P RSP S SR SE BRRSIE Y amaca
Cgaagaaaggaidgccatgaccgecageggecgegaaaaacggagetgactggeaggagtttctgaaaggtacgetgaaaaaggaaggea

gccacaagttcctt Cgcgggt aaatatctcatcgtccttaacctt aaggaagcacaat acgttgct gact acatt
ct gcat ﬁ%@tg%eaac attaactgcagtacaaataaaaaaggcacgtcagatgacgigectttittcttgaagettggcaciggecgte

gt gaggaggaﬁaggakg&g@aagggatag&%a@g@ak&%aaaa&gea@ksgca@aﬁs&e&aég&agaggégﬁa%@egagt tg

gcat t gccaat ca

acaac agirggdsgeaaguagagaccyascagat gyl gapnhtizptdageacat accat gct gcaaaaat acggaccce
gt ggagt t aaat ca

acattttcagtccttcaatacaatttgcgacgct acccaggaacggcaggacgccat get ggaget ggt acaaga
aaat t t ggacct cat 51

gat cgt gat cggaggt tttaattcttccaacacaacacagct ccaacagatt agccaggaacggggt ct gecegtc
ctatcatattgatgta

gt t gagcgt at t aaaagcat aaact cgat agagcaccggcagt t aaacggagagt t ggt cact acggaaaat t gg

ct gcct gcgggcea
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techniques in order to accommodate the additional heterol ogous |spH enzyne
expressed in this particul ar background while maintaining simlar

ant i bi ot iwones/mss#nace genes to the control strain as welPCTAS2kempinyg a
conpar abl e copy-nunber of the genes of interest. The genes encoding the T.

el ongat.ys |  system are conbi.ned wi gene encodi ng the additional
heterOI%MBSSE‘%FW@‘*T‘H?W%HEOgm#ﬁgbored on a pK184 vector
derivative, pEWA454. This results in the vector construct PTac-Anabaena

i spHT. elong IspG system pEW.454, kananycin resistant. [0179] The rel evant

test stiog77], REMIE2id&nchrs B, Q@lig@@%}b&&ﬁi (cau%lﬂ@ghgp(ﬁgczj Is@aibidddAvigat hway
G 1.6-yidi PL.6-dxs G 1.6-dxr + A 1.6-fldA-ispd pCL ec 50) +
PTac Anabidaswaidiespedqett T° gloygarus $96 W%W@E&EH@@C%H 185) pirp e ¥R hesit ed

al ba | I 0)...: . rain,is. . + 2-1 oner
W pat by (PSonett Bonttor ibBeaf BRBloPhe f fukepinbthelflinbaibles oo S0,
+ PTac fAmadnaeiva predekbes pikh84:. (Ka spgPyystenPalbge §train 8&EM Hi8al bacohsply/ pTrc Hi s
(Carb 50). Exanple 5. Altering IspG|levels for enhanced In Vivo activity

npl
[ 0180] TWEhexhewehoygpd By therry. i the PG iyt dyanhansed OVEhBE £98%R] T8N el s
greater ne Ly o e [ ogduci ng
strain I&I?%ﬁ%{i?% nbl' gh{ﬁ%, tlgté llri g{éﬁgﬁg?ggﬂééotﬁ%ggggﬁ%’%{regi 8%?&@%‘?‘3 'u%'tﬁi on.
W t houtanddi nlpnpauntbpbysystessrsyraini f the 1spG activity is enhanced over the
control strain and IspH activity is not limting, then a higher isoprene
titer is generated by the enhanced E. coli |IspG systemstrain. WO

2012/ 0 PCT/US201.1/ 066949 [ 0181] I n_arder to increase the expression of
the £ DM s GETRAMERPRSRL IS T B oo wePnslE A et RafRer

I ncr easechnifie® ¥PsrasiStoBchmbige Bhe alaltionhiSREregb@MspH @AXYhS expieds€din vVect or
construct (pCL based vect or_f by increasing the pronoter strength that
gover nshistpartisy}sr badigsrindevisle rpintalang sigvlapqtiapticaRsifpnes 2eapaidhagontfid hi gh

const i tyh1, Ve Aitly&eBLRIRLEp@labletBp G WulBOf oSthe bEMDS P ifll8sSThOPYR
constitutive ngllaGs Sr‘%lngltaecr ?“’ora %:y Prgw ng {%e c rresr??nﬁ. scbjirl ?spé& systemto
a hi ghemeedipy theelt efang (pBBROMISEem secbmbinedevithatht gene d¢nesdiag drceldaivnaded,
conpatible with other vectors required for a cor{%r abl e hjgh DXP fl ux
strai n)h_eterologous IspH enzyme into one operon harbored on a pK184 vector derivative,

pEWLA454. This results in the vector construct PTac-Anabaena ispH-T. elong IspG

system/pEWLA454, kanamycin resistant.

[0179] The relevant test strain, REM F2_18, has the genotype: BL21 pgl+ PL.2-lower
MVA pathway GI1.6-yidi PL.6-dxs GI1.6-dxr + GI1.6-fldA-ispG/pCL (Spec 50) + PTac-
Anabaena ispH-T. elong IspG system/pEWLA454 (Kan 50) + PTrc-truncated alba IspS/pTrc
His (Carb 50). The control strain is: BL21 pgl+ PL.2-lower MV A pathway GI1.6-yidi PL.6-
dxs GI1.6-dxr + GI1.6-fldA-ispG/pCL (Spec 50) + PTac Anabaena ispH /pK184 (Kan 50) +
PTrc-truncated alba IspS/pTrc His (Carb 50).

Example 5: Altering IspG levels for enhanced In Vivo activity

[0180] The expression of the E. coli IspG system is increased to levels greater than that in
the current E. coli IspG system isoprene producing strain (control). The two strains are
compared for isoprene production. Without being bound by theory, if the IspG activity is
enhanced over the control strain and IspH activity is not limiting, then a higher isoprene titer

is generated by the enhanced E. coli IspG system strain.

52



[0182] The rel evant increased pronoter strength test strain has the
genotype: BL21 pgl+ PL.2-lower MA pathway G 1.6-yidi PL.6-dxs G 1.6-dxr +
PL. 6-f | dAWO2p/gs&ls2( Spec 50) + PTac Anabaena i spH / pK182CTH®R0130$6949
PTrc-truncated al ba IspS/pTrc H's (Carb 50). The rel evant incr eased vector

oot oo OB 6T erRersp Beriie s SRt i of sl o R P pRBrANES GoETent 10)
pat hwa n
+ PTac rﬁaﬁ@@s%@ugea%le{tpéﬁ%eésgm é@}esﬁoﬁ‘& Al . UDG q&;ﬁﬁsﬁk&@ﬁbﬁﬁﬁj Riffeit H s

(Carb 50). An additional increased vector copy-nunber test strain proposed
has t hefegwn otnspect (BCRIbapesl vecRir) Ry Inowasinyiie pramieteaptr@igth gray pelierLthe- dx s

T0) S PRl El S AR R e, Badeine B it o iR R R e o e

H s ( Can®cirtnt sylden €tk ls@bn dgetreaﬁgﬁmtﬁvem pR@oterPbr By moOurthdMardarhway
G 1.6-yidi PL.6-dxs G1.6-dxr + G1.6-fldA-ispGpCL (Spec 50) + PTac

Anabae i I8 s Y §ua pugher-spy v¢c1P1r£R,BBRM@&%ﬂe%cprbaent@plsnprwétapm (Carb
50) . 41@5?4&8’ E&Rgaﬂlb%gésv{glgl gl &b&),( rédﬁfr%'{? "4 %{}) SIPEsh o hﬁz?'s‘lgﬂﬁ fivity not

bei ng 15 M ove in eX| sting coli 1spG
system and T. elongatus |spG system i soprene pr odu0| ng strains does not
appear limting. To determne insufficient an IspH activity |evel that

woul d Hah§dr i $bprenenvintpatedgmamoenftoangth tehtestiaint lews phicegeanbiypa: BL2hpg(1+ef fects

on | ps ivit one of ill.jn t a oks t

Geschs Hrarmy ety AP Tatont il huitibuc Gelbhs B pl S aSaRUBER 450

i ndi caty pad RAdbabRSkhAPK Y84 MKdnS0) LDtk Rincd(SPR6E Y SHITRE G {(Qifb 5@) used as a
means to reflect inproved IspG activity. IspGlevels can be determ ned by

i mrunobklevant anaensed reatengopeswinbar lestvsglam propesel Anethe\gendtyph B ld gl ed

AT ecorh amterA s RN GFLE s Rl O e R Po Pk g

Wit h:  (([(Gen@l 0) UCP BicCA @b €h 851 A OB 4 Kfan 158 + Py e adateRal bR IPS I pT2c HE) - but enyl
hat e synt hase (1spG polypeptide of a first species; (ii)

4- di ph
nucl ei ddgﬂq Weht sadingnal 1awesAd VIR COPYINPPBSE iclestigin RroBeEBRas 4 @én@tspe
wher ei f r S cleic
acid errlhﬁi(} Q%ﬁ%?j?leozx;s%? %}(I)ﬁé p%%v §r(§lhl ¢ me%@&rr%!san 6(‘?%) g‘fgufg el%Gﬁ)(ﬂi’
encodi n§pans0)sopr. émHAsmpGypﬂRmCSp%MGndQO) +2TaJAeawaeﬁmrspanﬁu8zca{dn of
claim1l, wherein the first G is a T. elon us |s
pol ypeptd dd’ rc-grungged 'fﬂéeé%l?ém?gﬁﬁo %@air §é> dharemtiol sm@#%Bﬂ%i Hé1+s%c%nd | spG
pol ypenbiaevivea phthay €21 b-1ide. 0oky BEPEIEE - GI1.6-fldA-ispG/pCL (Spec 50) +

PTac Anabaena ispH /pK184 (Kan 50) + PTrc-truncated alba IspS/pTrc His (Carb 50).

[0183] Without being bound by theory, with respect to IspH activity not being limiting,

as described above, IspH activity in existing E. coli IspG system and 7. elongatus IspG
system isoprene producing strains does not appear limiting. To determine insufficient an IspH
activity level that would hamper isoprene output and confound the interpretation of any
effects on IpsG activity, one of skill in the art looks for the phenotypes described above and
use biochemical assays. In the absence of any indication that IpsH activity is limiting,
isoprene production is used as a means to reflect improved IspG activity. IspG levels can be
determined by immunoblot to confirm expression levels associated with the measured

activities.
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4. The reconbinant cell of claim1, further conprising a nucleic acid
encodi ng an iron-sul fur cluster-interacting redox polypeptide. 5. The
reconbi nawo 20e/d8s4sk cl ai m 4, wherein the iron-sul fur cl esras20mioemact i ng
redox polypeptide is selected fromferrodoxin and flavodoxin. 6. The
reconbi nant cell of claim1, further conprising a nucleic acid encoding a
DXP pat hway associ ated pol ypeptide. 7. The reconbinant cell of claim®,
wherein the DXP pat hway associ ated pol ypepti de pol ypeptide is a chaperone
protein. 8. The reconbinant cell ofCER&Yh 1, wherein the cell further
conprises at |east one heterol ogous nucleic acid encodi ng an

i sopentyeRylis dl.phQfRhat e delta-isonerase (1Dl) pol ypeptide or at |east one
copy of an engogenous nucl eic acid encoding an I D pol ypeptide. 9. The
reconmbi nant cell of claim1, wherein the cell further conprises at |east
one hetler ol oyorsmbuchecal @pible of poduaigg asobkéthe pht belhiragpddryedprithd ¢i) amueleic

| east one, copy. of an endpgengus ¢l el.c aci d encoding a A pat hway

ol ype g8 BB ReT a0t vt TG P o ehant el | of
cl ai m &olyMephidd & 4 8t §RLesf 5 b R8¢l AR dneSEindh s&c%ﬁtlsﬂﬁﬁol@?éﬁird@ loP8QkHnd
nucl ei ¢ acid encodi ng a WA pat hway pol ypeptide or at |eaSt one copy of an
endogerpeden udiewin thgspepndrrpeddesdjtiarsiom Pt thwaspegios: yivie pt iufdeic adid en gat
reconbinant c of claim1l rein the isoprene synthase | ypeptide is a
b ant 1SBEPREBXR e s Y GRS oL 3RACENE B HERDE saBEPC) & m 11
wher ei pdlyjRpii&opr ene synt hase pol ypeptide is a pol ypeptide from Pueraria or
Popul us or a hybrid, Populus al ba x Popul us tremula.

2. The recombinant cell of claim 1, wherein the first IspG polypeptide is a T. elongatus

IspG polypeptide.

3. The recombinant cell of claim 1, wherein the second IspG polypeptide is an E. coli IspG
polypeptide.

4. The recombinant cell of claim 1, further comprising a nucleic acid encoding an iron-

sulfur cluster-interacting redox polypeptide.

5. The recombinant cell of claim 4, wherein the iron-sulfur cluster-interacting redox

polypeptide is selected from ferrodoxin and flavodoxin.

6. The recombinant cell of claim 1, further comprising a nucleic acid encoding a DXP

pathway associated polypeptide.

7. The recombinant cell of claim 6, wherein the DXP pathway associated polypeptide

polypeptide is a chaperone protein.

8. The recombinant cell of claim 1, wherein the cell further comprises at least one
heterologous nucleic acid encoding an isopentenyl-diphosphate delta-isomerase (IDI)

polypeptide or at least one copy of an endogenous nucleic acid encoding an IDI polypeptide.

0. The recombinant cell of claim 1, wherein the cell further comprises at least one
heterologous nucleic acid encoding a MV A pathway polypeptide or at least one copy of an

endogenous nucleic acid encoding a MV A pathway polypeptide.
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13. The reconbinant cell of claim11l, wherein the isoprene synthase

pol ypeptide is selected fromthe group consisting of Pueraria nontana or
Puer ar i a wobkat2zss48opul us trenul oi des, Popul us al ba, PopeCuasnéigrneq94and
Popul us trichocarpa. 14. The reconbinant cell of claim1l, wherein the

pl ant i soprene synthase pol ypeptide is a kudzu isoprene synthase

pol ypeptide. 15. The reconbinant cell of claim1l, wherein the cell is a
bacterial, algal, fungal or yeast cell. 16. The reconbinant cell of claim
15, whellei n Thseeeambingny call phelpiar Savherain|the cell7furtipiecomepsisey dtdeastard of claim

16, wh ' er i | i1l '

ar am nas et NoBOB BRI PlochBl d VA PLARLEBI LR B Bk Bhe B o i

t he bachd@ogembuseddieit acidehentigda Momphihe agpolypeptidesi sting of E. coli, P.
citrea, B. subtilis, B. licheniforms, B. lentus, B. brevis, B.

st ear ot henngphi | us, .B. al kal ophi |l us, B. | ol i quef aciens, B, clausii, B.
hal odur'dns, ‘B TReRyaRiBGRY Oé?la%égwh%{wg,tﬁ Isopiiepe tNnehAse PRIYPER{isie s a Pignt

t huri ngg(ﬁﬂéiess,ymﬁas@}gg;g%pt@e. l'ividans, S. coelicolor, S. griseus,

Pseudononas sp., and P. alcaligenes cells. 19. The bacterial cell of claim
18, wherein the bacterial cell is an E. coli cell. 20. The reconbi nant

cel | ofl2%| aiThereconnnait el heclaialil t.i volreadin BXP spriereynthane potepinsidséd &ct ed from

b 052f o gl e d it wibe BT Dy R P TR pe E2PPhEh ¥Rl 20, wher ei n

the additional DXP pathway enzyne is selected fromthe group of DXS, DXR,
HDR (I sigH) , Eiededdohbinard2ell Af €leinh 1 ¢ ullicusie te0RPresd $i@tHake polgpepiide iageleceal | of
claim1, wherein the cell culture produces at |east about 8.4 g/l of

i sopr erfg)_m the group consisting of Pueraria montana or Pueraria lobata, Populus tremuloides,

Populus alba, Populus nigra, and Populus trichocarpa.

14. The recombinant cell of claim 11, wherein the plant isoprene synthase polypeptide is a

kudzu isoprene synthase polypeptide.

15. The recombinant cell of claim 1, wherein the cell is a bacterial, algal, fungal or yeast cell.
16. The recombinant cell of claim 15, wherein the cell is a bacterial cell.
17. The bacterial cell of claim 16, wherein the bacterial cell is a gram-positive bacterial cell

or gram-negative bacterial cell.

18. The bacterial cell of claim 17, wherein the bacterial cell is selected from the group
consisting of E. coli, P. citrea, B. subtilis, B. licheniformis, B. lentus, B. brevis, B.
stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B. halodurans, B.
megaterium, B. coagulans, B. circulans, B. lautus, B. thuringiensis, S. albus, S. lividans, S.

coelicolor, S. griseus, Pseudomonas sp., and P. alcaligenes cells.
19. The bacterial cell of claim 18, wherein the bacterial cell is an E. coli cell.

20. The recombinant cell of claim 1, wherein the additional DXP pathway enzyme is selected

from the group of DXS, DXR, MCT, CMK, MCS, HDR (IspH), and IDIL.
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23. A cell culture conprising the reconbinant cell of claim210, wherein the
cell culture produces at |east about 8.4 g/1 of isoprene. 24. A nethod of
produci ngwoovmssss?2 t he nmet hod conprising: (a) culturi n@Crhis201em669? nant
cell of claim1l under conditions suitable for producing isoprene and (b)
produci ng i soprene. 25. The nethod of claim 24, further conprising
recovering the isoprene. 26. The nethod of claim24, wherein the

reconbi nant cell produces greater than about 8.4 g/1 of isoprene. 27. A

met hod Jf pridguesarebinas sele atclainn 0.nhaidd theorgsiticgiahg XP(rafhveay angrmads t he
reconbi f ' e [ itable for producing

i sopr ensgﬁg{ﬁg?%%l)‘ th% 6@&?%*55%%{&%{?9 .j’%ﬁ%@%t hod of claim27, further
conprising recovering the isoprene. 29. The nethod of claim 27, wherein
t he recd@nbi nantll cdture psrophikies thg reandrindninaell afbdaiim 8. whegéih tiof cellsmjruene.

produces at least about 8.4 g/l of isoprene.

23. A cell culture comprising the recombinant cell of claim 10, wherein the cell culture

produces at least about 8.4 g/l of isoprene.

24. A method of producing isoprene, the method comprising: (a) culturing the recombinant

cell of claim 1 under conditions suitable for producing isoprene and (b) producing isoprene.

25. The method of claim 24, further comprising recovering the isoprene.

26. The method of claim 24, wherein the recombinant cell produces greater than about 8.4 g/l
of isoprene.

27. A method of producing isoprene, the method comprising: (a) culturing the recombinant

cell of claim 10 under conditions suitable for producing isoprene and (b) producing isoprene.

28. The method of claim 27, further comprising recovering the isoprene.
29. The method of claim 27, wherein the recombinant cell produces greater than about 8.4 g/1
of isoprene.
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